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OE2031 DSP Lock-In Amplifier

1. SPECIFICATIONS

1.1 Signal Channel

Voltage Inputs Single-ended (A) or differential (A-B).
Full Scale Sensitivity 1nVto 1Vina 1-2-5 sequence.
Input Impedance Configurable to 50 Q//5 pF or 10 MQ//5 pF,
AC or DC coupling
CMRR > 70 dB to 100 Hz, > 50 dB to 100 kHz
Dynamic Reserve > 120 dB.
Gain Accuracy 0.5% typ (< 1 MHz), 3% max.
Voltage Noise
@997Hz 10 nV/ ¥ Hz (Typ).
@99.99kHz 6 nV/ ¥ Hz (Typ).
Grounding BNC (A, B) shields can be grounded or floated via

1 kQ to ground.

1.2 Reference Channel

Input
Frequency Range 1 mHz to 10 MHz.
Reference Input TTL or Sine.
Impedance 1 MQ.
TTL Reference Voltage Vih> 3V, ViL< 5V
Sine Reference Signal Frequency > 1Hz,
200mV < Vpp < 10V.
Phase
Resolution 0.01°.
Absolute Phase Error <1°typ (< 1 MHz), 5% max.
Relative Phase Error <0.01°.
Orthogonality
Internal ref. Synthesized, < 0.0001°rms at 1kHz.
External ref. 0.005°rms at 1kHz (125 ms time constant, 12 dB/oct).
Drift
below 10 kHz <0.01°/°C.
above 10 kHz <0.1°/°C.
Harmonic Detection 2F, 3F, ...nF to 10 MHz (n<32,767).
Acquisition Time
Internal Ref. Instantaneous acquisition.
External Ref. (2 cycles + 5 ms) or 40 ms.
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1.3 Demodulator

Stability
Digital Outputs No zero drift on all settings.
Displays No zero drift on all settings.
Analog Outputs < 5 ppm/°C for all dynamic reserves.
Harmonic Rejection -90 dB
Time Constants 30ns to 4.4ks,
6, 12, 18, 24, 30, 36, 42, 48 dB/oct roll-off.
Synchronous Filter Available below 200 Hz and above 18 dB/oct.
1.4 Internal Oscillator
Frequency
Range 1 mHz to 10 MHz
Accuracy 2 ppm + 10 pHz
Resolution 1 mHz
Distortion -80 dBc (f < 10 kHz), -70 dBc (f > 10 kHz)
Sine Amplitude 1 yVrms to 1 Vrms with 1 pVrms resolution
Error 0.5% typ (f< 1 MHz), 1% max.
Temperature Stability 50 ppm/°C
Sine Outputs Sine, output impedance is 50 Q.
TTL Outputs 5V TTL/CMOS voltage, output impedance is 50 Q
1.5 Displays
Screen 5.6 inch, 640x480 TFT color LCD
Screen Format Single or dual display.
Display Quantities Each display shows one trace,
traces can be defined as X, Y, R, 6.
Display Types Large numeric readout, bar graph,
polar plot and strip chart.
Color Style Yellow, green
1.6 Outputs
AUX Inputs
Function Four channels for input.
Amplitude £10V, 0.1 mV resolution, 0.1%+20mV accuracy.
Impedance 1 MQ
AUX Outputs
Function Four channels for output.
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10V, 0.1 mV resolution, 0.1%+20mV accuracy.

Amplitude
Drive Current

Clock Input
Function
Voltage

Clock Output
Function
Voltage

Sync Input
Function

Voltage
Sync Output
Function

Voltage
Monitor Output

Function

Drive Current

1.7 Interface

RS-232
USB2.0
Ethernet

1.8 General

Power Requirements
Voltage
Frequency
Power

Power Noise Rejection

Weight

Dimensions
Width
Depth

With handle

Without handle
Height

With feet

Without feet

+30 mA max.

Input interface of external 10 MHz clock.

3.3V TTL/CMOS.

Output interface of 10 MHz clock.

3.3V TTL/CMOS.

Input interface of synchronous signal from other

OE2031 lock-in amplifiers.
3.3 VTTL/CMOS.

Output interface of synchronous signal to other

OE2031 lock-in amplifiers.
3.3 VTTL/CMOS.

Analog output of signal amplifiers.

+40 mA max.

Standard 9-pin RS-232 female socket

USB2.0 high-speed interface

1000Mbps Gigabit network interface

220~240 VAC

50 Hz

50 W typ, 70 W max.
70 dB @ 1 MHz
26.456 Ib. (12 kg)

17.7 " (448mm)

20.3 "(515mm)
18.5 "(470mm)

5.9 "(148mm)
5.3 "(133mm)
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OE2031 DSP Lock-In Amplifier

2. LOCK-IN AMPLIFIER BASICS

2.1 Introduction

The Lock-in amplifier is a device used to detect very small signals, which are always
obscured by noise sources many thousands of times lager. The lock-in amplifier
can extract these small signals from noises and measure their values accurately.

The lock-in amplifier is a weak signal detection method based on the coherence.
Lock-in amplifiers use a key technique known as phase-sensitive detection (PSD)
to single out the required component of the signal. This component has the same
frequency with the reference signal and also has a fixed phase differences with the
reference signal. Noise signals at other frequencies are rejected and do not affect
the measurement.

The basic processing of small signals is amplification. Traditional amplifiers will
amplify both the noise signals and the required signals. If there is no band limiting
or filtering, amplification will decrease the signal to noise ratio (SNR). Therefore,
filtering is needed to purify the signal and increase the SNR in order to measure
the weak signal accurately.

PSD can be seen as a band-pass filter with a very narrow bandwidth. The basic
modules of PSD include a multiplier module and a low-pass filter (LPF) module, as
shown in Fig.1. Sometimes PSD is described as a multiplier module without a LPF.

Si(t) So(t) L PF Spsd

Sr(1)

Fig.1 PSD diagram.

In Fig.1, S;(t) is the input signal plus noise in time region, Sg(t) is the reference
signal which has a fixed frequency with the test signal.

S
Si(t PSD _p5d> LPE M,

—] Input Signal

—>|Reference signal|—RQ T

Fig.2 Single-phase amplifier diagram.
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In Fig.2, the input signal S;(t) is defined as: S;(t) = A;sin(wt + @) + B(t) , where
w is the frequency of input signal, A;sin(wt+ @) is the test signal, B(t) is the
total noise.

The reference signal Si(t) is defined as: Si(t) = Agsin(wt + §).

These two signals enter the PSD module for multiplication simultaneously, and the
output of the PSD is defined as:

Spsa = S1(D)Sr(Y) = A[Ag sin(wt + @) sin(wt + 8) + B(t)Ag sin(wt + 6)
= %AIAR cos(p —96) — %AIAR cos( 2wt + @ + 8) + B(t)Ag sin(wt +

8)

In time region, the output of the PSD is made up of three parts:

The first part is a DC signal. If A;, Agx and the phase difference (¢ — 8) between
the input signal and the reference signal are constants, this part is a DC signal.
The second part is the frequency-doubled reference AC signal.

The third part is the result of multiplication between the noise signal and the
reference signal. Because the sine signal is periodic and there is no relevance
between the noise signal and the reference signal. The integral of this part is zero.
In frequency region, we can redraw these three parts:

The first part is at OHz, which is known as the DC component of one signal.

The second part is at 2frer Hz.

The third part is a random signal at all the frequencies, such as white noise. The
frequency spectrum of white noise does not change after any frequency drifts.

To sum up, the LPF output is defined as: Sqoyput = %AIAR cos(p — 9).

Although we can determine the amplitude of the input signal through adjusting the
phase difference(¢ — &), the accuracy is unsteady and insecure. In order to solve
this problem, the dual phase lock-in amplifier was invented, see Fig.3.

——{ Input Signal Si() » PSDO _SdeO, LPFO SOoutputd >
f !
SRro()
N Reference Square Root | R
' —>
Signa SRl(t) Arctan () 0
v Spsd S T
! pPSD1 ps 1. LPF1 Outputl >

Fig.3 Dual Phase Lock-in Amplifier diagram.

Now, we define the phase difference 8 = ¢ — §, the LPFO output X = Sgyputo and
the LPF1 output Y = Sqouipues - Then we calculate the amplitude R which is
independent of 6:
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OE2031 DSP Lock-In Amplifier
A 2X%F+Y?)

R:—:
V2 AR

The phase difference is defined as: 6 = tan™1(Y/X).
2.2 Functional Diagram

The functional block diagram of the OE2031 DSP Lock-In Amplifier is shown in
Fig.4. On the whole, the OE2031 includes signal conditioners, reference signal
generators, an algorithm module and a system control module and so on.

Input A . . Signal Overload 1
— Impedance a Input Differential — —p——
matching d Couple A Amplifier
— o )
Programmable Signal Overload 2
Amplifier L
AGND
I:Input B Impedance = Input
matching Couple B
—e
AGND
Low Pass Filter Low Pass Filter
ADC DAC X

K R T

x

sin(wt)

|| Frequency
Detector Wave Square Root R0
Generator Ar?tan()
Phase

Frequency
Dett‘ector

Square Wave
Shape Circuit

Reference In

cos(wt) Low Pass Filter

DAC v

Sine Wave
Shape Circuit

Phase
Shift
Module

Fig.4 Functional Block Diagram of OE2031

2.3 Reference Channel

The function of the reference channel is to provide a control signal that is coherent
with the detected signal for the phase-sensitive detector. The reference signal of
the OE2031 can be selected as a sine wave or square wave signal according to
the actual situation, and the input impedance of reference channel is 1 MQ.

Normally both reference waveforms can be used. For TTL reference, a high level >
3V and a low level < 0.5V is required; sine reference is AC coupled and sine signal
amplitude > 0.2Vpp is valid. However, when the frequency is below 1 Hz, the TTL
level signal mode must be used. Since the signal-to-noise ratio of sine wave signal
is low when the output amplitude is small, and the amplitude will be jittered, but
many function generators can generate stable TTL synchronous signal, it is more
recommended to use square wave signal as the reference signal.
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I 02031 DSP Lock-In Amplifier

The OE2031 lock-in amplifier has two reference signal modes: internal reference
mode and external reference mode.

When set to the internal reference signal mode, the instrument's internal high-
precision oscillator and synthesis algorithm can generate a sine wave signal for
multiplying with the input signal, which does not need to be phase-locked with a
phase-locked loop, and the internal reference signal is hardly affected by phase
noise. The internal reference mode of the OE2031 can operate properly in the
frequency range from 1 mHz to 10 MHz. Since the internal oscillator will have some
frequency deviation from the oscillator of the external source and there is no phase
lock loop tracking to lock it, there will be some frequency difference between the
internally generated sine signal and the signal to be measured, and the phase
stability between the two is not guaranteed.

The OE2031 is also capable of using an external reference signal mode, where
sine wave signals and TTL logic levels can be used as external reference signals.
The phase-locked loop generates a certain amount of phase jitter in practice, which
may cause errors in the measurement. Phase jitter causes the reference signal to
be mixed with noise of different frequencies. According to the PSD coherence
principle, the output signal contains not only the signal to be measured with the
same frequency as the reference signal, but also the noise of other frequencies in
the reference signal. In fact, the phase jitter is generally small and does not cause
measurement problems. If jitter-free measurements are required, the internal
reference mode can be used. Since this mode does not use a phase-locked loop
and the internal crystal is directly connected to the reference signal, there is no
additional phase jitter interference.

2.4 Phase Sensitive Detectors

The phase sensitive detector (PSD) of the OE2031 is implemented by a digital
multiplier. The input signal is amplified and filtered and then converted into a digital
signal by a 24 bit A/D converter and input to the phase sensitive detector. Since the
reference signal generated by the internal signal generator is also a digital quantity
with a bit width of 24 bit, the accuracy of the phase sensitive detector module is 48
bit.

Si(t) Spsd

Sr(t)

Fig.5 PSD diagram.

>
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The phase-sensitive detector module of the lock-in amplifier mainly realizes the
coherent modulation of the input signal and the reference signal, and the
conventional lock-in amplifier realizes the above function by an analog multiplier.
However, this method of coherent modulation by analog technology has many
defects, it will not only greatly limit the accuracy of the phase sensitive detector but
also introduce a lot of background noise, which is extremely unfavorable for the
measurement of weak signals.

Based on the considerations above, this product uses digital technology to achieve
coherent modulation of the signal. Since the reference signal generated by the
internal signal generator is a digital signal with a bit width of 24 bits, it greatly avoids
the effect of harmonic components on coherent modulation. In fact, the harmonic
components can be suppressed up to -120 dB, which means that the harmonic
components have almost no effect during the coherent modulation process.

In addition, because there is temperature drift and DC bias in the phase sensitive
detector implemented by analog technology, so its output results often have a
certain deviation from the actual results (i.e., systematic error, and this systematic
error is often with uncertainty), while the phase sensitive detector implemented by
digital technology can avoid this problem. In the case of normal system operation,
the corresponding systematic error is almost never generated. Considering that the
inputs of the analog multiplier are all analog, its reference signal is also affected by
the temperature drift effect. This causes deviations to the reference signal as well,
which in turn makes the coherent modulation results have a larger systematic error.

The dynamic reserve of phase-sensitive detectors implemented in analog
technology is basically limited to less than 60 dB, because there is often a lot of
background noise in analog systems. Since the lock-in amplifier is mainly used for
detection of weak signals, the result of coherent modulation will be wrong when the
amplitude of the background noise is close to or larger than the signal. The phase
sensitive detector implemented by digital technology does not have such problems,
and its dynamic reserve is mainly limited by the quality of the A/D conversion. Once
the input signal is digitized, no additional errors are introduced in the process of
coherent modulation. In fact, the dynamic reserve of the OE2031 can reach over
120 dB.

In summary, it can be seen that the phase sensitive detector realized by digital
technology is better than the phase sensitive detector realized by analog
technology in all aspects of performance, and the phase sensitive detector
implemented by digital technology also has the advantages of easy debugging,
thus becoming the best choice for this product.
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2.5 Time Constants and DC Gain

The output signal of the PSD contains many signals of various frequency, such as
the sum or difference between the input signal frequency and the reference
frequency. Only the signal whose frequency is exactly equal to the reference
frequency will result in a DC output.

The output of the phase-sensitive detector contains a variety of frequency
components of the signal, the sum or difference between the input signal frequency
and the reference frequency. Only the signal whose frequency is exactly equal to
the reference frequency will result in a DC output. The low-pass filter follwing the
phase-sensitive detector can filter out the noise signal and the sum frequency
signal except for the DC component, so that the lock-in amplifier has the function
of a high-quality band-pass filter.

Time Constants

The bandwidth setting of the low pass filter is the same as the conventional low
pass filter. They are both determined by the time constants. The calculation of the
time constant is defined as:

1

TC = —
2mf

Here f is the -3dB frequency of the low-pass filter. For example, to a one-order low
pass filter of RC type, a 1s time constant means its -3dB point occurs at 0.16Hz.

In fact, where there is an input noise, there is an output noise. By increasing the
time constant, the output becomes more stable and measurement becomes more
reliable. The time constant reflects not only the stability of the system and the
accuracy, but also the respond time of the output. For the first-order RC low-pass
filter, it is necessary to wait for more than 5 times the time constant to make the
output stable.

The time constant also determines the equivalent noise bandwidth (ENBW) for
noise measurements. As a special note, the equivalent noise bandwidth does not
refer to the -3 dB bandwidth of the filter, it refers to the effective bandwidth for
Gaussian noise.

Equivalent noise bandwidth and response wait time of each order of RC low-pass
filter are shown in Table 1.

Table 1 ENBW and response wait time of each order of RC low-pass filter

) Equivalent noise | Time required for output to reach
Filter order Steep drop . e
bandwidth 99% stability
1 6 dB/oct 0.25+TC 46 XTC
2 12 dB/oct 0.125+TC 6.6 XTC

>

SINE
SCIENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifer

3 18 dB/oct 0.09375+TC 84XTC
4 24 dB/oct 0.07813 +~TC 10xTC
5 30 dB/oct 0.06836 ~TC 11.6 XTC
6 36 dB/oct 0.06152 +TC 131 XTC
7 42 dB/oct 0.0564 +~TC 146 XTC
8 48 dB/oct 0.05237 = TC 16 XTC

Digital Filters vs Analog Filters

To maximize the performance of the OE2031, we use a digital filter to implement
low-pass filtering of the coherent modulation results. As with most analog versus
digital systems, the digital system has many advantages that the analog system
does not have. First, the temperature drift and nonlinearity inherent in analog
devices will greatly limit the degree of filter roll-off. Second, to build a low-pass filter
with large time constants and high quality through analog devices requires a
considerable board area, which will not only make the cost of the instrument rise,
but also the large number of analog devices will make future debugging very difficult.

The low-pass filter implemented digitally in this product is a narrow-band filter with
48-bit width, DC gain of 0 dB, and equivalent Q value of up to 145 dB or more.

Synchronous Filters

Another advantage of digital filtering is to do synchronous filtering. Even if the input
signal has no noise, the PSD output always contains a component at 2F (sum
frequency of the signal and the reference) whose amplitude may exceed the
difference frequency component that we want. At lower frequencies, the time
constant required to filter out the 2F frequency can be large. For example, if the
input signal is a 1 Hz frequency waveform, then the 2F frequency is 2 Hz. Even
with a second-order RC filter with a 10 second time constant, the attenuation for
the 2 Hz frequency position is only 40 dB or so.

The synchronous filter is an averaging algorithm that averages all data within one
full cycle time of the reference frequency, allowing effective filtering of all octave
components of the reference frequency. In the above example, if the synchronous
filter is used, only 1 second of waiting time is needed to achieve better results than
the RC filter with a 10 second time constant.

In OE2031, synchronous filters are available at detection frequencies below 200
Hz. At higher frequencies, the filters are not required because the 2F component is
easily removed without using long time constants. The output of the synchronous
filter is followed by two more stages of normal filters. This combination of filters can
eliminate the harmonics of the reference signal and attenuate other noise signals.

SINE
SC/IENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifier

Long Time Constants

Time constants above 100s are difficult to accomplish by using analog filters. This
is simply because the capacitors required for the RC filters are prohibitively large
in value and size. Why would you use such a long time constant? Sometimes you
have no choice. If the reference is below 1 Hz with a lot of noise at low frequency,
the PSD output will contain many low frequency components. But the synchronous
filter only filters out the harmonic component of the reference frequency, and the
noise is filtered by the followed filters.

The OE2031 provides time constants as long as 4400s, which can satisfy most
requirements of measurements.

DC Output Gain

How big is the DC output from the PSD? It depends on the dynamic reserve. With
a 60 dB dynamic reserve, a noise signal can be 1000 times (60 dB) greater than
full scale signal. At the PSD, the noise cannot exceed the input range of PSD. For
example, in an analog lock-in, the PSD input range might be 5 V. With 60 dB
dynamic reserves, the signal will be only 5 mV at the PSD input. The PSD typically
has no gain so the DC output from the PSD will only be a few millivolts. Even if the
PSD had no DC output errors, amplifying this millivolt signal up to 10 V is error
prone. An offset as small as 1 mV will appear as 1 V at the output. This is one of
the reasons why analog lock-in does not perform well at high dynamic reserve.

The digital lock-in does not have an analog DC amplifier, and has no DC output
offset. Likewise, the digital DC amplifier has no input offset. The output of digital
DC amplifier is simply the products of multiplying the input signal by the gain. This
allows the OE2031 to operate with 120 dB of dynamic reserve without any output
offset or zero drift.

2.6 DC Outputs and Scaling

The OE2031 has 4 output channels from CH1 to CH4 on the rear panel.

CH1 and CH2 Outputs and Display

The output range of CH1 and CH2 is from -10V to 10V.

The output signal is proportional to the value of the test signal and the setting scale.
Otherwise, the OE2031 shows the value of CH1 to CH4 on the front panel, including
the value of X, Y, R, 6 of the test signal. The display interface of OE2031 is shown
in Fig.6. This product can display data in the form of a bar graph in addition to the
usual numerical display.

>
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CH Output
CH1 CH2
CH3 CH4

(GrerTosd: WoNE NovE | Freq: 10. 000Kz Slov | Fast
Rof.Source: _steral

Fig.6 Output Setting Interface of OE2031
X, Y and R Output Offset and Expand

The OE2031 has the ability to offset the X, Y and R outputs, which is useful when
measuring deviations in the signal around some nominal value. Because the offset
can be set anywhere in the range, the offset of the output can be said to be almost
zero. The change in output can be read directly from the output of the display or
panel. The offset is expressed as a percentage of the full scale output, and this ratio
does not change as a result of changes in sensitivity. The offset can be set to a
maximum of £100% of the full scale output.

The X, Y and R outputs can be expanded. It's realized by multiplying the output
with an expansion factor. Thus, a signal which is only 10% of full scale can be
expanded to provide 10 V rather than 1 V. The general use for expansion is to
increase the measurement resolution around some value which is not zero.

When the output does not exceed full scale, the OE2031 can expand the output
by multiplying the expansion factor from +1 to +256. The output with offset and
expand is:

Output = ( Sig_rml + Offset) X Expand x 10(V)
Sens
where <Offset> can be set +100% by the digital keyboard and the minus step is
0.01%. <Expand> can be set from +1 to +256 by the digital keyboard and the minus
step is 1. Related display interface is shown in Fig.7.
For example, there is:

out t_(0 mV
uiput = 1mV

+ 0.2) x 2 x 10(V) = 6(V)
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CH Output
Sons:100mV [Gainez2 R 500 [Gol:a¢ [sreca [ LOutPUt
TC:250mS | Slope: 24dB/oct CH3 CH4

R= +50. 02mV

Freq: 10. 000HHz Slow | Fast

Fig.7 Output Offset and Expand

2.7 Dynamic Reserve

The definition of dynamic reserve is the ratio of the largest tolerable noise signal to
the full scale signal, expressed in dB, which is defined as:

Dynamic reserve = 20(OVL/FS)(dB)

Where OVL is the total dynamic range of the input signal. FS is the dynamic range
of the output signal. If the dynamic reserve is 100 dB, the tolerable noise can be
10° times the input.

The ‘tolerable’ means that the noise at the dynamic reserve limit should not cause
an overload anywhere in the instrument. Overload might appear at the input of the
pre-amplifier and the output of DC amplifier. The input gain of the system is
inversely proportional to the dynamic reserve, because noise is also amplified with
the input gain, so high dynamic reserve can be achieved by reducing the input gain.
The pre-amplifier gain is set to a more reasonable range to prevent noise overload.
After the PSD and low-pass filter have filtered out most of the noise, the DC gain is
set to a larger value to amplify the signal to full scale.

The input signal of the lock-in amplifier requires AC gain prior to PSD processing,
while DC gain is sufficient after PSD processing. Suppose the total gain is a
constant. If the AC gain increases and the DC gain decreases, the input noise is
easy to overload after AC gain. Thus, the dynamic reserve and the DC drifts
decrease. In contrast, if the AC gain decreases and the DC gain increases, the
dynamic reserve increases. In this case, the output stability will decrease and the
accuracy of measurement will be lower.

The noise frequencies and amplitudes affect the accuracy of the DC output signal.
Noise at the reference frequency with large amplitude becomes part of the DC
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signal after the PSD. This enlarges the output error of the lock -in ampilifier.

The dynamic reserve is related to noise frequency. The dynamic reserve is 0dB at
reference frequency and increases when the noise frequency moves away from the
reference frequency. It reaches a maximum value when the frequency is far enough.
The dynamic reserve near the reference frequency is important to noise tolerance
of the instrument. Providing more low pass filter stages can improve the
performance of the filters and then increase the dynamic reserve close to the
reference frequency. The dynamic reserve far from the reference frequency is
generally high but has little influence.

The dynamic reserve of OE2031 is greater than 120dB. High dynamic reserve will
increase output noise and drift. When the dynamic reserve is high, output noise will
be increased due to the A/D converter. There is background noise at any signal.
When the signal is amplified by PSD, the output signal will contain noises. If the
noise is very high, it will result in large output noise. Otherwise, if the external noise
is very low, the output is mainly affected by the noise of OE2031. Reducing dynamic
reserve and DC gain can decrease the error. Therefore, low dynamic reserve
should be chosen firstly in actual application.

2.8 Signal Input Amplifier and Filters

A lock-in amplifier can measure signals as small as a few nanovolts. The gain of
the low noise signal amplifier should be large enough so that the output signal can
be digitized by the A/D converter without degrading the signal to noise (SNR). The
analog gain in the OE2031 ranges from roughly 0.4 to 1500 times. Higher gains do
not improve the SNR.

The overall gain (AC plus DC) is determined by the sensitivity and the distribution
of the gain is set by the dynamic reserve.

Input Noise

In OE2031, the input noise is about 10nVrm/v/Hz. If an amplifier has 10 nVrm/vHz
of input noise and a gain of 1000, the output will have 10 pVrm/vHz of noise.
Suppose the output of the amplifier is low-pass filtered by a single RC filter (6 dB/oct
rolloff) with 100 ms time constant. Input noise of lock-in amplifier and Johnson noise
of resistors are both Gaussian in nature. That is to say, the amplitude of noise is
proportional to the square root of the noise bandwidth. A single-stage RC filter has
an ENBW of 1/4T where T is the time constant (RxC) which means that Gaussian
noise is filtered with an effective bandwidth equal to ENBW. In this case, the filter
sees 10 pVrm/vHz of input noise and has an ENBW of 1/(4x100 ms) or 2.5 Hz.
The voltage noise at the filter output will be 10 uVrm/vVHz x v2.5Hz or
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15.8 uVrms. For Gaussian noise, the peak-peak noise is about 6.6 times the rms
noise. Thus, the output noise will be about 104puVpp.

Input noise works the same way. At a set gain of 1500 times, the input gain reaches
its maximum and the amount of input noise will determine the output noise. The
equivalent noise bandwidth of the low-pass filter, in turn, affects the amount of noise
at the output.

ENBW depends on the time constant and filter roll off(refer to chapter 2.5). For
example, suppose the OE2031 is set to <5 pV> full scale, <100 ms> time constant
and <6dB/oct> roll off. Thus, ENBW is 2.5 Hz. This brings 7.9 nVrms input noise.
At this setting, the noise equivalent to the input is 15.8 nVrms, the output is 0.32%
of the range (i.e. 15.8nV/5uV), and the peak-to-peak noise is about 2% of the full
scale.

Assume that the signal input is from a low impedance source. The Johnson noise
of resistors equals to 0.13xv/R. Take a 100Q resistor for example, its noise is almost
1.3nVrm/vHz. When the impedance of the resistor is 10 kQ, the Johnson noise is
greater than the input noise of OE2031. The overall noise of multiple noise sources
is determined by the square root of the sum of the squares of the individual noise
figures. For example, if a 10kQ source impedance is used, its own Johnson noise
and the input noise of OE2031 are superimposed and the total noise is

V102 4+ 132 = 16.4 nVrms/VHz.

At low gains, the gain is not high enough to amplify the input noise to a level greater
than the noise of the A/D converter. In these cases, the output noise is mainly the
A/D noise. At these sensitivities, the DC gain is low and the noise at the output is
negligible.

Anti-aliasing filter

After the trapper and amplifier circuit, the input signal passes through an anti-alias
filter, which must be done before the signal can be digitized. According to Nyquist's
theorem, the sampling frequency is at least twice the frequency of the signal. For
example, if the signal frequency is 100kHz, then at least 200kHz sampling
frequency is required for sampling. 250MHz is the sampling frequency of the A/D
converter of the OE2031, and the A/D converter cannot convert signals higher than
125MHz, which would violate Nyquist's theorem and result in undersampling. The
result of undersampling is that the high-frequency signal will appear in the low-
frequency part of the digital stream output by the A/D converter, i.e., the signal will
be mixed, causing measurement errors.

To avoid this situation of undersampling, the analog signal is first low-pass filtered
to eliminate the high-frequency portion of the signal above 125 MHz. The low-pass
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filter has a flat passband (0-60MHz), and signals in this frequency range are not
affected. The high frequency portion of the signal above 10 MHz is gradually
attenuated, and the transition phase from 10 MHz to 125 MHz produces a 100 dB
attenuation of the signal and noise above the 125 MHz frequency.

Input Impedance

The OE2031 is available with either 50 Q or 10 MQ input impedance If a higher
input impedance is required, the OE2031's pre-amplifier, the OE400X series, can
be used. the OE400X series pre-amplifiers are available with input impedances of
100 MQ or higher to meet a variety of user scenarios.

2.9 Input Connections

Noise is present in all circuits. Even in the case of large signal amplitudes, noise
can reduce the accuracy of the measurement. In order to obtain the best
measurement accuracy, care must be taken to reduce avoidable sources of noise
in the experimental environment. In addition to the inherent noise of the system,
the influence of other noise sources (such as power supply noise, noise from the
signal generator, electromagnetic fields distributed in space, etc.) and the ground
level difference between different instruments and ground loop problems can be
reduced at the link of the input connection.

There are two basic methods for input connection - the single-ended connection is
more convenient while the differential connection eliminates spurious pick-up more
effectively.

Single-Ended Connection (A)

In the first method, the lock-in uses the A/l input in a single-ended mode. The lock-
in detects the signal as the voltage between the center and outer conductors of the
A/l input only.

It is generally accepted that the ground level is a constant of 0 V. However, the
ground levels of different instruments can vary slightly. When the ground level of
the signal source is directly connected to the ground level of the test instrument,
the difference in their levels will result in a large current, i.e., a ground loop, when
the current of the instrument at the higher ground level all flows back to earth
through the instrument at the lower ground level, which will lead to two serious
problems: first, the noise of the instrument at the higher ground level is directly input
into the instrument at the lower ground level, and second, the lower because of
excessive current and damage. To solve this problem, the ground loop problem can
be eliminated by connecting a resistor between two different levels of ground. In
the OE2031, two resistance modes are available: Float and Ground, with a 1 kQ
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resistor for Float and a 0 Q resistor short for Ground.

In addition, the single-ended connection mode is sensitive to noise. The single
signal line is like an antenna and will be affected by the electromagnetic noise from
the environment, and the shield will absorb this noise. Because the single-ended
connection mode detects the voltage difference between the center signal line and
the shield, so this noise will be carried inside the lock-in amplifier.

Differential Connection (A-B)

The differential connection mode has two signal lines connected to the signal
source, each to the corresponding input (A/l, B). This mode detects the voltage
difference between the center conductors of the A and B interfaces, and the noise
absorbed by the shields of both interfaces is not acquired by the lock-in ampilifier.

In this mode, take care that the two cables travel the same path between the
experiment and the lock-in. There should not be a large loop area enclosed by the
two cables. Otherwise, measurement is susceptible to magnetic pickup.

AC coupling and DC coupling modes

The OE2031 has two modes of AC coupling and DC coupling for the input signal.
AC coupling filters out DC and lower frequency signals through a first-order RC
high-pass filter (-3dB frequency is 0.16Hz). AC coupling should be used when the
signal frequency is greater than 10Hz (to ensure passband flatness). For signals
below 10Hz frequency, DC coupling mode should be used. DC coupling mode does
not have any obstruction to the input signal.

If the input signal contains a DC component, which is not removed, then it poses
several pitfalls: the DC component is also amplified in the amplifier circuit, and if it
is amplified beyond the input range of the A/D converter, then it will cause errors in
the measurement results and may also damage the A/D converter. In addition, the
DC component is quantized into a digital quantity by the A/D converter and then
multiplied with the reference sine signal in the PSD, then a more powerful low-pass
filter is required to filter it out, which will result in a longer measurement time
required.

When the frequency of the signal to be measured is greater than 10Hz, it is
recommended to use AC coupling mode.

2.10 Intrinsic Noise Sources

Noise is defined as any negative factors which will affect the result of measurement.

>

SINE
SCIENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifier

Noise is random, unpredictable and temporary. Good experimental design should
reduce the noise and improve the stability and accuracy of measurement. Some of
noise is unavoidable which only can be decreased by signal averaging and a
narrower bandwidth. Others can be decreased by filtering and perfect line
structures and component layout. Meanwhile, amplifier itself also produces noise
at work, which can be solved by low noise amplifier design techniques.

There are various intrinsic noise sources in electronic systems, and these noises
have their physical meanings.

Johnson Noise

Every resistor generates a noise voltage across its terminals due to thermal
fluctuations in the electron density within the resistor itself. This is Johnson noise.
The spectrum of the Johnson noise is flat, so the noise power is almost the same
in different frequency band (Of course there is an upper limit frequency). In this
case, the noise is called white noise. The fluctuations give rise to an open-circuit
noise voltage,
V= (4KTRB) 1/2

Where k is the Boltzmann’s constant of 1.38x1023J/°K. T is the temperature
in °Kelvin, which can be transformed to °Celsius: °K= °C +273.16. R is the
resistance in Ohms, and B is the bandwidth of the measurement in Hz.

Nyquist described the features of Johnson noise in math, and found the power
spectrum function of Johnson noise is:

St(f) = 4KTR(V?/Hz)
At 300 °K, a resistor of 10 KQ is connected to the input of the amplifier. The
voltmeter is connected to the output of the amplifier. The open-circuit effective
voltage of the filter which has a 10 kHz bandwidth is 1.3 pV.

The amplitude of Johnson noise is unpredictable in normal case. But it follows the
Gaussian distribution. Johnson noise is the minimum value of the noise voltage of
any devices including detectors, signal sources and amplifiers with resistors.
Johnson noise is a typical case of wave dissipation.

Shot Noise

Because of the finite nature of the charge carriers, electric current has noise. Noise
generates in the current since there is always some non-uniformity in the electron
flow. This noise is called shot noise. It appears as voltage noise when current is
passed through a resistor, or as noise in a current measurement.

If ignore the effect between carriers, the shot noise or current noise is given by:
I=(2ql4cB)"?
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where q is the electron charge of 1.6x10'° Coulomb, |4 is the DC current and B is
the bandwidth. If l4c is 1 A DC current and B is 10 kHz, then, | is 57 nA which is
about 0.000006% of l4c. At a smaller current, the fluctuation is larger. For example,
if lac is 1 yA and B is still 10 kHz, then, | is about 0.006% or -85 dB. If l4c is 1 pA,
then, | is about 5.6% or 56 fA.

In fact, shot noise is one kind of the white noise. Its power spectrum density is given
by:

Ssi(f)=2qld(A%/Hz)
The formula is based on the assumption that carriers in the current do not affect
each other. This assumption exits, such as the diffusion current in the junction diode.
However, for general metal, this formula cannot be used because the cross effect
between carries cannot be ignored.

Flicker Noise (1/f Noise)

In 1925, Johnson first found 1/f noise in in tube currents. The power spectrum
function of this noise is proportional to 1/f. The lower the frequency, the more
serious the noise. Thus, it is also called low frequency noise. Microscopically, 1/f
noise is caused by the random value of contact resistance between two conductors.
The current amplitude of 1/f noise follows the Gaussian distribution, and the power
spectrum density is proportional to 1/f which is given by:

2
S(0) = =3 (v2/Hz)

1/f noise is also called flicker nose due to the random fluctuation of the power
spectrum density in active devices. It broadens the bandwidth near the center
frequency and reduces the value of Q of oscillators. 1/f noise must be considered
near the center frequency.

Johnson noise and shot noise are unreducible. Any resistors with a same
resistance have the same Johnson noise. Shot noise relies on the special
manufacture of resistors, including its material and package technology and so on.
For example, among winding resistor, metal film, carbon resistor and pure carbon,
the winding resistor has the minimum resistance. The metal film resistor and carbon
resistor have larger resistances. The pure carbon resistor has the maximum
resistance of these four. All of these noises are incoherent. The total random noise
is the square root of the sum of the squares of all the incoherent noise sources.

2.11 External Noise Sources

In addition to the intrinsic noise sources discussed previously, there are different
kinds of external noise sources. Most of these noise sources are asynchronous and
not related to the reference. They do not occur at the reference frequency or its

SINE
SCIENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifer

harmonics. These noise sources affect the measurement mainly by increasing the
requirement of dynamic reserve or lengthening the time constant. However, some
external noise sources are related to the reference. If they are picked up in the
signal, noise will add or subtract from the actual signal and cause errors in the
measurement. Fortunately, external noise sources can be reduced through various
ways.

Capacitive Coupling

The mutual capacity between wires is often called stray capacity Cstray. An AC
voltage from a nearby piece of apparatus can couple to a detector via Csiray.
Although Csiray may be very small, the coupled noise may still be larger than a weak
experimental signal and cause severe instability for the detector. The noise current
is given by:
|=U.)Cstrayvnoise

where w is 21 times the noise frequency, Vnoise is the amplitude of noise, and Cstray
is the stray capacitance.

When the noise sources’ frequency become larger, the coupling noise will be larger.
If the noise source is at the reference frequency, the noise will be quite large. The
lock-in rejects noise at other frequencies, but pick-up at the reference frequency
appears as signal.

Cures for capacitive noise coupling include:

1) Remove or turn off the noise source.

2) Design the experiment to measure voltages with low impedance for most of low
frequency noise sources.

3) Install capacitive shielding by placing the experiment and detector in one metal
box.

Inductive Coupling

An AC current in a nearby piece of apparatus can couple to the experiment via a
magnetic field. A changing AC current gives rise to a changing magnetic field which
induces voltage. The larger the frequency, the larger the electromotive force, the
greater the measurement error.

Cures for inductively coupled noise include:

1) Remove or turn off the interfering noise source.

2) Reduce the area of the pick-up loop by using twisted pairs or coaxial cables.

3) Use magnetic shielding to prevent magnetic field from crossing the area of
measurement.

Resistive Coupling or Ground Loops
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The ground loop is an interference source which can generate noise voltage
between the grounds. If the noise voltage is large enough, it will cause
measurement errors. Ground loop is a physic loop, which generates from many
ground methods. These grounding methods can act as a big loop wire. They pick
up noises from the environment and generate voltages in the grounding system.
The 50 Hz magnetic field of the AC power is a normal noise source that the ground
loop always pickup. For distributed grounding systems, the ground voltage can
cause the ground current flow in the ground loop. Since the ground is with low
impedance, noise current is always very high.

Cures for ground loop problems include:

1) Connect all grounds to the same physical point.

2) Use a heavy ground bus to reduce the resistance of ground connections.
3) Remove sources of large ground currents from the ground bus.

Microphonics

Not all noise sources are electrical in origin. According to microphonic effects,
mechanical noise can be transformed into electrical noise. Physical changes in the
device or cables (such as vibrations) will cause electrical noise over the whole
bandwidth of the lock-in.

Solutions to minimize microphonic signals:

1) Eliminate mechanical vibrations near the experiment.

2) Tie down cables carrying sensitive signals.

3) Use a low noise cable that is designed to reduce microphonic effects.

Thermocouple effects

When two dissimilar metals contact, there will be potential difference between them.
The reason for potential difference includes: (1) different electronic work function of
two metals. (2) different electron concentration of two metals.
Suppose that metal A and metal B have work functions V5 and Vy, respectively. The
electromotive force (emf) between A and B is:
Vo—V v KT Na

ab — Va ™ b+?X1n(N_b)
Where K is Boltzmann’s constant of 1.38x10-23J/K, T is the temperature of °Kelvin,
g is the electron charge of 1.60x10-19 Coulomb. It's found that from the formula,
the contact potential depends on the nature of the metal and the temperature of the
contact surface.

If two dissimilar metals contact, the electromotive force at the contact point will plus
a slowly changing millivolt level. This kind of noise is sensitive to temperature. This
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noise is typically at very low frequency because the temperature of the detector and
experiment generally changes slowly. This effect is large on the scale of many
detector outputs and can be a problem for low frequency measurements, especially
in the mHz range.

Solutions to minimize thermocouple effects:
1) Hold the temperature of the detector or experiment constant.
2) Use a compensation junction.

2.12 Noise Measurement

OE2031 provides a noise measurement function that measures the noise of the
input signal at the reference frequency. Some noise sources are frequency
dependent and the lock-in amplifier can measure these noise sources.

Depending on the bandwidth of the RC filter set by the user, the lock-in amplifier
can be understood as a bandpass filter with the reference frequency as the center
frequency and a passband bandwidth twice the bandwidth of the RC filter.
Therefore noise near the reference frequency is retained at the output. When the
input signal is a noise source, then the lock-in amplifier can measure its noise value
at the set frequency. If the frequency is measured in a swept manner, the noise
power spectrum of the noise source can also be obtained.

The OE2031 measures noise by first calculating the mean squared difference of
the X-value over a period of time, which means the total noise in a certain
bandwidth near the reference frequency. And this bandwidth is the bandwidth of the
digital filter after the PSD, because the noise obtained from different bandwidths is
different, so the next normalization process should be performed. The calculated
RMS is divided by the square root of the equivalent noise bandwidth of the digital
fiter ( v ENBW), and the resulting noise spectral density is the required
measurement value in V/ v Hz. the equivalent noise bandwidth can be calculated
by referring to Table 1 in Section 2.5.

2.13 Aux In/Out

There are four 16-bit high-precision AUX-ADC input channels in OE2031. The input
voltage ranges from - 10 V to + 10 V, the minimum resolution is 0.1 mV and the
sample rate is 312.5ksps. These 4 ADC channels can clamp the input signal and
amplify the internal differential signal. The input impedance is 1 MQ. At the same
time, they can pick up signals to measure slow analog signals or DC signals (the
signals come from temperature sensor and pressure sensor). This is useful for
proportional operation and transferring data to computer.

Because of the internal special structure of the 4 AUX-ADC channels, the
measurement result is about 2.048V when the input is floating.

SINE
SC/IENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifier

The OE2031 also includes four 16-bit high-precision auxiliary AUX-DAC outputs
(interface with DC output CH Output) with £10 V output voltage range, minimum
resolution of 0.1 mV, and data refresh rate of 1 Msps. Auxiliary voltage outputs can
be provided according to user needs.

The AUX IN and AUX OUT connectors are standard BNC connectors integrated
into the rear panel of the OE2031. Setting of the AUX-ADC value display is
performed in the [DISPLAY] submenu, while setting of the AUX-DAC output value
is performed in the [CHOUT AUXOUT] submenu.

2.14 Sweep Frequency and Amplitude of Signal Generator

The OE2031 adds some new functions, such as frequency and amplitude scanning.
Signal generator can scan the output amplitude and frequency. Uses can sweep
the frequency they interested in and analyze the characteristics of the signal. This
function greatly increased the actual application

The basic way of frequency and amplitude scanning is setting the value of the start
and end point, and increasing the value by step and then the scan is over. See
more details in the sections related to frequency and amplitude scanning.

2.15 Multi-harmonic Detection

Harmonics represent waves at multiple frequencies. Periodic function can be
described as the linear combination of one constant and many sine or cosine
functions with the base frequency and the multiple frequencies. The constant is the
DC component. The base frequency component is the base wave. The multiple
frequencies are harmonics.

Now many lock-in amplifiers can only measure one base wave or one component
of harmonics at one time. But in most practical applications, it is necessary to
measure and record multiple harmonics simultaneously. In order to solve this
problem, OE2031 realized multi-harmonic detection. Up to 4-channel harmonic
components can be measured by one OE2031 at the same time. The OE2031 can
do the work that required 4 lock-in amplifiers.

Measurement settings for multi-harmonics are made in the [DEMOD] menu.

In addition to the multi-harmonic measurement function, the OE2031 also adds an
arbitrary frequency demodulation function and a formula combination frequency
demodulation function.
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3.

INTERFACES

3.1 Front Panel

The front panel of OE2031 is shown in Fig.8.
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Fig.8 Front Panel of OE2031

The OE2031 uses a 5.6 inches TFT-LCD for display and interactive
control. Display resolution is 640*480. 8 levels of background
brightness are available, which is set in the [SYSTEM] sub-menu.
The measurement results are displayed at the left of the screen. It
can provide single or double area for display. Otherwise, each area
can display number, XY coordinates and polar coordinates. The right
of the screen is used to choose and modify control conditions of
measurement.

There are 5 soft keys on the right side of the display screen. The soft
keys’ functions change with the current menu. In general, these soft
keys have two main functions, one is to choose different setting
options, and another is to highlight some parameters and then use
the knob or keyboard to input. For all functions, soft key only work
with parameters that are adjacent to it.

The knob is used to adjust parameters which are highlighted. Most
parameters can be adjusted by the spin knob.

The keyboard consists of 3 groups of buttons. The [ENTRY] area is
used to input the highlighted parameters by data forms. The [MENU]
area is used to change the parameter list at the right side of the
screen. And it provides 10 different function menus. The [ARROW]
area provides a selection of certain highlighted parameters, such as
Sensitivity range setting, frequency modification for a single bit, etc.

>
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SINE OUT The signal generator can provide programmable voltage which is up
to 5 Vrms. The output impedance is 50 Q. If using the external
reference signal, the signal generator can lock the phase of the input
signal through PLL.

TTLOUT The TTL OUT output interface provides a 5V TTL/CMOS compatible
square wave signal with an output impedance of 50 Q at the same
frequency as SINE OUT.

ADD IN The ADD IN function has an input range of -10 V to +10 V. The signal
input at this interface can be set to superimpose with the SINE OUT
signal.

REF IN The reference input can be a sine wave or a TTL pulse. When input

is a sine wave, the input impedance is 1MQ AC coupled. For low
frequencies (<1Hz), it is necessary to use a TTL reference signal.

SIGNAL IN There are two signal input modes, single-ended A and differential,
A-B. The input A can be current signal. When measuring voltage, the
input impedance of A and B are both 50Q or 10MQ//5 pF.

3.2 Rear Panel

The rear panel of OE2031 is shown in Fig.9. It includes a cooling fan, power connector,
power switch, USB 2.0 connector, RS-232 female connector, Ethernet connector, Digital-
IO connector, and extended function connector. Among them, the extended function
interface includes AUX IN, AUX OUT, CLK IN, CLK OUT, SYNC IN, SYNC OUT, and
MONITOR.

(w1 mwour/orour T — usaz.0
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Fig.9 Rear Panel of OE2031

Power Connector Power connector is used to provide power for the instrument. This
power connector with a build-in fuse receives 220 V, 50 Hz AC power.
And it can filter high frequency noise.
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UsB2.0

RS232

Ethernet

AUXIN

AUX OUT

CLKIN

CLK OUT

SYNC IN & SYNC

ouT

MONITOR

3.3 Main Display

The OE2031 lock-in amplifier communicates with the PC through a
USB2.0 interface so that the PC can control the OE2031 and read
data.

The RS232 interface is a standard 9-pin RS-232 female interface that
allows the OE2031 to communicate with other host computers.

Ethernet interface communication rate is up to 1000Mbps, can be
fast communication with PC.

Four auxiliary AUX-ADC inputs with £10 V input range and minimum
resolution of 0.1 mV

Four auxiliary AUX-DAC outputs with +10 V output range and
minimum resolution of 0.1 mV

CLK IN is the external clock input interface, which can only receive
10MHz, 3.3V level clock signal input for synchronizing clock use with
external instruments.

Note that if the external clock source is not stable, it will degrade the
performance of OE2031.

CLK OUT provides a 10MHz clock output interface with operating
level of 3.3V.

The SYNC IN and SYNC OUT interfaces are used to synchronize
between multiple OE2031s.

MONITOR provides an output signal obtained after analog
amplification and filtering, i.e., the signal before input to the ADC.
Since analog amplification also amplifies noise, the MONITOR
output is not suitable for observing signals with very small amplitude
of the original signal.

The main display is divided into 4 parts, including Status bars, Function bars, Monitoring

bars and Menu bars.

3.31

Status Bar

As is shown in Fig.10 and Fig.11, the status bars indicate the current settings of the system

>
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or the result of measurement. Users can switch what to display in the submenu [DISPLAY].
Status bars can show the following parameters:
Specifications at the Status bars:

<Sens> The value of sensitivity.

<Gain> The value of input gain.

<Rin> Input impedance.

<Cpl> The couple mode.

<Src> The input mode.

<TC> The value of time constant.

<Slope> The value of filter roll off slope.

<Sync> The setting of synchronous filter.

<Grnd> A, B connector shields grounding method
<AUX-IN1> The input amplitude of AUX-IN1 interface.
<AUX-IN2> The input amplitude of AUX-IN2 interface.
<AUX-IN3> The input amplitude of AUX-IN3 interface.
<AUX-IN4> The input amplitude of AUX-IN4 interface.

Source
R s00]Go1: 8¢ [
IC:250mS | Slope: 24dB/oct | Sync: OFF | Grnd: Ground A 1.5

R= +50.01mV ";'Z,‘fmfo.n

Grounding

Float |Ground

(Overlond: RONE_WONE [ Preq: 10, 000Mz
Rof. Source: _Bsternal

Source
Sens:100nV[Gain:x2__[Rw:_500[Cpl:AC [Sreia |
1C:250mS [Slope: 24dB/oct [Sync: OFF A | AB

Impedance

10MQ

Fig.11 Main Interface: Status Bar 2
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3.3.2 Data Bar

i

+100mV
Float |Ground

-0. 33° “:z“.“w

+180°
Overload: NONE NONE |Freq: 10. 000MHz

Fig.12 Main Interface: Data Bar

Users can choose which to display among <X>, <Y>, <R>, <6> in [DISPLAY] submenu,
as is shown in Fig.12. How to display is also optional, such as number chart, bar chart, XY
coordinate graph and pole coordinate graph. More details about setting is in [DISPLAY]
submenu.

3.3.3 Monitoring Bar

Source
Sens:100mV Riy: 50Q Src:A
TC:250mS | Slope: 24db/oct A | a8

R= +50.01mV "’”““fo.o

External |PLL: LOCKED

Fig.13 Main Interface: Monitoring Bar

The monitoring bar is on the bottom of the screen as is shown in Fig.13:
<Overload> To indicate an input overload or amplification overload.
If there is no overload, it shows <Overload: NONE NONE>;
If an input overload, it shows <Overload: INPUT NONE>;
If an amplification overload, it shows <Overload: NONE GAIN>;
If there are both an input overload and amplification overload, it
shows <Overload: INPUT GAIN>. In this case, reduce the input as
soon as possible to prevent over-voltage damage to the instrument.
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<Freq> Display the frequency of input signal.
<Ref. Source> The mode of the reference signal: Internal or External.
<PLL> The status of PLL.

If the PLL is locked, it shows <PLL: LOCKED>.

If there is no reference or the PLL is not locked,

it shows <PLL: UNLOCKED>.

If internal reference is used, it always shows <PLL: NONE>.

3.3.4 Function Bar

Sens:lOOmVRm: 500[Cpl: AC Sre:h | APRSTLIVARY
TC:500mS |Slope: 12dB/oct |Sync: OFF |Grnd: Ground 100 mV

R= +57. 00mV|T3

I|~Time Constant
+100mV
500 mS J

- o L
g= -0. 09 Fg“@’ L

30 36 42 48!

3 +180° | Syne Filter
Freq: 1. 000kHz OFF | ON
PLL: WoNE

Fig.14 Main Interface: Function Bar

Asis shown in Fig.14, users can choose different functions in the function bar. It's operated
by 5 soft keys which are make different sense in different submenu. This is the basic way
to control the system.
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4. MENU

The MENUs consist of ten parts: [INPUT/FILTERS], [REF/PHASE], [GAIN/TC], [DISPLAY],
[SAVE/LOAD], [CHANNEL OUTPUT], [SAMPLE], [AUX OUTPUT], [SYSTEM] and [AUTO SET].
Each button has an independent corresponding submenu.

4.1 [INPUT/FILTERS]

When press the [INPUT/FILTERS] button, you will enter this following submenu, as is shown in
Fig.15. There are 4 function settings in this submenu, including <Source>, <lmpedance>,
<Grounding>, and <Coupling>.

Source
Sens: 100mV Riv: 50Q Src:A
7C:250mS [Slope: 24dB/oct A | AB

R= +50. 01mV % e
:“

l Grounding
Float |Ground

Coupling

AC | DC i
Freq: 10. 000MHz
Ref. Source: _External

Fig15. [INPUT/ FILTERS] submenu
4.1.1 <Source>: Setting the Input Signal Mode

<A> Single-ended voltage input mode.

<A-B> Differential voltage input mode.
Note that when choose mode <A> and mode <A-B>, the amplitude of the input signal must be
less than 1 Vrms.

4.1.2 <Impedance>: Setting the Input Impedance.

<50Q> The input impedance set to 50Q.
<10 MQ> The input impedance set to 10MQ.

4.1.3 < Grounding >: Setting the Ground Mode

<Float> The connector shields are isolated from the chassis ground by 10kQ.
<Ground> The connector shields are isolated from the chassis ground by 0Q and
chassis ground is connected to the earth directly.
Generally, choose <Ground> when the current of the input signal is not large. It prevents signal
drift caused by floating. Choose <Float> when there is a large potential difference between the
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signal ground and chassis ground and a strong current injection. This can limit the current and
protect the system circuit.

Note that when measuring weak signals (<1mV), it is recommended to use <Ground> mode,
provided that the signal ground and the instrument ground are at the same ground level.

4.1.4 < Coupling >: Setting the Coupling Input Mode

<AC> AC coupling input mode. In this mode, the DC component of the input
signal will be eliminated. If the signal frequency is greater than 10 Hz,
<AC> should be chose.

<DC> DC coupling input. DC coupling does not block any input signal, and it is
recommended to use <DC> coupling if the signal frequency is below 10
Hz. However, it is important to pay attention to signal overflow due to the
bias amount of the input signal.

4.2 [REF/PHASE]

Press [REF/PHASE] and enter its submenu. There are 5 function settings in the submenu,
including <Ref.phase>, <Ref.source>, <Ref.slope>, <Ref.frequency>, and <Sweep>. When
choose different <Ref.source>, there will be different submenus as shown in Fig.16, Fig.17 and
Fig.18.

Ref. Phase
Sons: 100mV Gainix2 _[R: 500]Cpl:AC [SreiA )
TC: 250mS | Slope: 24dB/oct | Sync: OFF |Grnd: Ground )| | +0. 00 | des.

Ref. Source

External

Ref. Slope
TTL Sine

Overload: NONE NONE |Freq: 10. 000MHz
Ref. Source: External |PLL: LOCKED

Fig.16 [REF/PHASE] Submenu-<External>.
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. Phase
Sons:100a [Gainix2 | i
TC:250mS | Slope: 24dB/oct +0. 00

Ref. Source

‘Internal

Overload: NONE NONE |Freq:1l.000kHz
Ref. Source: Internal PLL: NONE

(Sons: 100w [Gain:x2_[Roc_500[Go1:AC [Srera (17 0%
(70:250 [Slope: 24a8/cct [Syne: oFF [Gend:Geound ) [+0.00_] des.

Ref. Source

Jgt. Sveep #

(Overlond: NoNE_WoWE | Freq: 1. 000Kz
Ref.Source: Int. Sweep |PLL: Nos

)R- Phase—
Slope: 24dB/oct +0. 00 deg.

> Ref. Source —

Self. Ref.

Overload: NONE NONE Freq: 10. 000MHz
Ref. Source: Self.Ref. PLL: LOCKED

Fig.19 [REF/PHASE] Submenu-<Self.Ref>
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4.2.1 < Ref. phase >: Setting the Reference Phase

Users can set the phase shift between two orthogonal reference signals through the keyboard.
The accuracy of phase is 0.01°and the range is from -180° to +180°.

For phase, it's meaningful only when there is a reference. In the system, the default reference
phase is the phase of REF IN after locked by a high precision PLL. Other phases are relative to
this reference phase.

4.2.2 < Ref. source>: Setting the Reference Source

<External> The external reference signal. OE2031 will be phase-locked to the reference
signal of the REF-IN BNC input. As is shown in Fig.16, <Ref.slope> can be
set.

<Internal> The internal reference signal. In this mode, the reference signal is from the

internal oscillator. The [REF IN] signal is useless. As is shown in Fig.17,
<Ref.frequency> can be set.

<Internal The internal reference signal sweep. In this mode, the signal generator will

Sweep> conduct internal sweep according to the parameters set by users. As is
shown in Fig.18, <Sweep> can be set.

<Self.Ref> Self-reference mode. In this setting, OE2031 will use the signal of the input

channel (A, A-B) also as the reference signal for phase locking, when the
REF-IN interface is invalid. The interface at this point is shown in Figure 19.
It should be noted that when the input signal amplitude is too small or the
signal-to-noise ratio is low, the phase-locked loop may be unstable, and the
<Self.Ref.> mode is not recommended at this time.

4.2.3 < Ref. slope>: Setting the External Signal Mode

When <External> is chosen in <Ref. source>, this setting can access. Choose the corresponding
signal type according to the actual external reference signal.

<TTL> Choose TTL when the external reference signal is a square wave.
<Sine> Choose Sine when the external reference signal is a sine wave.

If the external reference signal is TTL logic, choose <TTL>. Pay attention that, even if the REFIN
is a square wave, it may still obtain an unsteady trigger because the level does not satisfy the
threshold condition of the TTL logic. Thus, it is beneficial to choose <Sine> to trigger. Moreover,
choose TTL signal if the signal frequency is very low (<1Hz).

If the input reference signal is sine wave, choose SINE to trigger. In this mode, the instrument will
do precision truing for the REF IN input and then detect the frequency and phase information.

Otherwise, the system has no requirement on the signal duty cycle no matter what the trigger way
is. It is kind to use common 50% duty cycle.
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4.2.4 < Ref. frequency>: Setting the Internal Reference Frequency

This setting is available when <Ref.source> is selected as <Internal>, and the frequency range is
from 1 mHz to 10 MHz, default 1 kHz.The frequency setting can be entered via the keyboard with
a minimum frequency resolution of 1 mHz, and can also be changed individually by using the four
arrow keys in the [ARROW] area when <Ref.frequency> is selected. For example, to quickly adjust
1000Hz to 1100Hz, first select the <Ref.frequency> button, then move the cursor to the hundredth
digit by using the [—] and [<] buttons, then change the number of the hundredth digit to 1 by
using the [ 1 ] and [ | ] buttons, and then press the <Enter> button to confirm the operation. As
shown in Figure 20.

~ Ref. Phase
Sens:lOOmVRm: 50Q|Cpl:AC |Src:A
1C: 250nS [Slope: 24dB/oct | Sync: OFF [Grnd:Ground || | +0. 00 | deg.

Overload: NONE NONE |Freq:l.000kHz
Ref. Source: Internal PLL: NONE

Fig.20 Adjust frequency with [ARROW)]

4.2.5 < Sweep>: Setting the Internal Reference Signal Sweep

When < Internal Sweep > is chosen in <Ref. source>, this setting can access. Press the <Sweep>
button to access the secondary submenu. In the submenu, users can set <Sweep Type>, <Sweep
Set> and <Sweep Run>, as is shown in Fig.21.

Sweep Type
Start Freq: 1. 000kHz Step Size: 1. 000kHz v g lﬁ)ﬁyp
Stop Freq: 5. 000kHz Step Time: 1000 mS {Lineg;l Log

Single Loop

»1Return
l Return Enter |
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Fig.21 <Sweep> Secondary Submenu

<Sweep Type> Setting frequency sweep type.
<Linear> linear sweep type
<Log> logarithm sweep type

In the <Linear> mode, the step type is frequency by adding the frequency with the setting step
frequency. In the <Log> mode, the step type is the percentage of frequency.
For example, in the <Log> sweep mode, the sweep step is 10% of the frequency, the start
frequency is 1 kHz and the cutoff frequency is 2 kHz. The process of frequency sweep is:

1000.000 Hz

1100.000 Hz

1210.000 Hz

1331.000 Hz

1464.000 Hz

1610.510 Hz

1771.561 Hz

1948.717 Hz

2000.000 Hz

<Sweep Set> Setting frequency sweep parameters.

<Start> the start frequency of sweep
<Stop> the cutoff frequency of sweep
<Step> in the <Linear> mode, the <Step> is the step frequency; in the <Log> mode,

the <Step> is the percentage of frequency.
<Time> The step time interval of sweep.

Setting the start frequency, cutoff frequency, step frequency and time through keyboard and
soft keys. The range of start frequency and cutoff frequency is from 1 mHz to 10 MHz. <Start>
frequency is 1.000kHz in default, <Stop> frequency is 5.000kHz and the minimum resolution of
the frequency is 1 mHz in default. In the <Log> mode, the minimum resolution of the step is
0.001% of the frequency. In the <Linear> mode, the minimum resolution of the <Step> is 1mHz.
In the <Time> mode the minimum/maximum resolution of the step time is 1ms/100,000ms.

<Sweep Run> Setting frequency sweep running mode

<Stop> Stop sweep
<Single> Single sweep
<Loop> Loop sweep

When start from <Single> sweep, OE2031 does an internal frequency sweep according to the
settings of users. After that, the status jumps back to <Stop> automatically.

When start from <Loop > sweep, OE2031 does constant loop sweep until users switch the
status to <Stop> manually.
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4.3 [GAIN/TC]

Press [GAIN/TC] button, then enter the submenu as is shown in Fig.22. There are 5 function
settings in the submenu, including <Sensitivity>, <Input Range>, <Time Constant>, <Filter dB/oct>
and <Sync Filter>.

Sens:lOOmVRm: 500 |Cpl:AC |Sreih [ AL
TC: 500m8 |Slope: 1245/ oct [100 mv

R= +57. OOmV’""L“f,j“‘;"" |

Filter dB/oct
6 [12] 18 24
30 36 42 48

Sync Filter

Freq: 1. 000kHz OFF | ON
Ref. Source: Internal

Fig.22 [GAIN/TC] Submenu

4.3.1 <Sensitivity>: Setting the Full Scale Sensitivity

Choose an appropriate full-scale sensitivity according to the amplitude of the input signal. Adjust
the value through the soft keys or spin knob. The full scale sensitivity table is shown in Table 2.

Table 2. Full Scale Sensitivity

The change of <Sensitivity> will change the dynamic range of the system. Besides, it will impact

1 nVHA 200 nV/fA 50 pV/pA 10 mV/nA

2 nVHA 500 nV/fA 100 uV/pA 20 mV/nA

5 nV/IfA 1 uV/pA 200 pV/pA 50 mV/nA

10 nV/AA 2 uVIpA 500 pV/pA 100 mV/nA
20 nV/fA 5 uVIpA 1 mV/nA 200 mV/nA
50 nV/fA 10 uV/IpA 2 mV/nA 500 mV/nA
100 nV/fA 20 pVIpA 5 mV/nA 1 VIUA

the outputs from CH1 to CH4. The full scale is <100mV> in default.

When choose <Auto Range>, the system will automatically adjust the <Sensitivity> according to
R value of input signal. Note that if the time constant is above 1s, the <Auto Range> function is

not recommended.

4.3.2 <Input Range>: Setting the Input Range

<1

V>

Maximum allowable input 1V signal.

>
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<200 mV >

<50 mV >
<10 mV >
<2mV >

<400 uv >
For measurements in general, the gain is selected with no overload in the monitor bar. Selecting
a larger magnification without overload will improve the stability of the measurement results.

When choose <Auto Gain>, the system will automatically adjust the maximum gain required

Maximum allowable input 200 mV signal.
Maximum allowable input 50 mV signal.
Maximum allowable input 10 mV signal.
Maximum allowable input 2 mV signal.
Maximum allowable input 400 uV signal.

according to the R value of input signal to guarantee accuracy of measurement.

<Senstivity> and <Gain> can be combined into different dynamic reserves, and the relationship is

shown in Table 3.

Table 3.Relationship between dynamic reserve and gain

Dynamic Reserves(dB)
Sensitivity - -
Gain=0.4 | Gain=2 | Gain=8 | Gain=40 | Gain=200 | Gain=600 | Gain=1500
1v 0 -14 -26 -40 -54 -64 -71
500 mV 6 -8 -20 -34 -48 -58 -65
200 mV 14 -12 -26 -40 -50 -57
100 mV 20 -6 -20 -34 -44 -51
50 mV 26 12 0 -14 -28 -38 -45
20 mV 34 20 8 -6 -20 -30 -37
10 mV 40 26 14 0 -14 -24 -31
5mV 46 32 20 6 -8 -18 -25
2mV 54 40 28 14 0 -10 -17
1mV 60 46 34 20 6 -4 -11
500 pv 66 52 40 26 12 2 -5
200 pv 74 60 48 34 20 10
100 pv 80 66 54 40 26 16 9
50 uv 86 72 60 46 32 22 15
20 pv 94 80 68 54 40 30 23
10 pv 100 86 74 60 46 36 29
5puv 106 92 80 66 52 42 35
2 uv 114 100 88 74 60 50 43
1uv 120 106 94 80 66 56 49
500 nV 126 112 100 86 72 62 55
200 nV 134 120 108 94 80 70 63
100 nV 140 126 114 100 86 76 69
50 nv 146 132 120 106 92 82 75
20 nVv 154 140 128 114 100 90 83
10 nV 160 146 134 120 106 96 89
5nV 166 152 140 126 112 102 95
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2nV 174 160 148 134 120 110 103
1nv 180 166 154 140 126 116 109

4.3.3 < Time Constant >: Setting the Time Constants

The range of time constant is from 30 ns to 4400k s. Adjust the value through soft keys and spin
knob. The time constant table is shown in Table 4.

Table 4. Time Constants

30 ns 32 us 32 ms 35s
60 ns 65 us 65 ms 70s
125 ns 125 us 125 ms 140 s
250 ns 250 us 250 ms 275s
500 ns 500 us 500 ms 550 s
1us 1ms 1s 1100 s
2 us 2ms 2s 2200 s
4 us 4 ms 4s 4400 s
8 us 8 ms 8s

16 us 16ms 17's

The greater the time constant, the smaller the ENBW, the longer the system response and the
higher the measurement accuracy.

4.3.4 < Filter dB/oct >: Setting the Roll off Slope of the Low Pass Filter

<6dB/oct> First-order low pass filter, and the roll off slope is 6 dB/oct.
<12dB/oct> Second-order low pass filter, and the roll off slope is 12 dB/oct.
<18dB/oct> Third-order low pass filter, and the roll off slope is 18 dB/oct.
<24dB/oct> Fourth-order low pass filter, and the roll off slope is 24 dB/oct.
<30dB/oct> Fifth-order low pass filter, and the roll off slope is 30 dB/oct.
<36dB/oct> Sixth-order low pass filter, and the roll off slope is 36 dB/oct.
<42dB/oct> Seventh-order low pass filter, and the roll off slope is 24 dB/oct.
<48dB/oct> Eighth-order low pass filter, and the roll off slope is 24 dB/oct.

At the same measurement accuracy, a greater roll off slope can reduce the time constant, making
a faster response. The specific time constants and filter roll off slope must be chosen according
to the actual situation. A judgment guideline is that as long as the stability of the measurement
results is satisfied, the time constants and filter roll off slope does not need to be set too large at
this time to avoid long waiting times. Of course, if you want to have smoother results, you can
increase the time constant and filter roll off slope appropriately.
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4.3.5 < Synchronous >: Setting the Status of the Synchronous Filter

<OFF> Turn off the synchronous filter.
<ON> Turn on the synchronous filter. It's useful at a low reference frequency (<
200 Hz). When the input signal frequency is very low, the low pass filter
can’t get stable results or it needs a long time to do that. At this time,
synchronous filter helps. The effect is shown in Fig.23.
Synchronous filters can effectively remove signals at the reference frequency and its
harmonics, reducing the requirement for low-pass filters.
Note that if the synchronous filter is open, <Filter dB/oct> must be <18 dB/oct> or more to really
work!

~ B R T/ S £ |
|| || |I II || || |I II || || |I II ||
i |1 |1 |1
0.1 I| | I| I| I| | II I| I| | II
B | |
o0s RIS
i by by IR

|
1
%4 Synchronous filter <OFF> .

Fig.23 The effect of open synchronous filter.

4.4 [DEMOD]

Demodulator
Sens:100mV | Gain: x2 Riv: 50Q
TC:250mS |Slope: 24dB/oct | Sync: OFF |Grnd: Ground D3

Demod. Type
Harm
XD1 = +50.01mV

Harmonic Set

XD2 = +50.01mV ’———
[

RD1 = +50.01lmV

RD2 = +50. 01lmV . e ‘

Overload: NONE NONE eq: 10. 000MHz
LL: LoCKED

Fig.25 [DEMOD] Submenu
Press [DEMOD] button and enter the submenu as is shown in Fig.25. In this submenu, there are
5 function settings: <Demodulator>, <Demod.Type>, <Harmonic Set>, <Frequency Set> and
<Equation Set>. They can be chosen and set by the soft keys beside the submenu.
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4.4.1 < Demodulator >: Setting the Choice of Demodulator
OE2031 has 3 additional demodulators D1, D2 and D3 in addition to the demodulator of the

reference frequency. The function of each demodulator can be set individually by selecting each
demodulator separately via <Demodulator>.

4.4.2 < Demod.Type >: Setting the Mode of Demodulator

<Harm> Set the current demodulator to harmonic demodulation mode.
The interface of this mode is shown in Fig.24.

<Arb_Freg> Set the current demodulator to any frequency demodulation mode.
The interface of this mode is shown in Fig.25.

<Equation> Set the current demodulator to formula combination frequency

demodulation mode. The interface of this mode is shown in Fig.26.

~

X = +50.08nV Y= -0.03m

R = +50.08mv 8= -0.03°

P —————T T e
1 =_+50_07a
1= 076 "

e
XD2 = +50.08mV YD2 = -0.03mV

2= 0.0 °

=
XD3 = +50.08mV = -0.03mV

RD3 = +50. 08mV 6D3 = -0.03 °

AUX1 = +0. 0013 V AUX2 = +0. 0006 V
AUX3 = +0. 0016 V AUX4 = +0. 0028 V

(Gvorlond: noE_HowE | Preq: 1000 000
Ref Sourcer_Bxternat

Fig.25 The interface of <Arb_Freq> mode

(Sens: 00wV [Ginix2_[R:_s0[ o8¢ [srera_) (2o ¢4
(C:250n5 [Slope: 2468/oct [Sys: ort [God:Ground | (01| B2 3

X = +50. 08aV Demod. Type
R = +50.08mV 6= -0.03°

e ——————————————
X1 = -0.0lmV YD1 = -0.02mV
RD1 = +0.02mV oD1 = -123.48 °

XD2 = +50. 08mV YD2
RD2 = +50. 08mV 6D2

—
XD3 = +50.08mV

RD3 = +50. 08mV

AL = +0.0006 ;
AU = +0.0016 v

T =
(GverTond: WONE_ oWz [ Freq: 1000, 000A
Rof. Source:_External

Fig.26 The interface of <Equation> mode
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< Harmonic Set >: Setting the Order of Harmonic Demodulation

This item can be set when <Demod.Type> is set to <Harm>. Its setting range is an integer from 1
to 32767. The harmonic order to be measured is entered via the numeric keyboard, and the default
display is 1, which means the 1st order harmonic (i.e. fundamental) is detected. The limit of
<Harmonic Set> harmonic order setting is (Harmonic*Freq) < 60MHz, where Freq indicates the
reference signal frequency. Once the limit is exceeded, the system will automatically adjust the
harmonic order downward until the condition is satisfied. Also, when set to 0, the system
automatically changes to 1.

For example, if the input signal is a square wave with a frequency of 1 kHz, assume that its
peak-to-peak value is A. When the <Harmonic Set> values are setto 1, 2, 3,4, 5,6 ...... , you will
expect to get R values of 0.45A, 0, 0.15A, 0, 0.09A, 0 ...... , and this sequence is exactly the A
times of the coefficient sequence of the Fourier series of the square wave signal.

Note: Simultaneous display of multi-demodulator measurements requires <Full> to be
selected from the <Display Mode> option in the [DISPLAY] submenu, as detailed in the [DISPLAY]
submenu.

< Frequency Set >: Setting the Reference Frequency of Demodulator

This item can be set when <Demod.Type> is set to <Arb_Freqg>. This setting is the same as the
rule of 4.2.4 <Ref.frequency>. When <Arb_Freqg> is set to a certain frequency, the demodulator
demodulates the signal with that frequency as the reference frequency.

This mode is especially useful when the input signal contains multiple frequency information and
the user needs to extract it separately.

< Equation Set >: Setting Formula Combination
This item can be set when <Demod.Type> is set to <Equation>. The formula for <Equation> is:

Equation=A XF1+B XF2

A and B are integers, which can be set in the range of -32767 to +32767; F1 and F2 are frequency
settings with the same rules as <Ref.frequency>.

If the result of Equation calculation is 1500Hz, then the demodulator is using 1500Hz as the

reference frequency for the phase sensitive detection algorithm. This mode has better effect in
AM and FM demodulation.

4.5 [DISPLAY]

Press [DISPLAY] button and enter the submenu as is shown in Fig.27.
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Display Mode

Dual | Full

Overload: NONE NONE Freq: 10. 000MHz
Ref. Source:_Bxternal

Fig.27 [DISPLAY] Submenu

The [DISPLAY] submenu mainly includes <Monitor>, <Display Mode>, <Top Window>, <Bottom
Window> and <Full Window>, which can be selected and set by the corresponding softkeys next

to the submenu.

4.5.1 < Monitor >: Setting the Display of Status Bar

<Settings> In the status bar at the top left of the LCD screen, 9 currently
set parameters and status such as <Sensitivity> and <Filter> are displayed.
<AUX-IN> The real-time input amplitude of the four BNCs of the current rear panel

AUX-IN is displayed in the status bar at the top left of the LCD.
The interface is shown in Figure 28.

Monitor

AUX-INI = +0.0009 V | AUX-IN2 = +0. 0006 V :
AUX-IN3 = +0.0019 V| AUX-IN4 = +0.0013 V Settings
4 : : AUX-IN

Display Mode
(Dual | Full

Overload: NONE NONE |Freq: 10. 000MHz
Ref. Source: External |PLL: LOCKED

Fig.28 <AUX-IN> Interface
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4.5.2 < Display Mode >: Setting the Display Mode of Dynamic Area

The <Display Mode> option is mainly used to set the display type of the data field, and there are

two types.
<Dual> The top and bottom columns are displayed in a separate mode.
This mode is shown in Fig.27.
<Full> A mode in which all measurement data are displayed in one window.

This mode is shown in Fig.29.

Monitor
Sens: 100 [Gatn:2 [k s0a[Gorac [srera ) MORT
TC:250mS |Slope: 24dB/oct | Sync: OFF |Grnd: Ground AUX=IN

Display Mode

Dual \

Full Window
List \

Fig.28 <Full> Display mode

4.5.3 <Top Window>&<Bottom Window>: Setting the Column Window Display Content

When <Display Mode> is set to <Dual>, these 2 options can be set to the following parameters.

<X> The X value of fundamental wave of the input signal.

<Y> The Y value of fundamental wave of the input signal.

<R> The R value of fundamental wave of the input signal.

<0> The 8 value of fundamental wave of the input signal.
<X-Noise> The X-Noise value of fundamental wave of the input signal.
<XD1> The X value of 18t demodulator harmonic of the input signal.
<YD1> The Y value of 15t demodulator harmonic of the input signal.
<RD1> The R value of 15t demodulator harmonic of the input signal.
<6D1> The 0 value of 15t demodulator harmonic of the input signal.
<XD2> The X value of 2" demodulator harmonic of the input signal.
<YD2> The Y value of 2" demodulator harmonic of the input signal.
<RD2> The R value of 2" demodulator harmonic of the input signal.
<6D2> The 06 value of 2" demodulator harmonic of the input signal.
<XD3> The X value of 3™ demodulator harmonic of the input signal.
<YD3> The Y value of 3 demodulator harmonic of the input signal.
<RD3> The R value of 3 demodulator harmonic of the input signal.
<6D3> The 6 value of 3™ demodulator harmonic of the input signal.

The upper and lower display windows allow flexible selection of what to display. The default is to
display <R> and <6> values.
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4.6 [SINE/OUT]

Press [SINE/OUT] button and enter the submenu as is shown in Fig.30.

= Add Mode
Start Volt: 1. 000 Vrms |Step Size: 10.000 %
Stop Volt:1.000 Vrms |Step Time: 1000 mS OFF ON

Output Mode
OFF | Fixed

rl E NONE |Freq:10.000MHz
Ref. Source: External |PLL: LOCKED

Fig.30 [SINE/OUT] Submenu
This submenu includes 5 function settings: <Add Mode>, <Output Mode>, <Voltage>, <Sweep
Set> and <Run>.

OE2031 can output sine wave signals with amplitude from 1 uVrms to 1 Vrms through the "Sine
Out" BNC connector on the front panel, and three different modes can be set through the submenu:
<Fixed> fixed amplitude output, <Linear> linear sweep output, or <Log> logarithmic sweep output.
different modes.

When using <External> external reference, <Sine Out> provides a sine signal that is phase-locked
to the external reference; when using <Internal> internal reference, the signal is generated by
OE2031's own oscillator. At the same time, the BNC header of "TTL OUT" on the front panel will
output a TTL signal with the same frequency as <Sine Out>.

4.6.1 < Add Mode >: Setting the ADD IN Interface

<OFF> Unable ADD IN interface function.

<ON> Enable ADD IN interface function.
This function can be enabled when the reference frequency is below 10MHz. When enabled, it is
superimposing the Sineout signal and the ADD IN signal. If the Sineout setting is a 100mV sine
wave and the ADD IN interface inputs a 1V DC signal from outside, then the final Sineout signal
will become a 1V DC biased sine wave with an AC amplitude of 100mV.
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4.6.2 < Output Mode >: Setting the Output Mode

<OFF> Turn off Sineout output, in this mode Sineout constant output 0V.
<Fixed> Fixed AC amplitude output mode.

<Linear> Linear sweep output mode.

<Log> Log sweep output mode.

At times, it is recommended to turn off the Sineout output during extremely weak signal
measurements (e.g. resistance thermal noise measurements) to reduce the effect of co-channel
interference within the system.

When <Fixed> mode is selected, Sineout outputs a sine wave signal with a stable amplitude.

When <Linear> mode is selected, the step type is linear accumulation, and the amplitude is
accumulated with the set step amplitude. In <Log> mode, the step type is a percentage
increment of the amplitude.

For example, in <Log> sweep mode, the sweep step is 10%, the start frequency is 100mVrms,
the cutoff frequency is 200mVrms, and the sweep process is as follows:

100.000mVrms —110.000mVrms —121.000mVrms — 133.100mVrms — 146.410mVrms
—- 161.051TmVrms — 177.156mVrms — 194.872mVrms — 200.000mVrms

< Voltage >: Setting the Amplitude of Sine Output
Sine signal amplitude setting in fixed AC amplitude mode <Fixed>, input via numeric keypad and
knob, range 1TuVrms~1Vrms rms, minimum resolution 1 uVrms.

- Add Mode
Start Volt: 1. 000 Vrms |Step Size: 10.000 % Py
Stop Volt:1.000 Vrms |Step Time: 1000 mS OFF ON

Output Mode —
OFF jixed
Linear Log

s |

_____I vouage
0. 100 Vrm

Fig.31 <Voltage> Menu
< Sweep Set >: Setting the Parameters of Sweep Amplitude
This menu can be set when <Output Mode> is set to <Linear> and <Log>. At this time, the

interface is shown in Fig.32.

< Start > Start amplitude of sweep.
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< Stop > Stop amplitude of sweep.

< Step > When <Linear> is the step amplitude of the sweep,
when <Log> is the percentage.

<Time > Step time interval of sweep.

The start amplitude, cutoff amplitude, step and time settings in sweep mode are set by numeric
keypad with soft keys. The amplitude range is from 1 uVrms to 1 Vrms, the default <Start> start
amplitude is 1.000 Vrms, <Stop> stop amplitude is 1.000 Vrms, the resolution of amplitude is
minimum 1 uVrms; the resolution of <Step> is minimum 0.001 % for <Log>, <Step> resolution is
minimum 1 for <Linear>. uVrms; <Time> resolution is minimum 1 ms, maximum 100,000 ms.

= Add Mode
Start Volt: 1. 000 Vrms |Step Size: 1. 000 Vrms
Stop Volt:1.000 Vrms |Step Time: 1000 mS OFF ON

R=  +50. 02mV/[ o T

Linear

Stop
Step Time

Rof. Source: _External

Fig.32 <Sweep Set> Menu
<Offset> setting: It is set through keyboard. The adjustable range is -100%~+100%. The minimum
step is 0.01% and 0.00% is default.
<Expand> setting: It is set through keyboard. The adjustable range is 1~256 and 1 is default. If
the setting value of Expand causes the calculation result over 10V, the output will be seriously
affected.
The settings of <Offset> and <Expand> will not affect the data display in dynamic area.

< Run >: Setting the Operation Mode of Sweep Amplitude

< Stop > Stop sweep amplitude.
< Single > Single sweep amplitude.
<Loop > Loop sweep amplitude.

When <Single> single sweep is started, OE2031 performs one sweep of amplitude according to
the user's setting, and then the status automatically jumps back to <Stop> to stop sweeping after
completion.

When <Loop> cyclic sweep is started, OE2031 keeps cyclic sweeping according to the user's
design until the user manually changes the status to <Stop> to stop sweeping.
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4.7 [AUTO SET]

The [AUTO SET] submenu includes 3 automatic settings in OE2031. As shown in Fig.33.

Auto Range
Sens: 100V Ro:_50Q ¢
1C: 250mS |Slope: 24dB/oct Trigger

R= +50. 02mV| %

[ ... S [ Ko Phase
Trigger

Overload: NONE NONE |Freq: 10. 000MHz
Ref. Source: External |PLL: LOCKED

Fig.33 [AUTO SET] Submenu

4.7.1 < Auto Range >: Automatically Setting Measurement Range

When the <Auto Range> button is pressed, the system automatically changes the <Sensitivity>
setting according to the amplitude of the signal. The principle is to select the setting that measures
the maximum dynamic reserve of the current signal.

4.7.2 < Auto Gain >: Automatically Setting Input Gain

When the <Auto Gain> button is pressed, the system will automatically change the <Gain> setting
according to the signal amplitude, the principle is to select the maximum input gain <Gain> without
overloading the instrument itself. The <Auto Gain> function of OE2031 requires a certain response
time (generally less than 5 seconds), if the current R value fluctuates greatly, or if the current R
value fluctuates greatly, or if the time constant is greater than 1s, the <Auto Gain> setting may not
be successful. In this case, please switch to the [GAIN/TC] submenu for manual setting.

4.7.3 < Auto Phase >: Automatically Setting Phase Adjustment

When the <Auto Phase> button is pressed, the OE2031 will adjust the phase shift of the reference
signal so that the measured input signal phase is 0°. This function requires a certain response
time (usually less than 5 seconds), and if the current theta value fluctuates greatly, the <Auto
Phase> setting may not be successful. In this case, please switch to [REF/PHASE] submenu to
set <Phase> value manually.
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4.8 [CHOUT/AUXOUT]

Accessed by selecting the [CHANNEL OUTPUT] submenu in the menu bar of the front panel, as
shown in Fig.34.

CH Output
L Quthat—
(7c:250m5 [Slope: 24487t Syno: o [Grd: croun ) G| 02

Source

AUXOUT

Voltage
+1.000 V ‘

Overload: NONE NONE |Freq: 10. 000MHz
Ref. Source: External (PLL: LOCKED

Fig.34 [CHOUT/AUXOUT] Submenu

The [CHOUT/AUXOUT] submenu controls the 4 BNC channels of AUXOUT / CHOUT on the rear
panel, which can output any value, R, X, Y and 0 values, etc. that the user needs, as well as set
the output bias and amplification via <Offset&Expand>. The output data rate of the channels is
also set in the <Speed> option.

The output signal is calculated as follows:

When the selected signal is <R>, <X>, <Y>, <RD1>, <XD1>, <YD1>, <RD2>,
<XD2>, <YD2>, <RD3>, <XD3>, <YD3>, <X-Noise>:
Signal(selected)

Output = ( + Offset) X Expand x 10V

Sens
When the selected signal is 3<6>, <6D1>, <6D2>, <6D3>:

Signal(selected)

Output = 180° x10 V
3. In addition to the above two cases, the following options are available:
a) AUXOUT : Output according to the user-set voltage value.
b) ADC1~ADC4 : Output is equal to the input voltage of AUX-IN.
c) Freq :
Each step of the frequency is divided into 5 V-10 V, for example:
1000Hz=5V
1200Hz=6V
1600Hz=8V
1800Hz=9V
1990Hz =9.95V
2000Hz =5V (Next step)
Step is defined as:
[@.mvs
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62.5 Hz— 125 Hz
125 Hz — 250 Hz
250 Hz — 500 Hz
500 Hz — 1000 Hz

1 kHz — 2 kHz
4 kHz — 8 kHz
8 kHz — 16 kHz

4.8.1< CH Output >: Setting the CH channel choice

Select the channel configuration of CH1 to CH4 separately, and each channel can select an output
source separately.

4.8.2< Source >: Setting the Output Source of Channels

<AUXOUT> The channel outputs set level.
Each CH channel has a separate <AUXOUT> parameter.

<X> The channel outputs analog level corresponding to X value.

<Y> The channel outputs analog level corresponding to Y value.

<R> The channel outputs analog level corresponding to R value.

<0> The channel outputs analog level corresponding to 0 value.

<XD1> The channel outputs analog level corresponding to XD1 value.
<YD1> The channel outputs analog level corresponding to YD1 value.
<RD1> The channel outputs analog level corresponding to RD1 value.
<6D1> The channel outputs analog level corresponding to 6D1value.

<XD2> The channel outputs analog level corresponding to XD2 value.
<YD2> The channel outputs analog level corresponding to YD2 value.
<RD2> The channel outputs analog level corresponding to RD2 value.

<6D2> The channel outputs analog level corresponding to 6D2 value.

<XD3> The channel outputs analog level corresponding to XD3 value.

<YD3> The channel outputs analog level corresponding to YD3 value.
<RD3> The channel outputs analog level corresponding to RD3 value.

<6D3> The channel outputs analog level corresponding to 6D3 value.
<X-Noise> The channel outputs analog level corresponding to X-Noise value.
<Y-Noise> The channel outputs analog level corresponding to Y-Noise value.
<Freqg> The channel outputs analog level corresponding to Freq value.
<ADC1> The channel outputs analog level corresponding to AUX-IN1 interface.
<ADC2> The channel outputs analog level corresponding to AUX-IN2 interface.
<ADC3> The channel outputs analog level corresponding to AUX-IN3 interface.
<ADC4> The channel outputs analog level corresponding to AUX-IN4 interface.
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4.8.3< Offset&Expand >: Setting the Offset and Expand
When a source other than <AUXOUT?> is selected, such as <X>, <Y>, <R>, etc., the options menu
of <Offset>, <Expand> and <Speed> will appear, and the interface is shown in Fig.35.

~CH Output
Sens:100nV[Gain:x2  [Ri: 50Q[Cpl:AC [Src:A mlﬁp o
TC:250mS |Slope: 24dB/oct |Sync: OFF |Grnd: Ground _CH3 ' CH4

Source

Overload: NONE NONE |Freq: 10. 000MHz

Fig.35 <Offset&Expand> Interface

<Offset> Offset setting.
Input via numeric keyboard, adjustable range is -100%~ +100%, where the minimum step is
0.01%, default 0.00%.

<Expand> Zoom setting.
Input via numeric keyboard, adjustable range is 1~256, default value is 1. However, the Expand
setting makes the output value will be maintained at +10V when the calculation exceeds +10V.

Note: Each CH channel has an independent bias value and amplification value. If the <Offset>
of CH1 is set to 50% and the <Expand> is set to 3, only the output of CH1 will be affected, while
the output of CH2, CH3 and CH4 will remain unchanged.

Note: The setting of <Offset> and <Expand> will not affect the data display in the dynamic area
data frame.

4.8.4< Speed >: Setting the Output Speed

<Slow> The data update rate for channel outputs CH1 & CH2 is 10 Hz.
<Fast> The data update rate of channel outputs CH1 & CH2 is 1 MHz.
Only 12 data sources <X>, <Y>, <R>, <XD1>, <YD1>, <RD1>, <XD2>,
<YD2>, <RD2>, <XD3>, <YD3> and <RD3> can be selected at this
setting.
Note: This setting is not valid for <AUXOUT> data sources, and the update rate is fixed at 10Hz
for <AUXOUT?> data sources.
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4.9 [SYSTEM]

[SYSTEM] submenu includes the system information and settings of OE2031, like instrument
information, screen brightness and the settings of communications, as is shown in Fig.36.

Sens:100mV | Gain: x2

Freq: 10. 000MHz »
Ref. Source: External |PLL: LOCKED

Fig.36 [SYSTEM] Submenu

4.9.1 <Info > Secondary Submenu

Select <Info> secondary submenu to enter, the interface displays information of R&D unit, after-
sales contact, product serial number, version number and other information, as shown in Fig.37.
Among them, the serial number should be consistent with the factory label on the rear panel.

Info
S 100wV [cotnre [ soaGp1iAc [Srorh )
TC:250mS |Slope: 24dB/oct Infomation

0E2041 DSP Lock-In Amplifier
Designed by SINE SCIENTIFIC INSTRUMENTS
Website: www. ssi-instrument.com

E-mail : support. ssi-instrument.com

Tel : +86-020-29177461
SINE
> SCIENTIFIC
INSTRUMENTS

: V8. 1200429

: L8102063
Return

Return Enter

Fig.37 <INFO>-Submenu
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4.9.2 < Screen > Secondary Submenu

Window Color
Son: 100w [aimx2 ko _Soa[ToAe [srsn )" "o
TC:250mS | Slope: 24db/oct o

R= +50. 02mV| s

(Overload: NoNT_Wove_[Preq: 10 000Mz || Return Enter
Rof.Source:_External |PLL: Locks)

Fig.38 <Screen> Submenu-<Yellow> Style

Sens: {60:11\1 jFi!ttr: 12 g§7mt ?.\'otch: None None |  Window Color —

Stylel Style2

50_04 mv “Backlight ’

TC:300mS le: Normal S)‘ncI)FFqCpI: AC [sre: A
Level 8

R=+
el =

il +100mV

-100mV

0=+ 1.03°
AHSEGARESE Tl B

[-180° — e180°

Return ——
Overload: NONE_NONE_| Freq: 999.998Hz || Return Enter |
Re f.Source: External | PLL: LOCKED

Fig.39 <Screen> Submenu-<Green> Style

Choose <Screen> to enter this interface, as is shown in Fig.38 and Fig.39.
This submenu includes two function settings, <Window Color> and <Backlight>.
<Window Color> Setting the window color.

<Yellow> The window main color is yellow, as is shown in Fig.38.
<Green> The window main color is green, as is shown in Fig.39.
<Backlight> Setting the brightness of backlight.

With the knob adjustment, the brightness level can be adjusted from
<Level1> to <Level8>, corresponding to the brightness from low to high,
and the default is <Level8>.
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4.9.3 < Remote > Secondary Submenu

Choose the <Remote> secondary submenu to enter Fig.38.

OE2031 has 3 kinds of remote communication interfaces, RS232 serial port, USB2.0 high-speed
interface, and Ethernet interface, but only 1 kind of communication interface can be used at the
same time, depending on the interface selected by <Remote Mode>.

te Mode
Sons* 1008V e
Baud Rate
921600bd|
Parity Check

None
Even  0dd

Freq: 10. 000MHz Return Enter
Ref. Source:_Bsternal

Fig.40 <Remote> Submenu-<RS232> Option

< Remote Mode >: Selecting the Remote Interface

<RS232>

<USB2.0>

<Ethernet>

RS232 serial communication interface for DB9 female interface.
The configuration interface is shown in Fig.40.

USB2.0 high-speed communication interface.

The configuration interface is shown in Fig.41.

1000Mbps Ethernet interface.

The configuration interface is shown in Fig.42.

When one of the remote communication interfaces is selected, OE2031 can only communicate on
that interface and the configuration menu for the current interface will be displayed.

The factory-supplied PC-based remote control software is based on USB 2.0.

>
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Remote Mode
Sen: 100wy [Ginixz R S0a[coTAc Srezt (e’ (000
TC:250mS [Slope: 24dB/oct Hitheinet

R= +50.02mV|"....

Freq: 10. 000Nz Return Enter
Ref, Source: _Bxternat

Fig.41 <Remote> Submenu-<USB2.0> Option

(Sons: 100wV [Gain: =2 R S0B[GHI:AC [Sreh [ nons. yoms o
Enthernet,

TCP/IP Mode :Initial...

IP Address :192.168.1.10
Subnet Mask :255. 255. 255. 0
Gateway $192.168. 1. 1

MAC Address :02:00:00:00:00:00

Return
Freq: 10. 000MHz Return Enter
Rof. Source:_External

Fig.42 <Remote> Submenu-<Ethernet> Option

< Baud Rate >: Setting the Baud Rate

This option is visible in <RS232> mode.

Press the corresponding soft keys or spin knob to adjust the baud rate. The value can be set as
<600>, <1200>, <2400>, <9600>, <19200>, <38000>, <43000>, <56000>, <57600>, <115200>,
<230400>, <460800> and <921600>.

< Parity Check >: Setting the Parity Check

This option is visible in <RS232> mode.

<Even> Even Check.
<Odd> Odd Check.
<None> No Check.
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< TCP/IP Mode >: Setting the Ethernet TCP/IP Mode

This option is visible in <Ethernet> mode. Normally, after connecting the network cable, you can
connect to the LAN automatically with <Auto> mode.

<Auto> Automatically configure TCP/IP protocols.
<Manual> Manually configure TCP/IP protocols.

When in <Auto> mode, it will first initialize as shown in Fig.42. When network access is detected,
it will jump to the status of "Connecting..." in Fig.43, indicating that it is connecting to the current
network. When the network is successfully connected, the local IP address, subnet mask, gateway
and local mac address of the current network will be displayed as shown in Fig.44.

When in <Manual> mode, you can manually configure the IP address, subnet mask and gateway
of TCP/IP protocol, as shown in Fig.45. Select the IP, subnet and Gateway to be modified in the
<|IP Select> window, and then press the <Excute> button to enter the parameters to be configured
in the numeric keyboard area, as shown in Fig.46, and finally press <ENTER> to confirm.

When the configuration is finished, you can configure and read data from OE2031 in the LAN.

p ~ rRemote Mode —
s in: : 50Q|Cpl:AC |Src:A
Sons 10087 SToRe [irein [ pore’” pene o

TC: 250ms [Slope: 24dB/oct R

TCP/IP Mode :Connecting... TCP/IP Mode—
[ Auto ‘
Manual

IP Address :192.168.1.10

Subnet Mask :255. 255. 255. 0

Gateway :192.168.1. 1
MAC Address :02:00:00:00:00:00

Return

Freq: 10. 000MHz Return Enter
Ref. Source: External PLL: LOCKED

Fig.43 <Auto> Mode - Connecting
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Sons: 100nY [Gain:z2 [k 50R[Go1:AC [Srorh [ pomor 1o
TC:250mS |Slope: 24dB/oct |Sync: OFF ot e
[70:250uS [Stope: 2448/oct [Syno: off [orad: Ground || " oy

TCP/IP Mode :DHCP

IP Address :192.168.19.87
Subnet Mask :255. 255. 255. 0
Gateway 1192, 168.19.1

MAC Address :02:00:00:00:00:00

Return

Freq: 10. 000MHz Return Enter
Ret. Source: Extermal

Fig.44 <Auto> Mode — Connection successful

N o=
Sens:100nV | Gain: x2 Riv: 50Q|Cpl:AC |Src:A Remote Mode

1C: 250m5 Rjrgfgfﬂg%f

TCP/IP TCP/IP Mode
Auto
Manual

IP Select
IP |Subnet
Gateway

TCP/IP Mode :

IP Address :192.168.1.10
Subnet Mask :255. 255. 255. 0
Gateway :192.168. 1.1

MAC Address :02:00:00:00:00:00
Excute

Edit

Return

Freq: 10. 000MHHz Return Enter
Ref. Sourca: Bxternal

Fig.45 <Manual> Mode

Sens:100aV[Gain:x2__|Rm: 50| CpLiAC jRewste Made—
RS232 USB2.0

TC:250mS |Slope: 24dB/oct | Sync: OFF |Grnd: Ground oo

- ——————————————| |Enthernet

TCP/IP Mode
Auto

it
IP Address  : ESHNIBEIDNNIN —

Subnet Mask :255. 255. 255. 0 IP Select

IP |Subnet
Gateway

TCP/IP Mode :TCP/IP

Gateway :192.168.1. 1
MAC Address :02:00:00:00:00:00

Excute

Edit

Return

Freq: 10. 000MHz Return Enter

Fig.46 <Manual> Mode - Modifying
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4.9.4 < Reset >: The Lock-in Reset

Press the corresponding soft key and the system will be restarted. The current settings are not
changed after restart

4.10 [SAVE/RECALL]

Select the [SAVE/RECALL] submenu from the menu bar on the front panel to access it, as shown
in Fig.47.

Settings
Scns:lOOmVRm: 50Q|Cpl:AC |Src:A ¢
TC: 250mS [Slope: 24dB/oct [Sync: OFF [Grnd: Ground ||| Save |Recall

Overload: NONE NONE |Freq: 10. 000MHz
Ref. Source: External |[PLL: LOCKED

Fig.47 [SAVE/RECALL] Submenu

The [SAVE&RECALL] menu is mainly used to save and recall the parameters and states that have
been set. Depending on the user's preference, 4 archives can be saved in the item <S1>, <S2>,
<83> and <S4>. As shown in Fig.47, select <Save>, <Channel> select <S1>, and then <Save>
in the <Execute> item to save the currently set parameters and states in the <S1> archive. To
read this archive, simply select <Recall>, then <Channel> select <S1>, and then <Execute> select
<Call>.

In <Recall> state, <Channel> has <Default> option to restore the entire machine configuration to
default values.
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5. REMOTE PROGRAMMING

5.1 OE2031 Command Syntax

Computers use ASCII characters to communicate with OE2031. Commands must be in upper
case. A command consists of a four-character command mnemonic, arguments if necessary,
and a command terminator. When communicating using RS232, USB 2.0, or Ethernet
interfaces, the terminating character must be a semicolon <;>, and a carriage return <cr>. No
command processing occurs until a command terminator is received. Commands may require
one or more parameters. Multiple parameters are separated by commas (,).

Multiple commands may be sent on one command line by separating them with semicolons (;).
The difference between sending several commands on the same line and sending several
independent commands is that when a command line is parsed and executed, the entire line is
executed before any other device action proceeds.

The OE2031 has a 256-character input buffer and processes commands in the order received. If
the buffer fills up, the new commands will cover the oldest and processed commands. It is
recommended that when users enter multiple commands, the commands should not exceed 256
characters.

OE2031 allows users to query the current value of internal parameters through commands. A
query is formed by appending a question mark "?" to the command mnemonic and omitting the
desired parameter(s) from the command. Values returned by the OE2031 are sent as a string of
ASCII characters terminated by a corresponding terminator. If multiply queries are sent on one
command line (separated by semicolons), the answers will be returned individually, each with a
terminator.

Examples of Command Formats

FMOD1<cr> Set reference source to internal
FREQ10E3<cr> Set the internal reference frequency to 10kHz
OUTP?1<cr> Query output value of X of fundamental wave

5.2 Detailed Command List

The parameters in each command sequence specify the command. Multiple parameters are
separated by commas. Parameters shown in {} are optional. Commands that may be queries have
a question mark in parentheses (?) after the mnemonic. Do not send () or {} as part of the
command.

The variables are defined as follows.
ij,k,I,m,n,0,p,q,r,s,tu integers
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X real numbers

f frequency
Note that all numeric variables can be expressed in integer, floating point or exponential formats
(i.e., the number five can be 5, 5.0, or .5E1). Strings are sent as a sequence of ASCII characters.

5.2.1 Input and Filter Commands (Reference and Phase Commands)

ISRC (?) {i} The ISRC command sets or queries the input configuration.
The parameter i selects A (single voltage input mode) (i=0), <A-B> (differential
voltage input mode) (i=1).

INHZ (?) {i} The INHZ command sets or queries the input impedance.
The parameter i selects 50 Q (i=0), 10 MQ (i=1).

IGND (?) {i} The IGND command sets or queries the input shield grounding.
The parameteri selects <Float> mode (i=0) when the input ground is connected
to the instrument ground with 1 kQ resistor or <Ground> mode (i=1) when the
input ground is connected to the instrument ground with 0 Q resistor.

ICPL (?) {i} The ICPL command sets and queries the input coupling.
The parameter i selects <AC> (i=0) or <DC> (i=1).

5.2.2 Sensitivity and Time Constants Commands (Equation Commands)

SENS(?){i} The SENS command sets or queries the sensitivity. The parameter i is used to
select a different range.
i sensitivity i sensitivity
0: 1nVHA 14: 50 uV/pA
1: 2nVHA 15: 100 uV/pA
2: 5nVAA 16: 200 uV/pA
3: 10 nV/A 17: 500 uV/pA
4: 20 nVHA 18: 1 mV/nA
5. 50 nV/fA 19: 2mV/nA
6: 100 nV/fA 20: 5mV/nA
7: 200 nV/fA 21: 10 mV/nA
8: 500 nV/fA 22: 20 mV/nA
9: 1uV/pA 23: 50 mV/nA
10: 2 uV/pA 24: 100 mV/nA
11: 5 uV/pA 25: 200 mV/nA
12: 10 uV/pA 26: 500 mV/nA
13: 20 uV/pA 27: 1 VWA
IRNG (?Xi} The IRNG command is used to set or query the Input Range of the system. The

parameter i is used to select a Input Range value below.
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i Input Range
0 1V
1 200 mV
2 50 mV
3 10 mV
4 2mV
5 400 uv
OFLT(?){i} The OFLT command sets or queries the time constant of filters. The parameter
i selects a time constant below.
i/time constant i/time constant
0: 30ns 19: 16 ms
1. 60ns 20: 32ms
2: 125ns 21: 65ms
3: 250ns 22: 125 ms
4. 500 ns 23: 250 ms
5. 1us 24: 500 ms
6: 2us 25: 1s
7: 4us 26: 2s
8. 8us 27 4s
9: 16us 28: 8s
10: 32us 29: 17s
11. 64 us 30: 35s
12: 125 us 31: 70s
13: 250 us 32: 140s
14: 500 us 33: 275s
15. 1ms 34: 550s
16: 2ms 35: 1100s
17: 4ms 36: 2200s
OFSL(?)i} The OFSL command sets or queries the low pass filter slope. The parameter i

selects a slope below.

Filter dB/oct

6 dB/oct
12 dB/oct
18 dB/oct
24 dB/oct
30 dB/oct
36 dB/oct
42 dB/oct
48 dB/oct

N oy |w(N |- (O

SYNC(?Xi} The SYNC command sets or queries the status of synchronous filter. The
parameter i selects Off (i=0) or On (i=1). The synchronous filtering should be
turned on only when the reference frequency is less than 200 Hz.
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5.2.3 Reference and Phase Commands

PHAS(?){x}

FMOD(?){i}

FREQ(?){f}

RSLP(?){i}

SWPT(?)i}

SLLM(?){f}

SULM(?){f}

SSLL(?)f}

SSLG(?){x}

The PHAS command sets or queries the reference phase shift. The parameter
x refers to the phase (real number, unit: °). The PHAS x command will set the
current phase shift to x°.

The value of x is rounded to 0.01°. The phase can be programmed from -180°
to +180°. For example, send command “PHAS -179.0” and the phase shift will
be set to -179°. The PHAS? command queries the phase shift.

The FMOD command sets or queries the reference source. The parameter i
selects external reference (i=0), internal reference (i=1), internal sweep
reference (i=2) or self reference (i=3).

The FREQ command sets or queries the frequency of internal reference signal.
The frequency value can be set in the range of 1 mHz-10 MHz, with a minimum
resolution of 1 mHz. The FREQ? command will return the current reference
frequency (internal or external).

The RSLP command sets or queries the trigger way of reference signal when in
external reference mode.

The parameter i selects <TTL> rising edge (i=0) or <Sine> zero crossing (i=1).
When the frequency is less than 1 Hz, the <TTL> reference must be used.

The SWPT command sets or queries the mode of internal frequency sweep.
The parameter i selects <Linear> (i=0) or <Log> (i=1).

The SLLM command sets or queries the <Start> frequency in internal frequency
sweep mode. The SLLM? command will return the start frequency. The range
of fis 1 mHz-10 MHz and the minimum resolution is 1mHz.

The SULM command sets or queries the <Stop> cutoff frequency in internal
frequency sweep mode. The SULM? command will return the cutoff frequency.
The range of fis 1 mHz-10 MHz and the minimum resolution is TmHz.

The SSLL command sets or queries the step frequency in <Linear> internal
frequency sweep mode. The SSLL? command will return the step frequency.
The range of fis 1 mHz-60MHz and the minimum resolution is 1TmHz.

The SSLG command sets or queries the percentage in <Log> internal sweep
mode. The SSLG? command will return the percentage in <Log> frequency
sweep mode. The range of x is 0.001-100 and the minimum resolution is 0.001.
x=50 means that the percentage is 50%.
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STLM(?){i}

SWRM(?){i}

DMOD(?)i{,j}

HARM(?)i{,j}

DARB (?) i {, f}

DEQU(?)i{,j.k.l,

m}

The STLM command sets or queries the step time in internal frequency sweep
mode. The STLM? command will return the step time of internal sweep mode.
The range of i is 1ms-100,000ms and the minimum resolution is 1ms.

The SWRM command sets or queries the running mode in internal frequency
sweep mode. The parameter i selects <STOP> (i=0) , <Single> (i=1) or <Loop>

The DMOD command sets or queries the mode of 3 demodulators. When
sending this instruction i must be set. The parameter i selects demodulator
1(i=0), demodulator 2(i=1), or demodulator 3(i=2).The parameter j selects
harmonic mode(j=0), arbitrary frequency demodulation mode(j=1), or formula
combination frequency demodulation mode(j=2) of the demodulator. The
command DMOD?i returns the demodulation mode of the currently queried
demodulator.

The HARM command sets or queries harmonic order. When sending this
instruction i must be set, corresponding to the 3 demodulators of OE2031. The
parameter i selects harmonic of demodulator 1(i=0), harmonic of demodulator 2
(i=1), or harmonic of demodulator 3(i=2). The parameter j is an integer from 1 to
32767, indicating the order of harmonic. The HARM i,j command will set
OE2031 to detect at the j'" harmonic of reference frequency. The value of j is
limited by j*f<60MHz. If the value of j requires a detection frequency larger than
60MHz, then j will be set to the maximum value that meets this condition.

The DARB command sets or queries the reference frequency of the modulator
in arbitrary frequency mode. When sending this instruction i must be set,
corresponding to the 3 demodulators of OE2031. The parameter i selects
frequency of demodulator 1(i=0), frequency of demodulator 2 (i=1), or frequency
of demodulator 3(i=2). The range of f is 1 mHz-60MHz and the minimum
resolution is 1mHz.

The DEQU command sets or queries the formula parameters of the modulator
in formula combination mode. When sending this instruction i must be set,
corresponding to the 3 demodulators of OE2031. The parameter i selects
frequency of demodulator 1(i=0), frequency of demodulator 2 (i=1), or frequency
of demodulator 3(i=2). The parameters j,k,I,m correspond to the four parameters
A,F1,B,F2 of the formula E=A*F1+B*F2. j and | can be set to integers in the
range -32767 to 32767, and k and m can be set in the range 1mHz-60MHz with
a minimum resolution of 1 mHz.
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5.2.4 Sine Wave Output Commands

SADD (?) {i}

SWVT(?)i}

SLVL(?){x}

SVLL(?){x}

SVUL(?)ix}

SVSL(?){x}

SVSG(?){x}

SVTM(?){x}

SVRM(?){i}

The SADD command sets or queries the enable status of ADD-IN interface and
add function. The parameter i selects interface disabled (i=0), or interface
enabled (i=1). The SADD? Command will return the status of ADD-IN interface.

The SWVT command sets or queries the output type of <Sine Output>. The
parameter i selects turning off Sineout output (i=0), fixed amplitude output (i=1),
linear amplitude sweeping output (i=2) or proportional amplitude sweeping
output (i=3).

The SLVL command sets or queries the amplitude of the output synchronous
sine wave. The parameter x determines the amplitude of voltage (real number,
unit: V). The range of x is 1uVrms < x < 1Vrms and the minimum resolution of x
is 1uvVrms.

The SVLL command sets or queries <Start> amplitude in <Sine Output> sweep
mode. The SVLL? command will return the start amplitude of sweeping
amplitude. The range of x is 0.001Vrms=x<5.000Vrms and the minimum
resolution is 0.001Vrms.

The SVUL command sets or queries <Stop> cutoff amplitude in <Sine Output>
sweep mode. The SVUL? command will return the cutoff amplitude of sweeping
amplitude. The range of x is 1uVrms < x < 1Vrms and the minimum resolution is
TuVrms.

The SVSL command sets or queries <Step> amplitude in <Linear> <Sine
Output> sweep mode. The SVSL? command will return the step amplitude of
linear sweeping amplitude mode. The range of x is 0.000 Vrms=<x<5.000Vrms
and the minimum resolution is 0.001Vrms.

The SVSG command sets or queries the percentage in <Log> <Sine Output>
sweep mode. The SVSG? command will return the percentage in <Log> sweep
amplitude mode. The range of x is 0-100 and the minimum resolution is 0.001.
x=50 means that the percentage is 50%.

The SVTM command sets or queries step <Time> in <Sine Output> sweep
mode. The SVTM? command will return the step <Time> of logarithm amplitude
sweeping. The range of x is 1Tms-100,000ms and the minimum resolution is 1ms.
The SVRM command sets and queries the executing mode in <Sine Output>
sweep mode. The parameter i selects <Stop> (i=0), <Single> (i=1) or <Loop>
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5.2.5 Channel Output Commands

COUT(?)i{.j}

CAUX (2)i{,x}

COFP (?)i{, x}

The COUT command sets or queries the CHOUT/AUXOUT output channels of
rear panel. The parameter i must be set when sending this command. The
parameter i selects CH1 (i=0), CH2 (i=1), CH3 (i=2) or CH4 (i=3). The parameter
j is used to select the source of output. More details are as follow.

i Source of Output

0 AUXOUT

1 X

2 Y

3 R

4 0

5 XD1

6 YD1

7 RD1

8 6D1

9 XD2
10 YD2

11 RD2
12 eD2
13 XD3
14 YD3
15 RD3
16 6D3
17 X-Noise
18 Y-Noise
19 Frequency
20 AUX-IN1
21 AUX-IN2
22 AUX-IN3
23 AUX-IN4

The CAUX command sets or queries the AUXOUT output values. The
parameter i is used to select a corresponding CH channel. The parameter i
selects CHOUT1 (i=0), CHOUT2 (i=1), CHOUT3 (i=2) or CHOUT4 (i=3). The
parameter x is used to set the voltage of DAC. The voltage range is -
10.000V=X<10.000V. For example, send command “OAUX 2,5.00” and then the
output voltage of <CHOUT3> in AUXOUT mode is set to 5.00V.

The COFP command sets or queries the output bias value of CHOUT channel.
The parameter i is used to select a corresponding CH channel. The parameter
i selects CHOUT1 (i=0), CHOUT2 (i=1), CHOUT3 (i=2) or CHOUT4 (i=3). The

>
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CEXP(?)i{,j}

CSPE(?)i

parameter x is used to set the bias value in the range of (-100.00 < x < 100.00)%
with a minimum resolution of 0.01.

The CEXP i command sets or queries the output expands of CHOUT channel.
The parameter i is used to select a corresponding CH channel. The parameter
i selects CHOUT1 (i=0), CHOUT2 (i=1), CHOUT3 (i=2) or CHOUTA4 (i=3). The
parameter j is used to set the output expands in the range of (1 < x £ 256)
integers.

The CPED command sets or queries the executing mode of <Channel Output>.
The parameter i selects <Slow> (i=0) or <Fast> (i=1).

5.2.6 Auto Set Commands

ARNG

AGAN

APHS

The ARNG command performs the Auto Range function. It is the same as
pressing the [Auto Range] key.

The AGAN command performs the Auto Gain function. It is the same as pressing
the [Auto Gain] key. Auto Gain may fail if the time constant is long.

The APHS command performs the Auto Phase function. It is the same as
pressing the [Auto Phase] key.

The outputs will take some time to reach their new values. Do not send a new
APHS command before the auto set finished. If the phase is unstable, then
APHS will do nothing.

Use PHAS? Command to query the new value of the phase shift and see if
APHS changed the phase shift.

5.2.7 Save and Recall Setup Commands

SSET i

RSET i

The SSET i command saves the current setup of OE2031 in setting buffer i
(1<i4). The parameter i selects S1 (i=1), S2 (i=2), S3 (i=3) or S4 (i=4). The
setting buffers are retained when the power is off.

The RSET i command recalls the saved setup information from buffer i (0<i<4).
After executed the RSET i command, the internal parameters will be set as
corresponding parameter in the setting buffer i. The parameter i selects S1 (i=1),
S2 (i=2), S3 (i=3), S4 (i=4) or Default (i=0).

5.2.8 Reset and IDN Commands (Data Store Commands

*RST

The RST command is used to reset OE2031 to its default configurations. All
internal status and parameters are set to their default conditions and values.

>

SINE

SCIENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifier

*IDN?

*

Data stored in the buffers will be lost. The
command character.

The IDN? query returns the OE2031’s device identification string. This string is
in the format “SSL LIA-OE2031, SNXXXXXX, VerXXX”. In this example, the
model name is OE2031; the serial number is SNO0001; the firmware version is
Ver1.00. The * sign is to complete the 4-bit command character.

sign is to complete the 4-bit

5.2.9 Data and Status Read Commands

SNAP?i,j,{k,I,m The SNAP?i,j command records the values of no more than 13 parameters at a

,n,0,p,q,r,8,t,u}

single instant.

For example, SNAP? is a way to query values of <X>, <Y>, <R>, <6> and <F>
which are taken at the same time. This is important when the time constant is
very short. Using the OUTP? commands will result in time delays, which may
be greater than the time constant, between reading two different parameters.
The SNAP?i,j command requires at least two parameters and at most thirteen
parameters. The parametersi, j, k,I, m, n,0, p, q, 1, s, t, u select the parameters
below.

i,j,k,I,m,n,0,p,q,r,s,t,u Parameter

0 X

1 Y

2 R

3 0

4 Frequency
5 XD1

6 YD1

7 RD1

8 6D1

9 XD2
10 YD2
11 RD2
12 eD2
13 XD3
14 YD3
15 RD3
16 6D3
17 X-Noise
18 Y-Noise
19 AUX-IN1
20 AUX-IN2
21 AUX-IN3
22 AUX-IN4

>
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OUTP?i

OAUX? i

The requested values are returned in a single string with the values separated
by commas and in the order in which they are requested. For example, the
SNAP?0,1,4,3 will return the values of <X>, <Y>, <Frequency> and <6>. These
values  will be returned in a single string such as
"0.951359,0.0253297,1000.00,1.234". The first value is <X>, the second is <Y>,
the third is <Frequency> and the fourth is <6>.

The advantage of this command over the OUTP command is that multiple data
can be acquired at the same time, all of which are at the same moment and
there is no delay.

The OUTP? i command is used to read a single parameter value. The parameter
i selects the parameters as the following.

i Parameter
0 X

1 Y

2 R

3 0

4 Frequency
5 XD1

6 YD1

7 RD1

8 6D1

9 XD2
10 YD2
11 RD2
12 6D2
13 XD3
14 YD3
15 RD3
16 6D3
17 X-Noise
18 Y-Noise
19 AUX-IN1
20 AUX-IN2
21 AUX-IN3
22 AUX-IN4

Values are returned as ASCII floating point numbers with units of Volts, degrees
or Hz, while units will not be output. This command is a query only command.

The OAUX? command queries input voltage values of the AUX-IN interfaces on
the rear panel. The parameter i must be set when sending this command. The

>
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INOV?

GNOV?

*PLL?

parameter i selects AUX-IN1 (i=0), AUX-IN2 (i=1), AUX-IN3 (i=2) or AUX-IN4
(i=3). The query returns results in Volts (V), but the units are not output.

The INOV? command queries the status of Input Overload. The query returns 0
or 1, where 0 means there is no overload in the front stage; 1 means there is
overload in the front stage, and the input signal should be reduced to protect
OE2031 from damage.

The GNOV? command queries the status of Gain Overload. The query returns
0 or 1, where 0 means the ADC is not overloaded, and 1 means the ADC is
overloaded, and the input signal and input gain multiplier should be reduced to
protect OE2031 from damage.

The *PLL? command queries the status of the phase-locked loop. The query
returns 0 or 1, where 0 means the PLL is not locked or is in internal reference
mode, and 1 means the PLL is locked.

5.2.10 Global Data & Configuration Read Command

RALL?

The RALL? command is specific to the USB2.0 and Ethernet interfaces and is
not available for the RS232 interface.

The RALL? command is used to read all measurement data and current
configuration information of OE2031. The length of the returned data is
8192Bytes, with no comma separating the data, and the data combination is
allocated according to the fixed space. The data returned by the RALL?
command is updated every 50ms, returning the measurement data, and the
data sampling interval is 1ms, that is, each time returning the measurement data
of previous 50ms. For example, the first 400 Bytes data for 50 X-value data,
each X-value is a 64-bit floating point number, occupying 8 Bytes, 50 X-values
in chronological order; then to the Y-value ...... The first 6000 Bytes is to return
measurement data, and then the last 2192Bytes is the current configuration
information, each configuration information is not like the data will return 50
values, but only return parameters 1 time.

RALL? The return data format is as follows.

Classification Returned data Data Location
50 X values (64-bit floating-point) 0~399
50 Y values (64-bit floating-point) 400~799
Measurement 50 frequgncy values (64-pit floa.ting-p(.)int) 800~1199
Data 50 X-Noise values (64-bit floating-point) 1200~1599
50 Y-Noise values (64-bit floating-point) 1600~1999
50 XD1 values (64-bit floating-point) 2000~2399
50 YD1 values (64-bit floating-point) 2400~2799
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50 XD2 values (64-bit floating-point) 2800~3199
50 YD2 values (64-bit floating-point) 3200~3599
50 XD3 values (64-bit floating-point) 3600~3999
50 YD3 values (64-bit floating-point) 4000~4399
50 AUX-IN1 values (64-bit floating-point) 4400~4799
50 AUX-IN2 values (64-bit floating-point) 4800~5199
50 AUX-IN3 values (64-bit floating-point) 5200~5599
50 AUX-IN4 values (64-bit floating-point) 5600~5999
Input Filters <Source> configurations (8-bit integer) 6000
Confiquration <Impedance> configurations (8-bit integer) 6001
guratio , , : o
Parameters <Grounc.i|ng> con.flgura.’uons (8-l.3|t. integer) 6002
<Coupling> configurations (8-bit integer) 6003
<Sensitivity> configurations (8-bit integer) 6008
Gain TC <Gain> configurations (8-bit integer) 6009
Configuration <Time Constant> configurations (8-bit integer) 6010
Parameters <Filter dB/oct> configurations (8-bit integer) 6011
<Sync Filter> configurations (8-bit integer) 6012
<Ref.Source> configurations (8-bit integer) 6013
<Ref.slope> configurations (8-bit integer) 6014
<Ref.Phase> configurations (32-bit floating-point) 6015~6018
<Ref.Frequency> configurations (64-bit floating-point) 6019~6026
Ref Phase <Sweep Type> configurations (8-bit integer) 6027
Configuration <Sweep Run> configurations (8-bit integer) 6028
Parameters <SweepStartFreqg> configurations (64-bit floating-point) 6029~6036
<SweepStopFreg> configurations (64-bit floating-point) 6037~6044
<SweepStepFreg> configurations (64-bit floating-point) 6045~6052
<SweepStepPerc> configurations (32-bit floating-point) 6053~6056
<Sweep Time> configurations (32-bit integer) 6057~6060
<Demod D1 Type> configurations (8-bit integer) 6081
<Demod D2 Type> configurations (8-bit integer) 6082
<Demod D3 Type> configurations (8-bit integer) 6083
< D1 Harmonic Set> configurations (16-bit integer) 6084~6085
< D2 Harmonic Set> configurations (16-bit integer) 6086~6087
< D3 Harmonic Set> configurations (16-bit integer) 6088~6089
<D1 Arb_Freq Set> configurations (64-bit floating-point) | 6090~6097
<D2 Arb_Freq Set > configurations (64-bit floating- 6098~6105
Demod <D3 Arb_Freq Set > configurations (64-bit floating- 6106~6113
Configuration <D1 Equation A> configurations (16-bit integer) 6114~6115
guratio . , : o
Parameters <D2 Equat!on A> conf!gurat!ons (16-b!t !nteger) 6116~6117
<D3 Equation A> configurations (16-bit integer) 6118~6119
<D1 Equation B> configurations (16-bit integer) 6120~6121
<D2 Equation B> configurations (16-bit integer) 6122~6123
<D3 Equation B> configurations (16-bit integer) 6124~6125
<D1 Equation F1> configurations (64-bit floating-point) 6126~6133
<D2 Equation F1> configurations (64-bit floating-point) 6134~6141
<D3 Equation F1> configurations (64-bit floating-point) 6142~6149
<D1 Equation F2> configurations (64-bit floating-point) 6150~6157
<D2 Equation F2> configurations (64-bit floating-point) 6158~6165
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<D3 Equation F2> configurations (64-bit floating-point) 6166~6173
<Add Mode> configurations (8-bit integer) 6214
<Output Mode> configurations (8-bit integer) 6215
<Sineout Voltage> configurations (32-bit floating-point) 6216~6219
Sineout <SweepSartVolt> configurations (32-bit floating-point) 6220~6223
Configuration <SweepStopVolt> configurations (32-bit floating-point) | 6224~6227
Parameters <SweepStepVolt> configurations (32-bit floating-point) 6228~6231
<SweepStepPrec> configurations (32-bit floating-point) 6232~6235
<Sweep Time> configurations (32-bit integer) 6236~6239
<Sineout Sweep Run> configurations (8-bit integer) 6240
<CH1 Output Source> configurations (8-bit integer) 6261
<CH2 Output Source> configurations (8-bit integer) 6262
<CH3 Output Source> configurations (8-bit integer) 6263
<CH4 Output Source> configurations (8-bit integer) 6264
<CH1 AUXOUT> configurations (32-bit floating-point) 6265~6268
<CH2 AUXOUT> configurations (32-bit floating-point) 6269~6272
<CH3 AUXOUT> configurations (32-bit floating-point) 6273~6276
CHOUT <CH4 AUXOUT> configurations (32-bit floating-point) 6277~6280
Configuration <CH1 Offset> configurations (32-bit floating-point) 6281~6284
Parameters <CH2 Offset> configurations (32-bit floating-point) 6285~6288
<CH3 Offset> configurations (32-bit floating-point) 6289~6292
<CH4 Offset> configurations (32-bit floating-point) 6293~6296
<CH1 Expand> configurations (16-bit integer) 6297~6298
<CH2 Expand> configurations (16-bit integer) 6299~6300
<CHS3 Expand> configurations (16-bit integer) 6301~6302
<CH4 Expand> configurations (16-bit integer) 6303~6304
<CH Output Speed> configurations (8-bit integer) 6305
Input Overload status (8-bit integer) 6322
Status Parameters Gain Overload status (8-bit integer) 6323
PLL Locked status (8-bit integer) 6324
IDN Serial Number IDN serial number return value (40Bytes) 8146~8185
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6. COMPUTER OPERATION

6.1 Install Software

The required software is provided with the CD disk as below: Fig 48

> -

-

OE2041_Consol OE2041_Consol UartAssistant USBE_2.0 Driver OE2041_User_ Readme.txt
e e Driver Manual_CN.pdf

Fig.48 Software files in the CD disk.
1. Install the USB2.0 Driver
Make sure the USB 2.0 driver loads properly. For a Windows 10 user, this step can be skipped.
For a Windows 7/8/8.1 user, the USB 2.0 driver should be installed first by opening the fourth
folder in Fig.48, "USB_2.0_Driver", as shown in Fig.49.

Marme Date modified Type
cDhC 2021-04-16 15:43 File folder
HID 2021-04-16 15:43 File folder
PHDC 2021-04-16 15:43 File folder
USBDev_API 2021-04-16 15:43 File folder
Vendor 2021-04-16 15:43 File folder

Fig.49 “USB_2.0_Driver” folder

Make sure the OE2031 rear panel USB 2.0 port is connected to the PC USB port, then start the
OE2031 and change the <Remote Mode> mode to <USB 2.0>.

Open the device manager of your PC (Open method: "My Computer" -> Right click -> Properties
-> Device Manager -> Ports (COM and LPT)), you can see the device manager as in Error! The
source of the citation was not found. Fig.50 shows that the unknown device "CDC Device" is
the USB interface of OE2031. Right click on the "CDC Device" and select "Update Driver" in the
pop-up menu, which will bring up the interface shown in Fig.51 (left). Click the second item
"Browse Computer for Driver Software" in Fig.50 (left), and then click "Select from your computer's
device driver list" in the following page in Fig.50 (right).

Then the next screen as shown in Fig.52 (left), select "Port (COM and LPT)", click Next, Fig.51
(right) screen appears, select "Install from disk". After that, the window in Fig.53 (left) will pop up,
click "Browse" to select the path of "USB_2.0_Driver\CDC\INF", and then click "OK". The system
will recognize the driver information as shown in Fig.52 (right), click "Next", click "Yes" in the
warning window that pops up (Fig.53 left), and the window shown in Fig.54 (right) will also pop up,
click the following option "Always install this driver software".

The final installation process is as shown in Fig.55, wait for some time to complete the driver
installation.
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‘A Computer Management

File

= b | 7

Action View Help

ol lENN 7 Bo: AN LR

# 5= WIN-DECTIUBF7DI

i@ Batteries
JE Computer
¢ Disk drives
& Display adapters
ey DVD/CD-ROM drives
4 Floppy disk drives
\==' Floppy drive controllers
{5 Human Interface Devices
@ IDE ATA/ATAPI controllers
= Keyboards
I Mice and other pointing devices
BS Monitors
&¥ Network adapters
5 Other devices
- Jin €DC Device
¥ Ports (COM & LPT)
B Processors
% Sound, video and game controllers
45 Storage controllers
{88 Systemn devices
¥ Universal Serial Bus controllers

Fig.50 Device Manager Interface

() L Update Driver Software - CDC Device

How do you want to search for driver software?

settings.

< Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation

# Browse my computer for driver software
Locate and install driver software manually.

Cancel

&3 L Update Driver Software - COC Device
Browse for driver software on your computer

Search for driver saftware in this location:
JE:\OE2042 Lock-in Disk\USE_2.0_Driver\CDC\INF]

[ Include subfolders

< Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

Fig.51 Update Driver Process Part.1

&5 L Updste Drives Software - CDC Device

Select your device’s type from the list below.

Common hardware types:

& 1 Update Diiver Software - CDC Device

Select the device driver you want to install for this hardware.

4 Network Protocol
H Network Service

% Non-Plug and Play Drivers
PCMCIA adapters

: F'nﬂs (COM & LPT) I

B Processors
§ 58P2 IEEE 1394 Devices
I 5D host adapters
49 Security Devices
[ Sensors

m

[ once |

[ cancel

Select the manufacturer and model of your hardware device and then click Next. if you have a

Sy disk that contains the driver you want to install, click Have Disk.
Manufacturer = || Model
(Standard port types) & | Gl Communications Port
Brother [CRJECP Printer Port
Compag GSM Radio Card [l Multipert Communications Port
DBC Ll Printer Port

(5] This driver is digitally signed.

Tell me why driver signing is important

Fig.52 Update Driver Process Part.2

MNext

| Cancel
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= (=]
() U Update Driver Software - Communications Pert (COM3) @ _ Update Driver Software - Communications Port (COM2)
Select the device driver you want to install for this hardware. Select the device driver you want to install for this hardware.
5 Tyou have s Select the manufacturer and model of your hardware device and then click Next. ¥ you have a
=" Install From Disk =+ ®ad”  disk that contains the driver you want to install, click Heve Disk.
[j et the menufaciurers instalaton sk, and ther [ o
= make sure that the comect drive is selected below
[ cancel

Manufd Model

Micrium CDC Device

Brother|

Compa Copy manufacturer’s fies from

DEC

o ENOE2042 Lock-n Disk\USB_2.0_Diver\CDCVN ~

&l e Disk i, This driver is not digitally signed! Have Disk...

Tell me why driver signing is impertant

Next Cancel | Cancel

Fig.53 Update Driver Process Part.3

bd £
@ 1 Update Driver Software - Communications Port (COM2) () WL Update Driver Software - Communications Port (COM3)
Select the device driver you want to install for this hardware. Installing driver software...
Select the manufacturer and model of your hardware device and then click Next. If you have a 2! Windows Security
s disk that contains the driver you want to install, click Have Disk.

can't verify the publisher of this driver software

Update Driver Waming 2

Installing this device driver is not recommended because Windows 7 4 Don'tinstall this driver software

B\ cannot veify that it is compatible with your hardware. I the driver is
not compatible, your hardware will not work correctly and your
computer might become unstable or stop working completely, Do you
want to continue installing this driver?

You should check your ma nufacturer's website for updated driver software
for your device.

< Install this driver software anyway
Only install driver software obtained from your manufacturer's website or

w1 dise. Unsigned software from other sources may harm your computer or steal

T Ty SV Er ST T AT
w) Seedetails
| Next | Concel |
Fig.54 Update Driver Process Part.4

==

B e e B R (o) L Update Driver Software - Micrium CDC Device (COMS3)
Installing driver software... Windows has successfully updated your driver software
—_—

Windows has finished installing the driver software for this device:

Micrium CDC Device

Fig.55 Update Driver Process Part.5

Now, use the USB cable to connect the PC and the lock-in amplifier, then the connection is
automatically recognized as successful, and the recognized COM port can be seen in the device
manager. The USB2.0 driver is a virtual serial driver, which is used in the same way as the serial
port after the successful connection, and there is no need to match the baud rate.

2. Install OE2031 Software Driver

If the PC does not have NI LabView 2017 or higher versions installed locally, the user need to
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install the driver in the second folder in Fig.48 and open "OE2031_Console_Driver", as shown in
Fig.56.

Mame - Date medified Type
bin 2021-04-16 15:43 File folder
license 2021-04-16 15:43 File folder

supportfiles 2021-04-16 13:43 File folder

| | nidist.id 2020-03-11 1827 ID File
o setup 2017-03-15 19:10 Application
5| setup 2020-05-11 18:27 Configuration sett...

Fig.56 “OE2031 software driver” Folder

Double-click to open the "setup.exe" installation file in the red box in the figure above to start
installing the OE2031 PC software environment driver, generally according to the default options
to install on it.

Note that after successful installation, restart the computer to complete the configuration of the
software environment.

3. Install OE2031_Console_EN.
If the previous installation steps are all completed, the user can open the first folder
"OE2031_Console" in Fig.48. This file contains both English and Chinese versions of the

application software, which can run normally under Windows 7/8/8.1/10 systems.

Open the first folder in Fig.48, "OE2031", with the following files.

Mame Date medified Type Size

| | OE2042_Console_EM.aliases 2021-04-16 9:57 ALIASES File 1KB
ISSI QOE2042_Console EM I 2021-04-16 %57 Application 1,196 KB
w| OE2042_Console EM 2021-04-16 9:57 Configuration sett... 1 KB

Fig.57 “OE2031” Folder

Double click to open the "OE2031_Console_EN.exe" file in the red box in Fig.57. If the previous
installation is correct, the following software window will pop up and you can start the lock-in
amplifier configuration on your PC. After opening, the following Fig.58 shows.

Note that if the PC has NI LabView 2017 or higher version installed, you only need to install the
serial driver (the first step) and then proceed directly to the third step to use the lock-in amplifier
configuration software to set the parameters.
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551 —‘
~|
Please choose the true 'COM’ [ PLL Locked |
% j ,and then press 'Connect'. SINE o 0E2.D41 - Clear Wave ‘
SCIENTIFIC DSP Lock-in-Amplifier & Gain OVLD ‘
Connect INSTRUMENTS Control Console Input OVLD Stop Display |
Input Setting  Output Setting Demodulator Set RWave XWave YWave ©Wave Frequency X-Noise | BasicWave |~
1-
Input Source Reference Phase (°) Sweep Type
A (Single-Ended) |« 0.00 = Linear ) 083
0.6
Shield Grounding Reference Source Sweep Start Frqu(Hz) 3
Float i External - 1000 z 0‘4?
Sweep Stop Freq (Hz) 027
Coupling Ext. Ref. Trigger Mode  5goq = E
e o-
AC ~ TTL Rising Edge |+ Sweep Step time (ms) 0
Input Impedance Internal Frequency (Hz) 1000 —
s00 % 1000 = Sweep Step Freq (Hz) R(V) X (V) Y (v °()
1000 = 0.000 0.000 0.000 0.000
Sweep Run Mode
Configure Configure d RD1 (V) XD1 (V) YD1 (V) eD1 ()
Input Signal Reference Stop v QT 0.000 0.000 0.000
Time Constant Signal Gain RD2 (V) x02 (V) YD2 (V) D2 ()
250ms ~ 0.4 - Auto Phase 0.000 0.000 0.000 0.000
Filter Slope Sensitivi Compensation RD3 (V) XD3 (V) YD3 (V) eD3
ensitivity 0.000 0.000 0.000 0.000
12 dB/oct ~ v -
Auto Gain AUX-INT (V) AUX-IN2 (V) AUX-IN3 (V) AUX-IN4 (V)
Sync Filter OFF 0.000 0.000 0.000 0.000
CEEGETD — Freq (Hz) X-Noise (V) Sample Rate (5)
Configure LP-Filter Sensitivity and Gain Auto Sensitivity 5 0,000 = ’70.100 Save Data
v
< >

Fig.58 OE2031 Software Interface

6.2 How to Use the Software

Fig.58 shown above shows the interface of the PC configuration software for the current version
of the lock-in amplifier OE2031 (hereinafter referred to as OE2031).

6.2.1 Begin to Run

Before the program runs as shown in Fig.59 (left), the upper left part of Fig.58, the message
"Please choose the true 'COM', and then press {Connect." is displayed. .". If the program has
been successfully connected, the upper left corner of the program will change to the part shown
in Fig.59 (right), and the button will change to “Connected]’, and the current device information will

be displayed. At this point, if you click the button ‘IConnected again, you can stop the current
software operation.

. j Please choose the true 'COM' % COM4 j Connection successful:
,and then press 'Connect. SSILIA-OE1022
SN:L60318459
Connect Connected Verd.000

Fig.59 (left) Program begins (right) Program runs.
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6.2.2 Connection

To use the software to properly configure OE2031, the user first need to complete the proper
connection between the PC and the OE2031. Fig.60 shows the part of the software interface that
displays the current connection status.

j Please choose the true 'COM'

L
e ,and then press 'Connect’.

Connect

Fig.60 Initial Status
As shown in Fig.60, first find the COM number information corresponding to OE2031 in the device
manager, select the COM port in the drop-down window in the upper left corner, then click on the
connection option ‘IConnect’ on the left, if the PC and OE2031 are successfully connected, the
window below will show the version number information of the OE2031, as shown in Fig.61.

L cOM4 j Connection successful:
SSILIA-OE1022
SN:L60318459
Connected Verd.000

Fig.61 Connection Succeeds
Wait for a few seconds. If the message window on the right shows "Connection failed, please
retry." like Fig.62, it means that the connection between PC and OE2031 fails.

1 COMa j Connection failed, please
retry.

Connected

Fig.62 Connection fails.
After reconfirming that the device is properly connected and the correct COM port is selected,
click the ‘IConnected” button to switch the software back to the initial state (Fig.60), and click
“Connect’ again to try to connect until the connection is successful.

When the connection is successful, as shown in Fig.63, the contents of the window in the red box
will be cleared and the values will start to be displayed again, with the default window displaying
the R value and the X, Y, 6, frequency or noise values are optional to be displayed at the top of
the red box. At the same time, the software interface will be updated to display the parameters of
the current configuration of OE2031.

Note: Please connect the PC to OE2031 with the USB cable before opening the software. If the
software is opened before connecting the USB cable, there is a high probability that the connection
will not be successful.
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551 QE2041_Consale USBai - u] X
~
Comectn ot sme Model OE2041 S R
SNILB102063 SCIENTIFIC DSP Lock-in-Amplifier S Gain OVLD
INSTRUMENTS Stop Displa;
\Ver6.1200512 Control Console &SN Input OVLD P pay
R
Input Setting  Output Setting Demodulator Set RiNave XWave YWave ©Wave Frequency X-Noise  Basic Wave v
Input Source Reference Phase () Sweep Type
A (Single-Ended) |~ 0.00 B Linear
Shield Grounding Reference Source %‘f’fﬁp Start Freq-{Hz]
Float v External - =
Sweep Stop Freq (H2)
Coupling Ext. Ref. Trigger Mode 0 -
AC > TIL Rising Edge |~ Sweep Step time (ms) ‘ 0 10‘00
Input Impedance Internal Frequency (Hz) = — e = =
500 - 1000 = s"‘“" Step F"Eq_(HZJ RV) X Y V) e ()
= 100.353m 100.352m -332.846u -0.190
Sweep Run Mode
Configure Configure e RD1 (V) XD1 (V) YD1 v eD1 ()
nputional Eaference ; 100.353m 100.352m -332.846u 0190
Time Constant Signal Gain RD2 (V) XD2 (V) ¥D2 (V) 802 ()
125ms = o » e i 100.353m 100.352m -332.846u -0.190
Filter Slope Sensitivi Compensation RD3 (V) XD3 (V) YD3 (V) ep3
ensitivity 100.353m 100.352m -332.846u -0.190
24 dB/oct v v -
Auto Gain AUX-IN1 (V) AUX-IN2 (V) AUX-IN3 (V) AUX-IN4 (V)
Syne Filter OFF 0.001 0.000 0.003 -4.018
3 _‘:_"f'"g‘l‘::e _ Par— Freq (Hz) X-Noise (V) Sample Rate (S)
N o sensitivi =
Configure LP-Filter ensitivity and Gain 2l 9999.9992 85.027p =|o.100 Save Data
v
< >

Fig.63 OE2031 Software Connection Succeeds

6.2.3 Input Configuration
The program configuration area of input signal is as shown in the red box in Fig.63. The details of
the configuration are listed on Table 5.

551 OE2041_Console_USB.vi - o x
~
Connection successful: SINE Model OE2041 . PLL Locked
51 LIA-OE2041 ) . Clear Wave
SCIENTIFIC DSP Lock-in-Amplifier &N Gain OVLD
SNiL8102063 INSTRUMENTS Stop Displa
Ver8.1200512 Control Console S Input OVLD p Lsptay
Input Setting  Qutput Setting Demodulator Set RWave XWave YWave ©Wave Frequency X-Noise  BasicWave |~
e e g
| [ I . s T 0100365 -
I nput Source Reference Phase (%) weep Type 0.100363—: fi
A (Single-Ended) [+ Jooo 3 Linear 8L
. il
: Shield Grounding Ireterence source Sweep Start F'“'A(Hzl
Float . I external - £
I I Sweep Stop Freq (Hz)
I Coupling Ext. Ref. Trigger Mode =
I AC ~ TTL Rising Edge |~ Sweep Step time (ms)
I Input Impedance Ilnternal Frequency (Hz) 1000 =
I 500 P I 0 = 5'\"\"eﬁe|: Step Fl'equzJ ROV X Yo e
I = 100.353m 100.352m -332.846u 0190
I Configure I Configure 5{“’“‘" Run Mode RD1 (V) XD1 (V) YD1 (V) 8D1 ()
InputSignal | | ] Reference e 100.353m 100.352m -332.846u -0.190
Time Constant Signal Gain RD2 (V) XD2 (V) ¥D2 (V) eD2 ()
125ms - 04 - el 100.353m 100.352m -332.846u 0190
Filter Slope sonsitivi Compensation RD3 (V) XD3 (V) ¥D3 (v) eD3
ensitivity 100353m 100352m -332.846u 0190
24 dBfoct v v v
e AUX-IN1 (V) AUX-IN2 (V) AUX-IN3 (V) AUX-IN4 (V)
Sync Filter OFF 0.001 0.000 0.003 -4018
s f_"[‘ﬁg'::ﬁ i P—— Freq (Hz) X-Noise (V) Sample Rate (5)
" [0 Sensitivi (=]
Configure LP-Filter ensitivity and Gain R 9009 9002 85.027p o100 Save Data
v
< >
Fig.64 The Configuration area of Input Signal
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Table 5. Input Configuration
Single-Ended Voltage

Input Source - -
Differential Voltage

Float (The input connector ground and the instrument
Input Shield ground are isolated by a 1 kQ resistor.)

Grounding Ground (The input connector ground and the instrument
ground are isolated by a 0 Q resistor.)

AC (AC coupling)

DC (DC coupling)

50 Q (The impedance is 50 Q)

10 MQ (The impedance is 10 MQ)

Input Coupling

Input Impedance

Note that:

1. After selecting the desired settings, you need to click
configuration of the input signal.
All settings can be changed at the same time, just click

Configure Input Signal]’ to complete the

Configure Input Signal” once.

2. Each time you re-modify one of the settings, click the button to complete the configuration,
otherwise the settings are invalid.

3. Other configuration menus also need to click
invalid.

Configure XXX XXX", otherwise the settings are

6.2.4 Reference and Frequency Sweep Configuration

Reference Signal Configuration:
The configuration area of reference signal is shown in the red box in Fig.65. The details of
configuration are shown in Table 6.
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557 OE2041_Console USB - o x
~
% comd j gso:\:ls::cg:;uic“cessfu\: SINE Model OE2041 . PLL Locked Clear Wave
SNILB102063 SCIENTIFIC DSP Lock-in-Amplifier S Gain OVLD
INSTRUMENTS Stop Displa;
\Ver6.1200512 Control Console . Input OVLD P Dispay

Input Setting  Output Setting Demodulator Set RWave XWave YWave BWave Frequency X-Noise | Basic Wave |+

—— - E
0.100365 -
Input Source I Reference Phase (%) Sweep Type 0100363 ﬂ
A (Single-Ended) |~ I 0.00 = Linear 010036108 UI‘ [rH
, t Fr E L
Shield Grounding I Reference Source Sweep Start Freq (Hz) g:ﬁ;:g: j '|‘“ )
1000 < 3 | At
Float ~ External ~ | I L
I Sweep Stop Freq (Hz2) 0100353': |H|-|J'_‘u
Coupling I Ext. Ref. Trigger Mode 00 = 001;223;' |
AC > I TIL Rising Edge |~ Sweep Step time (ms) ‘ 0
Input Impedance I Internal Frequency (Hz) - ’
500 » I R = Sweep Step Freq (Hz) ROV) X ) e
I . = 100.353m 100.352m -332.846u -0.190
Configure 1 Configure s_‘f'“" fun Mode RD1 (V) XD1 (V) YD1 v eD1 ()
InpubiSignal Reference e 100.353m 100.352m -332.846u -0.190
Time Constant Signal Gain RD2 (V) XD2 (V) YD2 (V) eD2 ()
125ms - 04 - Auto Phase 100.353m 100.352m -332.846u -0.190
Filter Slope Sensitivi Compensation RD3 (V) XD3 (V) YD3 (V) ep3
ensitivity 100.353m 100.352m -332.846u -0.190
24 dB/oct » 1v o
Auto Gain AUX-INT (V) AUX-IN2 (V) AUX-IN3 (V) AUX-IN4 (V)
Syne Filter OFF 0.001 0.000 0.003 -4.018
Configure - Freq (Hz) X-Noise (V) Sample Rate (5)
Configure LP-Filter Sevsitivityand|Gain Auto Sensitivity 9999.9992 85.027p o100 Save Data
v
< >

Fig.65 The Configuration Area of Reference Signal

Table 6. Reference Signal Configuration

Setting the phase shift of two orthogonal reference
Phase(°) signals for PSD algorithm. The range is -180° to +180°
and the resolution is 0.01°

External

Internal

Reference Source
Internal Sweep

Self Reference
TTL Rising Edge
Sine Zero Crossing

External Ref Trigger

Int. Frequency Manually, 1mHz to 60MHz by one-step of 1mHz at least.

Note that:
1. After finishing all the settings, click the button “Configure Reference]” to finish the configuration
for input signal. All settings can be changed at the same time and you just need to click the button

once.
2. After changing the settings, you need to click
Otherwise, the settings are void.

Configure Reference]” to finish this configuration.

Frequency Sweep Configuration:
Choose the button “Internal Sweep]” in Reference Source]” to configure internal frequency sweep
as is shown in Fig.66. The details of configuration are shown in Table 7.
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551 OE2041_Console_USBwvi - O x
I/DCOMAI j Connection successful: SINE Model OE2041 1 PLL Locked o —
EIS»II‘LLQ-UZEED;W @SCIEN TIFIC DSP Lock-in-Amplifier . Gzin OVLD —
Ver8.1200512 LS TRUMEN Y Control Console = Input OVLD Stop Display
Input Setting  Output Setting Demodulator Set RWave XWave YWave BWave Frequency X-Noise | Basic Wave |+
[ 0.100365
Input Source 1 Reference Phase () Sweep Type 1 B 1
A (Single-Ended) |« | 0.00 = Linear - I 0.10036- 38 'IL,”.‘ r’H
Shield Grounding I Reference Source Sweep Start Freq-(Hz) 0‘100355% T| e N .
Float - Internal Sweep |~ 1000 41 ] I
1 Sweep Stop Freq (H2) 1 TleEE U
Coupling Ext. Ref. Trigger Mode 5000 = 9
AC e I TILR Sweep Step time (rns)l 0‘10034570
Input Impedance 1 Internal Frequency (Hz) 1000 - I
500 » I R . Sweep Step Freq (Hz) I ROV) X ) e
I 1000 : I 100.351m 100.351m -332.846u -0.190
Configure Configure Sweep Run Mode RD1 (V) XD1 (V) YD1 v eD1 ()
nputional 1 Eaference Step S 100351m 100.351m -332.846u -0.190
Time Constant Signal Gain RD2 (V) XD2 (V) YD2 (V) eD2 ()
125ms - 04 - Auto Phase 100.351m 100.351m -332.846u -0.190
Filter S " Compensation RD3 (V) XD3 (V) ¥D3 (V) eD3
2'4 :;/D:Pe - ie\:'s'"v'ty 100.351m 100.351m -332.846u -0.190
= Auto Gain AUX-INT (V) AUX-IN2 (V) AUX-IN3 (V) AUX-IN4 (V)
Sync Filter OFF 0.002 0.000 0.003 -4.019
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Fig.66 The Configuration Area of Internal Frequency Sweep
Table 7. Internal Sweep frequency Reference Configuration
Linear
Sweep Type
Log
Setting the start frequency of sweep manually. The frequency
Sweep Start Freq (Hz) range is from 1mHz to 60MHz and the minimum resolution is
ImHz.
Setting the stop frequency of sweep manually. The frequency
Sweep Stop Freq (Hz) range is from 1mHz to 60MHz and the minimum resolution is

1Hz.
Setting the step time for every sweep manually. The step range
is from 1ms to 100s and the minimum resolution is 1ms.

Sweep Step Time (ms)

Setting the step frequency for every sweep manually. The step

Sweep Step Freq (Hz) i . L
range is from 1Hz to 60MHz and the minimum resolution is 1Hz.

Setting the step percentage for every sweep manually. The step
Sweep Step Percent (%) range is from 0.001% to 100% and the minimum resolution is
0.001%.

Single

Int. Sweep Run Mode Loop

Stop

Note that:
After finishing all the settings, click the button “Configure Reference]” to finish the configuration for
input signal. All settings can be changed at the same time and you just need to click this button

once.
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6.2.5 Sensitivity and Gain Configuration

The configuration area of sensitivity and gain is in the red box in Fig.67. The details of configuration

are listed on the Table 8.
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Fig.67 The Configuration Area of Sensitivity and Gain
Table 8. Sensitivity and Gain Configuration
. . 0.4 2 8 40
Signal Gain
200 600 1500
1nV/fA 200nV/IfA 50uV/ipA 10mV/nA
2nVIfA 500nV/fA 100uV/pA 20mV/nA
5nV/fA TUVIpA 200uV/IpA 50mV/nA
Sensitivity 10nV/fA 2uV/IpA 500uV/pA 100mV/nA
20nV/fA 5uV/pA 1mV/nA 200mV/nA
50nV/fA 10uV/pA 2mV/nA 500mV/nA
100nV/fA 20uV/pA 5mV/nA TV/IPA
Note that:

1. After finishing all the settings, click the button “{Configure Sensitivity and Gain

" to finish the

configuration for input signal. All settings can be changed at the same time and you just need to

click this button once.
2. Once you change the settings, you need to click ‘IConfigure Sensitivity and Gain
configuration. Otherwise, the settings are void.

" to finish this

>

SINE
SCIENTIFIC

INSTRUMENTS



OE2031 DSP Lock-In Amplifier

6.2.6 Auto Setting Configuration
The auto setting configuration is in the red box in the Fig.68. The details of configuration are shown
in Table 9.
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Fig.68 The Configuration Area of Auto Set Configuration

Table 9. Auto Setting Configuration Options
Auto Phase Compensation Disable / Enable
Auto Gain Disable / Enable
Auto Sensitivity Disable / Enable
Note that:

1. The configuration of "Auto Sensitivity", "Auto Dynamic Reserve", "Auto Phase Shift" and "Auto
Range" is relatively independent, not through the “{Configure XXX XXX’ button in the other
configuration area, but by clicking the button where the function is located to select the auto
function. When the button is clicked, the button will change to ‘Processingl’, indicating that
OE2031 is executing the automatic function, and when the execution is finished, the button will be
reset to the initial state, and the "Signal Gain" and "Sensitivity" will be reset to the initial state. The
"Signal Gain" and "Sensitivity" items will be updated to the values returned by OE2031.

6.2.7 Filter Configuration
The filter configuration is in the red box of the Fig.69. The details of configuration are listed on
the Table 10.
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Fig.69 The Configuration Area of Filter

Table 10. Filter Configuration

30 ns 32 us 32 ms 35s

60 ns 65 us 65 ms 70 s

125 ns 125 us 125 ms 140 s

250 ns 250 us 250 ms 275 s

500 ns 500 us 500 ms 550 s

Time Constant
1 us 1ms 1s 1100 s

2 us 2ms 2s 2200 s

4 us 4 ms 4s 4400 s

8 us 8 ms 8s

16 us 16ms 17 s

6 dB/oct
12 dB/oct
18 dB/oct
24 dB/oct
30 dB/oct
36 dB/oct
42 dB/oct
48 dB/oct

Filter Slope

Disable

Sync Filter OFF/ON
Enable

Note that:
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1. After choosing all the settings, click the button “IConfigure LP-Filter!” to finish the configuration.
All settings can be changed at the same time and you just need to click this button once.

2. After changing the settings, you need to click this button to finish this configuration. Otherwise
the settings are void.

3. The configurations of “Sync Filter OFF” is relatively independent. Click its own button but not
the button “Configure LP-Filter]’ to disable or enable the auto function. The button will switch to

“Sync Filter ON” when click the button. This means OE2031 is executing the auto function. If you
need to disable the sync filter, click this button again and it will reset to the start status
OFF”. This means you have disabled the sync filter of OE2031 successfully.

“Sync Filter
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Fig.70 The Effect of Using Sync Filter

6.2.8 Output Configuration

The output configuration is in the red box of the Fig.71. The details of the configuration are listed
in the Table 11.
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Fig.71 The Configuration Area of Output Channel

Table 11. Output Channels Configuration Options
Controlling the output channel CH1/CH2/CH3/CH4 on the front panel to
output the value the user need, the value type includes AUXOUT custom
value, X/Y/R/6 value of signal and demodulation channel, input value of
AUX-IN.
AUXOUT Setting customized values of CH1~CH4 output from -10V to +10V.
The range is -100% to +100%, the minimum step is 0.01%, 0.00% in
default. All value besides AUXOUT can be set.
CH Expand The range is 1~256, 1 in default. All value besides AUXOUT can be set.
Choosing “Fast”’ / “Slow”. When choosing “Fast”, the CH output channels
can only output the R/X/Y value.

CH Output

CH Offset(%)

Speed

Note that:

1. After setting the output configuration of CH1 ~ CH4, click the button “Configure CH Output” to
finish the configuration; all settings can be changed at the same time and you just need to click
this button once.

2. After changing the settings, you need to click /Configure CH Output]’ to finish this configuration.
Otherwise, the settings are void.

6.2.9 Sine Output Configuration

The sine output configuration is shown in the red box in Fig.72. Optional settings for users are
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shown in table 12.
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Fig.72 The Configuration Area of SINE OUTPUT

Table 12. SINE Output Configuration Options

Sineout OFF

Fixed

SineOut Mode

Linear Sweep

Log Sweep

Sine Fix Volt(mVrms)

This item can be operated when the sine output mode is
selected as a fixed sine signal, manually entered by the
user. The voltage range is from 0.001mVrms to 1000mVrms
and the minimum resolution is 1 uVrms.

Setting the start value of sweep amplitude for every sweep

Start Volt(mVrms) manually. The voltage range is from 0.001mVrms to
1000mVrms and the minimum resolution is 1 uVrms.
Setting the stop value of sweep amplitude for every sweep
Stop Volt(mVrms) manually. The voltage range is from 0.001mVrms to

1000mVrms and the minimum resolution is 1 uVrms.

Step Interval(ms)

Setting the step time for every sweep manually. The time
range is from 1ms to 100s and the minimum resolution is
Tms.

Step Volt(mVrms)

Setting the step voltage amplitude for every sweep manually.
The voltage range is from 0.001mVrms to 1000mVrms and
the minimum resolution is 1 uVrms.

Step Percent(%)

Setting the step percentage for every sweep manually. The
step range is from 0.001% to 100% and the minimum
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resolution is 0.001%.

Single

Loop

Stop
Setting to turn OFF/ON the add function of the ADD-IN
interface on the front panel.

SineOut Run Mode

Add Mode OFF/ON

Note that:

1. After setting the sine output configuration, click the button “{Configure SineOut” to finish the
configuration. All settings can be changed at the same time and you just need to click the button

once.

2. After changing the settings, you need to click the button ‘/Configure SineOut” to finish this
configuration. Otherwise, the settings are void.

3. The configurations of “ADD Mode OFF” is relatively independent. Click its own button but not

the button “Configure SineOut” to disable or enable the function.

6.2.10 Demodulator Configuration

The demodulator configuration is shown in the red box in Fig.73. The details of configuration are

shown in Table 13.
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Fig.73 The Configuration Area of Demodulator
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Table 13. Demodulator Configuration Options

Harmonic Mode
Demod Mode Arbitrary Freq Mode

Equation Mode
Setting the harmonic orders. The setting range is from
Harmonic 1 to 32767 integer and the value is 1 in default, which
is the signal fundamental wave.
Setting the arbitrary frequency value of demodulator
Arbitrary Freq manually. The frequency range is from 1 mHz to 10
MHz, and the minimum resolution is 1 mHz.
Setting the equation elements value of demodulator
manually. The range of Aand B is from is from -32767
to 32767 integer. The range of F1 and F2 is from 1
mHz to 10 MHz, and the minimum resolution is 1 mHz.

Equation=AxF1+BxF2

Note that:

1. After setting the output configuration, click the button “IConfigure Demodulator] to finish the
configuration. All settings can be changed at the same time and you only need to click this button
once.

2. After changing the settings, you need to click the button “{Configure Demodulator” to finish this
configuration. Otherwise, the settings are void.

6.2.11 Save and Recall System Configurations

The configuration area of save and recall system configurations is shown in the red box in Fig.74.
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Fig.74 The Configuration Area of Save and Recall System Configurations

The left drop-down window in the red box selects “Default, S1, S2, S3, S4” five options, of which

“Default” is the system default setting, for which only “Recall Setting’ can be selected. “S1, S2,
S3, S4” are four configuration saving area in the system, in which the current configuration can be

saved. To overwrite the current configuration to the saving area, select one of “S1, S2, S3, S4”
and click “|Save Setting’. When need to recall the previously saved configuration, select the

corresponding saving area and then click Recall Setting".
6.2.12 Data Storage

The software has the function of data storage. Users can choose to save the data or not that
OE2031 collects in a period.

The saved data contains the R, X, Y, 6, frequency, and noise of the measured signal, the R, X, Y,
8 of 3 demodulator channels, and the input signal value of 4 AUX-IN channels.

The steps for choosing to save data or not:
1. When the software is executing, click the button ‘{Save Datal’ in the red box in Fig.75. After
clicking this button and it displays ‘/Saving...". The software is saving the current collected data.

2. The data is saved in Excel. The file name is “Data_recorded_excel.xls”. It is saved in the
program directory.

3. Click the button “/Saving.. ]’ again, and the button status will switch back to “Save Datal’ again.

This means the software stops saving collected data.
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Sample Rate (S)

4. In box [l , you can modify the sampling rate of the current display and data storage.

The input range is 0.001s ~ 100s.
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I
< >
Fig.75 The Configuration Area of Data Storage
6.2.13 Waveform Display
The configuration area of waveform display is shown in the red box in Fig.76.
881
~
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< >

Fig.76 The Configuration Area of Wave Display
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The data waveforms that can be displayed in the waveform display window include the R, X, Y, 6,
frequency, and noise of the measured signal, the R, X, Y, 6 of 3 demodulator channels, and the
input signal value of 4 AUX-IN channels.

Different data waveforms can be selected via the tabs and drop-down windows above the red box.

6.3 Usage Examples

This example will show how to use OE2031 PC software to configure parameters, and observe
and record the value of R, X, Y and 6.

First, connect OE2031 and PC according to the software usage guidance in 6.2 and then you can
start to configure.

Suppose the user needs to make the following lock-in amplifier settings in Table 14 and perform
data saving.

Table 14. Configuration Instance
Input Source Single-ended voltage input
Input Signal Size 40 mV
Input Impedance 50 Q
Input Coupling AC
Input Gain Auto Gain
Sensitivity Auto Sensitivity
Reference Source External reference, 1000Hz
Reference Signal trigger way TTL rising edge trigger
Phase Shift Angle 0°
Time Constant of Low Pass Filter 250 ms
Roll Off 24 dB/oct
Sampling Rate 1ls

The steps to finish the configurations in Table 14 are as follows:

1. According to Table 14, choose the following options in “Input Setting”, including “Input Source”,
“Coupling” and “Input Impedance” with other options in default, as is shown in Fig.77. At last, click
the button “Configure Input Signall” to finish the configurations.
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551 QE2041_Console USB.vi - ul X
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I A (Single-Ended) |« 0.00 - Linear
————————
I Shield Grounding Reference Source %‘f?ﬁp Start F\eq-(Hz]
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v
< >

Fig.77 Input Configuration

2. Choose the following options in “Reference Configuration”, including “Reference Phase”,
“Reference Source”, “Ext. Ref. Trigger Mode” with other options in default, as is shown in Fig.78.
At last, click the button “IConfigure Reference!” to finish the configurations.

551 QE2041_Consale USBai - u] X
~
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EHE o — Freq (Hz) X-Noise (V) Sample Rate (S)
Configure LP-Filter Sevsitivityand|Gain Auto Sensitivity 999.9999 4.194p o100 Save Data
v
< >

Fig.78 Reference Configuration

3. Choose these two options in “Filter Configuration”, including “Time Constant” and “Filter
Slope” with other options in default, as is shown in Fig.79. At last, click the button ‘IConfigure]

SINE
SC/IENTIFIC
INSTRUMENTS



N 02031 DSP Lock-In Amplifier

” to finish the configurations.
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Fig.79 Filter Configuration

4. Choose these two options in “Sensitivity and Gain Configuration”, including “Signal Gain” and
“Sensitivity” with other options in default, as is shown in Fig.80. At last, click the button
[Sensitivity and Gain” to finish the configurations.

551 QE2041_Consale USBai - u] X
~
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Fig.80 Sensitivity and Gain Configuration
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In addition, since “Auto Sensitivity” and “Auto Gain” are selected to automatically set the full offset
sensitivity, you only need to click the “Auto Sensitivity” and “Auto Gain” buttons respectively, and
then the button will change to “Processing...]’. When the execution is finished, the button will be
reset to its initial state, and the “Gain” and “Sensitivity” will be updated to the values returned by
OE2031.

At this point, look at the “Sensitivity” item on the main interface, and compare Fig.80 to find that
Sensitivity has been changed to the appropriate sensitivity (from 1V to 50 mV); and Gain has been
changed from 0.4 to 8 times, as shown in Fig.81.
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Fig.81 Auto Sensitivity and Gain Configuration
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5. The configurations of OE2031 are finished. Other options are in default. Then users can collect
and save data.

Data is saved in the selected directory in the form of an Excel. The file name is
“Data_recorded_excel.xls” and it has 23 columns of data.

551 OE2041_Console_USBwvi - O x
"
% comd j gso:\:ls::cg:;uic“cessfu\: SINE Model OE2041 . PLL Locked Clear Wave
SNILB102063 SCIENTIFIC DSP Lock-in-Amplifier S Gain OVLD
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Fig.82 The data saving is paused

As is shown in Fig.81, click the button ‘{Save Datal” in the red box. When this button is clicked and
it displays “/Saving...]. This means the OE2031 is saving data, as is shown in Fig.83.
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~
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Fig.83 The data saving is executing
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Excel file saved in current directory is as shown in Fig.84. Open the file and the data format is as

shown in Fig.85.

Mame Date modified Type Size
U
| | Data_recorded_excel 2021-12-22 16:42 Microsoft Excel 97... 91 KB
= [7] GF201_Tonsole ENliases 2021-04-16 %:57 ALIASES File 1KB

331 OE2041_Console_EM 2021-04-16 %57 Application 1,196 KB

| OE2041_Console_EN 2021-04-16 9:57 Configuration sett... 1KB

Fig.84 The Excel of Saved Data
E F [ L] I J X ] ¥ F q 3 s T ] v ¥

B g ;
3) 18:29:26 R ER: 1. 000 ¢
R ]

01

-0, 03849 0. 040135
-0, 02849 0. 040135
-0, 02049 0. 040135
-0, 02855 0. 040135

0.0401348 -2, 58E-05 0. 040135
1 |0.0401349 -2, 56E-05 0. 040135
5 |0.0401349 -2, 5EE-05 0. 040135
6 00401349 -2, 56E-05 0. 040135

-0, 03¢
-0, 02622 0.

-0, 03627 0. 040136 -2,
36 -0, 02629 0. 040136 -2.

36 -0, 02634 0. 040136
24 2. 35 -0, 03642 0. 040135
25 |0.0401353 -2, 56E-05 0. 040135 -0, 03649 0. 040135

7. PERFORMAN

Introduction

Serial Number

Firmware Revision

Warm Up

Test Record

00509099 0. 000938 0, 00083 0. 002188
0 0509,9099 0. 000938 0, 00031 0. DO1B75
0990, 9899 0. 000A25 —
0099, 9899 0. 001563 —
00999899 0, 00125 —
0 099,9899 0, 00125

0999, 9999 0, 00 =
0 999, 9999 0, 00
0999, 9999 0, 00

0 999, 9999 0, D0
0999, 9599 0, D0
0999, 9999 0, 000625 —0, 3
0 999,9999 0, 00125 0, 00031 0. DO1E75
0 999, 9999 0. 00S3E 0, 00031 0. DOZ1ES
0 999, 9999 0. 00S3E ~0, 00031 0. DO1ETS
0 999,9999 0, 00125 0
0 99,9999 0, 00125 -0, 00031 0. D0
0999, 9999 0. 00932 0
0 999,9999 0. 000932 0
0
1
2

. 03628 0, 040136 -

. 03629 0, 040136 -

. 03622 0, 040136 -

3 . 03622 0, 040136 -

-2, 548-05 0. 040136 -0, 03622 0, 040136 -

-2, 548-05 0. 040136 -0, 03622 0, 040136 -

-2, 548-05 0. 040136 -0, 03627 0, 040136 -

-2, 548-05 0. 040136 -0, 03629 0, 040136 -
2. SEE-05 0. 040136 =0, 03634 0, 040136
2. SGE-05 0. 040135 =0, 03642 0. 040135
2. S6E-05 0. 040135 =0, 03649 0. 040135

0 999,9993 0, 00125
0 999,9993 0, 00125
0 999,9999 0. 000932

0. 00031 0. 001875
0. 0008

2, 56E-05 0, 040135

2, 5 0. 03649 4, 19E-12

Fig.85 Data format of Data_recorded_excel.xls

CE TESTS

The performance tests are designed for users to prove that the OE2031
can operate normally and enhance users’ confidence to our instrument.
Each test can be recorded on the Performance Test Record form at the
final section of this chapter.

If you have any questions and need to contact us, please offer the serial
number of your instrument. You can find the serial number on the CD box,
the package box or the backside of your instrument. You can also check
the serial number at <INFO> on the screen when the instrument is
powered on.

The firmware revision number is shown at <INFO> on the screen when
the instrument is powered on.

Due to the temperature drift of chips, it is best to warm up the instrument
for some time (30~30 Minutes) in order to reduce measurement error.

At the end of this section, there is a performance test record. It is
necessary to make a copy of it before filling in the record. This record will
allow you to determine whether the tests pass or fail. Please keep the
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If a Test Fails

Necessary
Equipment

Front Panel
Display Test

Keypad Test

record for future contact with our engineers.

If a test fails, you should check the settings and connections of any
external equipment and internal equipment. After checking the settings,
repeat this test from warm up and make sure that the test is performed
correctly. If possible, replace other external devices and test again.

If the test continues to fail, contact us for further instructions. Make sure
that you have the unit’s serial number and firmware revision code handy.
Have the test record on hand as well.

The following equipment is necessary to complete the performance tests.
The suggested equipment or its equivalent should be used.
1. Function Signal Generator

Freq Range 1 Hz to 100 MHz

Freq Accuracy Better than 5 ppm
Amplitude Accuracy 0.2 dB from 1 Hz to 10 MHz
Spurious <-55dBc

TTL SYNC Available

Output Setup 50 Q or High Z
Recommended AGILENT 33250A

2. Digital Voltmeter

Voltage Range 220V, 4 1/2 digits
Accuracy <0.005 %
Recommended KEITHLEY 2100

3. DC Voltage Source

Voltage Range 210V
Accuracy <10mVpp
Recommended RIGOL DP831A

4. Connector
BNC Terminations 50 Q
T-type BNC Connector

First, turn on the power switch on the rear panel to start the device.
Second, check whether the display is lighted or not. Third, check whether
there are bad pixels on the display. End the display test.

After the device is started, press any button and you will hear “Di” sound
once. Then, try to press every button to check whether the display change
to the corresponding setting. Finally, press <Sensitivity> and spin the knob
to check whether the knob is OK.

>
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7.1 Starting Test

The starting test checks the lock-in hardware. This test should be done before any other
performance tests.

Device
No external device is required in this test.

Steps
1. Open the power switch on the rear panel to start the lock-in amplifier.

2. Observe the device, and check whether the screen, keyboard and cooling fan is OK.
3. Record the test results in the Performance Test Record.

7.2 DC Offset

This test measures the DC offset of the input.
Device

Connect a 50Q BNC termination to the A input. This shorts the input so the lock-in’'s own
DC offset will be measured.

Steps

1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Press the buttons in the following sequence:

<Ref. Source> Set to <Internal>

<Ref. Frequency> Setto 1Hz

<Sensitivity> Set to <1mV> through the spinning knob
<Gain> Set to <600> through the spinning knob

3. Wait 10 seconds, then record the value of R.
4. Change the setting:
<Coupling> Set to <DC>
5. Wait 10 seconds, then record the value of R.
6. End the test and fill the result into the performance test form.

7.3 Common Mode Rejection

This test measures the common mode rejection of the lock-in.
Device

Use the internal oscillator sine output to provide the signal.
Connect the [SINE OUT] to both A and B inputs of the lock-in.
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Use equal length cables from A and B to a BNC TEE.
Connect the cable from the [SINE OUT] to the TEE. Do not use any termination.

Steps

1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Press the buttons in the following sequence:
<Sensitivity> Set to <1 V> through the spinning knob
<Ref. Source> Set to <Internal>
<Ref. Frequency> Setto 100 Hz
3. Wait until <R> is steady and <R> should be 1.000Vrms (within 3% error)
4. Press the buttons in the following sequence:

<Coupling> Set to <DC>
<Source> Set to <A-B>
<Sensitivity> Set to <10mV> through the spinning knob

5. Wait 10 seconds, and then record the value of R.
6. End the test. The common mode rejection equals to 20Ig(1/R), where R is in Volts(V).
Fill the results in the performance test form.

7.4 Amplitude Accuracy and Flatness

This test measures the amplitude accuracy and frequency response.
Device

Use the function signal generator to provide an accurate frequency and a sine wave.

Use one cable with BNC connector to connect the output of the function signal generator
to the Aiinput of the lock-in. Use another cable with BNC connector to connect the reference
output of the function signal generator to the REF IN of the lock-in.

Set the function signal generator to:
Function Sine

Frequency 1 kHz

Amplitude 1Vrms

Offset ov
Output 50 Q
Sweep off

Modulation none
Steps
1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.

2. Press the buttons in the following sequence:
<Filter dB/oct> Set to 24 dB/oct
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<Ilmpedance> Set to 50Q
3. Amplitude accuracy is verified at 1kHz and various sensitivities. Set the sensitivity of the
lock-in and the amplitude of the function signal generator in the following sequence:

Sensitivity Amplitude
1V 1.0000 Vrms
200 mV 200.00 mVrms
100 mV 100.00 mVrms
20 mV 20.000 mVrms
10 mV 10.000 mVrms

a) Set the function signal generator to the amplitude shown above.

b) Set <Sensitivity> of the lock-in.

¢) Wait 10 seconds, then record <R>, then test the next group of the
sensitivity-amplitude.

d) Repeat the steps from 3)-a) to 3)-c) until the Sensitivity-Amplitude test is
completed.

4. Frequency response is checked at frequencies above 1kHz. Set the frequency in the
following sequence:

Test Frequency
24 kHz
240 kHz
2.4 MHz
24 MHz

a) Set <Sensitivity> of the lock-in to <200 mV>.

b) Set the frequency of the function signal generator to 1 kHz and the amplitude to
200.00mVrms.

c) Set the frequency of the function signal generator in the upper sequence.

d) Wait 10 seconds, then record <R>, then test the next frequency.

e) Repeat from 4)-c) to 4)-d) until all the frequencies are tested over.

5. End the test and fill the results in the performance test form.
7.5 Amplitude Linearity

This test measures the amplitude linearity. It tests how accurately the lock-in measures a
signal smaller than full scale.

Device
Use a function signal generator to provide an accurate frequency and a sine wave.
Use a cable with BNC connector to connect the output of the function signal generator to
the A input of the lock-in. Use another cable with BNC connector to connect the reference
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output of the function signal generator to the REF IN of the lock-in.

Set the function signal generator to:
Function Sine

Frequency 1 kHz

Amplitude 1 Vrms

Offset ov
Output 50 Q
Sweep off

Modulation none

Steps

1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.

2. Press the buttons in the following sequence:
<Filter dB/oct> Set to 24 dB/oct
<lmpedance> Set to 50Q
<Sensitivity> Set to <1V> through the spinning knob

3. The Amplitude of the function signal generator should be 1kHz at various amplitudes.

Set the amplitude in the following sequence:

Amplitude
1.0000 Vrms
100.00 mVrms
10.000 mVrms

a) Set the output amplitude of the function signal generator.

b) Wait 10 seconds, then record <R>, then test next amplitude.

c) Repeat from 3)-a) to 3)-b) until all amplitudes are tested over.
4. End the test and fill the results in the performance test form.

7.6 Frequency Accuracy

This test measures the frequency accuracy of the lock-in.

Device
Use the function signal generator to provide the reference signal.
Use one cable with BNC connector to connect the reference signal of the function signal
generator to the REF IN of the lock-in.

Steps
1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Set the frequency of the function signal generator to 10 MHz.
3. Wait until <PLL: UNLOCK> changes to <PLL: LOCKED>, then record <Freqg>.
4. End the test and fill in the performance test form.
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7.7 Sine Output Amplitude Accuracy and Flatness

This test measures the amplitude accuracy and frequency response of the internal
oscillator SINE OUT.

Device

Use a 1-meter length cable with BNC connector to connect the SINE OUT to the A of the
lock-in.

Steps

1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Press the buttons in the following sequence:
<Sensitivity> Set to <1V> through the spinning knob
<lmpedance> Set to 50Q
<Ref.source> Set to <Internal>
3. The frequency of the internal oscillator should be 1kHz steadily. Set <Sensitivity> and
the amplitude of the SINE OUT in the following sequence:

Sensitivity Sine Output Fixed Voltage
1V 0.800 Vrms
200 mV 0.160 Vrms
50 mV 0.040 Vrms
10 mV 0.008 Vrms

a) Set the amplitude of <SINE OUT>.
b) Set <Sensitivity>.
¢) Wait 10 seconds, then record <R>, then test next group of Sensitivity-Sine Output.
d) Repeat from 3)-a) to 3)-c) until all the Sensitivity-Sine Output are tested over.
4. Frequency response is checked at frequencies above 1 kHz. Set <Ref. Frequency> in
the following sequence:

Test Frequencies
24 kHz
240 kHz
2.4 MHz
24 MHz

a) Set <Sensitivity> to <1 V>.
b) Set the amplitude of the <Sine Output> to 1Vrms.
c) Set <Ref. Frequency> in the upper sequence.
d)Wait 10 seconds, then record <R>, then test next frequency.
e) Repeat from 4)-c) to 4)-d) until all the frequencies are tested over.
5. End the test and fill results in the performance test form. Note that because of the 50Q
resistor at the Sineout output, 50Q input impedance of A port will reduce the measured

>
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amplitude by half.

7.8 DC Outputs and Inputs

This test measures the DC accuracy of the DC outputs and inputs of the lock-in.

Device
Use a linear DC regulator to generate a DC input.
Use a DVM to measure the DC output of the lock-in.

Steps
1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Press the buttons in the following sequence:
<Ref.source> Set to <Internal>
<CH Source> Set the source of 4 CH channels to <R>
3. Follow the steps below:
a) Use a cable to connect CHOUT1 of the lock-in to the DVM. Set the DVM to
19.999 V range.
b) Set <Offset> of <CHOUT?> in the following sequence:
Offset (%)
100.00
50.00
0.00
-50.00
-100.00

¢) Waiting for 10 seconds and record the reading of the DVM. Then, test next group
data.
d) Repeat steps 3-b) to 4-c) until finishing the tests for CH1. Then, connect the DVM
to CH2, CH3 and CH4 and continue to finish the tests for CH2, CH3 and CH4.
4. Follow the steps below:
a) use signal cable to connect the DVM to the CHOUT of the lock-in.
b) set the source of 4 CH channels to <R> in <CH Source>.
c) set the value of <AUXOUT> in the following sequence:
AUXOUT (V)
10.000
5.000
0.000
-5.000
-10.000
d) Wait 10 seconds and record the reading of the DVM. Then, test next group data.
e) Repeat steps 3b to 3d until finishing the tests for AUXOUT1. Then connect the DVM
to AUXOUT2, AUXOUT3 and AUXOUT4 to finish the tests for AUXOUT2, AUXOUT3
and AUXOUT4.
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5. Follow the steps below:
a) Set <Monitor> in <Display> to <Input>.
b) use signal cable to connect the DC regulator OUT to AUX_IN1 on the rear panel of
the lock-in.
c) set the output voltage of the DC regulator in the following sequence

Voltage (V)
10.000
5.000
0.000
-5.000
-10.000
d) Wait 10 seconds and recode the reading of <AUX-IN1> at the top of the screen.
Then, test the next group data.

e) Repeat steps 4c to 4d until finishing the tests for AUX-IN1. Then connect the DC
regulator OUT to AUX-IN2, AUX-IN3 and AUX-IN4 and finish the tests for AUX-IN2,
AUX-IN3 and AUX-IN4.

6. End the tests for DC inputs and outputs and fill the results in the performance test record
form.

7.9 Input Noise

This test measures the input noise of the lock-in.

Device
After the system itself is grounded, the lock-in can measure its own input noise.
Steps
1. Turn the lock-in off and on to restart it. Recall the <Default> settings in <Recall>.
2. Set the parameters in the following sequence:

<Ref. Source> Set to <Internal>

<Ref. Frequency> Set to 997 Hz

<Sensitivity> Set to <50 nV> through the spinning knob
<Gain> Set to <1500>

<Time Constant> Set to <250ms>

<Filter dB/oct> Set to <24 dB/oct>

<Trace> Set <Bottom Window> in <Display> to <X-Noise>

3. Wait until the reading is steady, and then record the maximum value of X-Noise.
4. Set the value of <Ref.Frequency> in the following sequence:

<Ref.Frequency>
9.997 kHz
99.997 kHz
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999.997 kHz
9.99997 MHz
59.9997 MHz

5. End the test and fill the result in the performance test form.

7.10 OE2031 Performance Test Record

OE2031 Performance Test Record

Serial Number Tested By
Firmware Revision Date
Equipment Used
1. Starting Tests
Pass
2. DC Offset
Input Coupling Reading Upper Limit
AC 0.500mV
DC 0.500mV
3. Common Mode Rejection
Frequency Reading Upper Limit
100Hz ImV
4. Amplitude Accuracy and Flatness
Sensitivity Amplitude Lower Limit Upper Limit
1v 1.0000Vrms 0.9800V 1.0200V
200mV 200.00Vrms 198.00mV 202.00mV
100mV 100.00Vrms 98.00mV 102.00mV
20mV 20.000Vrms 19.60mV 20.400mV
10mV 10.000Vrms 9.800mV 10.200mV
Sensitivity Frequency Lower Limit Upper Limit
200mV 24 kHz 196mV 204mV
200mV 240 kHz 196mV 204mV
200mV 2.4 MHz 196mV 204mV
200mV 24 MHz 196mV 204mV
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5. Amplitude Linearity

Sensitivity Amplitude Lower Limit Reading Upper Limit
1v 1.0000Vrms 0.9900V 1.0100Vv
100.00Vrms 0.0990V 0.1010V
10.000Vrms 0.0099V 0.0101V
OE2031 Performance Test Record
6. Frequency Accuracy
Frequency Lower Limit Reading Upper Limit
10MHz 9.990MHz 10.010MHz
7. SINE OUT Amplitude and Flatness
Sensitivity SINE OUT Ampl. Lower Limit Reading Upper Limit
1V 0.800 Vrms 0.388 Vrms 0.412 Vrms
200 mV 0.160 Vrms 77.30 MVrms 82.40 mVrms
50 mV 0.040 Vrms 19.40 mVrms 20.30 MVrms
10 mV 0.008 Vrms 3.880 mVrms 4.120 mVrms
SINE OUT Ampl. Frequency Lower Limit Reading Upper Limit
1.000 Vrms 24 kHz 0.4850 vV 0.5150 vV
240 kHz 0.4850 vV 0.5150 V
2.4 MHz 0.4850 vV 0.5150 V
24 MHz 0.4850 V 0.5150 V
8. DC Outputs and Inputs
Output Offset Lower Limit Reading Upper Limit
CHOUT1 100.00 9.960V 10.040V
50.00 4.960V 5.040v
0.00 -0.030V 0.030Vv
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Output Offset Lower Limit Reading Upper Limit
CHOUT2 100.00 9.960V 10.040V
50.00 4.960V 5.040V
0.00 -0.030V 0.030Vv
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Output Offset Lower Limit Reading Upper Limit
CHOUT3 100.00 9.960V 10.040V
50.00 4.960V 5.040v
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0.00 -0.030V 0.030Vv
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V

OE2031 Performance Test Record
Output Offset Lower Limit Reading Upper Limit
CHOUT4 100.00 9.960V 10.040V
50.00 4.960V 5.040V
0.00 -0.030V 0.030Vv
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Output Voltage Lower Limit Reading Upper Limit
AUX OUT1 10.000 9.960V 10.040V
5.000 4.960V 5.040v
0.000 -0.030V 0.030Vv
-5.000 -5.040V -4.960V
-10.000 -10.040V -9.960V
Output Voltage Lower Limit Reading Upper Limit
AUX OUT2 10.000 9.960V 10.040V
5.000 4.960V 5.040V
0.000 -0.030V 0.030Vv
-5.000 -5.040V -4.960V
-10.000 -10.040V -9.960V
Output Voltage Lower Limit Reading Upper Limit
AUX OUT 3 10.000 9.700 V 10.300V
5.000 4900V 5.100V
0.000 -0.030V 0.030V
-5.000 -5.100 vV -4.900 V
-10.000 -10.400V -9.960 V
Output Voltage Lower Limit Reading Upper Limit
AUX OUT 4 10.000 9.700 V 10.300V
5.000 4.900V 5.100V
0.000 -0.030V 0.030V
-5.000 -5.100 vV -4.900 V
-10.000 -10.400V -9.960 V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 1 10.000 9.960 V 10.040V
5.000 4.960V 5.040V
0.000 -0.030V 0.030V
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-5.000 -5.040V -4.960 V
-10.000 -10.040V -9.960 V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 2 10.000 9.960 V 10.040V
5.000 4960V 5.040V
0.000 -0.030 Vv 0.030V
-5.000 -5.040V -4.960 V
-10.000 -10.040V -9.960 V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 3 10.000 9.960 V 10.040V
5.000 4960V 5.040V
0.000 -0.030V 0.030V
-5.000 -5.040V -4.960 V
-10.000 -10.040V -9.960 V
OE2031 Performance Test Record
Input Voltage Lower Limit Reading Upper Limit
AUXIN 4 10.000 9.960 V 10.040V
5.000 4960V 5.040V
0.000 -0.030V 0.030V
-5.000 -5.040V -4.960 V
-10.000 -10.040V -9.960 V
9. Input Noise
Frequency Sensitivity Reading Upper Limit
997 Hz 50nV 15 nV/VHz
9.997 kHz 10 nV/VHz
99.997 kHz 7 nV/VHz
999.997 kHz 7 nV/VHz
9.99997 MHz 7 nV/VHz
59.99997 MHz 7 nV/VHz
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8. OPERATION EXAMPLES

8.1 Simple Signal Measurements

This example will show the OE2031 how to measure the value of R, X, Y, 6. You need two BNC
cables to input measure signal and reference signal. We use the function signal generator to
generate a 50mVrms, 110MHz sine signal and use the OE2031 to measure it. The steps are below:

Measure a Sine Signal
1. Disconnect all cables from the lock-in. Connect the power source and then turn on the power
switch. The system is in default now.

2. Use a BNC cable to connect the output of the function signal generator and the A input of the
OE2031. Use another BNC cable to connect the reference signal of the function signal generator
and the REF IN of the OE2031, as is shown in Fig.86.

— — - Reference Signal

- = = =[\leasurement= = = = = = = =

Fig.86 Signal Cable Connection Diagram.

3. Turn on the function signal generator and set “Function: Sine”, “Amplitude: 50mVrms”,

“Frequency: 1kHz", “Output Impedance: 50Q”, as is shown in Fig.87.
Trig'd k4 Pos: 0,000s MEASLIRE

CH1
hdau
118my
CH1
hin

CH1 5|:|.'|:|I'|'|"." . : ' - .[I.uc
3-Aug-17 14:27

Fig.87 Measured Signal Parameters Diagram
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4. Turn on the output of the function signal generator and check whether the scale is overloaded
by <Overload>.

Note that if the input of the preampilifier is overload, show <Overload: INPUT NONE>. If the output
is overload, show <Overload: NONE GAIN>. If the input and the output are overload at the same
time, show <Overload: INPUT GAIN>.

Sensitivit
Sons: 100m [Gain:e2_[Rm:_500[Go1zAC [Srec ][ Soneitivity
T:250m5 [Slope: 24dB/oct

Filter dB/oct~
6 12 18 :24‘
30 36 42 48

Ref. Source: External

Fig.88 Main Interface Monitoring Bar
When the input of the preampilifier is overload, you should decrease the output amplitude of the
function signal generator. If the output gain is overload, you should increase the sensitivity of the
OE2031 (the input of the preamplifier will be overload when the peak value is large than 1.5V or
the valley value is lower than -1.5V). The default sensitivity is <100mV>. So, this case will not be
overload. If you need to adjust the sensitivity, the steps are as below.

5. Press [GAIN/TC] as below and then change <Sensitivity>.

INPUT REF
FILTERS PHASE i

GAIN
c || DEMOD §

{

DISPLAY SINE

Fig.89 [GAIN/TC] Menu
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Press the [Soft Key 2] to choose <Sensitivity> and then <Sensitivity> will be lighted. Spin the knob
to change <Sensitivity> so that there is no overload and the full scale is the maximum. In this case,
the sine wave from the function signal generator is measured like Fig.90. The result of
measurement is: R=50.02 mV, 8=-0.36°.

Sensitivit
TC:250mS |Slope: 24dB/oct | 100 mV SoftKey 1

SoftKey 3
6 12 18 |24
30 36 42 48 SoftKey 4
SoftKey 5

Filter dB/oct~

Fig.90 GAIN/TC Menu Interface
6. The main interface data bar displays the value of <R>, <X>, <Y> and <0>. Press the [DISPLAY]
to enter the submenu, as is shown in Fig 91.

It is a default that the top area of the data filed displays <R> and the bottom area of the data filed
displays <6>, as is shown in Fig.92.

R—
S

'w---- .y

-

8
.

Fig.91 [DISPLAY] MENU
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TC:250nS | Slope: 24dB/oct e SoftKey 1

Display Mode
Dual | Full SoftKey 2
SoftKey 3

SoftKey 4
SoftKey b

Overload: NONE NONE |Freq: 10. 000MHz
Ref.Source: _Extornat

Fig.92 [DISPLAY] Menu Interface
You can change the display way according to steps below.
First, press the [Soft Key 3] in [Display] submenu to choose <Top Window> and spin the knob to
choose <X>. Second, press [Soft Key 4] to choose <Bottom Window> and spin the knob to choose
<Y>. After these settings, the result is shown in Fig.93.

Scns:lOOmVRm; 50Q]Cpl: AC MO[PS}%?' :
T 35 [Sloe: /o i

X= +50. 08mV [} s |

Overload: NONE NONE |Freq: 10. 000MHz
Rof.Source: External

Fig.93 X\Y Display
8.2 Harmonics Measurements

This example will show how to measure harmonic component of the input signal. You need two
BNC cables to measure the input measure signal and reference signal. Use the function signal
generator to provide a 160mVpp, 1kHz square wave and then measure the 1st, 31, 5" and 7t
order harmonic. The steps are below.

1. Disconnect all cables from the lock-in. Connect the power source and then turn on the power
switch. The system is default.

2. Use a BNC cable to connect the output of the function signal generator and the A/l input of the
OE2031. Use another BNC cable to connect the reference signal of the function signal generator
and the REF IN of OE2031, as is shown in Fig.94.
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i

0=~ 18.69°
" B

— —- Reference Signal = = = — - -

= = =-=Measurement= = = = = = = -

Fig.94 Signal Cable Connect Diagram
3. Turn on the function signal generator and set “Function: Square”, “Amplitude: 80mVrms”,
“Frequency: 1 kHz”, as is shown in Fig.95.

Tria*d

CHT S0.0rmY

Fig.95 Measured Signal Parameter Diagram

4. Press [DEMOD] button to enter the submenu, as is shown in Fig.96.

INPUT REF \
FILTERS PHASE !
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Fig.96 [DEMOD] MENU

Interface of [DEMOD] submenu is as shown in Fig.97

Sens: 100mV
(7:250m3 [Slope: 24a7oct Softey 1
R=+50. o1ay
e —— ST U e e T
XD1 = +50.01mV YD1 = -0.32mV

XD2 = +50.01nV YD2 = -0.32mV
RD2 = +50.01lnV D2 = -0.36 °

P T e ]
XD3 = +50.01lmV YD3 = -0.32mV

D3 = -0.36 ° :
SoftKey 4
AUX1 = +0. 0006 V UX2 = +0. 0000 V

AUX3 = +0. 0028 V UX4 = +0. 0019 V

i

SoftKey 5

Fig.97 [DEMOD] Submenu

Set the harmonic order in <Harmonic Set> secondary submenu and use keyboard to choose order.
The operation method of measuring the 13!, 319, 5", and 7t order harmonic of the input square
wave at the same time is below, as is shown in Fig.98.

First, press the [Soft Key 1] to choose 3 demodulator channels and press the [Soft Key 2] to set
the Demod.Type of all demodulators as <Harm>. Second, press the [Soft Key 3] when
Demodulator <D1> is chosen and set the harmonic order as 3. Third, press the [Soft Key 3] when
Demodulator <D2> is chosen and set the harmonic order as 5, and then, press the [Soft Key 3]
when Demodulator <D3> is chosen and set the harmonic order as 7. At last, press the [Soft Key
2] in [DISPLAY] submenu to set <Display Mode> as <Full>.

Demodulator
Sens: 100mY R:_50Q 5
TC:125mS |Slope: 24dB/oct |Sync: OFF D1 [

+72. 29mV

X-=
R=

Freq: 1000. 000HZ
Ref. Source: External PLL: LOCKED

Fig.98 The 3 Harmonic Measurement Result
How to get the amplitude of nt" harmonics

Calculate the harmonic theoretical value of the square wave: suppose that the peak-peak value
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of square value is E and the angular frequency is w. After Fourier expand, the result is:

2E/ 1 1 . 1 .
f(t) = = (sm(wt) + §sm(3u>t) + T sin(5wt) -+ + Hsm(nmt))

Therefore, the valid value of n times harmonic is:

R=—
nm

We can verify that whether the measure result is close to the theoretical result or not. In this
example, the E is 160mV, and the result of 15t order harmonic is:

V2 x 160
R= ——

mV = 72.025 mV
1xXm

The result of 3™ order harmonic is:

V2 x 160
R= ——

mV = 24.008 mV
3IXm

The result of 3 order harmonic is:

V2 % 160
R= ——

mV = 14.405 mV
5Xxm

The result of 7t order harmonic is:

V2 % 160
R= ——

mV = 10.289 mV
7XT

Compare the measure result with theoretical result according the above method.

8.3 Optical Spectral Measurement

This case shows how to measure a spectral diagram of any light source. You need a light chopper
(such as SIGNAL RECOVERY MODEL 197 Light Chopper), a grating monochromator (such as
WDG15-Z) and its control system, a photoelectric detector (for example. the electric probe uses
the Si photo diode of the S2368 series by Hamamatsu, which is a Japan Inc.), a data collection
platform (such as NI cDAQ-9172) and a PC computer. You should control the monochromator to
auto sweep in the spectral measurement range. And then measure the photo current using the
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OE2031. The steps are below:

1. Disconnect all cables from the lock-in. Connect the power source and then turn on the power
switch. The system is default.

2. Set the corresponding parameters of OE2031.

(1) Press [INPUT/FILTERS] and then set the input mode to <I> and <Amplitude: 1M>. Others do
not change.

(2) Press [REF/PHASE] and then set <Ref. Source: External> and <Type: TTL>.

(3) Press [GAIN/TC] and then set <Sensitivity: 1uA> which can be adjusted practically, <Reserve:
Normal>, <TC: 300ms> and <Roll off: 12dB/oct>. Finally, turn off the SYNC filter.

(4) Press [OUTPUT/OFFSET] and then set <CH1>, <Source: R> and <Speed: Fast>.

3. Build the spectral measurement platform.

Use a BNC cable to connect the output of the photoelectric detector and the A/l input of the
OE2031.

Use a BNC cable to connect the Sync out f1 of the light chopper and the REF IN of the OE2031.
Use a BNC cable to connect the data collection platform and the CH1 OUT of the OE2031.

The sketch is shown in Fig.99

The actual connect figure is shown in Fig.100

Q Lock-in Amplifier

Light Source Ating Spectrograph

Optical Chopper Photodiode

Fig.99 Optical Measurement Platform Diagram
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Fig.100 Optical Measurement Platform Picture

4. Start the spectral measurement and collect data from the data collection platform. Then, you
will get an uncalibrated spectral image as is shown in Fig.101

T —— e b

Fig.101 OE2031 Detected Spectrum Curve Chart
5. Change the OE2031 to the SR830. Repeat the steps above to run the same experiment. Then
you will get another spectral image as is shown in Fig.102. You can see that these two images are
almost the same.

25
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Fig.102 The Contrast Spectrum Chart between SR830 and OE2031
8.4 Serial Communication

This example will demonstrate the OE2031 remote control serial/USB2.0 environment setup and
debugging operation. You need a USB2.0 TypeB cable. Do the steps in the following sequence:

1. Use a USB cable to connect the USB of the OE2031 to the USB of one PC.

2. The PC will recognize the USB device and remind to install the driver program. If your PC
system is WIN7/8/8.1, the PC will not do these automatically. You need to install the driver
manually according to the Chapter 6.1.

3. Open the “Uart_Assistant” folder in CD and double click the file UartAssist.exe. Then you see
the software interface, as is shown in Fig.103.

This software contains communication settings, receive area settings, send area settings, receive
area, and send area.

The default baud rate of OE2031 serial port is 921600, with no parity bit, 8 data bits, and 1 stop
bit (the baud rate and parity bits of OE2031 can be set through the RS232 menu option on the
front board menu, etc.).

Since the USB2.0 driver is a virtual serial port, it is the same as the RS232 serial port, so you need
to select the COM port automatically assigned by the computer for the OE2031. The COM port
number can be viewed through the ports (COM and LPT) option in the device manager, as is
shown in Fig.104.

SINE
SC/IENTIFIC
INSTRUMENTS



OE2031 DSP Lock-In Amplifier

Conmllart Assistant (V3. 8)

COMSettings COM port data receive
Forthum |EDM5 ﬂ
Baude [F21600 -

DPaity |NONE =
g -
1 -

DataB
Stopb

@ Open

Feor Options

|7 Receive to file. ..

|~ Show timestamp
[ Receive az hex

| Receive pauze
Save. .. Clear

Send Options

[ Data from file ...

[v futo checksum
| Auto clear input
[ Send az hex

v Send cwelic

Interval [200 ms
Load. .. Clear
[& Ready!

Send: 0

Recv: 0

Send

Fezet Y

Fig.103 “CommUart Assistant” Software display

2) After these settings are completed, if you see a black circle like

click the button to make it red like . If you cannot make it red, please check the

COM number and repeat the click. If the connection is OK, you will see Fig.105.

@ Open

, you need to

>
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A Computer Management
File Action View Help

=200 B & 2 %S
4 =% WIN-DBCTILUEFTDI
b @ Batteries
7% Computer
b g Disk drives
&S, Display adapters
b ey DVD/CD-ROM drives
5 Floppy disk drives
-EE Floppy drive controllers
85 Human Interface Devices
‘g IDE ATA/ATAP] controllers
= Keyboards
b ﬂ Mice and other pointing devices
& Moniters
¥ Network adapters
& Portable Devices
T Ports (COM & LPT)
L.7¥ Communications Port (COML)
| [menmcocomeecons]  The port number is COM3
b B Processors
&% Sound, video and game contrallers
45 Storage controllers
D 1M Systemn devices
- i Universal Serial Bus controllers

—

Fig.104 Check the USB COM number at “Device Manager”
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Commlart Assistant (V3. 8)

COMS etting COM port data receive

Porttium| COHE Select COM5 port number

BaudR [|321600 Select the default baud rate 921600
DPaity | HOME

DataE |5
StopB 1

@' Close Open and close buttons

Recv Options

[ Receive to file...
[~ Show timestamp

| Raceive az hex

| Receive pauze

Save, . . Clear

Send Options

[ Data from file ...
[ Auto checlsum

| Auto clear input
[ Send as hex

| Send cyelic

Interval [200 ms |
Send

Load. Clear

[& Ready! Send: 0 Fecy: 0 Rezet y

Fig.105 USB connection succeeds

4. Transfer commands to communicate with the OE2031.

1) The commands consist of four capital letter mnemonics and several parameters. Several
commands at the same line are separated by semicolons. More details see the Chapter Remote
Programming. Note that you must append a carriage return or the hexadecimal number 0D to the
end of the command in order to execute the current command effectively. To send a command,
first type the command in the send area, then hit the carriage return immediately afterwards, and
finally click the send button, after that the command will be sent. The result is like the Fig.106 and
Fig.107.
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Commlart Assistant (V3. 8)

COMS ettings COk port data receive

1]
Porbum | ||l OE2041 Returns the value.

Baudm |321600
DPaity |MONE
Datal |2
StopB 1

@ Close

Recv Options
| Receive to file. ..

| Receive pauze

Save, . . Clear

Send Options

[ Data from file ...
[ Auto checlsum

| Auto clear input
[ Send as hex

| Send cyelic

Enter the order, with a carriage return at the end.

Interval |'|I:I ms SENS 7
Losd . Clesr Send and receive bytes. Send
[& Ready! Send: 24 Recv: B Reset y

Fig.106 ASCII words send and receive instructions

At the same time, the serial debugging assistant can be configured to automatically add the
carriage return character 0X0D. Click the "Auto checksum" option in the send options, select the
Fixed Byte Checksum in the pop-up window, and set the value to the hexadecimal value "0D", as
is shown in Fig.108.
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Commlart Assistant (V3. 8)

—COMS etting

—COM port data receive

PartM um IEI:”\“"|5 LI
EBaudm |921EEIEI vI
D Paity |NDNE 'I
Datab I8 j'

|1 vI

StopB

@ Close

23

~Recv Options

[ Show timestamp
| |¥ BReceive as hex I

[~ Receive to File. ..

[ Receive pause

Save, . . Clear

~Send Options

[ hute checksum
[~ futo clear input

[ Data from file ...

[ Send ewelic

Interval I'II:I ms

to be converted to a hex format display.

Sz 33 I313| Hex display, return the parameters with 0X0D.

Hex display can see the return parameter after the 0X0D.

Selecting this item will cause the ASC Il in the send area

|53 45 4E 53 20 3F| an DAl

Load. .. Clear . . Send
e After the instruction to be added 0XOD.
& Ready! | Send: 8 | Fecy: 3 Reset |’£
Fig.107 Send and receive HEX instructions
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Commlart Assistant (V3. 8)

—COMS etting COk port data receive
Porthum JCOM5 =] ”23 Can return parameters normally.

Baude |921snn v|
DPaity |NDNE 'I

Datab I8 j'

StopB

@tﬂ Close

Apendix bits setting

~Recv Options
[~ Receive to File. .. ~Option
[~ Show timestamp " Hegative Checksum
| Receive as hex

, {~ Positive Check=um
[ Receive pause

Save. .. Clear ¥ Fixed Byte Checksum Iﬁ

~Send Options

[ Data from file ...
||7 futo checlsum

[~ futo clear input
¥ Send as hex

[ Send ewelic

Interval |1'3' ms 53 45 4E 53 70 3F 0D 04

Load .. Clear No additional carriage return 0xD is required.

[& Eeady! | Send: 17 | Recv: Beset |’£

Select the fixed byte, set the value to OD. g | Cancel |

Send

Fig.108 Checksum Settings

Multiple commands need “;” to separate each other, such as “SENS 24;FMOD 1;FREQ
1000;SENS ?;FMOD ?;FREQ ?” like Fig.109.
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—COMS etting

COM port data receive
Parttum IEI:”\“"|5 LI 24

1
BaudP |E|2'| GO0 vI T

Returns the required parameters to read twice
DPaly [NONE -] f“
DataB | 8 = 1000, 000
StopB I1 LI
@ Close

~Reew Options

[~ Receive to File. ..
[ Show timestamp

| Receive as hex

[ Receive pause

Save, . . Clear

~Send Options

[ Data from file ...
| ¥ futo checksun | Added additional bit OxD.

[~ futo clear input

Send h . .
F Send = l?x Commands are separated by ";", and the command is read first.
2IL CHYCclic

|
Interval [10 ms  |[sens 24:FMOD 1;FREQ 1000:5ENS :FMOD ?:FREQ ?
Load Send
oad. .. Clear
& Ready! | Send:138 | FRecv:39 Reset | y
Fig.112 The execution of multiple commands
SINE
SCIENTIFIC

INSTRUMENTS



OE2031 DSP Lock-In Amplifier 127

If you want to read <X>, <Y>, <R>, <8> and Freq continuously, you can set the send interval as
Fig.110 and Fig.111.

Commlart Assistant (V3. 8)

—COMS etting —COM port data receive
Pothum |C0M5 <] | |7 5208607
1. 0207205

BaudP |E|2'| GO0 vI
DPaily INEINE vI |5, 4711007

Datab I8 :I' 9. 1821307 Continuously receives the returned R value data
|1 vI

StopB
T. 8797807
@- Close
@ T. 39071 .07
“Reev Options——— I 45374607
[~ Receive to File. ..
[ Show timestamp 5. 3436207
| Receive as hex
[ Receive pause
Save, Clear
~Send Options
[ Data from file ...
[¥ Auto checksum / Set the data cyclic to send

[~ futo clear input
I~ Send as hex [/ /The transmission interval is set to 200ms

Tjiermial “2':IIj me V"UUTP?S [ send an command to read the R value

Load. Clear Send
[& Ready! |  Send:301 | FRecv:516 Eleaal I y
Fig.110 Continuous read single R value
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Commllart Assistant
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(V3-8)

COrSettings

_COk port dots receie

Fartturm

|COM3

BaudR W
DateE |7
StopB !

=

Close

Recv Options

. 01031e-0Z, -8

. 01034e-0Z, —3.
. 01033e-0Z, -3,

. 01033e—0Z, -3

. 01032e—0Z, -8.

. 01032e—0Z, -8.

. 01031e-0Z, -8.

1043%e-05, 3.
11226e-05, 3.

11338e—-05, A,

117%4e—-05, &,

113B81e-05, &,

. 10556e-00, A,

10531e-05, &,

01034e-02, —0.
01034e-02, —0.

01034e—02, —0.

01035e-02, -0,

01035e-02, -0,

01032e-02, -0

01032e-02, —0.

095, 1000, 000
095, 1000, 000

085, 1000, 001

095, 1000, 000

095, 999, 998

. 093, 593, 999

095, 599, 999

| Receive to file.. ||e 11022 0o -5 15120e-08, 5. 01033e-02, ~0. 094, 1000. 002
[ Show timestamp
B Peesive a5 hes . 01033e-02, -8. 235980e—05, 5. 01032e-02, —0. 094, 1000. 001
| Receive pause

. 01033e-02, -8. 28153e—05, 5. 01032e-02, —0. 095, 1000. 002
Save. .. Clear

5. 010533e-02, —8. 29805e-05, 5. 01034e—02, —0. 095, 1000, 002

Send Options

[ Data
v futo
[ Auto
[ Send
[v Send

from file .. Continuously return the value of X,Y,R,8

checlksum

clear input

as hex

cyclic

Interval |ZDD ms

SN&P71, 2, 3, 4, 5,

Load... Clear Send multiple values read command, S0
Separated the parameters by comma.
| Send 192 Feow: 580 Easet
1€ Ready! =58 v

Fig.111 Continuous read the Value of X, Y, R 6 and Freq

Note that when use this program to control the OE2031, the LCD display will refresh at the same
time. For example, if <Sens: 100mV> equals to the “25” commands, <Sens> will become <Sens:
50mV> when the OE2031 receives the “24” command.

The OE2031 can use many versions of this kind of serial debugging program. You can use other
programs to control the OE2031 remotely.
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