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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 caused by mishandling, 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 

 

 

  WARNING  
 

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 ELS d.o.o. reserves the 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 of electronics products. 
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Read over the instruction manual carefully before using the instrument. 

The following precautions should be strictly observed before using the TetrAMM 

device: 

 
  

WARNING  ¶ Do not use this product in any manner not 

specified by the manufacturer. The protective 

features of this product may be impaired if it is 

used in a manner not specified in this manual. 

 

 ¶ Do not use the device if it is damaged. Before 

you use the device, inspect the instrument for 

possible cracks or breaks before each use. 

 

 ¶ Do not operate the device around explosives gas, 

vapor or dust. 

 

 ¶ Always use the device with the cables provided. 

 

 ¶ Turn off the device before establishing any 

connection. 

 

 ¶ Do not operate the device with the cover 

removed or loosened. 

 

 ¶ Do not install substitute parts or perform any 

unauthorized modification to the product. 

 

 ¶ Return the product to the manufacturer for 

service and repair to ensure that safety features 

are maintained 
 

  

CAUTION  ¶ This instrument is designed for indoor use and in 

area with low condensation. 
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The following table shows the general environmental requirements for a correct 

operation of the instrument: 

 

Environmental Conditions Requirements 

Operating Temperature 0°C to 40°C 

Operating Humidity 30% to 85% RH (non-condensing) 

Storage Temperature -10°C to 60°C 

Storage Humidity 5% to 90% RH (non-condensing) 
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1. Introduction  

This chapter describes the general characteristics and main features of the 

TetrAMM 4-Channel Bipolar Picoammeter with High Voltage Bias Source. 

1.1 The TetrAMM  Picoammeter 

 CAENels TetrAMM picoammeter is a 4-channel, 24-bit resolution, wide-

bandwidth, wide input dynamic range picoammeter with an integrated high voltage 

bias source ranging from 0V to 500V (other High Voltage options are available, for 

more informations see the High voltage source section).  

It is composed of a specially designed transimpedance input stage for current 

sensing combined with analog signal conditioning and filtering stages making use of 

state-of-the-art electronics. This device can perform bipolar current measurements 

from ±120 nA (with a resolution of about 15 fA) up to ±120 mA (resolution of 15 pA) 

with a sampling frequencies of 100 kHz (for 4 channel at 24-bit resolution). Low 

temperature drifts, good linearity and very low noise levels enable users to perform 

very high-precision current measurements.  

The TetrAMM is housed in a light, robust and extremely compact metallic box 

that can be placed as close as possible to the current source (detector), in order to 

reduce cable lengths and minimize possible noise pick-up. It is specially suited for 

applications where multi-channel simultaneous acquisitions are required, a typical 

application being the currents readout from 4-quadrant photodiodes used to monitor 

X-ray beam displacements.  

The TetrAMM communication is guaranteed by a standard 10/100/1000 Mbps 

Ethernet TCP/IP protocol. 
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1.2 The TetrAMM  at a Glance 

The TetrAMM unit and its I/O connections can be easily seen in Figure 1 

(front) and in Figure 2 (rear).  

Figure 1: front view of a TetrAMM unit 

 

Figure 2: rear view of a TetrAMM unit 
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On the front side of the TetrAMM unit are placed four analog BNC current 

input connectors for input current measuring, one High Voltage SHV output 

connector and various status LEDs.  

 

The two white ñRange LEDsò (ñµAò and ñnAò in the standard configuration) 

are used in order to signal which of two ranges is currently used to measure the input 

current. If both LEDs are turned on, then the input channels are using different ranges 

(for more information see RNG Command section). Right under the ñRange LEDsò is 

placed a blue ñStatus LEDò, which is used to signal the correct operation of the 

picoammeter device. During normal operation of the TetrAMM unit the ñStatus LEDò 

is blinking with a frequency of 0.5Hz ï i.e. the LED changes its status every 2 

seconds ï on the other hand, if a fault condition arises, the LED blinks with a higher 

frequency of 2 Hz (the led changes its status every 0.5 seconds). During the boot 

phase of the TetrAMM unit (which takes about 12 seconds) the ñStatus LEDò and the 

ñRange LEDò are all turned on. 

  

Two red ñHigh Voltage LEDSsò are placed under the High Voltage output 

connector (SHV): the ñHV ONò led is used to signal that the High Voltage output is 

enabled while the ñOVCò LED is turned on when the High Voltage module is in an 

over-current condition. 

 

On the rear panel of the device are placed power connector, power switch, two 

LEDs, LEMO connectors for I/O triggers, interlock and general I/O connector, a 

standard RJ45 Ethernet connector and an SFP connector.  

 

The blue ñCFGò led shows that the unitôs FPGA is correctly configured (in 

this case the LED is turned on). The green ñDC OKò LED indicates that the internal 

sections are correctly powered. 

 

The three LEMO connectors for I/O triggers are also placed on the rear panel. 

Please note that only ñIN 1ò signal is enabled and could be used for a synchronized 

data acquisition (see the Triggers Connector section). The other two connectors ï i.e. 

ñIN 2ò and ñOUTò ï are reserved for future use.  

 

The ñInterlocks and general I/O connectorò has the pinout configuration 

shown in Figure 3: 

 

 

 
 

Figure 3: Interlock and general I/O connector 

Pin #1 

Pin #10 
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Pin # Function 

1-2 Reserved  

3-4 Not present 

5-8 General purpose I/O  

9-10 External interlock 

 

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 (see Interlock and general I/O connector section for more information). This 

can be for example related to some vacuum-loss switch in beamline applications. 

Please note that these interlock pins are galvanically isolated from ground. 

 

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

use.  

 

On the rear panel of the TetrAMM there is a small hole that gives access to a 

reset button (ñRSTò), which can be used to reset the unit. Next to the reset button are 

placed a RJ45 Ethernet connector (ñETHò), which is used to communicate with the 

unit and a Small form-factor pluggable transceiver (ñSFPò) which will be used for 

future updates. 

1.3 Features 

The TetrAMM input stage is based on four inverting transimpedance amplifiers 

(I/V converter) cascaded with particular signal conditioning stages.  

 

Two standard measuring ranges are available; these range values with their 

corresponding gains and the resolution (LSB of the 24-bit Analog to Digital 

Converter) are shown in the following table: 

 

 Full Scale Gain (V/A) Resolution (LSB) 

RNG 0 ρςπ όὃ  ςπϽρπ ρυ ὴὃ 

RNG 1 ρςπ ὲὃ  ςπϽρπ ρυ Ὢὃ 

 

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 the Software commands chapter for a complete description of available 

commands, their purposes and their syntax. 
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1.4 High voltage source 

The TetrAMM device is provided with a low-noise integrated High-Voltage 

(HV) source that allows users to optionally bias a connected detector. Please note that 

HV sources installed in the TetrAMM units are referred to ground. This source is 

perfectly suited to be used as the bias voltage for the detecting system, when 

necessary, in order to increase the signal value (and thus to increase the signal-to-

noise ratio). 

 

 This standard version of the TetrAMM includes a 500V@1mA positive HV 

source but other three different custom options can be configured at the time of 

purchasing of the unit: 

 

 

Ordering Code Product Code Description 

WTETRA05NXAA TETRA500N  500V (Negative) Integrated HV Source - option 

WTETRA4KPXAA TETRA4KP  4kV (Positive) Integrated HV Source - option  

WTETRA4KNXAA TETRA4KN  4kV (Negative) Integrated HV Source - option  

  

 

 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 digital interface allows setting remotely the set point of the high voltage source 

and to read the voltage and current readbacks (for more information see the High 

Voltage Commands section).  

 

The red ñHV ONò LED placed on the front panel acts as a status indicator for 

the high voltage source: it turns on when the output is enabled and it turns off as soon 

the output voltage returns to zero and the output is disabled.  

 

The high voltage source has also an over current protection feature. When the 

output current reaches the maximum allowed output current of 1mA, the red ñOVCò 

LED placed on the front panel turns on and the high voltage output is automatically 

disabled.   

 

The different High Voltage options also have a different maximum allowed 

output current and different ramp slew rate (the output High Voltage module do not 

directly apply the selected set-point, but it performs a ramp to reach the desired output 

voltage value): 

 

 

High Voltage model IMAX Ramp slew rate 

500V (Positive) - standard 1 mA  100V/s 
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500V (Negative) - option 1 mA  100V/s 

4kV (Positive) ï option 250 ÕA 500V/s 

4kV (Negative) - option 250 ÕA 500V/s 

1.5 Data Format 

Acquired data from the TetrAMM unit can be configured to be transmitted in 

two different formats, depending on status of ASCII Command. ASCII commands 

allows user to choose between ASCII data format, which is readable by humans and 

raw floating-point numbers in double precision format (IEEE 754) that are faster to 

process, they are more accurate and have less overhead during the transmission. For 

more information about the data transfer see the Acquisition Commands descriptions. 

1.6 Sampling Frequency 

Internal sampling frequency for each channel is fixed to 100 kHz ï i.e. 100 

ksps. In the standard operation modes (ACQ, GET, NAQ, TRG and GATE 

Commands ï see Acquisition Commands section) an averaging of the sampled data is 

performed to reduce the transmission data rate (due to the bottleneck caused by the 

communication link). Furthermore, the averaging also reduces high frequency noise 

and increases the signal-to-noise ratio. 

 

In addition to the standard operation mode it is also possible to sample a 

smaller window of data at the maximum sampling frequency without performing 

averaging (for more information see FASTNAQ Command). 

1.7 Offset calibration 

The TetrAMM device is already factory-calibrated during the production 

process. However, user can perform an additional calibration ï i.e. User Defined 

Calibration ïperhaps nulling application specific offsets ï e.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-

defined linear calibration parameters on each channel in order to obtain the desired 

response from the unit. This process can be done, for example, when installing the 
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TetrAMM as the readout device for a photodiode-type detector and it is useful to get 

automatically rid of the measured dark currents on each channel. 

 

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

as follows: 

 

Ὅ ὋὥὭὲϽὍ ὕὪὪίὩὸ 
 

where:  

- IREAD is the user-calibrated current read from the single channel [A];  

- ὋὥὭὲ is the user-defined gain factor [A/A];  

- Ὅ  is the raw current read of the device [A]; 

- ὕὪὪίὩὸ is the user-defined offset value [A]. 

 

The user can enable or disable (as it can also read/write) this calibration values 

with the specific USRCORR Command. These calibration values are stored internally 

in a non-volatile memory so that it is possible to recall them at any time, also after a 

power-cycle of the device. 
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2. Software commands 

This chapter describes the software commands used for the correct configuring 

of the TetrAMM picoammeter and for its data readout. For more information about 

the Ethernet settings see the Ethernet Communication chapter. 

2.1 Command Syntax 

The command syntax used by the TetrAMM protocol is described in the 

following sections. 

 

Commands must be sent in ASCII format and are composed by a ñcommand 

fieldò and one, two or none ñparameter fieldò, separated by a colon (ó:ô or ó0x3Aô in 

hexadecimal notation). The number of ñparameter fieldsò depends on the specific 

command. Commands are NOT case sensitive and therefore the command string can 

be sent either using uppercase or lowercase characters (conversion to uppercase 

characters is performed internally). Each instruction must be terminated with a 

ócarriage return\line feedô sequence ó\r\nô (or ó0x0D 0x0Aô in hexadecimal notation or 

commonly CRLF).  

 

Command Example: 

 

RNG:1\r\n 
 

¶ ñRNGò is the command field; 

¶ ó:ô is the parameterôs separation character; 

¶ ó1ô is the first parameter field; 

¶ ó\r\nô are the termination sequence of the command. 

 

 Commands are processed one at a time; therefore user must wait for a 

response from the unit before sending the next command. All the responses from the 
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TetrAMM device are in upper case and are terminated with the same ócarriage 

return\line feedô sequence (ó\r\nô) ï i.e. CRLF ï used in the command. 

 The reply from the device depends on the given command; for more 

information about the single command please refer to the specific command section. 

 

 There are two specific replies that are commonly used in many command, and 

that indicate that the command has been correctly elaborated or not. Those replies are 

hereafter presented: 

 

¶ ACK nowledge (óACKô) indicates that the command is valid and it was correctly 

elaborated by the device: 

 

 ACK\r\n 
 

¶ ñACKò is the ACK nowledged response to a valid command; 

¶ ó\r\nô is the termination sequence of the reply. 

 

¶ Not AcKnowledge (óNAKô) indicates that the command is either not valid or that 

it was not accepted by the device; the ñNAKò reply is followed by an ñerror 

codeò field, which can be used to determine the cause of the error (see the List of 

the Error Codes appendix for a detailed list of all possible error codes): 

 

NAK:01\r\n 

 

¶ ñNAKò is the Not AcKnowledged response to an invalid command; 

¶ ó:ô is the parameterôs separation character; 

¶ ó01ô is a sample error code; 

¶ ó\r\nô is the termination sequence of the reply. 

 

 

 The list of commands used by the TetrAMM and the corresponding syntax is 

hereafter presented as well as a description of each command purpose and any special 

requirements related to the specific command. The commands are hereafter described 

and are grouped in categories based on their purpose. 

 

2.2 Acquisition Commands 

 The Acquisition commands are used to acquire data of the measured currents 

present on the input channels of the TetrAMM device. The internal sampling 

frequency for each channel, as previously stated, is fixed to 100 kHz (sampling period 

of 10 µs) but for standard acquisition modes (ACQ Command, GET Command, NAQ 

Command, TRG Command and GATE Command) an averaging of these full-speed 

sampled data is performed in order to reduce the required data rate to be transmitted 

which is limited due to the communication link limitations.  
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 In addition to the standard modes there is also a full-speed acquisition mode 

(FASTNAQ Command), which allows users to acquire the data at the maximum data 

rate of 100 kHz (the same as the internal sampling frequency ï i.e. without any 

performed averaging) on a smaller time window. 

  

The mentioned acquisition modes are presented in the following sections. 
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2.2.1 ACQ Command 

 The ACQ commands starts or stops the data acquisition from the TetrAMM 

device. The instrument starts to acquire data at its maximum sampling frequency as 

soon as the command is received and it immediately sends the generated digital data 

stream to the connected host PC. A command has to be sent in order to stop the data 

acquisition. 

 

 The acquisition is stopped at power-up (default); the user is then required to 

start the data acquisition by sending the ñACQ:ON\r\nò command to the TetrAMM in 

order to start the data conversion and transmission. When the command is correctly 

processed, the unit starts to acquire samples and it continuously sends the acquired 

data to the connected host; if the command is not accepted, the unit replies with a 

ñNAK:xx\r\nò string, where the xx field indicates the error code (see the List of the 

Error Codes appendix) 

 

 To stop the data acquisition the user have to send the ñACQ:OFF\r\nò 

command to the TetrAMM unit. The unit replies with an acknowledge (ñACK\r\nò) 

string as soon as an ñACQ:OFF\r\nò command is received. 

 

 

Command Command description 

ACQ:ON\r\n Start continuosly sampling 

ACQ:OFF \r\n Stop sampling 

 

 

 The transmitted data format (to the host PC) depends on the setting of the 

ñASCII modeò (see ASCII Command section) and the number of activated channels 

(see the CHN Command section). The purpose of the number of activated channels is 

to define the number of simultaneously sampled channels. The ASCII command 

changes the format of the digital stream generated by the TetrAMM unit. Two 

possible sample representations are available on the TetrAMM device:  

 

¶ if ASCII mode is enabled, the output stream is displayed in ASCII format so 

that the user can directly read the acquired data. This data stream is 

represented as strings in normalized scientific notation with a fixed length; 

 

¶ if ASCII mode is disabled, the output stream is displayed in binary format 

(the user can not directly read the acquired data since they are represented in 

binary standard, used in information technology - this is the double precision 

floating-point - IEEE 754 standard ï 64 bits). 

 

 Example of a single acquisition on 4 channels with ASCII data stream enabled 

(data are represented as a string in normalized scientific notation with fixed length; 

non-printing characters are displayed in red - each channel value is separated by a tab 

character ó\tô and each acquisition is terminated with two termination characters: 

carriage return/line feed ó\r\nô): 
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 When ASCII mode is disabled, then the data output format consists of double 

precision floating point format (IEEE 754 standard ï 64 bits row data) and a custom 

signaling Not a Number (sNaN) termination 64-bit sequence (i.e. 0xFFF4 0002 FFFF 

FFFF in hexadecimal representation), which denotes the end of a data set.  

 

 As an example, the equivalent previous sample data set with the ASCII data 

stream disabled is shown hereafter (the following binary data is represented in 

hexadecimal notation): 

 

 
 

 Another example is presented when only one channel is active and ASCII 

mode is enabled; the transferred data sample is as follows (non-printing characters are 

displayed in red): 

 
 The equivalent data with ASCII stream disabled is displayed in the 

hexadecimal representation as follows: 

 

 
 

 The ASCII format setting affects not only the format of the generated output 

stream but also the maximum data rate of possible data that can be transferred from 

the TetrAMM to the host PC, due to ñnumber to stringò conversion task and larger 

amount of data to transmit. 

 

As an example, a single acquisition on 4 channels in ASCII format takes 15 

character for each channel (this implies a total of 60 characters for 4-channel 

+1.12345678E-12\t-2.12345678E-11\t+3.12345678E-12\t+4.12345678E-11\r \n 

Ch1 Ch2 Ch3 Ch4 

Tab Tab Tab Termination  

 characters 

3D73C3997B2D31CBBDB758FFDDB8F16A3D8B79663EC482F73DC6AB3FDF992B00FFF40002FFFFFFFF 

Ch1 Ch2 Ch3 Ch4 sNaN 

(End of data set) 

+1.12345678E-12\r \n 

Ch1 Termination  

 characters 

3D73C3997B2D31CBFFF40002FFFFFFFF 

Ch1 NaN 

(End of data set) 
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acquisition) and 5 characters for delimitation tabs and termination characters; the total 

number of bytes to be transferred is then of 65 ï i.e. 65 characters. 

On the other hand, if a raw binary transfer (i.e. ASCII mode disabled) is used, 

the double precision floating number - 64 bits - 8 bytes for each channel and a custom 

sNaN termination needs to be transferred, for a total amount of 40 bytes (5 numbers) 

in a 4 channel acquisition. The data to be transmitted in this particular situation is then 

almost 40% less using raw binary data than using ASCII strings. 

 

The maximum data rate transfer limit in the two configurations is: 

 

¶ 200 acquisitions-per-second (200 Hz) when ASCII format is enabled; 

¶ 20.000 acquisitions-per-second (20 kHz) when ASCII format is disabled. 

 

 In both cases internal sampling frequency of the ADCs remains untouched to 

100 kHz, but in order to reduce the amount of data to be transmitted to the host PC, 

the samples are averaged and normalized. The normalized averaging is made on 500 

samples in the case of ASCII mode and on only 5 samples in binary format. 

 

Please note that the number of sampled channels (CHN setting) do not affect 

the data transfer rate limit. 

 

 The maximum data rates and the number of averaged samples are indicated in 

the following table: 

 

 

Data format 
ACQ maximum 

data rate 

Averaged samples 

@ 100 kHz  

ASCII enabled (string format) 200 Hz 500 (min value) 

ASCII disabled (binary  format) 20.000 Hz 5 (min value) 

 

 The TetrAMM unit allows also to additionally decrease the acquisition 

transfer rate using the NRSAMP command (see the NRSAMP Command section), 

which allows to calculate a normalized averaging on a larger number of samples. 

 

 It is also possible to increment the acquisition data rate up to a value equal to 

the ADC internal sampling frequency (i.e. 100 kHz); the acquisition in this case 

cannot be continuous as when using the ACQ command and thus only time frames 

(limited time windows) can be acquired.  

 

The use of this particular feature is carried out using the FASTNAQ command 

(see FASTNAQ Command section). 

 

 

Examples:  

 

ACQ ON example with ASCII data on 2 channels (the following data are represented 

in string format): 
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ACQ:ON\r\n  

 +1.12345678E-12\t +1.12345680E-12\r\n 

 +1.12345670E-12\t +1.12345685E-12\r\n 

 +1.12345682E-12\t +1.12345698E-12\r\n 

 ééé.\r\n 

 

ACQ OFF example with ASCII data on 2 channels: 

 

 ééé.\r\n 

 +1.12345770E-12\t +1.12345680E-12\r\n 

 +1.12345782E-12\t +1.12345698E-12\r\n 

 +1.12345795E-12\t +1.12345701E-12\r\n 

ACQ:OFF\r\n  

 ACK\r\n 

 

ACQ ON example with ASCII format disabled on 1 channel (note that following data 

are represented in hexadecimal format): 

 

ACQ:ON\r\n  

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3997B2D31CBFFF40002FFFFFFFF 

 3D75C3997B2D31CBFFF40002FFFFFFFF 

 ééé.FFF40002FFFFFFFF 

 

ACQ OFF example with ASCII data enabled on 1 channel: 

 

 ééé.\r\n 

 +1.12345770E-12\t +1.12345680E-12\r\n 

 +1.12345782E-12\t +1.12345698E-12\r\n 

 +1.12345795E-12\t +1.12345701E-12\r\n 

ACQ:OFF\r\n  

 ACK\r\n 

 

2.2.2 GET Command 

 The purpose of the GET command is to read back a single snapshot of the 

values for the active channels. The ñG\r\nò command is a useful shortcut fully 

equivalent to the ñGET:?\r\nò command. 

 

 The format of the returned values is the same as for the ACQ Command and it 

depends both on the ñASCII modeò settings (refer to ASCII Command) and the active 

channels settings (see CHN Command section). Please refer to the ACQ Command 

description for a more accurate explanation of the output stream formatting. 

 

Examples: 
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GET example with ASCII data on 2 channels (the following data are represented in 

string format): 

 

 

GET:?\r\n  

 +1.12345678E-12\t +1.12345680E-12\r\n 

 

or: 

 

G\r\n  

 +1.12345678E-12\t +1.12345680E-12\r\n 

 

 

GET example with ASCII format disabled on 1 channel (note that following data are 

represented in hexadecimal format): 

 

 GET:?\r\n  

 3D73C3997B2D31CBFFF40002FFFFFFFF 
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2.2.3 NAQ Command 

 The purpose of the NAQ command is to read a fixed number of acquisitions, 

ranging from 1 to 2.000.000.000 (i.e. 2-billion acquisition cycles), without having to 

manually stop the acquisition when the desired number of samples has been read 

(unlike with the ACQ command).  

 

 As for the ACQ command, the format of the returned data stream depends on 

the ñASCII modeò settings (refer to ASCII Command section) and the active channels 

settings (see CHN Command section). For a more accurate explanation of the output 

stream formatting see the ACQ Command description. The TetrAMM unit indicates 

the end of data transfer with an acknowledgement reply (ñACK\r\nò). 

 

 The maximum acquisition data rate is limited due to the to the communication 

link limitations so that the maximum data rates are the same as for the ACQ command 

(for more information see the ACQ Command section). The data rate could be 

additionally decreased using the NRSAMP command (refer to the NRSAMP 

Command), which allows to calculate a normalized averaging on a larger number of 

samples, thus reducing also the equivalent measuring noise value. 

 

 

Examples:  

 

NAQ example for 3 acquisitions in ASCII on 2 channels (the following data are 

represented in string format): 

  

NAQ:3\r\n  

 +1.12345678E-12\t +1.12345680E-12\r\n 

 +1.12345670E-12\t +1.12345685E-12\r\n 

 +1.12345682E-12\t +1.12345698E-12\r\n 

 ACK\r\n 

 

 

NAQ 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 

ñ41434B0D0Aò in hex format is equivalent to ñACK\r\nò in string format ï see the 

ASCII table): 

 

NAQ:5\r\n  

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3997B2D31CBFFF40002FFFFFFFF 

 3D75C4000B2D31CBFFF40002FFFFFFFF 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

 3D75C4080B2D31CBFFF40002FFFFFFFF 

 41434B0D0A 
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2.2.4 TRG Command 

The TRG Command enables to synchronize the TetrAMM current acquisition 

to an external event via the hardware ñTrigger/Gateò signal (refer to the I/O 

Connectors section). This feature is extremely useful when the picoammeter data 

acquisition must be synchronized to an external event (e.g. an experimental time 

window). The ñtrigger modeò operation is hereafter described.  

 

 As soon as the ñTRG:ON\r\nò command is received the TetrAMM unit replies 

with an acknowledge (ñACK\r\nò) string and enters the ñtrigger modeò. When 

entering this mode, the unit searches for a rising edge (positive edge) on the 

corresponding ñTrigger/Gateò input signal.  

 

As soon as this event is detected by the unit, the internal logic starts to 

elaborate the acquired input data (with a normalized averaging) and to continuously 

send the sample values to the host. Data are sent to the host as long as the unit does 

not triggers itself to another rising edge of the corresponding ñTrigger/Gateò input 

signal. This behavior is kept until the ñtrigger modeò is disabled with the 

ñTRG:OFF\r\nò (default) command. Please note that an acknowledgment string is sent 

back to the host after a ñTRG:ON\r\nò or ñTRG:OFF\r\nò command is received.  

 

 The format of the output stream depends on the ASCII format (see ASCII 

Command section) and the number of activated channels (see CHN Command 

section); for a more detailed description of the output stream and the acquisition 

limitations please refer to the description of the ACQ Command, which uses the same 

data representation. 

 

In addition to the standard output data stream, the trigger mode adds a header 

and a footer to the acquired data. 

 

 The header indicates a sequence number (i.e. counter) of the trigger events, 

starting with #0. The sequence number is reset when the ñtrigger modeò is disabled. 

The header format also depends on the ASCII mode and the number of activated 

channels: 

 

¶ ASCII mode enabled: the header has the following format: 

ñSEQNR:n\r\nò, where n is the sequence number of trigger event in 

decimal rapresentation; 

 

¶ ASCII mode disabled: the header format depends on the number of 

activated channels - it is composed of a 64-bit Signaling Not a Number 

sNaN (ñSequence Number sNaNò) IEEE 754 - double precision floating 

point. This particular value is composed by two parts: the most significant 

32 bits are constant (0xFFF40000) and the lower 32 bits indicates the 

sequence number in hexadecimal format (for example the sequence 

number 161 is represented as 0x000000A1, so the entire sNaN is 

displayed as 0xFFF40000 000000A1). In order to maintain the format of 

the transmitted data stream, the sNaN value is repeated k times, where k is 

the number of active channels and the header is terminated with a custom 
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ñEnd of Data setò sNaN (0xFFF40002 FFFFFFFF) - the same used at the 

end of single acquisition when ASCII mode is disabled. As an example, 

the header of a 2-channel acquisition with ASCII mode disabled for a 

sequence number of 161 is displayed as: 

 
 

 

 The footer appended to the transferred data indicates the end of trigger event. 

The footer format depends on the ASCII setting: 

 

¶ ASCII mode enabled: the footer has the following form: ñEOTRG\r\nò 

(End Of TRiGger); 

¶ ASCII mode disabled: the footer is composed by the following fixed 

sNaN, called ñEnd of trigger event sNaNò 64-bit sequence 0xFFF4 0001 

FFFF FFFF. 

 

 

 

 

 

Examples:  

 

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

represented in string format): 

 

TRG:ON\r\n  

 ACK\r\n 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: SEQNR:0000000000\r\n 

 +1.12345678E-12\t +1.12345680E-12\r\n 

 +1.12345670E-12\t +1.12345685E-12\r\n 

 ................................................................... 

 +1.12345690E-12\t +1.12345684E-12\r\n 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(positive edge event ) 

 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

FFF40000000000A1FFF40000000000A1FFF40002FFFFFFFF 

ñSequence number sNaNò is repeated twice 

because the number of active channels is 2 

sNaN 

(End of data set) 
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header: SEQNR:0000000001\r\n 

 +1.12345690E-12\t +1.12345680E-12\r\n 

 +1.12345680E-12\t +1.12345683E-12\r\n 

 ................................................................... 

 +1.12345695E-12\t +1.12345689E-12\r\n 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(positive edge event ) 

 

  

 (pause) 

  

TRG:OFF\r\n  

 ACK\r\n 

 

 

 

TRG example with ASCII 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 

(positive edge event ) 

 

header: FFF4000000000000FFF40002FFFFFFFF 

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3987B2D31CBFFF40002FFFFFFFF 

 éééééééééééééééééé 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(positive edge event ) 

 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: FFF4000000000001FFF40002FFFFFFFF 

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3997B2D31CBFFF40002FFFFFFFF 

 éééééééééééééééééé 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

footer: FFF40001FFFFFFFF 

Trigger/Gate pin signal 

(positive edge event ) 

 

  

 (pause) 
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TRG:OFF\r\n  

 ACK\r\n 
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2.2.5 GATE Command 

 The GATE Command is similar to the TRG Command (see the TRG 

Command chapter). This command also allows to synchronize acquisition with an 

external event using the signal on the ñTrigger/Gateò input connector (see I/O 

Connectors chapter) and the only difference respect to the TRG Command is that the 

start/stop of the acquisition is not triggered by the rising edge of ñTrigger/Gateò 

signal, but it is linked to the ñTrigger/Gateò signal level. When the TetrAMM unit is 

set to ñgate modeò it starts to acquire the data on the rising edge of ñTrigger/Gateò 

input signal; data are then continuously handled (a normalized averaging due to the 

communication limitations) and sent to the host as long as the ñTrigger/Gateò signal is 

kept in its logic high state. Acquisition is then stopped at the falling edge of 

ñTrigger/Gateò. 

 

 A ñGATE:ON\r\nò string needs to be sent to the TetrAMM in order to set it to 

ñgate modeò. When the command is received the unit replies with an 

acknowledgement string (ñACK\r\nò). The command to exit from the ñgate modeò is 

ñGATE:OFF\r\nò (default). The format and representation of the header, footer and 

output data stream is the same as for the TRG Command (see TRG Command 

section). 

 

Examples:  

 

GATE example with ASCII mode enabled on a 2-channel acquisiton (the following 

data are represented in string format): 

 

GATE:ON\r\n  

 ACK\r\n 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: SEQNR:0000000000\r\n 

 +1.12345678E-12\t +1.12345680E-12\r\n 

 +1.12345670E-12\t +1.12345685E-12\r\n 

 ................................................................... 

 +1.12345690E-12\t +1.12345684E-12\r\n 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(negative edge event ) 

 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: SEQNR:0000000001\r\n 

 +1.12345690E-12\t +1.12345680E-12\r\n 

 +1.12345680E-12\t +1.12345683E-12\r\n 
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 ................................................................... 

 +1.12345695E-12\t +1.12345689E-12\r\n 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(negative edge event ) 

 

  

 (pause) 

  

GATE:OFF\r\n  

 ACK\r\n 

 

 

GATE example with ASCII mode disabled on 1-channel acquisition (the following 

data are represented in hexadecimal format): 

 

GATE:ON\r\n  

 ACK\r\n 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: FFF4000000000000FFF40002FFFFFFFF 

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3987B2D31CBFFF40002FFFFFFFF 

 éééééééééééééééééé 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

footer: EOTRG\r\n 

Trigger/Gate pin signal 

(negative edge event ) 

 

  

 (pause) 

  

Trigger/Gate pin signal 

(positive edge event ) 

 

header: FFF4000000000001FFF40002FFFFFFFF 

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3997B2D31CBFFF40002FFFFFFFF 

 éééééééééééééééééé 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

footer: FFF40001FFFFFFFF 

Trigger/Gate pin signal 

(negative edge event ) 

 

  

 (pause) 

  

GATE:OFF\r\n  

 ACK\r\n 
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2.2.6 FASTNAQ Command 

 The FASTNAQ command is used to use the fast acquisition capabilities of the 

TetrAMM unit ï i.e.to acquire a limited number of samples at the maximum sampling 

frequency of 100 kHz. The acquired samples are stored on the internal memory and 

they are later transmitted to the host. The maximum number of acquired samples is 

limited by the internal memory size, so that the window size is larger if the acquisition 

has to be performed on a smaller number of channels (see CHN Command section) 

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, the averaging of the acquired samples is not possible using this 

command so that the NRSAMP setting is ignored (see NRSAMP Command section). 

 

 The command to be set in order to start a fast acquisition is 

ñFASTNAQ:n\r\nò, where n is the number of samples to be acquired for each channel. 

The output data format depends on the setting of the ñASCII modeò (refer to the 

ASCII Command section) and the number of channels to be acquired (refer to the 

CHN Command section). To get a more accurate description of the output stream 

please refer to the ACQ Command section. 

 

Note that, while in the ACQ command procedure the ASCII setting limits the 

acquisition time, in the FASTNAQ acquisition the ASCII setting does not affect the 

acquisition speed but it influences only the data transmission speed. 

 

The unit indicates the end of data transfer by sending an acknowledgement 

reply (ñACK\r\nò in ASCII mode). 

 

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  

 +1.12345678E-12\t +1.12345680E-12\r\n 

 +1.12345670E-12\t +1.12345685E-12\r\n 

 +1.12345682E-12\t +1.12345698E-12\r\n 

 ACK\r\n 

 

 

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 
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ñ41434B0D0Aò in hex format is equivalent to ñACK\r\nò in string format ï see the 

ASCII table appendix): 

 

FASTNAQ:5\r\n  

 3D73C3997B2D31CBFFF40002FFFFFFFF 

 3D74D3997B2D31CBFFF40002FFFFFFFF 

 3D75C4000B2D31CBFFF40002FFFFFFFF 

 3D75C4005B2D31CBFFF40002FFFFFFFF 

 3D75C4080B2D31CBFFF40002FFFFFFFF 

 41434B0D0A 
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2.3 Configuration Commands 

 The commands that can be used to set or to read the TetrAMM device 

configuration are described in this section. 

2.3.1 CHN Command 

 The purpose of the CHN command is to set the number of active input 

channels that have to be sampled; the TetrAMM provides the capability to 

simultaneously sample 1, 2 or 4 channels. The number of sampled channels does not 

affect the internal sampling frequency (that remains 100 kHz). The default number of 

sampled channels is four (4). 

 

 The sampled channels and the relative CHN command 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, CH3, CH4 

 

The command used to read the actual CHN setting is: ñCHN:?\r\nò. The reply 

to the read command is in the following form: ñCHN:sampled_chn\r\nò, where 

sampled_chn could be ó1ô, ó2ô or ó4ô. 

 

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:?\r\n  

 CHN:4\r\n 
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2.3.2 ASCII Command 

 The purpose of the ASCII command is to change the format of the digital data 

stream generated by the TetrAMM unit. There are two possible stream settings that 

can be configured: 

 

Command Generated stream 

ASCII:ON\r\n 
Output values are sent as strings in normalized scientific 

notation with a fixed length 

ASCII:OFF\r\n 
Output values are sent as double precision floating point 

values (IEEE 754 standard ï 64 bits) 

 

 With the ñASCII:ON\r\nò command the ASCII format is enabled and the 

output values are sent as a string in a normalized scientific notation. An example of 

used notation is as follow: 

 

 
 

where the exponent b is chosen so that the absolute value of a is included between one 

and ten ρ ȿὥȿ ρπ. The total length of the string is fixed to 15 characters (15 

bytes), so that, as an example, the number -10.1 is displayed as: 

 

 
 

 The double precision floating point representation (ñASCII:OFF\r\nò setting) 

improves the data rate transmission as it avoids the overhead due to the ASCII format 

conversation and reduces the amount of sent data. The structure of each 64-bit (4 

bytes) double precision number is as follows: 

 

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

 

¶ bit #63 - ñsignò bit; 

¶ bits #62-52 (11 bits) -  ñexponentò bits; 

¶ bits #51ï0 (52 bits) - ñsignificantò or ñmantissaò bits. 

 

 +1.12345678E-12 

a b 
 

 -1.01000000E+01 

a b 
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 For default the ASCII mode is disabled ï data are represented in the double 

precision floating point format. In order to have some examples on the generated 

output stream, please see Acquisition Commands section. 

 

 The user can use the command ñASCII:?\r\nò in order to read the actual ASCII 

setting; the replies to the read command are in the format ñASCII:mode\r\nò, where 

mode could be ON or OFF. 

 

Examples: 

 

ASCII set example: 

 

ASCII:ON\r\n  

 ACK\r\n 

 

ASCII set example with incorrect parameter: 

 

ASCII:XX \r\n  

 NAK:04\r\n 

 

ASCII read example: 

 

ASCII:?\r\n  

 ASCII:OFF\r\n 
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2.3.3 RNG Command 

 The purpose of the RNG command is to set the gain and therefore the full 

scale range of the TetrAMM. The TetrAMM unit can operate in two possible ranges: 

 

 

 

 

 

 

 

 

  

 The full scale range can be set to all four channels simultaneously using the 

command ñRNG:parameter\r\nò, where the parameter could be: 

 

¶ ó0ô to set the range to ±120 µA full-scale value on all 4 channels; 

¶ ó1ô to set the range to ±120 nA full-scale value on all 4 channels; 

¶ óAUTOô to enable the automatic range selection (in this case one of the two 

available ranges is automatically selected evaluating the input values for each 

individual channel). The active range can be different among channels. 

 

 When the automatic range selection is enabled, the TetrAMM unit determines 

the most suitable range for each individual channel using the following logic: 

 

¶ if  the channel range is set to ó0ô (±120uA full-scale value) and the input 

current absolute value drops below 90nA for at least a 1-second period, the 

range is automatically changed to the narrower range ó1ô (Ñ120nA full-scale 

value); 

 

¶ if the channel range is set to ó1ô (±120nA full-scale value) and the input 

current absolute value exceeds 110nA for at least a 100-µs period, the range is 

automatically changed to the wider range ó0ô (Ñ120uA full-scale value), 

 Few samples are corrupted during the range change as internal switches are 

opened/closed; these corrupted samples are not cancelled from the data stream in 

order to maintain equal period between samples. 

 At power-up the TetrAMM range is set to its higher current full-scale range (0, 

default) in order to avoid possible damages to the device in case some of its inputs are 

connected to a high current source/sink at startup. 

 Ranges could also be set on each channel independently, thus allowing inputs 

to have different full -scale ranges. The command to set the channel range to a single 

channel is ñRNG:CHx:parameter\r\nò, where x is the channel number, ranging from 

ó1ô to ó4ô and parameter is the selected range that could be ó0ô, ó1ô or óAUTOô. The 

meaning of the parameter field is the same as previous. 

 Full Scale Resolution@24 bit 

Range 0 ±120 µA 15 pA 

Range 1 ±120 nA 15 fA 
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 To read the actual RNG setting simultaneously on all 4 channels, it is possible 

to use the command ñRNG:?\r\nò. The answer on that read command when all four 

channels have the same setting is ñRNG:mode\r\nò, where mode could be ó0ô, ó1ô or 

óAUTOô. When channels ranges are not equal to each other, the response is slightly 

different. In that case the TetrAMM unit response with four mode fields separated by 

character ó:ô, representing setting for each individual channel ï so the response is in 

the following form: ñRNG:mode:mode:mode:mode \r\nò. 

 It is also possible to read the individual channel RNG setting. In that case the 

read command is: ñRNG: CHx:?\r\nò, where x is the number of channel from ó1ô to 

ó4ô. The response on that command is ñRNG: CHx:mode\r\nò, always with x 

representing the channel number and mode the full range setting. 

 

Examples: 

 

RNG set example (simultaneously sets range ó1ô (±120 nA) on all 4 channels): 

 

RNG:1\r\n  

 ACK\r\n 

 

RNG set example (simultaneously sets automatic range selection on all 4 channels): 

 

RNG:AUTO\r\n  

 ACK\r\n 

 

RNG set example (sets only channel #3 to range ó1ô): 

 

RNG:CH3:1\r\n  

 ACK\r\n 

 

RNG read example (all 4 channels are set on automatic range selection): 

 

RNG:?\r\n  

 RNG:AUTO\r\n 

 

RNG read example (channels ranges are not equal to each other, for example range 

of ch#1 is set to ó0ô, range of ch#2 and ch#3 to ó1ô and ch#4 to óAUTOô mode ): 

 

RNG:?\r\n  

 RNG:0:1:1AUTO\r\n 

 

RNG read example (reads only the ch#2 range setting): 

 

RNG:CH2:?\r\n  

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

 The TetrAMM device is already factory-calibrated during the production 

process. However, user is allowed to set user-defined linear calibration parameters on 

each channel in order to obtain the desired response from the unit or to null the 

application-related offsets. 

 

 USRCORR Commands allows to enable/disable or to set/read the user-defined 

gain and offset corrections. If enabled, output values are computed as: 

 

Ὅ ὋὥὭὲϽὍ ὕὪὪίὩὸ 
 

where:  

- IREAD is the user-calibrated current readback from the single channel [A];  

- ὋὥὭὲ is the user-defined gain factor [A/A];  

- Ὅ  is the normal current read of the device [A]; 

- ὕὪὪίὩὸ is the user-defined offset value [A]. 

 

 

 If disabled, ὋὥὭὲ is set to 1 and ὕὪὪίὩὸ to 0 (default setting) ï in this 

case the user-calibrated readback is the same as the nominal current read of the 

TetrAMM as 

 

Ὅ Ὅ  
 

 The commands shown in the following table needs to be sent to the device in 

order to enable or disable the user-correction feature respectively:  

 

Command Setting 

USRCORR:ON\r\n User correction enabled 

USRCORR:OFF\r\n User correction disabled 

 

 The device replies with an acknowledgement string if the command is 

correctly interpreted. The command ñUSRCORR:?\r\nò is used to read the actual 

user-correction setting; replies to this read commands are in the format 

ñUSRCORR:mode\r\nò, where mode could be óONô or óOFFô. 

 

 This command could be also used to set or read the correction gain and offset 

of each channel and each 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 command that can be used to set the gain value for a specific range x of a 

specific channel y is in the format ñUSRCORR:RNGxCHyGAIN:value\r\nò; please 

note that value is a dimensionless value [A/A].   
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 A similar procedure can be performed in order to set the offset on a specific 

range of single channel the command ñUSRCORR:RNGxCHyOFFS:value\r\nò; in 

this particular case value is a current value expressed in [A]. 

 

 An acknowledgement string is returned if any of the previous commands are 

correctly interpreted.  

 

 The user-defined gain and offset values can be read as follows:  

 

¶ ñUSRCORR:RNGxCHyGAIN:?\r\nò in order to read the gain correction value 

on range x and channel y. The device replies to this command with 

ñUSRCORR:RNGxCHyGAIN:value\r\nò, where value is the applied gain 

correction to channel y on range x ; 

¶ ñUSRCORR:RNGxCHyOFFS:?\r\nò in order to read the offset correction 

value on range x and channel y. The device replies to this command with 

ñUSRCORR:RNGxCHyOFFS:value\r\nò, where value is the applied offset 

correction to channel y on range x ; 

 

 

Examples: 

 

USRCORR set example (enables user correction): 

 

USRCORR:ON\r\n  

 ACK\r\n 

 

USRCORR read example: 

 

USRCORR:?\r\n  

 USRCORR:ON\r\n 

 

USRCORR set gain correction on range ó0ô and channel #2 example: 

 

USRCORR:RNG0CH2GAIN:1.012\r\n  

 ACK\r\n 

 

USRCORR read offset correction on range ó1ô and channel #4 example: 

 

USRCORR:RNG1CH4OFFS:?\r\n  

 USERCORR:RNG1CH4OFFS:0.0158\r\n 
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2.3.5 NRSAMP Command 

 This command allows to select the number of samples on which averaging is 

computed. The command has the following format: ñNRSAMP:n\r\nò, where n 

indicates the number of acquisitions on which the normalized averaging is done, so 

every transferred acquisition is calculated on n ñrealò samples (the internal fixed 

sampling frequency is 100 kHz). The acquisition frequency fdata_rate could be 

calculated as: 

Ὢ ͺ  
Ὢ

ὲ

ρππ ὯὌᾀ

ὲ
 

  

 Due to the transferred speed limitations introduced by the communication link 

it is necessary to limit the data transfer rate for some acquisition modes. The data rate 

limitations are described in the Acquisition Commands section. 

 

 The command format used to read the current setting for averaged samples is 

ñNRSAMP:?\r\nò. The reply to the read command is ñNRSAMP:n\r\nò, where n 

represents the number of averaged samples; a maximum number of 100.000 internal 

samples can be averaged in order to obtain a single data sample (ρ ὲ ρππȢπππ) 
thus having an equivalent sampling period ranging from 10 µs to 1 s. 

 

 

Examples: 

 

NRSAMP set example: 

 

NRSAMP:500\r\n  

 ACK\r\n 

 

NRSAMP invalid set example (the number of averaged samples is not sufficient 

because of the data transfer limitation): 

 

NRSAMP:1\r\n  

 NAK:17\r\n 

 

NRSAMP read example: 

 

NRSAMP:?\r\n  

 NRSAMP:500\r\n 

 



 TetrAMM Userôs Manual  Software commands 

39 

2.3.6 STATUS Command 

 The internal status register of the TetrAMM shows the status of the unit. The 

status is composed of 6 bytes ï i.e. 48 bits ï where each byte cointains a specific type 

of information (please note that bit 47 is the MSB and bit 0 is the LSB): 

 

Status Register structure  

Byte #5  
(bits 47 - 40) 

Bytes #4 - #2  
(bits 39 ï 16) 

Byte #1 
(bits 15 ï 8) 

Byte #0 
(bits 7 ï 0) 

CONFIGURATION 

byte 

RANGE 

bytes 

FAULTS 

byte 

HIGH VOLTAGE 

byte 

  

 

 The structure of the CONFIGURATION byte (bits 47 ï 40) of the status 

register is hereafter presented: 

 

Bit # Cell caption 

47-46 do not care 

45 External interlock enabled (0 ï disabled; 1 ï enabled) 

44-42   Active channels (1,2 or 4 in binary representation)  

41 User correction (0 ï disabled; 1 ï enabled) 

40 ASCII representation (0 ï disabled; 1 ï enabled) 

 

 

 The structure of the RANGE bytes (bits 39 ï 16) section of the status register 

is shown in the following table: 

 

Bit # Cell caption 

39-37 do not care 

36 CH4 full scale range (0 ï  RNG 0; 1 ï  RNG 1) 

35-33 do not care 

32 CH3 full scale range (0 ï  RNG 0; 1 ï  RNG 1) 

31-29 do not care 

28 CH2 full scale range (0 ï  RNG 0; 1 ï  RNG 1) 

27-25 do not care 

24 CH1 full scale range (0 ï  RNG 0; 1 ï  RNG 1) 

23-20 do not care 

19 CH4 auto-range (0 ï disabled; 1 ï enabled) 

18 CH3 auto-range (0 ï disabled; 1 ï enabled) 
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17 CH2 auto-range (0 ï disabled; 1 ï enabled) 

16 CH1 auto-range (0 ï disabled; 1 ï enabled) 

 

 

 The structure of the FAULTS byte (bits 15 ï 8) is as follows: 

 

Bit # Cell caption 

15 General fault (logical or of all faults) 

14-11 do not care 

10 HV Over-current fault (latch of a HV overcurrent event) 

9 Over-temperature fault (latch of an over-temperature event) 

8 External interlock fault (latch of an interlock event) 

 

 

 The last byte of the status register ï HIGH VOLTAGE byte (bits 7 ï 0) 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 over-current condition if ó1ô) 

2 Ramp down (when high: HV module is ramping down) 

1 Ramp up (when high: HV module is ramping up) 

0 High voltage module status (0 ï OFF; 1 ï ON) 

 

 

A brief description of the binary flags is hereafter presented: 

 

- External interlock enabled (bit 45): this bit is set when the external interlock 

input is enabled (see INTERLOCK Command section); 

- Active channels (bits 44-42): these bits indicate the number of active input 

channels in binary format (see CHN Command section); so these bits are 

configured as: 

o ó001ô, when one channel is activated, 

o ó010ô, when two channels are activated, 

o ó100ô, when all four input channels are activated; 

- User correction (bit 41): this bit indicates that the user correction function ï 

i.e. user-defined calibration ï is enabled (for more information see the 

USRCORR Command section); 

- ASCII representation (bit 40): this bit is set when the ASCII output stream 

representation is enabled while it is cleared if the binary representation is 

activated (see ASCII Command chapter); 
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- Full-scale range (bits:36, 32, 28 and 24): these bits indicate the ranges on the 

input channels: the corresponding bit is low when the channel is set to range 0, 

and it is set when the channel is set to range 1; 

- Auto-range (bits:19, 18, 17 and 16): these bits are set when the auto-range 

option is enabled on the corresponding channel (see RNG Command for more 

information); 

 

- General fault (bit 15): this bit is set if the module has experienced a fault ï 

e.g. generated by an external interlock or an internal protection trip (like 

internal over-temperature or High Voltage module over-current). This bit is a 

logical óORô of all other fault flags and it is latching ï i.e. when a fault occurs, 

this bit is set together with the specific fault bit. When a fault is detected, the 

module switches off the High Voltage module. A status reset of the device is 

necessary in order to reset the module (see the following section); 

- HV Over-current fault (bit 10): this bit is also latching and it is set when a 

High Voltage over-current event occurs; a status reset is needed in order to 

reset this bit (see the following section). The maximum output currents for the 

different high voltage outputs are shown in High Voltage Commands; 

- Over-temperature fault (bit 9): this bit is also latching and it is set when the 

internal TetrAMM temperature rises above the 50°C threshold; to reset this 

flag it is necessary to execute a status reset 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 (see Interlock and general I/O 

connector section); to reset the flag the it is necessary to execute a status reset 

(see the following section); 

 

- HV over-current (bit 3): this bit is set when the High Voltage module 

experience an over-current situation. The maximum output current ratings for 

the different High Voltage models are shown in the High Voltage section. This 

bit is non-latching so that it represents only the actual over-current status of 

the module. This condition triggers the internal fault over-current bit 

previously described; 

- Ramp up/Ramp down (bit 2 and bit 1): these bits are set when the High 

Voltage is ramping up/down in the process of reaching the selected set-point 

value. The slew rate of the ramp depends on the High Voltage model (see 

High Voltage description); 

- High voltage module status (bit 0): this bit is set only when the High Voltage 

module is enabled and it is cleared in all other cases. 

 

 

 The internal status register can be read with the ñSTATUS:?\r\nò command. 

The reply from the TetrAMM unit to this command is in the format 

ñSTATUS:value\r\nò, where value is the ASCII representation of the internal status 

register value, composed by 12 hexadecimal digits ï corresponding to the 6-byte wide 

status register (every byte is represented by two hexadecimal digits).  

 

 If at least one of the fault conditions occurs, then the respective bit and the 

general fault bit are set. The High Voltage module is switched off in 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 condition of the status register is ñSTATUS:RESET\r\nò; 

the TetrAMM unit replies to this command with an acknowledgment string.  

 

Example: 

 

STATUS read example: 

 

STATUS:?\r\n  

 STATUS:1800000000\r\n 

 

 

STATUS reset example: 

 

STATUS:RESET\r\n  

 ACK\r\n 
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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 enable or disable the external interlock input is the 

following: ñINTERLOCK:mode\r\nò, where mode could be ñOFFò (default) to 

disable the interlock input or ñONò to enable it. The unit replies to this kind of 

command with an Acknowledge (ñACK\r\nò). 

 

 To read the actual set interlock status it is possible to use the command: 

ñINTERLOCK:?\r\nò. The generated reply to this command has the next form: 

ñINTERLOCK:mode\r\nò, where mode could be ñOFFò (default) if the interlock 

input is disabled or ñONò if interlock input is enabled. 

 

 

Example: 

 

INTERLOCK set example: 

 

INTERLOCK:ON\r\n  

 ACK\r\n 

 

INTERLOCK read example: 

 

INTERLOCK:?\r\n  

 INTERLOCK:ON\r\n 
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2.3.8 TEMP command: 

 TEMP Command (ñTEMP:?\r\nò) allows user to read temperature from 

internal temperature sensor. Temperature value is updated every 10 seconds. If in case 

temperature rises over 50°C, the over-temperature fault is set and the High Voltage 

module is turned off. After a fault event it is necessary 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: 

ñTEMP:value\r\nò, where value is the integer read temperature value expressed in °C. 

 

 

Example: 

 

TEMP read example: 

 

TEMP:?\r\n  

 TEMP:28\r\n 
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2.3.9 VER Command 

 The ñVER\r\nò command returns information about the TetrAMM unit and the 

currently installed firmware version.  

 

 The reply to the ñVER\r\nò command is in following format: 

 

VER:model:ver:module1:module2\r\n 

 

where:  

- model: is a string indicating the device (i.e. ñTETRAMMò); 

- ver: cointains the string corresponding to the installed firmware version; 

- module1: the front-end type installed in the device and the two full -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:IV4 120UA 120NA:HV 500V POS\r\n 

 

  

 The ñTETRAMMò device of the previous example has the ñ0.9.81ò firmware 

version installed and it has a 4-channel ñcurrent-to-voltageò front-end (i.e. ñIV4ò) 

with the two full-scale ranges rated at 120µA and 120nA. The High Voltage module 

installed has a 500V output voltage rating.  
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2.3.10 HWRESET Command 

 The ñHWRESET\r\nò command performs a complete reset of the hardware 

and firmware on the on-board FPGA, thus re-initializing the entire TetrAMM module 

control electronics. The unit replies with an acknowledgment string (ñACK\r\nò) 

before resetting the module.  

 

 

Example: 

 

HWRESET example: 

 

HWRESET:?\r\n  

 ACK\r\n 
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2.4 High Voltage Commands 

 The commands that can be used to set and to read the settings of the High 

Voltage module installed 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/value. In order to set a voltage value, i.e. send the command ñHVS:ON\r\nò it is 

necessary to enable the High Voltage module first. When the High Voltage module is 

turned on then the red led ñHV ONò on the front panel of the TetrAMM unit turns on 

too. The command ñHVS:OFF\r\nò disables the High Voltage output, putting it into 

an high impedance state, and turns off the ñHV ONò led on the front panel. 

 

 When the module is enabled it is possible to set an output voltage value by 

sending a ñHVS:value\r\nò, where value is the desired voltage output expressed in [V] 

(for example to set an output voltage or 100.5 V the following command has to be 

sent to the unit: ñHVS:100.5\r\nò). The output voltage reaches the set-point on a 

ramping behaviour. The full-scale value and polarity of the High Voltage module 

depends on the HV module option. This command also allows to check the last sent 

set-point value by sending the ñHVS:?\r\nò string. The response to this read command 

is in the format ñHVS:value\r\nò, where value is the last given set-point value 

expressed in [V] with 2-digit decimal precision. 

 

 

Examples: 

 

HVS ON example: 

 

HVS:ON\r\n  

 ACK\r\n 

 

HVS OFF example: 

 

HVS:OFF\r\n  

 ACK\r\n 

 

HVS set example (for a High Voltage model with positive polarity): 

 

HVS:490.7\r\n  

 ACK\r\n 

 

HVS set example (for a High Voltage model with negative polarity): 

 

HVS:-400.5\r\n  

 ACK\r\n 
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HVS read example: 

 

HVS:?\r\n  

 HVS:-400.50\r\n 
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2.4.2 HVV Command 

 The HVV command allows user to read the output voltage of the High Voltage 

module by sending the ñHVV:?\r\nò command. The reply to this command is in the 

following format ñHVV:value\r\nò, where value is the output voltage readback value 

expressed in [V]  with a 2-digit decimal precision ï i.e. with a 10-mV resolution. 

 

 

Example: 

 

HVV  example: 

 

HVV:?\r\n  

 HVV:400.69\r\n 
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2.4.3 HVI Command 

 The HVI command allows reading the current provided by the High Voltage 

module. The command to read the current value is ñHVI:?\r\nò. The reply to this 

command is in the following format ñHVI:value\r\nò, where value is the read output 

current expressed in microamperes [µA]  with 2-digit decimal precision ï i.e. with a 

10-nA resolution. 

 

 

Example: 

 

HVI example: 

 

HVI:?\r\n  

 HVI:0.54\r\n 
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2.5 Command Table Summary 

Command Purposes Parameters 

ACQ 
Start continuous acquisition ON 

Stop continuous acquisition OFF 

ASCII  

Enable ASCII output stream ON 

Disable ASCII output stream OFF 

Query ASCII setup setting ? 

CHN 
Set number of reading channels [1 - 4] 

Query channel settings ? 

FASTNAQ 

Read a fixed number of samples without  

averaging on 4 channels 
[1 - 419.430] 

Read a fixed number of samples without  

averaging on 2 channels 
[1 - 699.050]  

Read a fixed number of samples without  

averaging on 1 channel 
[1 - 1.048.576]  

GATE 
Enable gate continuous acquisition ON 

Disable gate continuous acquisition OFF 

GET Read a single snapshot ? 

HVI  
Read the output current provided by the High Voltage 

module 
? 

HVS 

Enable High voltage module ON 

Disable  High voltage module OFF 

Set the desired High Voltage set point [0 ï Ὄὠ  ] 

Query High Voltage set point ? 

HVV  
Read the output voltage provided by the High Voltage 

module 
? 

HWRESET Perform a hardware and firmware reset / 

INTERLOCK  

Enable external interlock input ON 

Disable external interlock input OFF 

Query interlock setting ? 

NAQ Read a fixed number of samples [1 - 2.000.000.000] 

NRSAMP 
Set number of samples on which averaging is made [1 ï 100.000] 

Query number of averaged samples settings ? 

RNG 

Set full scale range to ±120 µA to all input channels 0 

Set full scale range to ±120 nA to all input channels 1 

Set full automatic range selection to all input channels AUTO 

Query range setup status ? 
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STATUS 
Query device status ? 

Reset status fault conditions RESET 

TEMP Read the devices internal temperature ? 

TRG 
Enable triggered  continuous acquisition ON 

Disable triggered  continuous acquisition OFF 

USRCORR 

Enable user-correction  ON 

Disable user-correction OFF  

Query user-correction status ? 

Set gain correction on  

range#y ch#x to value  
RNGxCHyGAIN:value 

Query gain correction value on 

range#x ch#y 
RNGxCHyGAIN :? 

Set offset correction on   

range#x ch#y to value 
RNGxCHyOFFS:value 

Query offset correction value on 

range#x ch#y 
RNGxCHyOFFS:? 

VER Query the device firmware version ? 
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3. Ethernet Communication 

 The communication with the TetrAMM unit is based on a 10/100/1000 Mbps 

Ethernet link. The suggested connection speeds are 100 Mbps or 1Gbps since the 10 

Mbps connection is limiting the data rate.  

 The factory network configuration and the ñCAENels Device Managerò 

software are 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-to-

point Ethernet connection is strongly recommended in order to obtain minimum 

delay, maximum data rate performance and to avoid possible communication 

problems ï i.e. increasing communication reliability. This implies that the host PC 

and the TetrAMM should reside on the same Ethernet subnet. 

 

 For a point-to-point connection it is not necessary to use a twisted cable 

because the used Ethernet link has an automatic detection of the communication 

direction ï i.e. auto-sensing. 

 

 To change the device network setup it is necessary to use the free ñCAENels 

Device Managerò software that can be downloaded from the CAENels website 

www.caenels.com. A briefly description of this software is given in next section. 

http://www.caenels.com/
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3.2 CAENels Device manager 

 The free software ñCAENels Device managerò can be used to search for all 

the TetrAMM devices connected to the local network and to configure them. This 

software also allows to set the network configuration of the found devices and to 

update their firmware.  

 The ñCAENels Device managerò is available for Windows and Linux 

platform and the system requirements hereafter listed: 

 

¶  Windows minimum system requirements: 

ü Windows® XP or newer 

ü Intel® or equivalent processor 

ü 70 MB available HD space 

ü Ethernet network card 

 

¶  Linux minimum system requirements: 

ü Linux kernel 2.2.x or newer 

ü Intel® or equivalent processor 

ü 70 MB available HD space 

ü Ethernet network card 

3.2.1 Searching for connected devices 

 Please follow the next steps in order to search for the TetrAMM devices 

connected to the local network: 
 

- connect the host PC and the TetrAMM directly with an Ethernet cable (or 

through a network); 
 

- verify that the ñLink LEDò on the RJ45 connector is turned on (amber for a 1 

Gbps connection as shown in Figure 4 or green for a 100 Mbps connection). 

The LED is turned off if the Ethernet cable is not connected or if the speed of 

connection is limited to 10 Mbps (in this last case the device is working 

correctly even if it is not recommended to use a slow connection since the data 

transfer rate is limited); 

 

 
 

Figure 4: Ethernet Link 

Link LED 
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- connect the TetrAMM to the AC/DC power supply unit and switch it on; 

 

- install and launch the ñCAENels Device managerò software; 

 

- perform a scan to discover the connected TetrAMM devices by clicking the 

ñScanò button as indicated in Figure 5. If there are multiple available 

networks it is possible to select the network/networks to be scanned in the 

ñSelected network interfacesò window available under the ñOptionsò menu. 

All the information about the selected devices is shown in the right side of the 

main window.  

 

 
 

Figure 5: Main interface 
 

 If you have a firewall enabled on your router or on your computer, please 

make sure that the firewall is not preventing communication between your computer 

and the TetrAMM device. 

 

 The ñCAENels Device managerò uses UDP port 30719 to find the device, so 

make sure that the UDP traffic is allowed in both directions on that port. 

 

Scan selected 

network interfaces 

 

Found device 

  

Device information 
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3.2.2 Device Configuration 

 It is possible to change the Network configuration of the found devices. In 

order to set the Network configuration it is necessary to select the desired device and 

to click on the ñChange device configurationò button in the main window as shown in 

Figure 6. The configurable Network options are: 

 

ü Device IP address; 

ü TCP/IP communication port; 

ü Subnet mask; 

ü Gateway. 

 

 To apply the changes on the device configuration it is necessary to edit the 

corresponding fields and then to click on the ñSaveò button. A screenshot of a sample 

device configuration is shown in the following picture: 

 

 
 

Figure 6: Change device configuration 
 

 

 

 

Device configuration 
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3.2.3 Firmware Upgrade 

 The ñCAENels Device managerò software also allows remotely updating the 

firmware of the TetrAMM devices. Once the desired device is found, it is possible to 

perform the firmware update by clicking on the ñUpdate deviceò button as shown 

Figure 7. The new opened window allows to select the new firmware file (Flash file -

*.flash). 

 

 Once the flash file has been selected it is possible to start the firmware update 

by clicking the ñUpdate!ò button. The firmware update task will take a few minutes. 

A screenshot of the update menu is shown hereafter: 

 

 

 
 

Figure 7: Update device 
 

 

 

 

 

 

 

 

 

Update device firmware 
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4. I/O Connectors 

 This chapter describes the I/O connectors present on the device front and rear 

panels, their corresponding pinout and each signal functionality. 

4.1 Power Connector 

 The input power connector is a standard male locking jack socket. The input 

voltage is rated at +12V (±3%) with a maximum input current of 1A. 

 

 The input ON/OFF switch is placed above the input power connector which 

allows turning ON or OFF the device. The used connector is shown in Figure 8: 

 

 

 
 

Figure 8: Power connector and switch 
 

 

 

Input locking 

power connector 

ON/OFF  

switch 














































