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Purpose

SpecMan4EPR is designed to orchestrate third-party hardware from different vendors, 
integrating individual devices into a robust, coherent instrument

SpecMan4EPR can be reconfigured as experimental needs evolve by adding new 
devices and modifying protocols

Built with instrument designers in mind, SpecMan4EPR takes care of low-level device 
control so they can concentrate on instrument architecture.

Created for and by experimentalists, SpecMan4EPR combines vast customization 
capabilities with a straightforward, unified user interface.

SpecMan4EPR was born as a pulse EPR control software but is capable to run
• CW 
• Rapid Scan
• DNP
• Imaging 
• … and many other experiments.



Virtual Instrument

EPR Instrument

Virtual Devices

Virtual Device Properties

Properties set/read in real time: Slow (s-ms)

Magnetic Field

Power attenuator

Temperature

123

Properties set/read on hardware time: Fast

Transient digitizer

Pulse programmer

Arbitrary waveform generator

dataCourtesy of Daniella Goldfarb, Weizmann Institute of Science

Drivers (virtual -> real)



Protocol

XYZP

123 123 123 123 123 123

shot

Prepare Reset

Experiment

Axes:

data

Dimensions (each has a size)

Scan

trace

Run (part of the experiment  can be executed on hardware)

eos eorbos reptimeuser-defined sequence

Pulse sequence

repetition time

Save data
Compute outcomes
Modify experiment

123
Program devices
Read contemporary
data

data
Read stored data

SAVE

Process

Events sequence



Data 

3 dimensions + transient signal * triggers

transient
X

Postprocessing 
(integration)

Postprocessing 
(summation)

X axis

Set before/after



Postprocessing

9/23

123 123 123 123 123 123

Reset

data

trace Process

MATLAB
Python
OS cmd

Filtering
Baseline correction
FFT 
Downconversion
Integration



Demo

https://femi.specman4epr.com/download.html

Jiva Emulator (JEM)
Simple physical model
Permanent field              244 G
Resonator frequency   727 MHz
RF power                          60 dBm
Sample: g = 2, T1/T2/T2* = 5/3/1 us



Demo

https://femi.specman4epr.com/download.html



Software components

Pulse program

Experiment

Phase cycling

Signal postprocessing

Control of physical parameters

Control of operational mode

Visualization

Data storage

Automation

External processing

Control of environment



Pulse command

command

pattern 1

channel 1
channel 2

pattern 2

channel 1
channel 2

mwpulse  40 ns, 1, 1
command  duration, pattern1 control, pattern 2 control

Example

Phase
- 90 degree
- 180 degree

Attenuator
- 2 dB
- 4 dB

state

0 0 1 1
0 1 0 1

0 1
0 1

shadow command

pattern 1

channel 1
channel 2

Amplifier
- Switch
- Gate



Pulse Programming Language

mw

phase shifter

TWT

protection 
switch

mwpulse 40ns(, 0) mwpulse  40ns, 1

Channel I

Channel Q

*1

*(-1)

Output  1

Output 2

variables declaration

definition

pulse sequence
detection

Acquisition Post-acquisition

Multiple detection triggers

Concept: Single command operates multiple channels



Demo

Use TUNE mode to examine the pulse sequence



AWG Engine

Method: 
Use pulse generation command for pattern 
generation
Provide shape parameters (6 max) as an array



Demo

https://femi.specman4epr.com/download.html



AWG command

command

pattern 1

shape

pattern 2

channel 1
channel 2

set1 = [index, amplitude, frequency, phase]
awg1  40 ns, set1
command  duration, shape control, pattern 2 control

AM, FM
from
Pattern file MHz

a.u.



AWG command

command

pattern 1

shape

pattern 2

channel 1
channel 2

set1 = [1, par1, par2, par3, par4, par5]
awg2  40 ns, set1, 1
command  duration, shape control, pattern 2 control

Expression with 5 parameters



Work in progress

Waveform pre-compensation for power amplifier
• Frequency profile
• Saturation

https://specman4epr.com/pulse_engine_power_calibration/



Useful Features

21/14

Experiment launch
buttons

Quick-settings

Experiment queue

Oscilloscope

Sequence browser

Calculator

Shape checker



Command Line Interface 

Every significant engine in SpecMan4EPR can be controlled through CLI
Root Engines:

• .SPECtrometer
• .PULSe engine
• .Daemon
• .Experiment
• .Batch
• .Server
• .PYTHON 
• .MATLAB

Example: Query interface FLD0 
of FLD device using form

Example: Simple math

.puls.softsync=1; - software synchronization options 

.puls.rtpos=0; - repetition time position (0 - no repetition time) 

.puls.comm.mwpulse.phase.ch1.use=0; 

.puls.awg.shape.MATLAB='px=1:100; p=[sin(px/100),cos(px/100)];' 

A = .e.EAX.T.REPS;

B = 2;

C = .e.EAX.X.SIZ;

D = .e.EAX.P.RepTime.Value;

E = .e.EAX.X.Field.Range;

.s.message = 'RATE in mT/s'

RATE = E/C/A/B/D*1000

Example: Calculate the field rate for an experiment

Example: load AWG pattern

.spec.pulse.awg2.shape.help =
    SHAPe (rw) - waveform of an analog pattern, by name (see .shapes) or index
    SHAPEList|SHAPES (ro) - list the waveform names accepted by .shape
    EXPRession (rw) - expression evaluated by the psEXPRESS waveform
    SOURce (rw) - pattern file (*C1/*C2) of the loadable waveforms
    MATLAB (wo) - compute this shape via MATLAB (returns p)
    PYTHON (wo) - compute this shape via PYTHON (returns p)
    chN (rw) - virtual channels addressed as ch1, ch2, ... (.chN.<verb>)

.spec.pulse.awg2.shape.expression='exp(j*par1*t) * sinc(t0, tp/2, tp)'



FeMiPULSE, FeMiAWG, FeMiRS, FeMiLIN
Devices for pulse, Rapid Scan, and CW EPR 

Pulse programmer
64k delays 4 ns to 4 s, 4 ns step
14 channels
10 MHz clock input
Built-in timing protection circuitry
Variety of front-ends

Lock-in amplifier
1 MHz 16-bit input sampling
5 harmonics detection in IQ mode
10 harmonics detection in single mode
Integrated ramp generator
Integrated modulation DDS

Arbitrary-waveform generator/averager
IQ excitation and detection
50 MHz bandwidth
100 MS/s excitation and detection
Sequence packaging
Integrated phase cycling

Rapid Scan digitizer
100 MHz 14-bit input sampling
2 channels for IQ detection
Integrated ramp generator
On-board data averaging

https://femi.specman4epr.com/devices.html
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Are we AI – ready ?
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