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Low Noise / High Resolution DAC II - Physics Basel (SP 1’060)

1 Used Abbreviations

The Following abbreviations are used in this manual:
LNHR = Low Noise / High Resolution

DAC = Digital/Analog Converter

LED = Light Emitting Diode

BNC = Bayonet Nut Connector

AWG = Arbitrary Waveform Generator

WAV = Wave
WF = Waveform
RMP = Ramp

LBW = Low Bandwidth (100 Hz)

HBW = High Bandwidth (100 kHz)
SWG = Standard Waveform Generation
POLY = Polynomial

2D = Two-Dimensional

HEX = Hexadecimal

LAN = Local Area Network

NIC = Network Interface Card

msec = milli-second (1E-3)

usec = micro-second (1E-6)

NaN = Not a Number

Inf = Infinite

Float = Floating-point number

ppm = Parts per million (1E-6)

AGND = Analog Ground

INL = Integral Nonlinearity

FFT = Fast Fourier Transformation
RMS = Root Mean Square (Effective Value)
DAQ = Data Acquisition

2 Overview

The “LNHR DAC II Commander” is a PC-Windows application to control and setup the
LNHR DACIIL The “Commander” runs on a 64-bit Microsoft Windows 10 PC with minimum
8 Giga Byte of RAM. The bidirectional communication between the device and the PC is
performed via a Gigabit Ethernet LAN connection - see chapter “Network Connection”.

- see chapter “Installing the LNHR DAC Il Commander”

This description applies to the application “LNHR DAC II Commander” Revision 3.4.9
connected toa LNHR DACII (SP 1060) with 24 DAC-Channels and with a Software Release
of 3.4.9 - you can easily check the installed release on the local LCD under the menu item
“Software Release”.

Two different version of the LNHR DAC II are available:

The fully equipped 24 DAC-Channels version and the 12 DAC-Channels version which has
only one DAC-Board (Lower DAC-Board) with the DAC-Channels 1 to 12. Since all other
components are the same (including the front-panel) the 12 DAC-Channels version can
later be upgraded to a 24 DAC-Channels version; for this upgrade the device has to be
returned to the producer (Physics Basel).
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This “Commander Description” documents the fully equipped 24 DAC-Channels version.
For the 12 DAC-Channels version some options and numbers are different than indicated
in this manual, since the Higher DAC-Board with the DAC-Channels 13 to 24 are missing.

Nevertheless, this “LNHR DAC II Commander” application can control 12 or 24 DAC-
Channels versions without any modifications. The version (12 or 24 DAC-Channels) of the
connected LNHR DAC II gets automatically detected. When controlling a 12 DAC-Channels
version the not available controls and indicators get automatically disabled and greyed
out. Also, the range of selectable DAC-Channels is automatically adjusted.

While operating with the LNHR DAC II Commander the last line of the “Tip Strip” (which
pops up when the mouse is on a control or indicator) shows the corresponding remote
command string as a hint.

SET Commands are indicated in square brackets [SET] while QUERY Commands are
shown in curly brackets {QUERY}:

v CH1 CH2 CH3 CH 4 CH5S CH6 CH7 CHB8 CH9 CH 10 |
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=S¢t the analog bandwidth (LBW=100 Hz, HBW=100 kHz).
CAUTION: Te prevent from spikes, switch OFF the DAC-Channel before switching the Bandwidth!
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For further information see the “LNHR DAC II Programmer’s Manual” and also the “LNHR
DAC II User’s Manual”.

When the “LNHR DAC Il Commander” is started, the user is asked in which mode he wants
to start the application. When selecting “Control by Commander” all the controls are
initialized to their default values; for example, all DAC-Channels are switched OFF. When
selecting “Display only” no default settings are written from the Commander to the device.
The actual settings and states of LNHR DAC II are kept and they are displayed only; all

controls are disabled.
‘l[ off J[ orf J[ ore J[ o J[ orr J[ o J[ o J[ orF J[ orr J[ orf J[ o J[ off | ser onjore

& syNC Lo

DAC Update
DAC-MODE
QUESTION: amibiSghiih
RORRR I “ULILTED I RO How do you want to start the LNHR DAC Il Commander? ACT VOLTAGE
TFFFFF l TFFFFF l TFFFFF ACT DATA =
|Contro\ by Commander (Initialize Default Settings on DAC 1) | Display only (Leave Settings on DAC II) Eh 1_'? SYNC Loy
FFFFFF l FFFFFF ! TFFFFF REGISTERED ;

SET VOLTAGE

7FFFFF lYFFFFF lTFFFFF l?FFFFF l?FFFFF lYFFFFF ITFFFFF I?FFFFF lYFFFFF lTFFFFF l?FFFFF l?FFFFF - SET DATA

Later on, one can still alter the mode between “Control by Commander” and “Display
only”.
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3 Description of the Tabs
The “LNHR DAC Il Commander” application is based on the following seven Tabs
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Control by Commander 24 DAC-CHANNELs
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1. Main Control
Displays the status of the device and allows to set the individual DAC voltages and
control its output stage including the synchronization.

2. RAMP/STEP-Generator
Controls the four RAMP /STEP-Generators and set its parameters. The settings for
the (adaptive) 2D-Scan are also done here.

3. AWG Control
Controls the four AWGs and set its parameters. Further the AWG-Memories can be
readout here.

4. Standard Waveform Generation
Generates or Loads the Waveforms for the four AWGs. Saves the generated
Waveforms to a text-file on the PC.

5. 2D-Scan Setup
The four different 2D-Scans are defined and build here. Further the 2D-Scans can
be controlled (Start/Stop) and monitored.

6. Load-Save-Exit
Loads and Saves the Settings of the Commander controls. Exit the Commander with
updating the location of the folders for the Settings, the Waveforms and the PDF-
Manuals.

7. Info & Help
Shows the System Information and allows access to the PDF-Manuals. Further the
Linearization Coefficients of all DAC-Channels are displayed here.
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4 Tab 1 | Main Control
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Control by Commander 24 DAC-CHANNELS

g 0.000000 vV Set ALL DACs to 0 V
) e L i

ALL OFF ALL ON

If “Control by Commander” is selected, all controls on all Tabs are enabled.

The “Main Control Tab” shows the status-overview of the device on a single page. On top
the “Higher DAC-Board” with the DAC-Channels 13...24 is shown and below the “Lower
DAC-Board” with the DAC-Channels 1...12. On the bottom right the “System Health” shows
the temperatures, the status of the supply voltages and the CPU-Load.

In the middle bottom part “Set ALL DAC-CHs” all DAC Voltages can be set to zero (0 V), all
DAC-Channels can be switched ON/OFF and set to LBW (100 Hz) or HBW (100 kHz). In
the left bottom section “Set DAC Voltage / Data” the DAC Voltage or the DAC Data (24bit)
of a single DAC-Channel or ALL DAC-Channels can be modified.

4.1 Select ON/OFF and LWB/HBW

d

| TFFFFF | ©| TFFFFF 4| 7FFFFF & 7FFFFF (& TFFFFF &\ TFFFFF &\ 7FFFFF | & 7FFFFF & 7FFFFF &\ ZFFFFF | &| 7FFFFF 0| 7FFFFF

on Lo J on J ow J o | on [ o J{ ow J[ o ) on | on J{ o ]
In the field “SET ON/OFF” the DAC-Channels can be switched ON/OFF and in the field “SET
LBW/HBW” the Bandwidth can be changed between LBW=100 Hz and HBW=100 kHz.
You can toggle between ON/OFF and LBW/HBW by clicking on the corresponding button.
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By using the selection “Set ALL DAC-CHs” all DAC-Channels can be switched ON/OFF and
all Bandwidths can be altered between LBW and HBW:

24 DAC-CHANNELs

Set ALL DACsto OV

ALL OFF ALL ON

CAUTION: When switching the Bandwidth, glitch-voltages can occur on the DAC output!
Therefore, it is strongly recommended to switch OFF the corresponding DAC-Channel
before changing its Bandwidth. After switching the Bandwidth, wait at least for 0.5 sec
before switch ON the DAC-Channel again. When doing so, the Bandwidth can be changed
safely and glitch-free.

4.2 Set DAC Voltage / Data

[ sccece [ 9s9ses [ aseocs [
[ scccce i sessvs [ aseoos [

7000000 ] 2000000 ] 3000000 ] 4000000 ] 5000000 1] 6.000000 || 7.000000 | £000000 | 9000000 ] 1000000 | -1.100000 J -1.200000 |
Facccce | sososs I asceso [ sssasz I sreesr | ccocce |l Dsssss I cocoss I Fsass2 I reeeee  7iesss I 7oas07 |
:m::m::m:

_on | oov J oon f ov | ov J on | on | on § on | ov | on_ |

The DAC voltage can be set by editing either the "SET VOLTAGE" control field or the "SET
DATA" control field. When editing the "SET VOLTAGE" control field, the "SET DATA"
control field is automatically updated and vice versa; see chapter “Converting DAC-
Voltage to DAC-Value”.

Note: After editing a value in a control-field, press ENTER or leave this control-field with
the mouse-curser. Otherwise, the value is NOT updated.

The “SET DATA” gets copied to the “REGISTERED” DAC Data. When the DAC Update mode
is “INSTANTLY” (all DAC-Channels in “DAC” mode) the “REGISTERED” DAC Data are
immediately transferred to the “ACT DATA” (actual DAC Data). Then the “ACT VOLTAGE”
(actual DAC voltage) is updated on the corresponding DAC output.

"DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC
mﬂ [ ooseos [ coses | = =
= -@1

L HBW.| | HBW..|  HBW. .| HBW. .|| HBW. .|  HBW. .| HBW. .| HBW. . _ HBW. .|  HBW. .| HBW . m]
[ on J on | ov | on § ow | ov | o | onu | ov | on | on | on |
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When the DAC Update mode is “SYNCHRONOUS” (DAC-Channels in “SYNC” mode) the
“REGISTERED” DAC Data are transferred to the “ACT DATA” (actual DAC Data) on a SYNC-
event. Such a SYNC-event can be released by pressing the button “SYNC Low/High” or by
an external TTL signal on the back panel (Sync In DACs-L/H) or by a remote command:

| sCCCee T 999999 R Aeosss ] 833332 1 BFFFFF TE CCCCCC T D99999 T Fas6es ] F33332 i FPFRFF T 712885 1 70A3D7

| SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC | SYNC

4 syNC Low

[ 7.000000 | 2000000 1] 3000000 | 4000000 1| 5000000 ] 000000 1] 7000000 | 8000000 1] 5000000 ] 10000000 | -1.100000 | 1200000 |

B | e HBW | B | B B || B | oW | B | W | B | B |
on § on f on f on | on f onv f| onw f ov | onv | ov [ on | on |

Then all “ACT VOLTAGESs” (actual DAC voltages) on one DAC-Board (Low or High) are
synchronously updated on this SYNC-event.

With the button “Set ALL DACs to 0 V” all “SET VOLTAGESs” can be set to zero (0 V).
24 DAC-CHANNELS

Set ALL DACsto OV

All 1BW LA.I.I_H.BHI_

By using the selection “Set DAC Voltage / Data” a Single DAC-Channel or ALL DAC-
Channels can be set to a “DAC Voltage” or a “DAC Data (24 bit)” - note, that only the “SET
VOLTAGE / DATA” is updated. When editing the "DAC Voltage" control field, the "DAC
DATA (24 bit)" control field is automatically updated and vice versa; see chapter
“Converting DAC-Voltage to DAC-Value”.

single DAC-CH | | ~[ 3300000 v

An update is only made on a changing input value in one of the two control fields “DAC
Voltage” or “DAC Data (24 bit)".

Note: After editing a value in a control-field, press ENTER or leave this control-field with
the mouse-curser. Otherwise, the value is NOT updated.

The indicator “Writing OK” is set when the corresponding DAC-Channel is in “DAC” or in

“SYNC” mode. When trying to write to a DAC-Channel which is occupied by a RAMP /STEP-
Generator (RMP-STP) or by an AWG Function (AWG) the “Writing Blocked” is displayed:

LNHR DACII Commander Description - Revision 1.2 Physics Basel
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3
J 62875C

I'_1I_H_H_1_

628F5C

In this example, the DAC-Channel 1 is already occupied by a running RAMP/STEP-
Generator (RMP-STP) and therefore the writing is blocked.

4.3 Set “Display only”

When “Display only” is selected, all controls on all the Tabs are disabled and greyed out.
In this mode the “LNHR DAC Il Commander” monitors only and no values can be modified
by the user. Nevertheless, the device can be controlled via remote commands or locally
via the LCD and the rotary/push knob:

¥ LNHR_DAC_Il_Commander_Rev_349hi - [m] X

| Display only 24 DAC-CHANNELs
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4.4 System Health

The window “System Health” gives an overview of the LNHR DAC II temperatures, the
CPU-Load and the supply voltages:

System Health

Higher DAC-Board | 412 °C ok | | +2avok]

|
Lower DAC-Board | 400°C | ok | [ +15vok]

Computer Board | 45.2°C | ok | | -15vok |

CPU/FPGA | 50.8 °C oK ]
CPU-Load | 40 % oK ]

The Temperatures of the two “DAC-Boards” and the “Computer Board” must be below
70°C to be “OK”; the Temperature of the “CPU/FPGA” must be below 90°C to be “OK”.

Note: A running AWG disables the temperature measurement on the corresponding DAC-
Board (Lower/Higher DAC-Board); then the temperature is displayed with “NaN°C”.

A CPU-Load smaller than 95% it is “OK”; for a CPU-Loads >95% the system gets
overloaded the number of parallel running RAMP/STEP-Generators must deceased.

The three supply voltages (+24 V, +15 V and -15 V) are monitored and if one of them is
LOW, all DAC-Channels are immediately switched OFF.

LNHR DACII Commander Description - Revision 1.2 Physics Basel
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5 Tab 2 | RAMP/STEP-Generator

B LNHR_DAC_Il_Commander_Rev_3.48hwi - O X

The parameters and the modes of the four individual RAMP /STEP-Generators (A, B, C, D)
can be set on this Tab. Further the RAMP/STEP-Generators can be start, hold and stop
here.

5.1 Select RAMP Mode

If a normal RAMP voltage should be performed, the corresponding button “RAMP
A/B/C/D @5 ms” must be selected; then the parameters for the STEP-Generator (needed
for 2D-Scan with the AWG) are disabled and greyed out:

In the RAMP Mode, a user-defined voltage RAMP is generated with a fixed DAC update
period of 5 msec; this means that every 5 msec the voltage of a running RAMP is updated.
For the description of the STEP-Generator function see the chapter “Select STEP Mode”.
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5.2 Select RAMP DAC-Channels

The user can define the DAC-Channel on which to output the corresponding RAMP-
Generator. If the selected “RAMP DAC-CH” is available (not used by another RAMP or
AWG) the indicator “DAC-CH Available” is green:

Note: On a running RAMP-Generator the flag “DAC-CH Occupied” is displayed and the
“RAMP DAC-CH” and all the RAMP Parameters are disabled and greyed out.

5.3 Set RAMP Parameters
The following RAMP Parameters can be set:

“RAMP Start Voltage”: Voltage where the RAMP starts.

“RAMP Stop/Peak Voltage”: Voltage where the RAMP stops or peaks.

“RAMP Time”: Duration of one RAMP cycle.

“RAMP Shape”: “/UP-ONLY” is a sawtooth RAMP, “/UP-DOWN\” is a triangle RAMP.
“RAMP Cycles (0=Inf)”: Number of RAMP cycles; at zero, the RAMP repeats indefinitely.

When a triangle RAMP (“/UP-DOWN\”") is selected, the voltage ramps from the “RAMP
Start Voltage” up to the “RAMP Stop/Peak Voltage” and the back to the “RAMP Start
Voltage”; this is one complete RAMP cycle.

When a sawtooth RAMP (“/UP-ONLY") is selected, the voltage ramps only up to the “RAMP
Stop/Peak Voltage”; this is one complete RAMP cycle.

From the RAMP Parameters above the “Step-Size [V/STP]” and the “Number of Steps per
Cycle [STP/CYC]” are calculated:

LNHR DACII Commander Description - Revision 1.2 Physics Basel
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1.001mV/STP 1.818mV/STP 909.229uV/STP 1.818mV/STP
2000 STP/CYC 4400 STP/CYC 6600 STP/CYC 8800 STP/CVC

With these values, the user can verify that reasonable RAMP Parameters have been
chosen.

5.4 Start, Hold and Stop a RAMP /STEP-Generator

With the controls “Start A/B/C/D”, “Hold A/B/C/D” and “Stop A/B/C/D” the
corresponding RAMP-Generator can be controlled. In the “Hold” state the RAMP-
Generator can be continued when pressing “Start” again or stopped by selecting “Stop”. If
all RAMP-Generators must be controlled in parallel the “Start ALL”, “Hold ALL” and “Stop

ALL” buttons can be used:

|

In the lower part the state of the RAMP-Generator is shown:

“Idle”: The RAMP-Generator is inactive (stopped).

“Ramp_UP”: The RAMP-Generator ramps UP.

“Ramp_DOWN”: The RAMP-Generator ramps DOWN (in “/UP-DOWN\” mode only).
“Hold”: The RAMP-Generator is in HOLD mode and its last voltage is on the DAC output.

Furter, the number of “CYCLEs-Done [CYC]” and the number of “STEPs-Done [STP]” is

shown. When the RAMP-Generator is stopped (“Idle” state) the number of “STEPs-Done
[STP]” is reset to zero (0): _ _ .
- 10s | osP

Note: If RAMP Shape is "/UP-DOWN\" the “STEPs-Done [STP]” counter first increments
until the “RAMP Stop/Peak Voltage” is reached, then the counter decrements to zero
where the “RAMP Start Voltage” is reached again.
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5.5 Examples: 4 x RAMP-Generators
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Example 1 has the above settings (all RAMPs run infinite) and the following RAMP-signals
(RAMP-A/B/C/D) are generated on the DAC-Channels 1, 2, 3 and 4 (all in HWB):
2v|

|

| RAMP-A
2v

-25s 2s -15s s -500 ms 0ths 500 ms 1s 15s 2s 25s
2v|

| Z N

| % N

z L

2v

25s 25 15s 1s 500 ms. 0ths 500 ms 1s 15s 2s 25s
4v|

‘ RAMP-

|
4av

255 25 155 s 500 ms ohs 500ms. 1s 155 2s 25s
av[

|

|

=g RAMP-D

4v

255 2s A5s & -500 ms ofs 500 ms 1s 155 2s 255

Measure P1:period(RMP-A) P2:period(RMP-B) P3:period(RMP-C) P4:period(RMP-D) P5:--- P6:--- PT--- P8--- P9--- P10:--- P11--- P12---

value 499.92520 ms 1.00026629 5 1500062585 200002275
status = 5

The four RAMP-Generators are started synchronous by using the “Start ALL” button. Since
the number of “RAMP Cycles (0=Inf)” is set to zero (0) the RAMPs run continuously. The
measured periods, amplitudes and shapes corresponds to the set values.
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Example 2 has the above settings (RAMP Cycles: A=4, B=2, C=1, D=1) and the following
RAMP-signals (RAMP-A/B/C/D) are generated on the DAC-Channels 1, 2, 3 and 4 (all in

B

158 ER) 500 ms 0ths 500 ms 1s 158 2s 25s 3s 35s

Measure P1:period(RMP-A) P2 period(RMP-B) P3:period(RMP-C) P4:period(RMP-D) P5--- P6--- P7--- Pg--- PO--- P10--- P11=-- P12---

value 50019986 ms 999 72335 ms. — —
status :L 2 ks a

The four RAMP-Generators are started synchronous by using the “Start ALL” button. The
number of “RAMP Cycles (0=Inf)” is restricted to four (4) for RAMP-A, to two (2) for
RAMP-B and to one (1) for RAMP-C and RAMP-D.
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5.6 Select STEP Mode

If a STEP function should be performed, the corresponding button “STEP A/B/C/D @AWG
Stop” must be selected; then the parameters for the STEP-Generator (needed for 2D-Scan

with the AWG) are enabled:

- E
STEP A @AWG Stop STEP B @AWG Stop STEP C @AWG Stop STEP D @AWG Stop Normal
g Mormal-Start AWG AI Auto-Start AWG B Auto-Start AWG C Auto-Stat AWG D~ 2D-Scan
< Keep AWG MEM ] Keep AWG MEM ] Reload AWG MEM Reload AWG MEM | Adaptive
= r
-"g Skip Polynomial ] Skip Polynomial ] Skip Polynomial ] Apply Polynomial 2D-Scan R EmEr)
c (B[ ovswe B owsme ] B owsme ] B[ -amvyste Shift Voltage z =
©
U —— s é&
Ul"l I 0 ~ l 0 ~ I 0 ~ I 0 ~ a0 = 'E' =
O al*x g B
Q |1— : . . £
az*x"2 g
I 0 I 0 I 0 I 0 a3 * xA3 %-\ AWG-Memory
I 0 v I 0 v I 0 v I 0 v =

In STEP Mode the RAMP/STEP-Generator is no longer running with a fixed update period
of 5 msec. It is triggered when the corresponding AWG is stopped. The next voltage STEP
is applied when the AWG has finished. The typical time-delay from AWG finished to the
next STEP voltage is around 7.5 msec and varies between 5 and 10 msec depending on
the actual AWG Duration/Period [sec].

A single-cycle ramp-function programmed on the AWG results in a 2D-Scan. The fast
output of the AWG (ramp-function) is the y-axis while the output of the STEP-Generator
is the x-axis. For user friendly building 2D-Scans see chapter “Tab 5 | 2D-Scan Setup”.

The following settings for the STEP-Generator / 2D-Scan can be made:

5.6.1 Normal-Start AWG | Nermal-start AW 4|

“Normal-Start AWG” means that the AWG will start normally by either an external TTL
signal on the back panel (Trig In AWG) or by a remote command or by pressing the button
“Start AWG” on “Tab 3 | AWG Control”; this is called an AWG Start event.

Each individual y-line of a 2D-Scan must be initiated by such an AWG Start event. After
the first y-line is finished (AWG Stopped), the STEP-Generator makes its first STEP and
then switches to the “Hold” state. Now the number of “STEPs-Done [STP]” is increased
from zero (0) to one (1). The STEP-Generator waits in the “Hold” state until the next y-
line has finished (AWG Stopped) and the number of “STEPs-Done [STP]” is incremented.
In order to go through a full 2D scan, the AWG must be restarted repeatedly until the
STEP-Generator reaches the “Idle” state. The flowchart below shows the behavior of a 2D-
Scan in the “Normal-Start AWG” mode with “Keep AWG MEM” selected:

)%

AWG

Release ot d Make
No Yes AWG- oppe 5-10 msec Voltage
Function Time-Delay STEP
(y-axis) (x-axis)
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Note: If the STEP-Generator is in the “Idle” state and an AWG Start event is detected, the
2D-Scan is automatically restarted. Therefore, the control software must detect the “Idle”
state of the STEP-Generator and then stop the AWG Start event to end a 2D-Scan properly.

The time-delay between two y-lines, triggered by an AWG Start, is under the user’s full
control. This can be useful when the DAQ takes a long time to store/process the measured
data of a single y-line. In this case the 2D-Scan implemented on the LNHR DAC II is timed
by the DAQ - the DAQ is the timing master while the LNHR DAC Il is the timing slave.

The time-delay from AWG Stopped to the update of the STEP-Generator is around
7.5 msec; it can vary between 5 msec and 10 msec depending on the duration/period of
the programmed AWG function.

Note: The minimum time-delay between two y-lines (two AWG Start) is given by the “AWG
Duration/Period [sec]” plus 15 msec; when the AWG-Memory is kept (“Keep AWG MEM”).

Below an infinite-run 2D-Scan in “Normal-Start AWG” mode with 10 “x-axis voltage-
levels” within a +1 V range and an AWG ramp-function (+1 V) with a duration of 18 msec
(1°000 points) is shown.

The AWG-A is started on the rising-edge of the external TTL-input signal “Trig In AWG-A”
which is connected to a 10 Hz square wave source (100 msec period). The upper grid
shows the x- and y-axis voltages (x-axis = yellow, y-axis = red). On the lower grid the
synchronization output signal (“Sync Out AWG-A” = blue) and the AWG trigger input
signal (“Trig In AWG-A" = green), coming from an external function generator, is
displayed. For reasons of clarity the two digital signals (“Sync Out AWG-A” and “Trig In
AWG-A") are shifted by 1 V in the vertical axis.

DAC Il (SP 1060): 2b-Scan Normal-Start AWG-A

ca HD | [Tbase 600 ms|Trigger GIEM
xmis (ST Trig. Stoj m!
500 myidy 500 mV/div] 1.00 V/div) e Negative
mVoffset| 0.0mVoffset| 0.0mV offset

Every 100 msec (10 Hz) the AWG-A gets externally triggered and the “Sync Out AWG-A”
output signal (which indicates the start of the AWG) is generated; this synchronization
signal is high for the first half of the AWG-points which in this example last 9 msec. After
the single-cycle AWG-A has stopped, the STEP-Generator A is updated and then waiting
in the “Hold” state for a next AWG Start event.
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A single-run 2D-Scan in “Normal-Start AWG” mode with 10 “x-axis voltage-levels” within
a +1 Vrange and an AWG ramp-function (1 V) with a duration of 18 msec (1'000
points) is shown below. The AWG-A is started on the rising-edge of the external TTL-
input signal “Trig In AWG-A” which is 10 Hz square wave signal with 9 rising-edges:

1 LNHR DAC Il (SP 1060): 2D-Scan Normal-Start AWG-A

15\

A —

SESESRER

600 ms -400 ms 200 ms 0fns 200 ms 400 ms

1 E=m ‘ i “UHD |(Tbase  -400 ms||Trigger [E)ES)
XAXis (STP) Trig In AWG-A ! ; ormal 1.6
500 mV/div| 500 mVidiv| 1.00 V/div| 1.00 V/divy
00mVoffset] 0.0 mVoffset|] 0.0 mV offset] -1.0000 V§

Note: After 9 y-lines the STEP-Generator reaches the “Idle” state, since the x-Stepto+ 1V
is the last of the 10 “x-axis voltage-levels”. Therefore, in the “Normal-Start AWG” mode
the “Idle” state is reached after “x-axis voltage-levels” - 1 (minus one) AWG Start events
have arrived.

5.6.2 Auto-Start AWG | Auto-Start AWG A

If “Auto-Start AWG” is selected, the AWG gets automatically restarted after the STEP-
Generator is updated. A fixed time-delay of 5 msec is implemented from the update of the
STEP-Generator to the restart of the AWG. This time-delay of 5 msec is only valid when
the AWG-Memory is kept and not reloaded; therefore, “Keep AWG MEM” must be selected.
In case the AWG-Memory has to be reloaded before its start (“Reload AWG MEM”
selected) this time-delay is longer and is depending on the size of the AWG-Memory; for
details see the chapters “Keep AWG MEM” and “Reload A WG MEM”.

A 2D-Scan can be initiated by a single external TTL signal on the back panel (Trig In AWG)
or by aremote command or by pressing the button “Start AWG” on “Tab 3 | AWG Control”;
this is called an AWG Start event. After the first AWG Start event is detected, a complete
2D-Scan runs automatically at maximum speed. The flowchart below shows the behavior
of a 2D-Scan in the “Auto-Start AWG” mode with “Keep AWG MEM” selected:

START

5 msec Time-Delay |+
Release

AWG- S
Function
(y-axis)
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The time-delay from AWG Stopped to the update of the STEP-Generator is around
7.5 msec; it can vary between 5 msec and 10 msec depending on the duration/period of
the programmed AWG function.

Note: For a reliable auto-start, the “AWG Duration/Period [sec]” must be at least 6 msec.
Avoid overloading the device by sending a large number of remote commands while
running 2D-Scans in Auto-Start mode. Otherwise, the 2-Scan can be interrupted.

The y-axis synchronization of the DAQ can be done by using the AWG synchronization
output “Sync Out AWG” on the back panel. In this case the 2D-Scan implemented on the
LNHR DAC Il makes the timing for the DAQ - the LNHR DAC II is the timing master while
the DAQ is the timing slave.

Below an infinite running 2D-Scan in “Auto-Start AWG” mode with 10 “x-axis voltage-
levels” within a +1 V range and an AWG ramp-function (*1 V) with a duration of 18 msec
(1°000 points) is generated. The upper grid shows the x- and y-axis voltages (x-axis =
yellow, y-axis = red) and on the lower grid the synchronization output signal (“Sync Out
AWG-A” = blue). This synchronization signal is high for the first half of the AWG-points:

-100 ms 50 ms ofs 50 ms 100 ms 150 ms 200 ms 250 ms 300 ms 350 ms 400 ms

xis (STP)
500 mV/div|
0.0 mV offset]

In this mode the maximum speed of a 2D-Scan is reached and the DAQ must be
synchronized by the output signal “Sync Out AWG”.
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A single-run 2D-Scan in “Auto-Start AWG” mode with 10 “x-axis voltage-levels” within a
+1 V range and an AWG ramp-function (+1 V) with a duration of 18 msec (1’000 points)
is shown below:

LNHR DAC Il (SP 1060):{2D-Scan Auto-Start AWG-A

x:Axis STEP-Generator A (CH1)

A AL AT
T ¥

4av Sync Out AWG-A

-100 ms 50 ms ofs 50 ms 100 ms 150 ms 200 ms 250 ms 300 ms 350 ms 400 ms

Note: Only 9 y-lines are generated since the last x-Step to + 1 V ends the 2D-Scan and the
AWG isn’t automatically restarted again - otherwise the 2D-Scan would start over.
Therefore, in the “Auto-Start AWG” mode “x-axis voltage-levels” - 1 (minus one) y-lines
are generated when Ramp Shape is “/UP-ONLY” (Sawtooth).

The same single-run 2D-Scan as above is shown below, but the Ramp Shape is set to “/UP-
DOWN\” (Triangle):

LNHR DAC Il (SP 1060): 2B-Scan Auto-Start AWG-A

x-Axis STEP-Generator A (CH1

LTI
e

4v Sync OUt AWG-A

200 ms -100 ms ofs 100 ms 200 ms 300 ms 400 ms 500 ms 600 ms 700 ms 800 ms

o . HD |[Tbase  -300 ms|[Trigger () B8
i 128its 100 ms/div|Norm. 920 mV/|
500 mV/div| 1.00 V/div : 25MS  25MS/s|Edge Positive)
0.0mV offset :

00mV offsetf

Note: Only 18 y-lines are generated since the last x-Step to 0 V ends this 2D-Scan and the
AWG isn’t automatically restarted again - otherwise the 2D-Scan would start over.
Therefore, in the “Auto-Start AWG” mode (2 * “x-axis voltage-levels”) - 2 (minus two) y-
lines are generated when Ramp Shape is “/UP-DOWN\"” (Triangle).
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| 5.6.3 Keep AWG MEM | Keep au v

When “Keep AWG MEM” is selected, all y-axis lines of a 2D-Scan are identical. The same
predefined AWG function is recalled for each y-axis. This means that no adaption is made
in the y-axis during a running 2D-Scan. Such a 2D-Scan is faster since the AWG-Memory
hasn’t to be reloaded before a next y-axis can be started.

If “Auto-Start AWG” is selected, a fixed time-delay of 5 msec is implemented from the
update of the STEP-Generator to the automatic restart of the AWG. In this case, a 2D-Scan
runs automatically at maximum speed. The detailed timing in the “Auto-Start AWG” mode
is given below:

y-Axis AWG-A Ramp:(CH11

£ 4 7 4
74 AR R
/ - | 37 /

The time-delay from AWG Stopped to the update of the STEP-Generator is around
7.5 msec; it can vary between 5 msec and 10 msec depending on the duration/period of
the programmed AWG function.

5.6.4 Reload AWG MEM | Reload AWG MEM

When “Reload AWG MEM” is selected, the AWG-Memory is reloaded after each y-axis line
is finished. Reload means that the WAVE-Memory (reference) is copied to the AWG-
Memory where the shape of the y-axis is stored. This allows to modify the y-axis function
during a running 2D-Scan; this is called an “Adaptive 2D-Scan”. With such an “Adaptive
2D-Scan” the y-axis function can be adapted depending on the x-axis.

If “Auto-Start AWG” is selected, the time-delay from the update of the STEP-Generator to
the automatic restart of the AWG is depending on the size of the AWG-Memory. Each AWG
point needs around 45 psec to be copied from the WAVE-Memory to the AWG-Memory.
The exact time per point is depending on the CPU-Load; the total time-delay (Total TD)
can be estimated by “AWG Memory Size” times 45 psec plus the fixed time-delay of 5 msec:

Total TD = (AWG Memory Size - 45 psec) + 5 msec
For an “AWG Memory Size” of 1’000 points this total time-delay is around 50 msec which

is a factor of ten longer than in the “Keep AWG MEM"” mode. The detailed timing in the
“Auto-Start AWG” mode with an “AWG Memory Size” of 1’000 points is given below:
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YeRRlE AWGEA Ranip (CHT1

/ )4
£ /

*-Ais STEP-Génerator ATCHTY / I""'—W

(AWG Memory Size * 45 us{+ 5.ms

= =>"around 50 ms (@1'000 points)
5-10 ms

Below the flowchart with selected “Reload AWG MEM” in the “Auto-Start AWG” mode is
shown:

START

Copy WAVE-MEM |
to AWG-MEM

5 msec Time-Delay

AWG
Stopped

Make
Voltage
STEP
(x-axis)

Release
AWG-
Function
(y-axis)

5-10 msec
Time-Delay

Below the flowchart with selected “Reload AWG MEM” in the “Normal-Start AWG” mode

is given:
START
Y Copy WAVE-MEM |
T to AWG-MEM [
Release AWG Make
No Yes AWG- Stopped [ 510 msec Voltage
Function " Time-Delay STEP
(y-axis) (x-axis)

Note: If “Normal-Start AWG” is selected, the minimum time-delay between two y-lines
(two AWG Start) is given by the “AWG Duration/Period [sec]” plus the total time-delay
(Total TD) plus 10 msec. In the example above this would result in a minimum retrigger
time of 78 msec (18 msec + 50 msec + 10 msec), corresponding to maximum y-axis
retrigger frequency of 12. 8 Hz.
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In principle, the WAVE-Memory can be updated during a running 2D-Scan, but writing the
complete WAVE-Memory from the host computer is quite time-consuming. For each y-
scan line a completely new WAVE-Memory would have to be written before the AWG
memory can be copied and a next y-scan line can be started.

A much more time efficient method is to keep the same WAVE-Memory as a reference and
only adapt the Polynomial which is applied when the AWG-Memory is written. Since the
new polynomial coefficients can be written to the LNHR DAC Il in a very short time, the
control software can adapt the y-axis on its own algorithm. For this option the “Apply
Polynomial” has to be selected - see chapter “Skip Polynomial” and “Apply Polynomial”:

=
o
=
=
m
3
[}
3

Polynomial
(if Apply)

AWG-Memory

If only a linear offset adaption of the y-axis versus the x-axis is to take place, the parameter
“Shift Voltage [V/STP]” can be used. After each x-axis step the polynomial coefficient a0
(offset) gets automatically modified to the new value which is given by:

|4
a0 [V] = STEPs Done [STP] - Shift Voltage [ﬁ

This leads to a linear offset voltage of the y-axis depending on the x-axis; a rhombus
shaped 2D-Scan is generated. Assuming a set “Shift Voltage [V/STP]” of -1 mV/STP and
the “STEPs-Done [STP]” is at 566, the y-axis will have an offset voltage of -566 mV. Since
the polynomial coefficient a0 (offset) is modified during the running 2D-Scan, the “Apply
Polynomial” has to be selected. If a “Shift Voltage [V/STP]” of 0 (zero) mV/STP is set the
polynomial coefficient a0 isn’t modified. See also the chapters “Shift Voltage” and
“Polynomial Coefficients”.
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The two examples below show a single-run adaptive 2D-Scan in “Auto-Start AWG” mode
with 10 “x-axis voltage-levels” within a +1 V range and an AWG ramp-function (1 V) with
a duration of 18 msec (1’000 points). The Ramp Shape is set to “/UP-ONLY” (Sawtooth).
In the first plot a “Shift Voltage [V/STP]” of +100 mV/STP is set and in the second plot
-100 mV/STP:

LNHR DAC II (SP 1060)-{2D-Scan Auto-Start AWG-A

a Pe— f—-ri—rfﬁﬂr—ﬁ B
S i

Sync Out AWG-A

200 ms -100 ms ofhs 100 ms 200 ms 300 ms 400 ms 500 ms 600 ms 700 ms 800 ms

i CEm@aTEEnE. 4D (Tbase -300 ms|[Trigger ([E)El
is (STP A : ; e Norm. 920 mV|
500 mV/div| 500 mV/div| 1.00 V/divy H 2 Edge Positive]
0.0mVoffsetfl  0.0mV offset| 0.0 mV offsetf

LNHR DAC Il (SP 1060):{2D-Scan Auto-Start AWG-A
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nc Out AWG-A
1v
2v
3v
4v
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1 D |[Tbase  -300 ms|[Trigger (EE)E
P | e Nom. 920mV,
5 d 500 mV/div] 1.00 Vidiv| : Edge Negative]
el 00mV offset] 0.0 mV offset§ H

After each step the y-axis is shifted by +100 mV (top) respective -100 mV (bottom). At the
last y-line the “STEPs-Done [STP]” is incremented to 8 and therefore the y-axis shift
voltage reaches +800 mV (top) respective -800 mV (bottom).
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The two examples below show a single-run adaptive 2D-Scan in “Auto-Start AWG” mode
with 10 “x-axis voltage-levels” within a +1 V range and an AWG ramp-function (1 V) with
a duration of 18 msec (1’000 points). The Ramp Shape is set to “/UP-DOWN\” (Triangle).
In the first plot a “Shift Voltage [V/STP]” of +100 mV/STP is set and in the second plot
-100 mV/STP:

LNHR DAC II (SP 1060): 2D-Scan Auto-Start AWG-A
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Since the “STEPs-Done [STP]” counter is incremented to 9 (where the x Peak Voltage is
reached) before it is decremented to zero, also the y-axis is first up and then down. The
shift per x-axis step is +100 mV (top) respective -100 mV (bottom). At the x Peak Voltage
where the “STEPs-Done [STP]” are 9 also the peak y-axis shift voltage of +900 mV (top)
respective -900 mV (bottom) is reached.
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‘ 5.6.5 SKkip Polynomial [ Skip Polynomial ] ‘

When “Skip Polynomial” is selected, the WAVE-Memory (reference) is copied to the AWG-
Memory without applying the Polynomial; it is ignored.

If the shape of the y-axis shall be modified during a running 2D-Scan (adaptive 2D-Scan),
the only way is to update the complete WAVE-Memory from the host computer, which is
quite time-consuming.

5.6.6 Apply Polynomial  ApplyPolynomial ‘

When “Apply Polynomial” is selected, the WAVE-Memory (reference) is copied to the
AWG-Memory by applying the given actual Polynomial.

Applying such a Polynomial is a highly efficient method for generating adaptive 2D-Scans.
Only a few new polynomial coefficients have to be written from the host computer to
LNHR DAC II to adapt the shape of the y-axis.

With the default polynomial coefficients (all zero, except al=1), the AWG-Memory
corresponds exactly to the WAVE-Memory (reference). If the polynomial coefficient a0
(offset) is set to 0.2 (for example) while the coefficient al (linear coefficient) is still at one
(1), the y-axis Voltage gets shifted by 0.2 V.

| 5.6.7 Shift Voltage [V/STP] [E] ose ||

The parameter “Shift Voltage [V/STP]” can be used for a linear offset adaption of the y-
axis versus the x-axis.

After each x-axis step the polynomial coefficient a0 (offset) gets automatically modified
to the new value which is given by the “Shift Voltage [V/STP]” multiplied by the “STEPs-
Done [STP]”; this leads to a linear adaptive 2D-Scan (rhombus shaped). See also chapter
“Reload AWG Memory”.

Below you can see the xy-plot a linear adaptive 2D-Scan with a resolution of 1°000 * 1’000
xy-points and a voltage span of #1 V in both axes; the “Shift Voltage [V/STP]” is set to
1 mV/x-Step: This 1 mV/x-Step multiplied by the 1’000 x-points result in a total y-Shift-
Voltage of 1 V:

2V

Adaptive 2D-Scan x;AXis
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‘ 5.6.8 Polynomial Coefficients

During copying the WAVE-Memory (reference) to the AWG-Memory this Polynomial gets
applied, if “Apply Polynomial” is selected. The Polynomial Coefficients are in ascending
order and a0 (offset) to a3 (x"3) are shown. Also, higher-order Polynomial Coefficients
can be displayed and edited by using the scroll-bar on the right:

[ ]~

I.I— al *x

ID— a2 *xh2
as*x"3

Polynomial

The default polynomial coefficients are all zero (0), except al (linear coefficient) which is
set to one (1). This results in a one-to-one copy of the WAVE-Memory (reference) to the
AWG-Memory even when “Apply Polynomial” is selected.

When the polynomial coefficients al (linear coefficient) is set to two (2), for example, the
content of WAVE-Memory (reference) gets multiplied by a factor two (2) while writing to
the AWG-Memory. In a 2D-Scan this results in a y-axis which is stretched by a factor of
two (2).

The polynomial coefficient a0 (offset) can be used for an adaptive 2D-Scan. Since this
polynomial coefficient a0 can be updated by the host computer after each y-axis scan, also
nonlinear adaptive 2D-Scans can be implemented.
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6 Tab 3 | AWG Control

B LNHR_DAC_II_Commander_Rev_3.4.8hwi - O X

1| Main Control

2 | RAMP/STEP-Generator 3 | AWG Control ‘ 4 | Standard Waveform Generation | 5| 2D-Scan Setup | 6 | Load-Save-Exit | 7| Info & Help ‘

Physics Basel LNHR DAC Il Commander SP 1060
Lower DAC-Board Higher DAC-Board
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=
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Read AWG-Memory

The parameters and the modes of the four individual AWGs (A, B, C, D) can be set on this
Tab. Further the AWGs can be start and stop here.

In the example above, a sine function with a frequency of 100 Hz and an amplitude of
1 Vpeak has been generated and written to the AWG-Memory A by using the “Tab 4 |
Standard Waveform Generation” - see chapter “Standard Waveform Generation”.

6.1 Start and Stop AWGs

With the controls “Start A/B/C/D” and “Stop A/B/C/D” the correspondin g AWGs can
be controlled. If all AWGs must be controlled in parallel the “Start ALL” and “Stop ALL”
buttons can be used. In addition, the two AWGs on one DAC-Board can be controlled
synchronously by using the buttons “Start A+B” and “Stop A+B” (Lower DAC-Board)
respective “Start C+D” and “Stop C+D” (Higher DAC-Board):

Lower DAC-Board Higher DAC-Board
AWG A | awGNermal| AWG B AWG C  aws c/p only) AWG D ALL AWGs

P

> Start A J & StartA+EJ

B Start B J B Start C J 'r-;':fvStartC+DJ E¥ Start D J E > Start ALL

B stopa J 3 stop A+BJL E3 stop B J Ed stop C J B3 stop C+DJ B stop D J B3 stopALL
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‘ 6.1.1 AWG Normal / AWG Only | AWGnems | | aws as ony]

The AWG time-jitter can be reduced by switching to the “AWG Only” mode where the DAC-
Board is exclusively working for the AWG function. This option can be set individually for
each of the two DAC-Boards: Lower DAC-Board = “AWG A/B Only”, Higher DAC-Board =
“AWG C/D Only”. If “AWG Only” is selected, all other DAC-Channels of the corresponding
DAC-Board will be blocked and its last DAC voltages will be frozen and can no longer be
updated.

In the “AWG Normal” mode the AWG works in a mixed mode together with the normal
DAC output including the RAMP/STEP-Generators - the drawback is that the time-jitter
of the AWG function is slightly higher.

6.2 AWG Settings / Information
The field below shows the Settings and Information related to the four AWGs (A, B, C, D):

‘ 6.2.1 States of the AWGs ‘
The actual states of the four AWGs (A, B, C, D) are indicated by the following field:

If the AWG is started the indicator “Running” is shown; a stopped AWG shows “Idle”.

‘ 6.2.2 Number of AWG Cycles Done ‘

The “Number of AWG Cycles Done” shows the AWG cycles finished - if the “AWG Cycles
(0=Inf)" is set to zero (0=Infinite), this counter is continuously incremented:

110804 Cycle 0 Cycle D Cycle 0 Cycle

If the AWG has not yet started, the corresponding “Number of AWG Cycles Done” is set to
zero (0).
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‘ 6.2.3 AWG Duration/Period Information

The “Duration/Period” is the length of a complete single AWG Cycle; it is calculated from
the “AWG Memory Size” multiplied by the “AWG Clock-Period”. In our example the “AWG-
A Memory Size” is 1’000 and the “Lower AWG Clock-Period” is 10 psec resulting in a
“Duration/Period” of 10 msec (1’000 * 10 pusec = 10 msec):

10.000ms 20.000us 20.000us 20.000us

The default “AWG Memory Size” is two (2) and the default “AWG Clock-Period” is 10 psec,
therefore the default “Duration/Period” is 20 psec.

| 6.2.4 Select AWG DAC-Channels

The user can define the DAC-Channel on which to output the AWG function. The DAC-
Chanel range is restricted to 1...12 for AWG-A/B (Lower DAC-Board) and to 13...24 for
AWG-C/D (Higher DAC-Board). If the selected “AWG DAC-CH” is available (not used by
another RAMP or AWG) the indicator “DAC-CH Available” is green:

If a DAC-Channel is double-used, the warning “DAC-CH Occupied” is generated:

Note: On a running AWG the flag “DAC-CH Occupied” is displayed and all the AWG
Parameters are disabled and greyed out.

6.2.5 Set AWG Memory Size

The “AWG Memory Size” can be in a range from 2...34’000; the default “AWG Memory
Size” is two (2).

Note: When a waveform is generated by using the “Tab 4 | Standard Waveform
Generation” and then written to the AWG-Memory, the corresponding “AWG Memory
Size” gets automatically updated to cover a complete AWG cycle. See also chapter
“Standard Waveform Generation”.
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| 6.2.6 Set AWG Cycles

The number of AWG Cycles can be set by the parameter “AWG Cycles (0=Inf)” which must
be in a range from 0 to 4E9 Cycles. If it is set to zero (0) the AWG runs infinitely and then
it must be stopped by the user:

AWG Cycles (0=Inf) AWG Cycles (0=Inf) AWG Cycles (0=Inf) AWG Cycles (0=Inf)

E M e =

In the example above the AWG-A runs infinitely, the AWG-B makes 111 Cycles, the AWG-
Cone (1) Cycle and the AWG-D 2’222 Cycles.

‘ 6.2.7 Select External AWG Trigger Mode

The four AWGs (A, B, C, D) can be triggered (started/stopped/stepped) by an external TTL
signal applied to the “Trig In AWG-A, B, C, D” input on the back panel. The behavior of
these external AWG Trigger input signals can be selected as “DISABLED”, “START only”,
“START-STOP” or “SINGLE-STEP”. The default mode is “DISABLED”:

EXT_TRIG_Mede A EXT_TRIG_Mode B EXT_TRIG_Meode_C EXT_TRIG_Mede D

| DISABLED START only START-STOP | || SIMGLE-STEP |

In the “DISABLED” mode, the external AWG Trigger input signal is ignored. In the “START
only” mode, the AWG is started on the rising-edge of the AWG Trigger input. In the
“START-STOP” mode, the AWG is started on the rising-edge and stopped on the falling-
edge of the external AWG Trigger input signal. In this mode the AWG runs as long as the
external AWG Trigger input is high.

In the “SINGLE-STEP” mode, the AWG gets clocked on the rising edge of the external input;
the frequency ranges from DC up to 100 kHz and the minimum pulse-width is 2 psec.

Note: The external trigger mode can still be selected while the AWG is running. Therefore,
an AWG can always be stopped, by selecting the “DISABLED” mode, even if an external
trigger signal is continuously present.

6.2.8 Set AWG Clock-Period

For each of the two DAC-Boards (Lower, Higher) the “AWG Clock-Period” can be set. The
same Clock-Period is used for AWG-A and AWG-B on the Lower DAC-Board respective
AWG-C and AWG-D on the Higher DAC-Board. Its range is from 10 psec to 4E9 psec
(corresponding to 1.111 hours). The default value is 10 psec:

Lower AWG Clock-Period Higher AWG Clock-Period

E 10us ) E 427 us ]

Note 1: The "AWG Clock Period" can be changed while the AWG is running. This allows
the AWG-Frequency to be changed on the fly while the AWG is running continuously.

Note 2: When a waveform is generated by using the “Tab 4 | Standard Waveform
Generation” with the option “Adapt AWG-CLK” set — and then written to the AWG-Memory
- the corresponding “AWG Clock Period” gets automatically updated to meet the desired
AWG frequency. See also chapter “Standard Waveform Generation”.
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‘ 6.2.9 AWG 1 MHz CLK Output OFF/ON | AWG TMHz CLK Output OFF J AWG TMHz CLK Output ON

The AWG 1 MHz Reference Clock output signal can be used for time-synchronization with
other devices. It is available on pin 14 of the D-SUB 25-pin connector on the back panel.
By default, it is switched OFF to minimize the power consumption and the crosstalk to the
other digital signals on the same connector.

The AWG 1 MHz Reference Clock is internally used for the clock generation of the four
AWGs.

6.3 Read AWG-Memory

The content of the AWG-Memories (A, B, C, D) can be readout and displayed graphically:
1_

0.75-]

ol5-

Amplitude [V]
=
&
|

&
Ln
1

AWG-Memoary A LOW ”

-

Read AWG-Memory

1 [ 1 o N _
0.004 0.006 . . .+ Read AWG-Memory Now J

TE = s Reading Progress.. |

The x-axis is “Time [s]”; its full-range is calculated by the “Clock-Period” times the “AWG
Memory Size”. The y-axis is the “Amplitude [V]” calculated directly from the readout AWG
data; no reverse-linearization gets applied.

The AWG-Memory (A, B, C, D) to be readout can be selected here and the read is started
by pressing the button “Read AWG-Memory Now”:

‘I 7 BWG-Memory A LOW

AWG-Memory B LOW |

5| AWG-Memory A LOW |

AWG-Memaory C HIGH
AWG-Memaory D HIGH

1
0.01

The readout is done for the points given in the parameter “AWG Memory Size” - in this
example the AWG-A has a size of 1’000 points and the readout is performed from the AWG
address 0 to 999.

|AWG Memory Size AWG Memory Size  AWG Memory Size

B | ‘jf.‘:‘.m] E)

Reading out the AWG memory with the maximum size of 34’000 points takes about 3
seconds - see the "Reading progress..." bar during the reading process.
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7 Tab 4 | Standard Waveform Generation
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Tab 4 “Standard Waveform Generation” can be subdivided into the following five Blocks

(Block 1...5):
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7.1 Block 1: Generate New Waveform

Here you can generate a new waveform base on several standard “Waveform Functions”
- to do so, the mode “Generate New Waveform” must be selected:

» W '.\\.l' Vi
Generate New Waveform ||| & ClssrSaved Wavsform

P o FReer T L Losd Weucform. Generate New Waveform
[f;| = |] Wave-Memory Size

Desired AWG-Frequency [Hz] ! — M‘,fff_’ Frequency Waveform Function

[ 100000 | [KeepAWG-(LK] | 100000Hz / Sine

Amplitude [Vp]  DC-Offset [V] .

[ifi| 1,000000 |] [fi| 0.000000 |] | Amplitude OK l Trian 9 le

PliEszl] IyEEE R SWG/AWG CLK-Period Sawtooth

[fi| 0.0000 |] [fi| 50.000 |] [ 10w Bam p

Generated/Saved Waveform for AWG Pulse

=]
|

Gaussian-Moise (Fioced)

o
E

Gaussian-Moise (Random)
DC-Voltage only
‘ FRESET T DTSy CTE T TE

e e e i:i| 0.0000 ][iii| 50.000 ]

Time [s]

Amplitude [V]
‘ [=]
=]

&
b

=
r

Eight different “Waveform Functions” can be selected:

0 = Sine function - for a Cosine function select a Phase [°] of 90°

1 = Triangle function

2 = Sawtooth function

3 = Ramp function

4 = Pulse function - the parameter Duty-Cycle [%] is applied

5 = Gaussian Noise (Fixed) - always the same seed for the random/noise-generator
6 = Gaussian Noise (Random) - random seed for the random/noise-generator

7 = DC-Voltage only - a fixed voltage is generated

The parameters for the Waveform Generation can be specified in these fields:

Waveform Function

Sine

esired AWG-Frequency [Hz]

=1 100000 [Keepnwe-cm]

Amplitude [Vp] DC-Offset [V]

.

£=[ 1.000000 |] [ifi| 0.000000 |]

Phase [*] Duty-Cycle [%]
B[ 0.0000 |] [ifi| 50.000 |]

—

Note: As soon as you update one parameter and press ENTER or leaving the control field
with the mouse, the new waveform is automatically generated.

7.1.1 Desired AWG-Frequency [Hz]

The “Desired AWG-Frequency [Hz]” can be set in the range between 0.001 Hz and 10’000
Hz; at the maximum frequency of 10 kHz only ten (10) sample points per period are

available. Sometimes it isn’t possible to reach exact the “Desired AWG-Frequency [Hz]”
with the given “SWG/AWG Clock-Period”.
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Since the “Gaussian Noise” and the “DC-Voltage only” have no frequency, the parameter
“Desired AWG-Frequency [Hz]” is used to define the “Wave-Memory Size” where the noise
or the constant voltage is created.

7.1.2 Keep AWG-CLK / Adapt AWG-CLK [KeepAWG-CLK] (adspeaw-cix]

If “Keep AWG-CLK” is selected, the set “AWG-Clock-Period” in “Tab 3 | AWG Control” is
used as “SWG/AWG Clock-Period”. At the default “AWG-Clock-Period” of 10 usec the
minimal possible AWG-Frequency of 2.941 Hz is given by the maximum AWG-Memory
Size of 34’000 points.

For a “Desired AWG-Frequency [Hz]” smaller than 2.941 Hz the “Adapt AWG-CLK” must
be selected.

If “Adapt AWG-CLK” is selected the “SWG/AWG Clock-Period” and the “Wave-Memory
Size” is automatically adapted to reach the disered AWG-Frequency as close as possible.

In the example below a “Desired AWG-Frequency [Hz]” of 117.8 Hz is given. If “Keep AWG
CLK” is selected a “Nearest AWG-Frequency” of 177.786 Hz can be reached, since the
default “SWG/AWG Clock-Period” of 10 psec is fixed. If “Adapt AWG-CLK” is selected the
exact “Desired AWG-Frequency [Hz]” of 117.8 Hz is reached, since the algorithm can
optimally adapt the “SWG/AWG Clock-Period” (13 psec) and the “Wave-Memory Size”
(653) to meet the desired AWG-Frequency:

[E:l Sine |] ave-Memory Size ~ Waveform Function
| &9 El = |
Nearest AWG-Frequency

Load Waveform...

Desired AWG-Frequency [Hz]

653

Desired AWG-Frequency [Hz]

=l 117.800 Keep AWG-CLK |1 | 117.786 Hz rres Mamcansar Neares::::sw F::rmq
_I [Ve] = ) Amplitude [Vp]  DC-Offset [V] S —
[:::| 1.000000 |] [:::| 0.000000 |] | Amplitude OK l [fl| 1.000000 |] [Ifl| 0.000000 |] ‘ Amplitude OK |
Phase [*] Duty-Cycle [%] o Phase [7] Duty-Cycle [%]

- FErg

[ifi| 0.0000 |] [fi| 50.000 |] | 10us Ez=zn) EEzm) o

Note: If “Adapt AWG-CLK” is set, the frequency of second AWG-Channel may be affected,
since the same “AWG Clock-Period” is used for both AWG-Channels of one DAC-Board.

7.1.3 Amplitude [Vp]

The “Amplitude [Vp]” defines the peak-voltage of the generated Standard Waveform. For
Gaussian-Noise the “Amplitude [Vp]” corresponds to the RMS-value which is standard
deviation (sigma).

The “Amplitude [Vp]” can be set within the range from -50.000000 V and +50.000000 V.
The £50 V range extends the flexibility in generating clipping-waveforms, also by applying
a DC-Offset Voltage. A negative “Amplitude [Vp]” corresponds to a shift in “Phase [°]” of
180° (inverted function).

| 7.1.4 DC-Offset [V] |

The “DC-Offset [V]” is added to the function and therefore shifts the waveform in the
amplitude. If "DC-Voltage only" is selected as function, this parameter is used as fixed DC-
Voltage. The range of the “DC-Offset [V]” is from -10.000000 V to +10.000000 V.

7.1.5 Amplitude OK / Clipping (Amp > +10 V) | ampivcox | | EISRSURESSIN |

If the amplitude of the generated waveform is always within the + 10 V range, the
“Amplitude OK” is displayed.
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In case the amplitude of the generated waveform exceeds anywhere the maximum voltage
range of + 10 V, the warning “Clipping (Amp > +10 V)” is displayed. However, even such
to +10 V truncated waveform can be still used.

7.1.6 Phase [°]

The “Phase [°]” shifts the generated waveform in the horizontal axis (time); a full period
corresponds to 360°. The parameter “Phase [°]” isn’t applicable for “Gaussian-Noise”,

“Ramp” and “DC-Voltage only” - for these “Waveform Functions” it is ignored.

A Sine-Wave with a “Phase [°]” of 90° corresponds to a Cosine-Wave. The “Phase [°]” can
be set between -360.0000° and +360.0000.

7.1.7 Duty-Cycle [%]

The “Duty-Cycle [%]” is only applicable for the Pulse function; for all other “Waveform
Functions” this parameter is ignored.
A 50% Duty-Cycle results in a Square Wave; the higher the “Duty-Cycle [%]” the longer a
high-level is applied. The “Duty-Cycle [%]” can be set between 0.000% and 100.000%.

7.2 Block 2: Use Saved Waveform / Load Waveform...

When selecting “Use Saved Waveform” a previously “Saved Waveform” can be recalled -
for saving a waveform, see the description of Block 3 of this chapter. This feature allows

to duplicate the same waveform to multiple AWG channels.

In the mode “Use Saved Waveform” the controls for the waveform generation are disabled

and greyed out:

Use Saved Waveform

Waveform Function
Sine

Desired AWG-Frequency [Hz]

F
n Clear Saved Waveform ]

o
*| [ Load Waveform...

Wave-Memory Size

| o

Nearest AWG-Frequency

117.800 Adapt AWG-CLK ! NaN Hz

Amplitude [Vp] DC-Offset [V]

Amplitude OK

SWG/AWG CLK-Period

10us

Generated/Saved Waveform for AWG I

| !
] 0.002

] ] !
0.004 0.006 0.008

Time [5]

7.2.1 Clear Saved Waveform

ﬂ Clear Saved Waveform ]

The previously “Saved Waveform” can be cleared by pressing the button “Clear Saved

Waveform” - then the “Wave-Memory Size” is reset to zero (0).

Note: For optimal system performance, always clear unused Wave-Memories.

7.2.2 Load Waveform... | [} toWovetorm.. |

When pressing the button “Load Waveform...

»

Waveform-File (TXT) to load:” appears:
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W Select Waveform-File (TXT) to load: X
L <« [Daten » LabVIEW » LabVIEW_2018 » LMNHR_DAC_II_SP1060 » Waveform_Files v ] Waveform_Files durchsuchen
Organisieren Meuer Ordner == - Im} o
J! Musik 2 Mame Anderungsdatum Typ GraBe 900?;'2%%2 ol
i y 0.009001
m Videos =| Emptytxt Textdokument 0KB -0.027267
i System & Programme (C:) | i ints. d 349 0.126627
) g J Meise_34000_points.tet Textdokument KB 20.141904
w LMHE DAC I (F:) =| Sine_TVpeak_2.941Hz.txt Textdokument 349 KB 0.031848
= PHYS-JUMBO-PRAKTIKUM (K:) —| Sine_1Vpeak_50Hz_Moise_100mVrms.txt Textdokurmnent 21 KB golééégéﬁ
= . dokt 0.030740
= PHYS-JUMBO-ELAB (L:) =| Sine_1Vpeak_100Hz.txt Textdokument 11 KB o 010’38].
: =| Triangle_1Vpeak_1kHz.txt Textdokument 2KB 0.1437890
== PHY5-JUMBO-DP (M) 0. 048463
- - -| i ; 0.088535
= PHY5-JUMBO-USERS steina (U:) v € > 25027833 v
PEELELERSine_1Vpeak_50Hz_Noise_100mVrms.bxd v| Alle Dateien (*.7) ~
OK  |¥| | Abbrechen

Here you can select the Waveform-File which shall be loaded into the Saved Waveform
memory of the LNHR DAC II. A Waveform-File is a simple text file that contains floating-
point numbers in a column; the columns are separated by a carriage-return. The user can
edit such a Waveform-File with a simple text editor or they can be generated by other
software tools.

Further, the generated Wave-Memories can also be saved as Waveform-Files in such a text
format - see the description of Block 3 of this chapter.

Note: The location of the “Waveform Folder” can be specified on “Tab 6 | Load-Save-Exit”:

Waveform Folder
'LlU:\Daten\LabVIEW\Lab\l'\EW_ZD‘\S‘\LNHR_DAC_II_SP'IClﬁﬂ\Waveform_Fils | [ Select Folder

In this example the Waveform-File “Sine_1Vpeak_50Hz_Noise_100mVrms.txt” is loaded;

thisisa 50 Hz / 1 Vp Sinewave with 100 mVrms of Gaussian-Noise and is then displayed
as “Saved Waveform”:

Use Saved Waveform ﬂ Clear Saved Waveform ]

j|: Load Waveform...

Waveform Function

Gaussian-Moise (Random) Wave-Memory Size
2000
i AWG- 1]

Desired AWG-Frequency [Hz] Nearest AWG-Fr

50.000 Keep AWG-CLK I MaN Hz
Amplitude [Vp] DC-Offset [V]

0.100000 }.000000 ‘ Amplitude OK ‘

Hiz=2 p=EsEE SWG/AWG CLK-Period

0.0000 50.000 | 10 us

Generated/5aved Waveform for AWG I

Amplitude [V]

0.50-]

0.0-
0.50
-1.0-]
-1.5-

1 I
0.01 0.015
Time [s]

[=]

The “Wave-Memory Size” is updated (in this example 2°000) and the “Nearest AWG-
Frequency” is given as “NaN” since this is unclear from a loaded/saved waveform.
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7.3 Block 3: Waveform to Wave-Memory

Here the generated or loaded waveform can be transferred to the selected “Wave-Memory
(A, B, C, D)” by pressing the button “Apply Now”:
5 |

S| Wave-Memory A LOW

 Wave-Memory A LOW
Wave-Memory B LOW
Wave-Memory C HIGH l!;p'
Wave-Memory D HIGH
l No Linearization ﬂ

E:| COPY to Wave-MEM -> Overwrite | g App|y Now

[ Mo Linearization

£
o
&
= L -
m
3
=)
=)

Polynomial
(if Apply)

AWG-Memary

One of these “Wave-Functions” can be selected to be applied when the waveform is
transferred to the selected “Wave-Memory (A, B, C, D)”:

s : )
| + COPY to Wave-MEM -> Qverwrite
Bl copy to Wave-MEM -> Overwrite || 89 Apply Now APPEND to Wave-MEM @START
APPEND to Wave-MEM @END
SUM Wave-MEM @START ]
SUM Wave-MEM @END
MULTIPLY Wave-MEM @START
MULTIPLY Wave-MEM @END Bmory
DIVIDE Wave-MEM @START
DIVIDE Wave-MEM @END

[ 3 Wave-Memory A LOW

>

MNe Linearization

Wave-Memory

aly)

Polynomial
(if Apply)

AWG-Memory

The following nine different “Wave-Functions” available:
0 = COPY to Wave-Memory-> Overwrite

1 = APPEND to Wave-Memory @START

2 = APPEND to Wave-Memory @END

3 = SUM Wave-Memory @START

4 = SUM Wave-Memory @END

5 = MULTIPLY Wave-Memory @START

6 = MULTIPLY Wave-Memory @END

7 = DIVIDE Wave-Memory @START

8 = DIVIDE Wave-Memory @END

When “COPY to Wave-MEM” is selected, the selected “Wave-Memory” is overwritten. The
other four “Wave-Functions” COPY, APPEND, SUM, MULTIPLY and DIVIDE can be applied
to START or to the END of the selected “Wave-Memory”.

With these nine different “Wave-Functions” complex and user-specific waveforms can be
created in the “Wave-Memory (A, B, C, D)”. Multiple “Wave-Functions” can be applied on
different generated Standard Waveforms to reach the desired user-specific waveform.

In the example below the waveform of “Wave-Memory A” is composed by appending four

different waveforms: First a single cycle 100 Hz / 1 Vp Sinewave is generated, then two
cycles of a 500 Hz / 0.5 Vp Square-Wave are appended, then a single cycle Triangle-Wave
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with 200 Hz / 1.5 Vpeak is appended and at last the loaded a 50 Hz / 1 Vp Sinewave with

100 mVrms of Gaussian-Noise is appended
Generated/Saved Waveform for AWG I mclear

‘5" Save

=
0- I

1.5+

i}

Wave-Memaor

1.0-

=]
5

i |
015 02
¥\ Wiite to AWG-Memery C Time [s] | Idle

C Lin CH : 0.65 O.IT

0.50-1

Amplitude [V]
: (=]
[=]
1

=
(=] ulj (=]
%]
J R
&£

1

0.01 §

Time [5] [l

o

— - r m CIearJ E

Al Wave-Memory A LOW |J = : =
= ~ e | & °
=|| APPEND to Wave-MEM @END |J & Apply Now : = 4 B
: 5} —_— @
Linearization for actual AWG DAC-CH B Lin CH 0 005 01 015 02 U
0 ¥, Wiite to AWG-Memory B Time [3] | Idle g
15 -
E 1]
Wave-Memory WAV-A Size 2 g
3900 = 0.5- =
|

E3 Clear

Iﬂ" Save

Polynomial
(if Apply)
Wave-Memo
=1
-—h w [=]

1 1 |

-1 .5—
AWG-Memory A_Lin_CH 0 001 0.02

1 F% ) Wiite to AWG-MemoryA | Time [s] Idle

J.

This composed waveform consists of 3’900 points which shown in the indicator “WAV-A
Size”; at an “AWG Clock-Period” of 10 psec the duration is therefore 39 msec.

By pressing the button “Write to AWG-Memory A” this waveform is copied to the AWG-
Memory A. Now the AWG-A can be started; do not forget to turn ON the corresponding
DAC-Channel with HBW (100 kHz). If “AWG Cycles (0=Inf)" is set to zero (0) the composed
waveform is output repetitively. The upper grid shows the AWG-A (CH11) output (red)
and on the lower grid the signal “Sync Out AWG-A” (blue):

15\

AWG-A (CH11}

Sync Out AWG-A

s “4oms 30ms 20ms “0ms s s s s 50ms
: HD [ Timebase 0.0 ms||Trigger (EE) B8
4 10.0 ms/div|Stop 920 mV/|
500 mV/div} 1.00 V/divfj 25MS  25MS/s|Edge Positivel
0.0 mV offset| 0.0 mV offsetf

The “Sync Out AWG-A” is high for the first 50% of the AWG points (3'900); at an “AWG
Clock-Period” of 10 psec this 1’950 AWG points (Sync Out high) corresponds to a duration
of 19.5 msec.
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‘ 7.3.1 No Linearization / Linearization for actual AWG DAC-CH

This control determines whether the linearization should be applied later when the Wave-
Memory is written to the AWG Memory.

Linearization for actual AWG DAC-CH

If "Linearization for actual DAC-CH" is set, the AWG DAC-Channel selected on Tab 3 gets
registered when the “Wave-Function” is applied (“Apply Now” pressed). This DAC-
Channel is later used for the linearization when the Wave- Memory is written to the AWG
Memory. This option results in a minimal AWG signal distortion, since the linearization
coefficients of this specific DAC-Channel are applied. However, you should not later
change the DAC-Channel that is mapped to the corresponding AWG channel (A, B, C, D).

Mo Linearization J

If "No Linearization" is selected the DAC-Channel is registered as zero (0) and therefore
no linearization will be applied later when the Wave- Memory is written to the AWG
Memory. This option results in more AWG signal distortion; but then you can later change
the DAC channel that is mapped to the corresponding AWG channel (A, B, C, D).

7.4 Block 4: Wave-Memories Overview & Write to AWG-Memories

Here you have the overview on the four “Wave-Memories”. On bottom the two “Wave-
Memories (A, B)” related to the AWG-A and AWG-B on the Lower DAC-Board are shown.
On top the two “Wave-Memories (C, D)” related to the AWG-C and AWG-D on the Higher
DAC-Board are indicated:

=
WAV-D Size a
1000 5
- 0 | 2
C\earJ £ 4
— < &
> @
) Save g 0.2 E
D_Lin_CH i y y y g N B
| 0 0002 0.004 0.006 0.008 001 |
=8 - '
(¥ Wite to AWG-Memory D Time [s] Idle )
- 3
WAV-C Size = =
O 05 <
1000 = <
r 3 5 i=y
B8 GearJ E 0 T
M =
o save 205
=
= Tr [ I 1 1 1
C_Lin CH 0 0.002 0.004 0.006 0.008 001
23 (¥} Write to AWG-Memory C Time [s] Idle
15
WAV-B Size 2
@ 05
1000 =
- | 5
B8 GearJ £ o
— =
S save £ -05-] °
z 3
i, : : 7 7 L | @
B LinCH 0 0.002 0.004 0.006 0.008 001 |
12 ¥ Wiite to AWG-Memory B Time [5] Idle <DI
14 —
o
WAV-A Size = 3
< 05 s}
1000 fad —
~ 5 =
(] C\earJ £ 0
b - E‘
3
¥ Sav § -0.5-
-1 g g g g i
ALin_CH 0 0.002 0004 0,006 0.008 001
11 i Write to AWG-Memory A Time [s] Idle

For each of the four “Wave-Memories” the registered linearization DAC-Channel is
displayed in the field “A, B, C, D Lin_CH”; if "No Linearization" was selected this number is
zero (0). Further, the size of the “Wave-Memories” is shown in the indicator “WAV-A, B, C,
D Size”; the range is from 0 to 34’000.
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‘7.4.1 Clear Wave-Memory [EICIear]

Each of the four “Wave-Memories” can be individually cleared by pressing the button
“Clear” - then the “WAV Size” is reset to zero (0).

Note: For optimal system performance, always clear unused Wave-Memories.

7.4.2 Save Wave-Memory | ¥ s

When pressing this button, the waveform of the corresponding “Wave-Memory” is
immediately saved to the internal volatile memory of the LNHR DAC II. Only one
waveform can be stored in this internal volatile memory at the same time. This saved
waveform can be retrieved when the “Use Saved Waveform” is selected - see description
of Block 2 in this chapter.

After the waveform has been saved to the internal volatile memory of the LNHR DAC II
the following windows pops up:

i X
The Waveform A is now saved to the volatile memory of the LMHR DAC II.

QUESTION:
Do you want to save this Waveform A also to a TXT-file on the Host-PC?

Yes Mo

If you press “Yes” you can save this waveform also to a non-volatile text file on the host
PC. This way you can later load this waveform by using “Load Waveform...” when “Use
Saved Waveform” is selected - see description of Block 2 in this chapter.

Now, you can specify the filename of the text file to be saved:

W Choose text Waveform-File to be saved to (use . TXT as extension): X
™ <« Daten » LabVIEW > LabVIEW_2018 > LMNHR_DAC_I_SP1060 » Waveform_Files v O Waveform_Files durchsuchen
Organisieren Meuer Ordner =z - Im | o
J’! Musik 2 Name Anderungsdatum Typ Grafe
B Videos |=| Cemposed_Waveform_1.txt 18 Textdokument A0 KB
‘== System & Pragramme (C:) = Empty.xt 20 Textdokument 0KB
- LMNHR DACII (F:) |=| Moise_34000_points.txt 14.04, Textdokument G KB . L X
Wihlen Sie eine Datei fiir
= PHYS-JUMBO-PRAKTIKUM (K:) =] Sine_1Vpeak_2.941Hz.txt 20 Textdokument 349 KB die Vorschau aus.
PHYS-JUMBO-ELAB (L) |=| Sine_1Vpeak 50Hz Moise 100mVrms.tet 12 Textdokument 21 KB

=] Sine_1Vpeak_100Hz.tet
\=| Triangle_1Vpeak_1kHz.txt

Textdokt t 11 KB
PHYS-JUMBO-DP [M:) extdokumen

PHYS-JUMBO-USERS _steina (U:)

Textdokument 2KB

HHH

LR 4 >

Te;t_Wavefolm_Ll:{t I v| Alle Dateien (*.*) ~

OK  |¥| | Abbrechen

A short message indicates that the waveform text file has successfully been saved.

Note: The location of the “Waveform Folder” can be specified on “Tab 6 | Load-Save-Exit”:

Waveform Folder
%[\ Daten'\ LabVIEW! LabVIEW_2018\LNHR_DAC_Il_SP1060\Wavefarm_Files | = Select Folder

7.4.3 Write to AWG-Memory @f Write to AWG-Memory A | | Writing to AWG-Memory A |

When pressing this button, the waveform of the “Wave-Memory A, B, C, D” is written to
the corresponding “AWG-Memory A, B, C, D”. Now the linearization for the registered
DAC-Channel is performed; if the registered DAC-Channel is zero (0) no linearization is
done. Writing a waveform of the maximum size of 34’000 points takes around three (3)
seconds - during this time the indicator changes from “Idle” to “Writing to AWG-Memory”.
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7.5 Block 5: Point by Point Access to Wave- and AWG-Memories

The “Wave-Memory A, B, C, D, SAVED” as well as the “AWG-Memory A, B, C, D” can be
accessed point by point (Address 0...33’999) by the user. This feature can be used to check
of modify single points in the Wave- and AWG-Memories:
5 Wave-Memory Access
Wave-Memory Access | oot by point

I:PUII"It by PU"TI:]  Wave-Memory A LOW
Wave-Memory B LOW
Wave-Memory C HIGH
Wave-Memory D HIGH
Wave-Memory SAVED

J AWG-Memory A LOW

AWG-Memory B LOW
AWG-Memaory C HIGH
AWG-Memaory D HIGH

I[E” Wave-Memory A LOW |]

Wave_Write_Voltage [V]
-

Wave-Memory_Address

I[[f} 4 00000
Wave_Access (RW)
I[ Read

ov

PD Access

TFFFFF

In the example above the “Wave-Memory A LOW” as well as the “AWG-Memory A LOW”
are readout at the same “Wave-Memory Address” of zero (0). The Wave-Memory reads
0x7FFFFF (0 V) while the AWG-Memory reads 0x7FFFFB (-0.000005 V). This discrepancy
comes from the fact that the linearization for DAC-Channel 11 was applied when the
Wave-Memory was written to the AWG-Memory. If "No Linearization" had been selected,
the same values would be read from both memories.

The point by point access to the Wave-Memory is possible for the four normal Wave-
Memories (A, B, C, D) and also for the SAVED-Memory; all these waveforms are stored in
the volatile memory of the LNHR DAC II.

7.5.1 Wave-Memory Read / Write Access | red | e

Accessing the Wave-Memory can be either in “Read” or “Write” mode. When reading from
a Wave-Memory the control “Wave Write Voltage [V]” is ignored. The readout is done
when the button “Access” is pressed. Then the Voltage (+10 V) at the specified decimal
“Wave-Memory Address” (0...33'999) is readout; the Voltage is also converted to a DAC-
Value/Data (-10 V... +10 V => HEX 0x00000... OxFFFFF):

Wave-Memory_Address
[E‘, 4 00000 |]

Wave Access (RW)

e
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In the “Write” mode, the value given in “Wave Write Voltage [V]” is written at the specified
decimal “Wave-Memory Address” (0...33’999) when the button “Access” is pressed. The
same written Voltage is also displayed and converted to a DAC-Value/Data:

Wave-Memory Access
(Point by Point)

| 5[ Wave-Memory ALow ||

ave_Write_Voltage [V]
SIErE 1-
ave-Memory_Address

Wave_Access (RW)

=
Ln
|

Wave-Memaory A [V]
=]
1

Write -0.5-
N 02V o i i i i ,
Access 0 0.002 0004  0.006 0.008 0.01
7OCEF W Write to AWG-Memary A Time [s] | ldle

In the example above, on the “Wave-Memory A LOW” a new voltage of -0.8 V (“Wave Write
Voltage [V]”) at the “Wave-Memory Address” of 100 (decimal) is written. Pressing the
"Access" button, writes this new voltage and also immediately updates the "Wave-
Memory A [V]" graph.

7.5.2 AWG-Memory Read / Write Access [ Read ] Wiite ‘

Accessing the AWG-Memory can be either in “Read” or “Write” mode. When reading from
an AWG-Memory the control “AWG-Memory Data Write” is ignored. The readout is done
when the button “Access” is pressed. Then the DAC-Value/Data (HEX 0x00000... 0OxFFFFF)
at the specified decimal “AWG-Memory Address” (0...33'999) is readout; the DAC-
Value/Data is also converted to a Voltage (HEX 0x00000... OXFFFFF =>-10 V... +10 V):
AWG-Memory_Address

=] [4 ooooo |]
AWG_Access (RAW)
Read ]

In the “Write” mode, the value given in “AWG-Memory Data Write” is written at the
specified decimal “AWG-Memory Address” (0...33’999) when the button “Access” is
pressed. The same written DAC-Value/Data is also displayed and converted to a Voltage:
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AWG-Memory Access

(Point by Point)

][ AwG-Memory A Low |]

(| [{75ca8F ]

AWG-Memory_Address

(=1 [Eoo100 ]

T3C28F
[ Access

-0.8V

Read AWG-Memory

0.75-

0.5

025+

Amplitude [V]
=

Y
2 R
(R

-0.75-

D D
0.004 0.006

Time [5]

L

0.008

0.0

S| AwG-Memory & Low

[ -@ Read AWG-Memory Now

| iReading Progress... |

In the example above, on the “AWG-Memory A LOW” a new DAC-Value/Data of 0x75C28F
(“AWG-Memory Data Write”) at the “AWG-Memory Address” of 100 (decimal) is written.
Pressing the "Access" button, writes this new DAC-Value/Data which corresponds to a
Voltage of -0.8 V. When the “AWG-Memory A LOW” is readout on the “Tab 3 | AWG
Control” the new value is indicated on the “Read AWG-Memory” graph (see above).

Note: Writing point by point directly to AWG-Memories doesn’t involve a linearization.
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8 Tab 5| 2D-Scan Setup

Bl LNHR_DAC_Il_Commander_Rev_3.49h.vi - O x
1| Main Control | 2 | RAMP/STEP-Generator | 3| AWG Control | 4 | Standard Waveform Generation 5 | 2D-5can Setup | 6 | Load-Save-Exit | 7| Info & Help |
o — L7 10+
=| s x-Axis | Wony || aws y-Axis | UPonly. | Scan Parameters ¥ Amap-scan
& - : : E
s | xMisDACCH — xSicpTime | y-AxisDACCH  ySicpTime T || R T I =
= =) - & e
ol B 4 25ms S 10us Norrmal 2D-Scan ] £ T 3
g x-Start Voltage  x-Stop/PeakVolt. | y-StartVoltage y-Stop/PeakVolt. | #2D-Scans(0=Inf) |3, » P —— _g &
N E |] Bl B 1B > 1B 1 ” = Now | o é
v ; E Ed  Stop2D-Scan o =
| rddsvieds s Triggen SyoficisV-Levels _ y-Ramp-Time | Estimated 2D-Scan Time | 1o \ 4 o
— = RTPNTRTS TR =)
B = 00:00:25 0 5 510 <]
o ) L = L -)| 10ms ; 2D-Scan: Stopped < 5
4000001V x-Voltage | 0% o s
_ - ¢ 10~ s =
| s X-AXis | UPonly /L ] AWG  y-Axis | UPonly /| ] Scan Parameters E ¥ armap-sean E &}
4 L L E
=| xAisDACCH  x-Step-Time | y-ArisDAC-CH y-Step-Time Auto-Start y-Axis 57 = 2
| (= s Idle =
g [zl 3 &s cl B e [ Mormal 2D-5can 2 fT Build = @
5 0] N -
U | xStartVoltsge x-Stop/PeakVolt. | y-StartVoltage y-Stop/PeskVokt, | #2D-Scens(0=inf) L. L] » Start 2D-Scan E
o - N | ) | ) | ) | T — = M @
S 3 i Stop 2D-Scan
= G| #xuisvlees  #Tiggers #y-uis\-levdls  yRamp-Tme | Estimsted 20-ScanTime | jp] L ) : E
v ol (B[ o0 999 = 1000 B 10ms 00:00:25 -0 -5 510 — o
c = 2000000V x-Voltage | D% L 5
© 92
& 0 ] ' ] i0- ] S
i w| sTEP  X-AXis | UPonlys || AawG y-AXis | UPonly/_ || Scan Parameters ] ¥ am20-scan a
(] ] - - ] =
~ 2 x-Axis DAC-CH x-Step-Time fy'Ax\s DAC-CH y-Step-Time Auto-Start y-Axis . 5-: Nmmmed: I :
= 2 =] ¢ - § e
&l B - 25ms SIRE 10us Normal20:5can | |3 [] Build 2
:2 xStortVoltage  xStop/PeakVolt | y-Stat Valtage y-Stop/PeckVolt. | #2D-Scans (b=Inf T » B — - %
- NEE) | ) | =) | ) | (] — Now | S 2
] v ]
2 #xhvis V-levels % Triggers #yoAxisV-Levels _yRampTime | Etimated2D-ScanTme | 100 RARRARARRRR (B swp20san J ,_8 £
= = e : ) [ @
S| B[ ow 999 1000 B[ toms 00:0025 103 0 Slh 2D-Scan: Stopped (@] 5
2000000V x-Voltage | 0% I g
5 T T 10+ [a] o
2| sp  X-Axis | Uponlys. || AwG y-AXis | UPenly/_ | Scan Parameters E ¥ AmezD-scan 5 £
] N h 4
5 x-fuis DAC-CH x-Step-Time 'y-AmDAC-CH y-Step-Time Auto-Start y-Ais . 57 Not Armed: g é
= W ) s & . Idle I X
= o) - 2ms =1 10us Normal 20-Scan | |£ o] m Build — e
<r| x-StrtVoltsge x-Stop/PeakVolt. | y-StanVoltage y-Stop/PeskVok. | #2D-Scens(O=in L, » —— 3
el @ = = = = 5 Now [
g EH v |] B v |] Bl v \] B \] =l 1 \] p ow ,m
V| #x-Axis V-Levels 2 Triggers #y-AxisV-Levels  y-Ramp-Time Ectimated 2D-5can Time 710—: L Stop 2D-Scan |
r r r R RTRERTE TR
Q1 [ 00 299 B[ 00 E 1oms 00:00:25 05 0 5 1
~ e T x-voitsge D 20-Scan: Stopped

On this “Tab 5 | 2D-Scan Setup” the four 2D-Scans can be generated, monitored and
controlled. Setting up a new 2D-Scan is user-friendly and intuitive. Such a 2D-Scan is
automatically built by programming and accessing the STEP-Generator (Tab 2), the AWG
Control (Tab 3) and the Standard Waveform Generation (Tab 4).

Note: Since this “2D-Scan Setup” feature is coded in the “LNHR DAC II Commander”
application, it cannot be accessed via remote control commands to the LNHR DAC IL
However, such a 2D-Scan can also be generated by a larger sequence of remote-control

commands.

Tab 5 “2D-Scan Setup” can be divided into the following three Blocks: “Block 1: Setup 2D-
Scan”; “Block 2: Monitor 2D-Scan”; “Block 3: Control 2D-Scan”:

stp  x-Axis | WonyL || aws y-Axis | Upeniy s

Scan Parameters

'x-Ax\s DAC-CH
B ) e

x-5top/Peak Volt.

x-5tart Voltage

x-5Step-Time \1 y-Axis DAC-CH
£/ I

y-Start Voltage

y-Step-Time
10us

y-Stop/Peak Volt.

Auto-Start y-Axis

Normal 20-5can

2 2D-5cans (D=Inf)

2D-Scan A CLK-Master

(ST () P (ST ) | (] —]
'#)(—Axis\d’—Leve\s # Triggers ’#yfoiszLevels ) y-Ramp-Time Estimated 20-Scan Time
= 1000 999 [ 1000 |] [ 1oms |] 00:00:25

y-Voltage

70
5 2

03 H

_55

'w:l---‘l-‘-- (|
-0 -5 0 5 10

0000000V x-Voltage — 0%

" Arm 2D-5can

3

Mot Armed:

Idle
Build
ad Start 20-5can
Now |

8

2D-5can: Stopped

Stop 2D-5can

Note: Avoid overloading the device by sending a large number of remote commands while
running 2D-Scans in Auto-Start mode. Otherwise, the 2-Scan can be interrupted.
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8.1 Block 1: Setup 2D-Scan

The “Setup 2D-Scan” can be structured in the three groups “2D-Scan x-Axis
Axis” and “2D-Scan Parameters”:

n o«

, “2D-Scan y-

- =

sTep | X-Axis|| Uponly /. | awe |y-Axis| UPonly /| ] Scan Parameters

x-Axis DAC-CH x-Step-Time y-Axis DAC-CH y-Step-Time Auto-Start y-Axis

L::: ! 2oms l::: 1 10us [ Mormal 20-5can ]
) x-5tart Voltage ) Ec-Stopr eak Volt. ) y-Start Voltage ) ;,r-Stop.."P eak Volt. : # 20-5cans (0=Inf)

3w (B |§B e B v B
l:_ﬁx-hxis‘u’-LEI.rels: l # Triggers %H-MiSV-LE'-'EE: : y-Ramp-Time Ii:stimatedED-Scan'l'lme

= 1000 999 B[ o0 [FEI[ 1oms |] 00:00:25

2D-Scan A CLK-Master

8.1.1 2D-Scan x-Axis

In this part the parameters of the x-axis of the “2D-Scan” are defined. The “x-Axis” is
generated by using the STEP-Generator - see chapter “Tab 2 | RAMP/STEP-Generator”.

8.1.1.1.1 Up only /UP-DOWN | wony |  up-oown_n_

This parameter defines the shape of the “x-Axis” during a 2D-Scan. If “UP only” is selected,
the x-axis voltage goes from “x-Start Voltage” to “x-Stop/Peak Voltage”; this corresponds
to one complete 2D-Scan.

If “UP-DOWN” is selected, the x-axis voltage goes from “x-Start Voltage” to “x-Stop/Peak
Volt.” and then back again to “x-Start Voltage”; this is one complete 2D-Scan.

8.1.1.1.2 x-Axis DAC-CH, x-Start Voltage, x-Stop/Peak Volt.

The DAC-Channel for the x-axis voltage output is defined in “x-Axis DAC-CH”. A valid DAC-
Channel is in the range from 1 to 24.

The “x-Start Voltage” defines the x-axis voltage where the 2D-Scan will be started. The “x-
Stop/Peak Volt.” defines the x-axis voltage where the 2D-Scan will stop (“Up only”) or
reach its peak voltage (“UP-DOWN”). Both values must be within +10 V.

8.1.1.1.3 # x-Axis V-Levels, # Triggers

The parameter “# x-Axis V-Levels” defines the number of voltage levels in the x-axis that
are performed during a 2D-Scan. This value must be in a range from 10 to 20°000°000.

The indicator “# Triggers” shows how many times the y-axis will be triggered during a
single 2D-Scan (# 2D-Scans = 1). This is depending on the shape of the “x-Axis” (“Up only”
or “UP-DOWN”) - for a detailed description see chapter “Tab 2 | RAMP/STEP-Generator”.

8.1.1.1.4 x-Step-Time

The indicator “x-Step-Time” shows the approximated time between two x-axis steps, but
only if “Auto-Start y-Axis” is selected. This time depends on the “y-Ramp-Time” and the
selected mode “Normal 2D-Scan” or “Adaptive 2D-Scan”. In “Adaptive 2D-Scan” mode the
“x-Step-Time” is increased because the reload of the AWG-Memory is time consuming. The
“x-Step-Time” is calculated from the formulas in the chapter “Tab 2 | RAMP/STEP-
Generator”.
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If “Manual Start y-Axis” is selected, the time between two x-axis steps is defined by the
user (external AWG-Trigger or trigger by a remote command or “Start 2D-Scan” pressed).
Therefore, no meaningful “x-Step-Time” can be calculated and “NaNs” is displayed.

| 8.1.2 2D-Scan y-Axis |

In this part the parameters of the y-axis of the “2D-Scan” are defined. The “y-Axis” is
generated by using the AWG - see chapters “Tab 3 | AWG Control” and “Tab 4 | Standard
Waveform Generation”.

8.1.2.1.1 Up only / UP-DOWN | veenyi |  up-owN A

This parameter defines the shape of the “y-Axis” during a 2D-Scan. If “UP only” is selected,
the y-axis voltage goes from “y-Start Voltage” to “y-Stop/Peak Voltage”; this corresponds
to one complete y scan-line.

If “UP-DOWN” is selected, the y-axis voltage goes from “y-Start Voltage” to “y-Stop/Peak
Volt.” and then back again to “y-Start Voltage”; this is one complete y scan-line.

8.1.2.1.2 y-Axis DAC-CH, y-Start Voltage, y-Stop/Peak Volt.

The DAC-Channel for the y-axis voltage output is defined in “y-Axis DAC-CH”. A valid DAC-
Channel is in the range from 1 to 12 for the “2D-Scan A/B” running on the lower DAC-
Board and from 13 to 24 for the “2D-Scan C/D” running on the higher DAC-Board.

The “y-Start Voltage” defines the y-axis voltage where the 2D-Scan will be started. The “y-
Stop/Peak Volt.” defines the y-axis voltage where the 2D-Scan will stop (“Up only”) or
reach its peak voltage (“UP-DOWN"). Both values must be within +10 V.

8.1.2.1.3 # y-Axis V-Levels, y-Ramp-Time

The parameter “# y-Axis V-Levels” defines the number of voltage levels in the y-axis that
are performed during a 2D-Scan; only on the Clock-Master 2D-Scans the “# y-Axis V-
Levels” can be set. This value must be in a range from 10 to 15’000. If a short “y-Ramp-
Time” is set, the “# y-Axis V-Levels” may be restricted to meet system requirements.

The “y-Ramp-Time” specifies the time for one complete y scan-line. The valid range is
from 6 msec to 40’000 sec, which corresponds to around 11.1 hours.

8.1.2.1.4 y-Step-Time

The indicator “y-Step-Time” shows the time between two y-axis steps; this corresponds
to the AWG Clock-Period which is common for both AWG channels on a DAC-Board. The
“y-Step-Time” depends on the “# y-Axis V-Levels”, the “y-Ramp-Time” and the shape of
the “y-Axis” (“Up only” or “UP-DOWN”). The “y-Step-Time”, which is equal to the AWG
Clock-Period, can be between 10 pusec and 4’000 sec.

Note: The first 2D-Scan channel of each DAC-Board is the Clock-Master; the Clock-Masters
are the “2D-Scan A” and the “2D-Scan C”. The second 2D-Scan channel of each DAC-Board
is the Clock-Slave; the Clock-Slaves are the “2D-Scan B” and the “2D-Scan D”.

Clock-Master means, that this 2D-Scan controls the AWG Clock-Period which is common
for both AWGs running on this DAC-Board. Thus, the y-Axis timing (“y-Ramp-Time” and
“# y-Axis-Levels”) of a Clock-Slave is dependent on the y-Axis timing of its Clock-Master.
Therefore, the parameter “# y-Axis-Levels” of a Clock-Slave is not editable and set by its
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Clock-Master. The “y-Ramp-Time” of a Clock-Slave can be set by the user, but can also be
limited by its Clock-Master, if necessary. This happens when there is a large difference in
“y-Ramp-Time” between the Clock-Master and the Clock-Slave.

8.1.3 2D-Scan Parameters

Here the parameters for the 2D-Scan are set and the estimated time for this specific 2D-
Scan is calculated.

8.1.3.1.1 Manual Start y-Axis / Auto-Start y-Axis Manusl Start y-Axis | Auto-Start y-Asis

If “Manual Start y-Axis” is selected, the user must start each y scan-line (AWG) by an
external AWG-Trigger (TTL) or by a remote command or by pressing “Start 2D-Scan”.

If “Auto-Start y-Axis” is selected, the next y scan-line (AWG) is automatically restarted
when the x-Axis (STEP-Generator) has finished (time-delay = 5ms) - see chapter “Tab 2 |
RAMP/STEP-Generator”.

8.1.3.1.2 Normal 2D-Scan / Adaptive 2D-Scan | Normal2D-Scan | Adaptive 2D-Scan

In “Normal 2D-Scan” mode, the same predefined AGW function (y-Axis) stays in the AWG-
Memory. This scan mode is the fastest, but no adaption in y-Axis can be performed.

In “Adaptive 2D-Scan” mode, after each x-Step, the AWG-Memory is reloaded from the
Wave-Memory by applying the Polynomial. A linear y-Adaption can be done with the
parameter “Shift-Voltage [V/STP]” on Tab 2. For further information see chapter “Tab 2 |
RAMP/STEP-Generator”.

8.1.3.1.3 # 2D-Scans (0=Inf)

The number of complete 2D-Scans is defined with this parameter “# 2D-Scans (0=Inf)".
The valid range is from 0 to 4E9. A value of zero (0) means that an infinite number of 2D-
Scans are performed; then such a 2D-Scan must be stopped by the user.

8.1.3.1.4 Estimated 2D-Scan Time

The “Estimated 2D-Scan Time” indicates the time of a complete 2D-Scan in the format
“hours:minutes:seconds” (hh:mm:ss). This time can only be estimated if “Auto-Start y-
Axis” is selected and the numbers of the 2D-Scans is not zero (0 = running infinitely).

8.2 Block 2: Monitor 2D-Scan

The defined 2D-Scan area is shown on the x/y-voltage graph as green rectangular (no
adaption) or as rhombus (with y-adaption). You can zoom into the graph by editing the
scale-numbers:

[0} 1T 523 To1ss
- E 12
37 e =
w - w 0.5= o G'E_: ﬁ
g - A : o :
== {:I 11 -+ &= G'- £~ 9
g i g g %
= - =057 = 0,52
-5—_ Z 3
: 13 12
ol s o s g 5] -1 0 1 15 -1 0 115
0773774V x-Voltage 11 -0.773774V  x-Voltage = 1156 -0.853854V  x-Voltage = 7%
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During a running 2D-Scan the actual x-voltage is indicated by a red line and its value is
shown in the bottom left. Further the percentage [%] of the 2D-Scan done is indicated in
the bottom left. The graph on the right shows an adaptive 2D-Scan (rhombus).

8.3 Block 3: Control 2D-Scan

First, the 2D-Scan has to be built by pressing the “Build Now” button. Then INFORMATION
and CAUTION message appears, since the selected DAC-Channels will be set to HBW and
switched ON and the start voltages of the planned 2D-Scan will be applied:

Arm 20-5can W X
Mot Armed: INFORMATION:
) Idle Mow the AWG-A Waveform and the STEP-A-
E":“Id Generator will be setup for the 20-5can A,
» I
Start 2D-5can | | CAUTIOM: The selected DAC-Channels will be
ey switched ON at HBW (100 kHz) and the two Start-
(X | Stop 2D-5can Voltages will be applied.
2D-5can: Stopped Cancel

After pressing “OK, go on!” the build process of the 2D-Scan will be started. This takes
around seven seconds and then the button “Arm 2D-Scan” gets enabled.

Note: As soon as you make any change in the “Block 1: Setup 2D-Scan” the “Arm 2D-Scan”
will be disabled and greyed out. Then you have to build the 2D-Scan again by pressing the
“Build Now” button.

By pressing the button “Arm 2D-Scan” the x- and y-axis start voltages are set again and
the external AWG-Trigger input is enabled - now the 2D-Scan is ready to be started. This
can be done either by an external AWG-Trigger TTL-signal, by a remote-control command
or by pressing the button “Start 2D-Scan”:

J@' Arm 2D-5can y Arm 2D-Scan v Arm 2D-5can
Mot Armed: Armed: Armed:
) Idle Waiting on AWG-5TART... Waiting on AWG-5TART...

Build Build Build
o . Start 20-5can ' [> Start 20-5can v [ [ Start 2D-Scan ]
Now | T v | —— MNow

m Stop 2D-5can n Stop 2D-5can [ n Stop 2D-Scan ]

2D-5can: Stopped 2D-5can: Stopped

A running 2D-Scan is indicated by changing its status from “2D-Scan: Stopped” to “2D-
Scan: Running”. Then the x/y-voltage graph in the “Block 2: Monitor 2D-Scan” are
continuously updated with the actual x-voltage as a red line. A running 2D-Scan can be
manually stopped (before it is finished) by pressing the “Stop 2D-Scan”. The same 2D-
Scan can be restarted by following the steps above beginning with “Arm 2D-Scan”.

Note: Running more than two Adaptive 2D-Scans at the same time can overload the

processor power of the LNHR DAC II. See the value “CPU-Load [%]” under “System-
Health” in Tab 1. The “CPU-Load [%]” should always be smaller than 95%.
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9 Tab 6 | Load-Save-Exit

B LNHR_DAC_Il_Commander_Rev_3.48hwi - O X

LOAD Settings o INTIALZE ) SAVE Settings
h  Default Settings | | ™  tofile..

On this Tab 6 “Load-Save-Exit” the settings of the LNHR DAC Il Commander can be loaded,
initialized to its default settings and saved to a file on the host PC. Further, the application
can be exited and the location of the “Settings Folder” and the location of the “Waveform
Folder” can be defined.

When pressing “LOAD Settings from File...” a system window with the title “Select LNHR
DAC II Settings file (BIN) to load:” appears. Now, you can select the Settings file to be
loaded:

Select LNHR DAC Il Settings file (BIN) to load: X%
4 ||« Daten » LabVIEW > LabVIEW_2018 > LNHR_DAC_ISP1060 » Settings_Files v P Settings_Files durchsuchen
Organisieren v Neuer Ordner = O @
LOAD tt. ¥ Downloads Name Anderungsdatum Tp GroBe -
Settings
g B Musik [7] Test_1.bin 28.01.2022 12:44 BIN-Datei KB
B videos [] Test_2.bin 28.01.2022 12:51 BIN-Datei 10KB
‘i System & Programme () [ Test_2D_Scan_1.bin 02.02.2022 1201 BIN-Datei 10KE Esist keine
. Vorschau
= PHVS-JUMBO-PRAKTIKUM (K3 O TELZDﬁmlLZV.hm- : 15.02.2022 03:46 BINrDatei 10KE vertagbar,
= PHYSJUMBO-ELAB (L9 ] Test.2D_Scan_Adaptive_1.bin 22.02.2022 11:11 BIN-Datei 11K8|
Test_2D_Scan_Adaptive_2.bir 22.00.2022 11:57 BIN-Dat 11KE
= PHYS-JUMBO-DP (M:) L] Tst.2D_Scan_Adapive_2.in o
- [ Test_2D-Scan_Mode_1.bin 13.01.2022 12:50 BIN-Datei 10KB w
= PHVS-JUMBO-USERS steina (L) olc
Dateiname: [Test 2D_Scan_Adaptive_1.bin | v\ | Alle Dateien (") v
=2

Settings files are binary files and are not editable by the user. Only binary Settings files
previously saved by the LNHR DAC II application can be loaded. Such a Settings file holds
the values of all the controls of this application.

Bear in mind, when loading Settings files DAC-Channels may be automatically switched
ON and set to an output voltage!
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Note: The Wave-Memories are not loaded from these Settings files. The Wave-Memories
must be separately loaded from text-files on Tab 4 - for description see chapter “Tab 4 |
Standard Waveform Generation”.

After selecting a binary file and pressing “OK” a short loading message is shown and the
field “Loaded Settings File” is updated:

Loaded Settings File

[ "L UiDaten\LabVIEW\LabVIEW_2018\LMNHR_DAC_II_SP1060\Settings_Files\Test_2D_Scan_adaptive_1.bin ‘ }

This field acts as a reminder for the actual loaded Settings and is valid until another
Settings file is loaded or the application is initialized to its default settings - see below.

When pressing “INITIALIZE Default Settings” a window with the question “Do you want
to INITIALIZE to Default Settings now?" appears:
_IZE and SAVE Settings / EX W

>

=

#u  INITIALIZE

Default Settings QUESTION:

Do you want to INITIALIZE to Default Settings now?

x Cancel
Commander

Pressing "OK" will reset all controls to their initial values, as if you had restarted this
application (e.g., all DAC-Channels OFF and on LWB) and the “Tab 1 | Main Control” is
selected. The Wave-Memories are not affected by this initialization and are still hold their
old values.

When pressing “SAVE Settings from File...” a system window with the title “Choose binary
LNHR DAC II Settings file to be saved to (use .BIN as extension):” appears. Now, you can
edit the name of the new Settings file to be saved:

Il Choose binary LNHR DAC Il Settings file to be saved to (use [BIN as extension): X

XIT Application

4 <« Daten » LabVIEW > LabVIEW_ 2018 5> LNHR_DAC_ Il SP1060 » Settings Files v o Settings_Files durchsuchen

PHYS-JUMBO-PRAKTIKUM () [ Test_2D_Scan_2V.bin BIN-Datei 10KB

PHVS-JUMBO-ELAB (L) [ Test_2D_Scan_ada BIN-Datei 1kB
[ Test_2D_Scan_Ada BIN-Datei 11KB

[] Test.2D-Scan_Mode. BIN-Datei WK w
v < >
Dateinsme: [Test 2D Scon Adsptive 3.0ir] v| Alle Dateien () v

H

Organisieren v Neuer Ordner EEERE S i T - ]
SAVE S ‘t‘t 4 Downloads A Name - Anderun, um Typ GroBe @
; ettngs
‘} 9 D Music [T Test_1.bin BIN-Datei 3KB
to File... B videos [ Test_2bin 5 BIN-Datei 10KB -
% System & Programme (C:) [ ] Test_2D_Scan_1.in 0 BIN-Datei 10KB eine Datei
e
Vorschau
in au

e

PHYS-JUMBO-DP (M)
== PHYS-JUMBO-USERS_steina (U:)

After pressing “OK” a short saving message is shown.
Note: The Wave-Memories are not saved to these Settings files. The Wave-Memories can
be saved separately to text-files on Tab 4 - for description see chapter “Tab 4 | Standard

Waveform Generation”.

When pressing “EXIT Commander” a window with question “Do you want to EXIT the
LNHR DAC II Commander now?” appears:
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IZE and SAVE Settings / E} W >

@  INITIALIZE
Default Settings

CUESTION:
Do you want to EXIT the LNHR DAC Il Commander now?

x| EXIT
Commander | Cancel

When pressing “OK” the application is closed and the file “System_Files_Locations.txt” is
updated. This text file holds the paths for the “Waveform Files” and the “Settings Files”
and the location of the PDF-manuals:

| *System_Files_Locations.txt - Editor — O >

Datei Bearbeiten Format Ansicht  Hilfe

U:yDaten'LabVIEWYLabVIEW 2818%LNHR_DAC IT SPle6@‘MWaveform_Files (]
U:yDaten' LabVIEWYLabVIEW 2818%LNHR_DAC _IT SP1@6@Settings Files
C:%LNHR_DAC TIT Commander Description_ 1 B.PDF

C:\LNHR_DAC II Programmers Manual 1 9.PDF

C:%LNHR_DAC IT Users Manual 1 @. PDF|

Zeile 5, Spalte 36 100% Windows (CRLF) LUTF-2

When the application is started the next time, these paths and locations are read. The user
can also edit this file with a normal text editor.

If you close the “LNHR DAC Il Commander” application by using the normal close window
button, the file “System_Files_Locations.txt” is not updated and any changes made in the
paths or the in location of the PDF-manuals are lost:

= o

scan Setup 6 | Load-Save-Exit | 7 | Info & Help |
SP 1060 |

Therefore, it is strongly recommended to use the “EXIT Commander” button to close the
“LNHR DAC Il Commander” application.

To select the locations of the “Settings Folder” and the “Waveform Folder” press the

corresponding button “Select Folder” - then you can select the folder of your choice:
Loaded Settings File

[|‘L A |

% |U:\Daten!LabVIEW\LabVIEW_2018\LNHR_DAC_Il_SP1060\Settings_Files (& Select Folder l
L

Waveform Folder

%Us\Daten’ LabVIEWA\LabVIEW_20718\LNHR_DAC_II_SP1060\Waveform_Files | &= Select Folder]
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i open X
+ I <« Daten » LabVIEW » LabVIEW_2018 » LNHR_DAC_II_SP1060 » Settings_Files ~ ] L5 Search Settings_Files
Organize + Mew folder 2EEN SN | o
J) Music ~ Mame Date modified Type Size ~
=] Pictures [ Test_1.bin BIN File 3KB
B videos [7] Test_2.bin BIN File 10 KB
e System & Programme () u Test_20_Scan_1.bin BIN Ffle 10 K_B Select 1 file
= PHYS-JUMBO-PRAKTIKUM (K:) [ ] Test_2D _Scan_2v.bin BIN File 10KE to preview.
= PHY5-JUMBO-ELAB (L) u Test_2D_Scan_Adaptive_1.bin BIN File 11 KB
Test_2D_Scan_Adaptive_2.bi BIN Fil 11 KB
= PHYS-JUMBO-DP (M;) L] Test_2D_Scan_Adaptive_2bin e
|_'] Test_2D_Scan_Adaptive_3.bin 5/20/2022 12:41 PM BIN File 15 KB
= PHY5-JUMBO-USERS_steina (L) —
L ¢ >
File name: “ v
I| Current Folder |I | Save Ivl Cancel

If you press “Current Folder” the path is used for loading the Settings or a Waveform. If
you use the “EXIT Commander” button to close the “LNHR DAC II Commander”
application, these paths are saved in the file “System_Files_Locations.txt” - see above.
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10 Tab 7 | Info & Help

B LNHR_DAC_lI_Commander_Rev_348ixi

LNHR DAC Il SP 1060
HARDWARE VERSION:
SN 10600000001
24 DAC-Channels
DAC-Board: Rev 2.0
REF-Board: Rev 1.3
ADA-Board: Rev 1.0
PWR-Supply: Rev 1.0
HC/FPGA: sbRIO-9607
NI, 2xARM A9@667MHz
HDB-CAL: 14.12.2021
LDB-CAL: 13.12.2021
SOFTWARE VERSION:
FPGA Revision: 3.5.3
RT-Firmware: 3.4.9q

Subnet-Mask: 255.255.255.0

1.88589E-10

T.I017E-11
1.59134E-10 A17764E-34

9.59474E-11 - 3.17681E-34

This Tab 7 “Info & Help” gives you the “System Information” on the LNHR DAC II. On this
page also the fast access to the three PDF-manuals can be made and the “Linearization
Coefficients” of both DAC-Boards are displayed.

The top line of this Tab 7 shows the revision and the release date of this “LNHR DAC II
Commander” application:

Bl LNHR_DAC Il Commander Rev 348ixi

LNHR DAC Il 5P 1060
HARDWARE VERSION:

N c

TCP/IP-Address: 192.168.0.5

Here you can find the “System Information” on the LNHR DAC Il hardware, the installed

software and its network address:

LNHR DAC I SP 1060
HARDWARE VERSION:
SN 10600000001
24 DAC-Channels
DAC-Board: Rev 2.0
REF-Board: Rev 1.3
ADA-Board: Rev 1.0
PWR-Supply: Rev 1.0
HUC/FPGA: sbRIO-9607
NI, 2xARM A9@667MHz
HDB-CAL: 14.12.2021
LDB-CAL: 13.12.2021
SOFTWARE VERSION:
FPGA Revision: 3.5.3
RT-Firmware: 3.4.9q
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By pressing one of these “Open” buttons the three different PDF-manuals can be opened:

The locations of the PDF-manuals can be selected by using the three buttons “Select File”.

Then
Open X
« v _,‘, <« Daten » Microsoft_Office » Daten_Word » Geraete_Dokumentationen » Gruppe_Zumbuehl » LMHR_DAC_II_SP1060 w [4] 2 Search LNHR_DAC_II_SP1060
Organize » New folder B O @

B Videos A Mame v ~ o
i System & Programme (C:) @ LNHR_DAC_||_Programmers_Manual_1_3.pdf .
= PHYS-JUMBO-PRAKTIKUM (K] 13 LNHR_DAC_ll_Programmers_Manual_1_9.docx Low Noise / ngh Resolution DAC II
= PHYS-JUMBO-ELAE (L:) @ LNHR_DAC_||_Programmers_Manual_1_8.pdf
= PHYS-JUMEO-D (M) @ LNHR_DAC_||_Programmers_Manual_1_8.docx Physics Base] SP 1060

@ LNHR_DAC_||_Programmers_Manual_1_7.pdf

PHYS-JUMBO-USERS_steina (L:
= ey @ LNHR_DAC_||_Programmers_Manual_1_7.docx

¥ Network @ LNHR_DAC_|I_Programmers_Manual_1_6.pdf
M2 I MR NAC 1| Drnnrameaare Rdamual 11 & e e
v < > Programmer’s Manual | Revision 1.9 e
File name: | LNHR_DAC_II_Programmers_Manual_1_9.pdf v‘ ‘AII Files (") V‘

If you use the “EXIT Commander” button to close the “LNHR DAC II Commander”
application, these locations of the PDF-manuals are automatically saved in the file
“System_Files_Locations.txt” — see above.

In the lower part the “Linearization Coefficients” of both DAC-Boards are shown - the
coefficients for each DAC-Channel can be displayed by adjusting the “CH# Offset”:

0
oo

o
90§ om0 | eswmws | rroven | st | soverz | oeumez | s

This display is mainly used to check that the correct linearization coefficients have been
saved on the LNHR DAC II and that they are read in correctly.
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11 Network Connection

The private network interface card of host computer (Windows 10 PC) must be connected
to the Gigabit Ethernet connector on the back of the LNHR DAC II by using a high-quality
LAN cable (minimum Cat 5e):

At delivery the TCP/IP-Address of the LNHR DAC Il is set to 192.168.0.5 and the Subnet-
Mask to 255.255.255.0, but it can be modified locally on the device under the menu item
“TCP/IP Settings”. Normally it is configured in a private network in the TCP/IPv4-address
range from 192.168.0.0 to 192.168.255.255 (256 contiguous class C networks).

The data rate of 10 Mbps, 100 Mbps or 1 Gbps is automatically selected by the network
interface card (NIC) of the host computer. The actual data rate is indicated by the right
LED on the LAN port of LNHR DAC II: 10 Mbps=0FF, 100 Mbps=GREEN, 1 Gbps=YELLOW
The left LED on the LAN port shows the activity on the LAN; it is flashing when active.
Below the typical private network configuration of the NIC on the host computer is shown.
The host [P-Address is set to 192.168.0.1 and its Subnet-Mask also to 255.255.255.0:

Internetprotokoll, Version 4 (TCP/IPvd) Properties x Metwork Cennection Details *
General Network Connection Details:
‘You can get IP settings assigned automatically if your network supports Property Value

this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

Connection-specific DN...

Description Realtek PCle GbE Family Cortroller
O Obtain an IP address automatically Physical Address 00-13-38-0F-B0-5D
) DHCP Enabled No
(@) Use the following IP address: " ___ 192 168 0.1
IP address: IPv4 Subnet Mask 255.255.255.0
Subnetnase Py Defot Gy
IPv4 DNS Server
Default gateway: T IPy4 WINS Server

MNetBIOS over Topip En...  Yes

Obtain DNS server address automatically

(@) Use the following DNS server addresses:

Preferred DNS server: l:l
[ validate settings upon exit
T Conce

Make sure that the aliases-file “LNHR_DAC_II_Commander_3.4.9*.aliases” (* = build
version) holds the same IP-Address as set on the “LNHR DAC II":

jIL!JHP;‘-'—IJL:::*W‘“‘E”::&L:.'?53\3:&:—!}:‘,&;:—,:1' - [m]
File Edit Format View Help

[My Computer]
My Computer="localhost™

[NI-sbRIO-9607-LNHR-DAC-II]
NI-sbRI0O-9607-LNHR-DAC-II="192.168.0. S"I
<

Ln5, Col 40 100%  Windows (CRLF) UTF-8
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12 Installing the “LNHR DAC II Commander”
1. Generate an empty folder “LNHR_DAC_II” in the root-directory “C:\”:

i@l M [ =1osc - | X
Home Share View o
« v 4 & > ThisPC » 0S(C) N J] S Search 0S (C:)
~ MName Date modified Type Size
7 Quick access
Apps File folder
@ OneDrive Autodesk File folder
[ This PC Dell File folder
. Downloads File folder
) 3D Objects ] )
Drivers File folder
B Desktop Keil v5 File folder
= Documents Microsoft File folder
‘ Downloads Perflogs 12/7 10:14 AM File folder
J‘g Music Program Files 1 22 T:46 AM File folder
=/ Pictures Program Files (x86) 4, 022 %41 AM File folder
m Videos SiLabs 20%:11 AM File folder
Users 1 20211212 PM File folder
= 0S(C) ) - )
Windows 4/21/2022 9:39 AM File folder
= LNHRDACII (E) [ INHRCDAC N 4/21/2022 5:45 AM Filefolder |
14items 1 item selected =

Of cause, you can also use a different location than the root-directory, but then you
have to adapt the directory-names for the PDF-Manuals, the Settings-Files and the
Waveform-Files.

2. Copy the full content of the USB-stick to the generated folder “LNHR_DAC_II":

E [E] Y
Home  Shore view o Home  Shore  View °

1| > ThisPC > LNHRDACII (E) v O | R SearchlNHRDACH E) € v 4| 1> MisPC > 0S(C) » LNHRDACI v O | R SearchlNHRDACH
& Music A Name Date modified Type Size A Name Date modified Tpe size
B videos LabVIEW 2018 RunTimeEngine SO SP1F3  3/30/2022443 PV Fil folder LabVIEW 2018 RunTimeEngine SDT SP... 4/21/20229:49 Al Filefolder
@ Onebrive LNHR_DAC_ll Commander 3.45h 4/20/20225:15PM_ File folder LNHR_DAC Il Comman der 349 4/21/2022 9:49 AM File Folder
LNHR DAC_Il Manuals PDF 4/20/20225:16 P File folder LNHR_DAC_ll Manuals PDF 4/21/2022 9:49 AM File Folder
1 ThisPC
30 Objects
— LNHRDAC Il &) v < 5 = LNHR DACI )
3items  3items selected S| 3items  3items selected =

3. Navigate to the subdirectory “C:\LNHR_DAC_II\LNHR_DAC_II_Commander_3.4.9*”
(* = build version) and try to start the Commander Application
“LNHR_DAC_II_Commander_3.4.9*.exe” (* = build version) with a double click:

™ H Manage LMHR_DAC_II_Co ander_3.4. - O x
Home Share View Application Tools 9
€« M “ LNH... » LNHF_DAC_|l_Commander_... v 0 2 Search LNHR_DAC_|I_Commander_3.4.9h
.
~ Mame Date modified Type Size
# Quick access
Settings_Files File folder
@& OneDrive System_Files File folder
[ This PC a Waveform_Files File folder
T . u LMHR_DAC_|l_Commander_3.4.9h.aliases ALIASES File 1KB
) 30 Objects —
LMHR_DAC_||_Commander_3.4.9h 472002022 355 PM Application 4100 KEI
! Desktop 4] LNHR_DAC_Il_Commander_3.4.9h 4/20/2022 3:55 PM Configuration sett... TKB
| Documents
‘ Downloads
J‘) Music
| Pictures

m Videos
s 05 [C:)
= LMHR DAC I {E:) W

Gitems 1 item selected 4.00 MB =
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4. Ifno compatible LabVIEW Version (2018, SP1, Fix4) or LabVIEW Run-Time Engine

is already installed on this computer the following message will appear:

| & H Manage L _DAC_Il_Co ander_3.4.9 O >
Home Share View Application Tools 9
€« v « LNH... » LNHR_DAC_Il_Commander_... v | O Search LMHR_DAC_||_Commander_3.4.9h
" TY— - Pl il Type Size
# Quick access
File folder
@ OneDrive File folder
e Unable to locate the LabVIEW Run-Time Engine. File fold
O Thi ile folder
This PC LMHR_DAC_|I_Commander_3.4.5h requires a version 2018 [or ALIASES File 1KE
' 3D Objects compatible) LabVIEW Run-Time Engine. To correct this
; problem, please contact the vendor of Application 4100 KB
[ Desktop LMHR_DAC_|l_Commander_3.4.9h or download the LabVIEW L -
. Run-Time Engine from the Mational Instruments Web site, Canfiguration sett... 1KB
|=| Documents
Do you want to visit ni.com to download the LabVIEW
“ Downloads Run-Time Engine?
J‘s Music
=| Pictures Yes I No T cancel |I
m Videos
S 05 [C)
= LMHR DAC I (E) v
Bitems 1 item selected 4.00 MB ==| =]

Note: Make sure that correct LabVIEW Run-Time Engine 2018, SP1, Fix4 is
installed on the PC. Otherwise, the “LNHR DAC Commander” application may run,
but not with optimal performance and with longer response time to user input!

Select “No” or “Cancel” since the compatible LabVIEW Run-Time Engine exists

already in

the directory = “LNHR_DAC_II".

Open the

folder

“LabVIEW_2018_RunTimeEngine_SDT_SP1_F4” which holds the Run-Time Engine:

Iﬂ = | LNHR_C

Home Share

€ o v

7 Quick access
@ OneDrive

[ This PC

- 3D Objects

[ Desktop

@ Documents

* Downloads

J‘s Music

=/ Pictures

m Videos

- O05(C)

- LNHRDACII(E)
Jitems

» ThisPC » IOS(C:J > LNHR_DAC_II I v O

1 itemn selected

View

s
N

Mame Date modified

Search LNHR_DAC_II

— O

Type Size

I LabVIEW_2018_RunTimeEngine_SOT_SP1_F4 421120,

File folder I

MIN HT{_DAC_II_CUmma nder_3.4.9h arny.
LMHR_DAC_ll_Manuals_PDF 412120,

v £

File folder

File folder

>

6. Select the “Install.exe” Application to start the installation of the appropriate
LabVIEW Run-Time Engine (2018, SP1, Fix4):

LNHR DACII
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| = | Manage Lal _F4 — O X
Home Share View Application Tools o
« v « |NH.. » LabVIEW_2018_RunTimeEngi... v O 2 Search LabVIEW_2018_RunTimeEngine_SOT_SP1_F4
~
" Mame Date modified Type Size
7 Quick access
bin File folder
@& OneDrive feeds File folder
g This PC meta-data File folder
i pool File folder
4 3D Objects —
E Install Kpplication 539 KB1
B Desktop InstallCHS.dll Application exten.. B0 KB
Documents InstallDEU.dII 3/13/201910:22 AM Application exten... 92 KB
; Downloads InstallFRA.dII 3/13/2019 10:22 AM Application exten... 92 KB
J’g Music Install)PMLdII 3/13/201910:22 AM Application exten... 30 KB
[&] Pictures InstallKOR.dll Application exten... S0 KB
B Videos D patents Text Document 24 KB
= 05(C)
= LNHR DAC I (E:) v
11items  1item selected 538 KB == =1

7. Follow the instructions to install the Run-Time Engine; at the end the PC has to

rebooted:

NI Package Manager X [l NI Package Manager b

Select Agree Review Perform

You must accept the license agreements below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT A
CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE ANDJ/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT
WISH TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND
CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL
AGCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF
RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you
are accepting these terms on behalf of an entity, you agree that you have authofity to bind the entity to
these terms.

The terms of this Agreement apply to the compiter software provided with this Agreement, all updates or v

This license agreement applies to the following packages: NI Package Manager

Select Agree Review Perform

WARNING - Please Disable Windows Fast Startup

Fast startup may cause pi with or using your h
It is recommended that you disable fast startup.

Note:
You will need to cantact your administrator to disable fast startup if this setting is
enabled through a group policy.

| (®) | accept the above license agreement. |

) 1do not aceept the license agreement.

Disable Windows fast startup Windows Fast Startup Information

Back

NI Package Manager X NI Package Manager b3

Select Agree Review Perform

Review the following summary before continuing.

¥ Install

NI Pacl

Back
Select Agree Review Perform

Reboot to complete installation.

omple

LNHR DACII

Select Agree Review Perform

Installing NI Package Manager

I @400

Installing NI Package Manager 64-bit 19.0

Next
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8. After the reboot of the PC try to start the Commander Application
“LNHR_DAC_II_Commander_3.4.9*.exe” (* = build version) with a double click:

| = Manage
Home Share View Application Tools o
“ v « |NH... » LNHR_DAC_Il_Commander_... ] 2 Search LMHR_DAC_|I_Commander_3.4.9h
) Mame Date modified Type Size
7 Quick access
Settings_Files File folder
@ OneDrive System_Files File folder
I This PC Waveform_Files File folder
| | LNHR_DAC_Il_Commander_3.4.9h.aliases ALIASES File 1KB
- 3D Objects —
LNHRE_DAC_Il_Commander_3.4.%h Application 4T00KE I
[ Desktop - -
5| LNHR_DAC_Il_Commander_3.4.%h Configuration sett... TEE
|=| Documents
& Downloads
J’l Music
| Pictures
m Videos
s 05 [C)
- LMNHR DAC I (E:) v

Gitems 1 item selected 4.00 MB =

9. Now the Commander Application should start. If no network connection to the
LNHR DAC II can immediately be established the following messages will appear:

"] b4

INFORMATION:

No TCP/IP connection to the LNHR DAC || - please wait until the RT-System has started up...
takes up to 120 seconds!

Make sure that the [P-Address defined in the file"LNHR_DAC_ll_Commander_x_y_z.aliases”

is corresponding with the IP-Address set on the LNHR DAC .

OK, I will be patient...

When pressing “OK, I will be patient...” an orange window will appear and count
down the seconds until the connection to the LNHR DAC II can be established:
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I LNHR_DAC_IL_Commander_ Rev_34.8h.vi - o x
1| Main Control | 2 | RAMP/STEP-Generator | 3 | AWG Control | 4 | Standard Waveform Generation | 5| 2D-Scan Setup: | 6 | Load-Save-Exit | 7| Info & Help

Physics Basel LNHR DAC Il Commander SP 1060

CH 13 CH 14 CH 15 CH 16 CH17 CH 18 CH 19 CH 20 CH 21 CH 22 CH 23 CH 24

DAC Update
DAC DAC-MODE e RO
0000000 ACT VOLTAGE 3
i s Eoad el Ko Ko K TFFFEF | ACTIDATA @
TFFFFF TEFFFE TFFEFF PFEFEF TFEFFE TFEFFE TREFEE THFEFE SYNE Hidh g
o
—
)
TFFFEF TFFFFF TFFFFF TFFFFF TFFFFF TFFFFF e
o LEW LEW Law LEW LEW LEW Lew | opr (pw/kw I@
o oFF OFF OFF OFF OFF oFF OFF OFF OFF OFF OFF OFF | sET ONjOFF
35
e
o SYNC Low+High
o
;): DAC Update
=) INSTANTLY °
c g
‘T @
= SYNC Low O
I
0.000000 || 09 SET VOLTAGE e
TFFFFE L\ TFFFFF W] FFFFEF ||| JFFFEF ||\ TFFEFF || TFFFFF ||| ZEFFFF || TFEFFE 1| TFFFFF TEFFEF || JFFFFF | SET DATA g
LBW 7 LBW LEW LBW LBW LBV LBYY LBW LBW LEW LBW. | seriaw 3
oFF OFF OFF OFF OFF OFF oFF oFF OFF OFF OFF OFF | ‘seranijor
Control by Commander 24 DAC-CHANNELS System Health
Set ALL DAC-CHs . =" wEyEYT
= Set DAC \/oltage / Data —_ Higher DAC-Board | NaN°C | 0K j +24 V. OK J
DAC Voltage B
ALL DAC-CHs 0.000000 V Set ALL DACs to 0.V Lower DAC-Board | Nan-c [ ok | [ +15vok
DAC Data (24bit) 100 Hz 100 kHz Computer Board | NaN °C ok | [ -svox |
e ALL LBW | ALLHBW -
CPU/FPGA | NaN °C oK 1
Update on changing T LOLE ALL O
| DAC Valtage / DAC Data unly! LSkl ALLON CPU-load| 0% | 0K

10. After maximum 120 seconds the LNHR DAC II Commander Application should
start with the following window:

Bl LNHR_DAC Il Commander_Rev_3.4.9h.vi - u} e

‘QUESTION:
How do you want to start the LNHR DAC Il Commander?

Eom.nl by Commander (Initialize Default Settings on. D:AC ]|  [Display only (Leave Settings on DAC Il)

Set ALLDACs to O V

o sy
ALL OFF ALL ON

If no connection can be established, check the network settings on the device and
on the network card on the Windows PC - see chapter "Network Connection".
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11. Most probably, the Windows Defender Firewall will show this blocking message:
P Windows Security Alert *

Windows Defender Firewall has blocked some features of this

AR

Windows Defender Firewall has blocked some features of LMHR DAC I Commander for Remote
Control. Physics Basel, Michael Steinacher, April 2022 on all public, private and domain networks.

bﬁE Fﬁ Mame: emote Contral, Physics Basel, Michael Steinacher, April 2022
WA Publisher: University Basel, Department of Physics
Path: C:\nhr_dac_iNinhr_dac_ii_commander_3.4.9h

WInhr_dac_ji_commander_3.4.%ht.exe
AIID'._r-.' LNHR. DAC II Commander_ for Remote _Contrul. Physics Basel, Michael Steinacher,
Domain networks, such as a workplace network

[]Private networks, such as my home or work netwark

[ ] Public netwarks, such as those in airports and coffee shops (not recommended
because these networks often have litte or no security)

What are the risks of allowing an app through a firewall?

G.ﬂ.]lnw BCCESS Cancel

Select “Allow access” to make sure that the communication between the LNHR DAC
and the PC isn’t blocked.
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13 Controlling Multiple Devices

Multiple LNHR DACs II can be controlled by multiple Commanders running
simultaneously in parallel. Doing so, each device has its own Commander-Window for
display and controlling. The Ethernet cables of all the devices have to be connected to the
host computer by using a multiport switch. Theoretically, up to 253 devices could be
controlled by assigning different I[P-Addresses.

If more than one LNHR DAC II has to be controlled, the following steps must be taken (this
example shows how to control two devices):

1. Assign different IP -Addresses to the two devices. This has to be done locally by

using the LCD and the encoder/pus-button under the menu item “TCP/IP Settings”.
In the example below the lower LNHR DAC II (SN 1060000001) has an IP-Address
of 192.168.0.5 while the upper device (SN 1060000002) is set to 192.168.0.6:

2. Generate two empty folders in the directory where your programs are normally
located. In this example the two folders are named “LNHR_DAC_II_Commander_1"
and “LNHR_DAC_II_Commander_2" and they are generated in the root-directory
“C:\":

‘i » ThisPC > System & Programme (C)

Name Date medified Type Size
55
File folder

File folder
File folder
File folder
File folder
File folder
File folder

Apps
ASDI CGM Machine

i Autodesk

s Cadence

Dell

LY T

_Blocks Downloads
WC_II_SP1060 Drivers

\C_ISP1080 . Gem_Color Analyzer File folder
LNHR_DAC_||_Commander_1 File folder

LNHR_DAC_|I_Commander_2 4/7/2022 1:05 PM File folder
oud Files 1 LNHR_DAC_|I_SP1060 47172022°6:28 PM File folder
0 12:55 PM File folder
12:45PM File folder

Files

National Instruments Downloads ~ 2/17,
NIFPGA 9
ts non
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3. From the on the USB-stick copy the content (three files) in the subdirectory

“LNHR_DAC_II_Commander_3.4.9*" (* = build version) into the two different
folders generated before:

» This PC | System & Programme (C) > LNHR_DAC_IL Commander.1 | & v 4 [1» MisPC | System &Programme ) > LNHR_DAC_ILCommander.2)
Name - Trpe Size Name - Tpe Size
) LNHRDAC_IL Cormmander 3.49e.alises y ALIASES File 1K 3 LNHR DAC.I Commander_3.49e.liases ALIASES File e
il LNHR_DAC_ILC Application 4015KE il LNHR DAC 1 Co 349 Application 4015 KB
= # £ INHR.DAC I Commander 34.9e.ini y Configuration setings 16 # 5] LNHR DAC I Commander 3.49eini Configuration seftings ke

ts »

Modify the two text-files “LNHR_DAC_II_Commander_3.4.9*.aliases” so that the IP-
Addresses given on the line “NI-sbRIO-9607-LNHR-DAC-II=" fits to the
corresponding device address: 192.168.0.5 for the DAC number 1 and 192.168.0.6
for the DAC number 2. This modification can be done by using the Notepad Editor.
Do not forget to save your changes with “File...Save”. The two aliases-files in the
two folders looks like this (left: File in the folder “LNHR_DAC_II_Commander_1"
and right: File in the folder “LNHR_DAC_II_Commander 2")

JIL JHR_DAC_I_Comm - -:".E:.'-Z:I — O * JIL HR_DAC_ll_Commander_3 ‘:"E.‘.'ZI — [m} >
File Edit Format View Help File Edit Format View Help
[My Computer] [My Computer]
My Computer="localhost" My Computer="localhost”
[NI-sbRIO-9687-LNHR-DAC-IT] [NI-sbRIO-9687-LNHR-DAC-II]
NI-sbRIO-9687-LNHR-DAC-II="192.168.8.5" NI—SbRIO—QSB?—LNHR—DAC—II="192.168.9.6"'
< Fd
Ln 5, Col 40 100%  Windows (CRLF) UTF-8 Ln 3, Col 40 100%  Windows (CRLF) UTF-8

Now, the two Commander-Applications “LNHR_DAC_II_Commander_3.4.9*.exe”
can be started from the two different folders:

> ThisPC > System & Programme (C) > LNHR_DAC_I| Commany der 1 v ® | O SearchINHRDAC I Comm. « ~ 4 ||« System &Programme (C) > LNHR_DAC_Il Commant der.2 v & O SearchLNHRDACI Comm,

A Name

Tpe Size A Name

Tpe Size

| LNHR_DAC_Il_Commander 3.4 Sealizses ALIASES File 1K8 ] LNHR_DAC_l_Comman der 3.4 Sealizses ALIASES File 1K8

» -
EIHE | TOT5KE,
f 5] LNHR_DAC_I_Commander_3.4Seini KB * G
v 3 s
selected 392 M8 S| shems  1itemselected 35218 E=

Since the two aliases-files hold two different IP-Addresses the two Commander-
Applications will connect automatically to the corresponding LNHR DAC II with
the corresponding IP-Address. The two windows of the two LNHR DAC II
Commanders give now fully access to the 48 DAC-Channels:

11Main Contol | 2 RAMP/STEP-Generator | 31 AWG Conto | 4 Standard Wovelorm Generaton | 5 20-Scan Setup | Lo Sve 5t 7 ntoecietp| [ 11w |1 | 314w contel | 41 jon] 51 o6l it| 7 1nfo &cHielp |
Physics Basel LNHR DAC Il Commander SP 1060 Physics Basel LNHR DAC Il Commander SP 1060
ST = W AT R T T T G e G G G G o Gn G am eE =

e
- °
i) i
g 3
, & e
# v | g
o a
5 5
2 £
2 =
Kl = K] -
£ 2
& &
o o
3 g
o B a B
£ 8 £ 8
2 2 g @
ES kS
o a
5 5
E =
g E
Control by Commander 24 DAC-CHANNELS System Health Control by Commander 24 DAC-CHANNELS System Health
Set DAC Voltage /‘Data Set ALL DAC-CHs Jigherbac-saard| 435°c |_ok_| Set DAC Voltage g Data Set ALL DAC-CHs iherDAc-goma 30°c ok
DAC Voltage DAC Voltage
awoacers | (2 | SelALDACs 100V | Lower DAC Bord | 422°C awoncas | | 2zzanv | SelALLDACS 100V, Lower DAC sourd | 422°C
DACChamnel DAC Data @4b1) ok 100kHe Computersoard | 403 °C | i 00z 100Kz Computer soard| 76C |
g TS ALy A Low
1 O e | | o R o cruriven e [_ox |
[t S ALOFF | AUON | utoad| 0% | ALLOFF | ALLON o
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7. In the two Tabs “Info & Help” you can find the serial numbers and the
corresponding TCP/IP-Addresses of the two LNHR DACs II:

B LNHR_DAC_Il_Commander_Rev_3.49i - O X

LNHR DAC Il SP1060
HARDWARE VERSION:

DAC-Board: Rev 2.0
REF-Board: Rev 1.3
ADA-Board: Rev 1.0
PWR-Supply: Rev 1.0
uC/FPGA: sbRIO-3607
NI, 2xARM A9@667MHz
HDB-CAL: 14.12.2021
LDB-CAL: 13.12.2021
SOFTWARE VERSION:
FPGA Revision: 3.5.3
RT-Firmware: 3.4.90

Open LNHR DAC Il Commander Description
Open LNHR DAC Il Programmer's Manual

-1.92813E-16
6.39556E-18
-3.84665E-16
-4.97337E-16

1.88589E-10

1.77017E-11

1.59134E-10 A1TT64E-34
9.59474E-11 - 3.17681E-34

W LNHR_DAC_Il_Commander Rev_3.4.9evi - [m) X

LNHR DAC Il 5P1060
HARDWARE VERSION:

DAC-Board: Rev 2.0
REF-Board: Rev 1.3
ADA-Board: Rev 1.0
PWR-Supply: Rev 1.0
uC/FPGA: sbRIO-9607
NI, 2xARM A9@667MHz
HDB-CAL: 16.02.2022
LDB-CAL: 16.02.2022
SOFTWARE VERSION:
FPGA Revision: 3.5.3
RT-Firmware: 3.4.90

Open LNHR DAC Il Commander Description

Open LNHR DAC Il Programmer's Manual
[UDstenMicrosoft_Gifice\Doten_WordGeracte_ Dolcumentationen!Gruppe_ZumbuehhNRF_DAC ILSPI0G\(NHR DAC I Programmers Monual 1_7pdl |
@ Open LNHR DAC Il User's Manual
CANRRDACH Uses Memolf7POE e

-3.30488E-5 1.74236E-10 -4.52169E-16
-2.24067E-5 1.17189E-10 -3.44297E-16
-2.15109E-5 1.39025E-10 -4.16852E-16
4.87419E-11 -2.01511E-16

2.12539E-11 ~7.7762E-17
1.19311E-10 -2.98007E-16
6.02189E-11 -1.91293E-16
6.72744E-11 -2.1074E-16
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14 Converting DAC-Voltage to DAC-Value

A DAC-Value is a 24-bit number in the decimal range from 0 to 16'777°215 (224-1); this
corresponds to a hexadecimal range from 0x000000 to OxFFFFFF.

The DAC-Voltage has a fixed range from -10 V to +10 V with a step-size of 1.192093 pV
(20V /16’'777°215).

For a given DAC output voltage (Vout [-10 V ..+10 V]) the 24-bit decimal DAC-Value
(DACval [0...16'777°215]=[0x000000...0xFFFFFF]) is given by (rounded to the next
integer value):

IDACval_dec = (Vout + 10) - 838'860.74

To get a DAC-Value (HEX), which is needed for remote programming the DAC output
voltage, the decimal number has to be converted to a hexadecimal number. All higher
program languages have already included such a conversion-function.

For a given decimal DAC-Value (DACval_dec [0..16'777°215]=[0x000000...0xFFFFFF])
the DAC output voltage (Vout [-10 V...+10 V]) can be determined by:

Vout = (DACval_dec / 838'860.74) - 10

The table below shows the DAC-Voltage [+10 V] in 1 V steps and the calculated DAC-Value
(decimal) and the corresponding DAC-Value (HEX):

DAC-Voltage DAC-Value (decimal) DAC-Value (HEX)
+10V 16'777°215 OxFFFFFF
+9V 15'938’354 0xF33332
+8V 15'099°493 0xE66665
+7V 14'260°633 0xD99999
+6V 13'421°772 0xCCCCCC
+5V 12'582°911 0xBFFFFF
+4V 11'744°050 0xB33332
+3V 10°905°190 0xA66666
+2V 10'066°329 0x999999
+1V 9'227'468 0x8CCCCC
ov 8'388°'607 0x7FFFFF
-1V 7'549'747 0x733333
-2V 6'710°886 0x666666
-3V 5'872°025 0x599999
-4V 5'033’164 0x4CCCCC
-5V 4'194’304 0x400000
-6V 3'355’443 0x333333
-7V 2'516°582 0x266666
-8V 1'677'721 0x199999
9V 838’861 0x0CCCCD
-10V 0 0x000000
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