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OE1022D DSP Lock-In

1. SPECIFICATIONS

1.1 Signal Channel

Voltage Inputs
Full Scale Sensitivity
Current Input
Input Impedance
Voltage
Current
CMRR
Dynamic Reserve
Gain Accuracy
Noise
Voltage
Current

Line Filter
Grounding

Stability
1.2 Reference Channel

Input
Frequency Range
Reference Input
Impedance
Phase
Resolution
Absolute Phase Error
Relative Phase Error
Orthogonality
Phase Noise
Internal ref.
External ref.
Drift

Harmonic Detection
Acquisition Time
Internal Ref.
External Ref.

Single-ended (A) or differential (A-B).
1nVtolVina1l-2-5 sequence.
10° or 10° V/A.

10 MQ//25 pF, AC or DC coupled.

1 kQ to virtual ground.

> 100 dB to 10 kHz, decreasing by 6 dB/oct.
> 100 dB.

0.2% typ, 1% max.

6 nV/ v Hz at 997Hz.
13 fA/ v Hz at 997 Hz.
15 fA/ v Hz at 97 Hz.
50/60 Hz and 100/120 Hz.
BNC shields can be grounded or floated via
10 kQ to ground.
<5 ppm/°C

1 mHz to 102 kHz.
TTL or Sine.
1 MQ//25pF.

0.01°

<1°
<0.01°
90°+0.001°

Synthesized, < 0.0001°rms at 1kHz.

0.005°rms at 1kHz (time constant: 100ms, 12 dB/oct).
< 0.01°/°C below 10 kHz.

< 0.1°/°C above 10 kHz.

2F, 3F, ...nF to 120 kHz (n<32,767).

Instantaneous acquisition.
(2 cycles + 5 ms) or 40 ms, whichever is greater.
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1.3 Demodulator

Stability
Digital Outputs
Displays
Analog Outputs
Harmonic Rejection
Time Constants

Synchronous Filter

1.4 Two Internal Oscillator

Frequency
Range
Accuracy
Resolution
Distortion
Amplitude
Error
Temperature Stability
Outputs

1.5 Displays

Screen
Screen Format
Display Value
Display Types

1.6 Outputs

CH1 and CH2 Outputs
Function
Output Voltage

AUX Inputs
Function
Amplitude
Impedance

No zero drift on all settings.

No zero drift on all settings.

< 5 ppm/°C for all dynamic reserves.

-90 dB

10us to 3ks (<200Hz); 10us to 30s (>200Hz)
(6, 12, 18, 24 dB/oct roll off).

Available below 200 Hz and 18,24 dB/oct.

1 mHz to 102 kHz

2 ppm + 10 yHz

0.1 mHz

-80 dBc (f < 10 kHz), -70 dBc (f > 10 kHz)
0.001 to 5 Vrms with 1 mVrms resolution
1%

50 ppm/°C

Sine output on rear panel

TTL sync output on rear panel.

5.6 inch, 640x480 TFT color LCD

Single or dual channel display.

X, Y, R, 6.

Large numeric readout, bar graph and strip chart.

X, Y, R, 6, harmonic
+10 V full scale.
30 mA max output current

Four channels for input.
10V
1MQ
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Trigger Input
Function

Monitor Output
Function

1.7 Interface

USB2.0 and RS232 interfaces

1.8 General

Power Requirements
Voltage

Frequency
Power
Weight
Dimensions
Width
Depth
Height
With feet
Without feet

TTL external trigger for data storage

Analog output of signal amplifiers.

220/240 V AC

100/120 V AC(optional)
50/60 Hz

40w

28.660 Ib. (13kg)

18.6 " (473mm)
19.3 "(490mm)

6.3 "(160mm)
5.8 "(147mm)
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2. LOCK-IN AMPLIFIER BASICS

2.1 Introduction

The Lock-in amplifier is an instrument used to detect very weak 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 the 'R’ values
accurately.

The lock-in amplifier employs a weak signal detection method based on the
coherence. The key technique is the Phase Sensitive Detection (PSD) that can
single out the input signal, which has the same frequency as the reference signal
and has a fixed phase difference with the reference signal. Noise at other
frequencies are rejected and do not affect the measurement.

The small signals usually need to be amplified. The traditional amplifiers boosts
both the noise and the input signals. Without band-pass filter, the amplification will
decrease the signal to noise ratio (SNR). Therefore, a filter is needed to purify the
signal and increase the SNR in order to measure the weak signal accurately.

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

S So® [ o 3,

Skr(t)

Fig.1 PSD diagram.
In Fig.1, S;(t) is the input signal including target signal and noise in time domain,
Sr(t) is the reference signal, which has the same frequency as the target signal.

STVEN Spsd Soutput

——p| Input Signal PSD —»| LPF >

—| Reference Signal Sr(t) T

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

The reference signal Sg(t) is defined as: Sg(t) = Ag sin(wt + §).

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

Spsa = Si(D)Sr(t) = AjAg sin(wt + @) sin(wt + 6) + B(H)Ag sin(wt + 6)

= %AIAR cos(p —96) — %AIAR cos(2wt+ @ + §) + B(t)Ag sin(wt + &)

The output of the PSD consists three parts:

In the first part, if A;, Ag and the phase difference (¢ — &) between the input
signal and the reference signal are constants, this part is a DC signal.

The second part is an AC signal that doubles the frequency of the
referencesignal.

The third part is the result of multiplication of the noise and the reference. Because
the sine signal is periodic and the noise signal and the reference signal are
uncorrelated, The integral of this part is zero.

In the frequency domain, we can re-write these three parts:

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

The second part is at 2f.¢ Hz.

The third part is the original random signal whose frequencies are shifted by . In
this case, white noise is still white noise after it's frequencies are shifted.

Therefore, the LPF output is: Sgyutput = %AIAR cos(¢p — 9).

Although we can determine the amplitude of the input signal by adjusting the
phase difference(¢ — §), the accuracy is not guaranteed. The dual phase lock-in
amplifier can solve this problem well. see Fig.3.

—— Input Signal Si) »| PSDO _SdeO, LPFO Soutputo >
f !
SRro()
> Reference Square Root | R
' —>
Signal SRl(t) Arctan O :
¥ Spsd S T
L psp1 i% LpEp |2Qutput >

Fig.3 Diagram of Dual Phase Lock-in Amplifier.

Now, we define the phase difference 6 = ¢ — 8, the LPFO output X = Sg,puco and
the LPF1 output Y = Sgypuer - Then we calculate the amplitude R which is
independent of ©:
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A J2(X2+Y?)
R ==
V2 AR

The phase difference is derived as: 6 = tan~1(Y/X).

2.2 Functional Diagram
The functional block diagram of the OE1022D DSP Lock-In Amplifier is shown in
Fig.4. In general, the OE1022D consists of signal conditioners, reference signal

generators, an algorithm module and a system control module, and so on.

Signal Overload 1

IV Converter Input Differential
Couple A Amplifier
Signal Overload 2
Programmable
Amplifier
AGND
Input B a3 Input
— / Couple B
AGND
Low Pass Filter be Low Pass Filter DAC X
sin(wt),
| Frequency 1
Detector Wave Square Root R.6
Generator Arotan() 'D
Square Wave Phase
Shape Circuit Frequency
Reference In Detector
cos(wt), Low Pass Filter DAC y
Sine Wave ﬁ.@_’ __D_D
Shape Circuit x
Phase
Shift
Module
Fig.4 Functional Block Diagram of OE1022D for Each Channel
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2.3 Reference Channel

The reference channel is used to provide control signal which is associated with
the signal being measured. The OE1022D’s reference input has the options of sine
wave or TTL logic signal. The input impedance is 1MQ.

Generally, both the sine wave and the TTL signal can be used as the reference
signal. When a TTL signal is used as reference signal, high voltagelevel is defined
when the voltage exceeds 2.5V and low voltagelevel is defined when the voltage is
lower than 0.4V. When a sine wave signal is used as reference signal, the signal is
AC coupled, with signal level greater than 0.4Vpp. Usually a generator’s sine wave
output has a small variation in amplitude while many function generators provide
a stable TTL SYNCD output which can be used as the reference. Therefore, when
the frequencies below 1Hz, a TTL reference signal rather than a sine refenrence
signal is recommended.

The OE1022D lock-in amplifier has three reference signal modes: internal
reference mode ,external reference mode and single reference mode.

In internal reference mode, the internal oscillator generates a digital synthesized
sine wave which is then multiplied with the input signal. The phase-locked-loop
(PLL) is not necessary since the lock-in reference provides the excitation. The
phase noise will not affect the internal reference signal. The phase noise is
extremely low. This mode can work normally from 1mHz to 102kHz.

In external reference mode, an external sine wave or TTL logic signhalis used as
the external reference signal. PLL is used in this mode, but it will generate a little
phase jitter which may cause measurement errors.

The phase jitter means that average phase shift is zero but the instantaneous
phase shift has a few milli-degrees of noise. The phase jitter causes the reference
signal contains noise at different frequencies. According to the coherence principle
of PSD, the output is not a single frequency, but a distribution of frequencies
around the true reference frequency.

In fact, phase noise in the OE1022D is very low and generally has no effect. In
applications that requiring no phase jitter, the internal reference mode should be
chose. Since there is no PLL in internal mode. The internal oscillator and the
reference sine waves are directly linked and there is no jitter in the measured
phase.

Additionally, channel B can be set to single reference mode while channel A is in
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either internal or external reference mode, which takes signal of channel A as the
reference signal for channel B. In this way, time clock of both channels will be
synchronous during the whole process of weak signal measurement.

2.4 Phase Sensitive Detectors

The PSD in the OE1022D is realized by a digital multiplier as shown in Fig.5. The
input signal is amplified and filtered, and is converted to digital signal by a 24-bits
A/D converter, and then enters the PSD. The reference sine wave is calculated in
24-bit accuracy, and the accuracy of the entire PSD is 48 bit.

The PSD module in lock-in amplifier is mainly used to implement the coherent
modulation of the input signal and reference signal. Generally, there are two kinds
of phase-sensitive detectors (PSD’s): digital PSD’s and analog PSD’s. Traditional
PSD’s use an analog multiplier to multiply the input signal with the reference signal.
There are many problems associated with these, including harmonic rejection,
output offsets, limited dynamic reserve and gain error. It will limit the accuracy of
PSD’s and introduce various noises.

The digital PSD multiplies the digitized signal with a digital reference sine wave.

Because the reference sine wave is computed in 24 bit of accuracy, the harmonics
have -90 dB roll off. That is to say, the harmonics do not affect the products of the

PSD.
Si(t) A,g)Sp_Sd,

Sr(t)

Fig.5 PSD diagram.

Because the PSD based on analog method has the problem of temperature drift,
there are always some deviation between the output and actual result . and the
error is un-certain. . On the other hand, the PSD based on digital method has a
precise amplitude that never change, so it will not generate any system errors.
This eliminates a major source of gain error found in the linear analog lock-in.
Because the inputs of analog multiplier are analog quantity, the reference signal is
also affected by temperature drift, which will cause greater errors in the results of
coherent modulation.

The dynamic reserve of an analog PSD’s is limited to about 60 dB, because there
are always many background noises in the anolog system. When large input noise
presents, for example, 1000 times or 60dB greater than the full-scale input signal,
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the analog PSD measures the signal with errors. Because the lock-in amplifier is
mainly used to detect weak signals, when the amplitude of background noise is
similar to or larger than the signal amplitude, the results of coherent modulation
will be wrong.

In a digital PSD’s, the dynamic reserve is limited by the quality of the A/D convertor.
Once the input signal is digitized, no further errors are introduced. Practically, the
dynamic reserve of OE1022D can exceed 100dB.

The performance of a lock-in amplifier is largely determined by the performance of
its PSD’s. Almost in all respects, the digital PSD outperforms the analog one.
Besides, the digital PSD is also more convenient to be modified.

2.5 Time Constants and DC Gain

The output signal of the PSD contains many signals of various frequency, such as
the sum of or the 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 (LPF) at the PSD output removes all the AC signals that are
unwanted, including the 2F (sum of the signal and the reference) and the noise
signals. This filter is what makes the lock-in amplifier such a narrow band detector.

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.

The time constant also determines the equivalent noise bandwidth (ENBW). The
ENBW isn’t the filter -3dB pole, it is the effective bandwidth for Gaussian noise.

Digital Filters vs Analog Filters
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Analog filters have many limitations in performance. The temperature drift and
non-linearity are two important problems that limit the rolloff performance of an
analog filter. A two-stage analog filter provides about a maximum rolloff of 12
dB/oct at high frequency.

Space and expense are also limitations. Each filter needs to have many different
time constant settings. These different settings require different components and
switches to select. Each setting is costly and space consuming. A large quantity of
analog devices also complicates the debugging of the hardwares.

Considering these limitations, we choose a 48 bits digital filter to accomplish
narrow band filtering. The DC gain is exactly 0 dB and the equivalent value of Q
exceeds 145dB.

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 low frequencies, increasing the
time constant can attenuate the 2F component.

In OE1022D, synchronous filters are available when the reference frequencies is
below 200 Hz. At the higher frequencies, such 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.

Long Time Constants

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

The OE1022D allows the time constants as long as 3000s when the reference
frequency is below 200 Hz, which can satisfy most requirements of
measurements.
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Gain of DC Output

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 a
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 the
digital DC amplifier is simply the product of the input signal and the required gain.
This allows the OE1022D to operate with 100 dB of dynamic reserve without any
output offset or zero drift.

2.6 DC Outputs and Scaling

The OE1022D has Channel 1 and Channel 2 outputs (CH1 and CH2) on the rear
panel.

CH1 and CH2 Outputs and Display

The output voltage 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.

Output
CHI1 CH2

Source:

Offset&Expand

Menu Enter

Fig.6 Channel Output Display Interface of OE1022D
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The unit and position of decimal point of data displayed on screen can be adjusted
manually, or automatically through ‘AutoSet’ buttons which is very convenient to
adjust the accuracy.

X, Y and R Output Offset and Expand

The OE1022D has the function to set the offset value for X, Y and R outputs. It is
useful to measure the deviations of the signal around some nominal value. The
default offset value for the output is zero. Changes in the output can be read
directly from the display or the output port on the back panel. The offset is
specified as a percentage of full scale. Offsets can be set up to 100% of full scale.
When the sensitivity is changed, the percentage does not change.

The X, Y and R outputs of both channels A and B 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 purpose
for expansion is to increase the measurement resolution around some value which
iS not zero.

When the output does not exceed the full scale, the OE1022D can expand the
output by multiplying with the expansion factor from 1 to 256. The output with
offset and expand is:

Signal

Output = ( + Offset) x Expand x 10(V)

Sens
Where <Offset> can be set between +100% by the digital keyboard and the
minimal step is 0.01%. <Expand> can be set from +1 to +256 by the digital
keyboard and the minimal step is 1. Related display interface is shown in Fig.7.
For example, there is:

\"
L)X I X =
Tmv +0 2) 2x10(V) =6(V)

Scis: 100mV Output

=+ 45_68mV ||«

Source:

Output = <

Offset&Expand

Menu Enter
Ch 100mV enu Ente

i
Slow Fast
- 0

Fig.7 Output Offset and Expand

>
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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 = 20Lg(OVL/FS)(dB)
Here 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. We can adjust the distribution of the
gain to achieve high dynamic reserve. This means that the input signal gain at the
pre-amplifier should be set very low so the noise is not likely to overload. Then the
low pass filter removes the large noise component from the PSD output which
allows the remaining DC components to be amplified to reach 10 V full scale.

This gain is distributed between AC gain before the PSD and DC gain following the
PSD. The total gain is the product of the AC gain and the DC gain. 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
signal after the PSD. This enlarges the output error of the lock-in amplifier.

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 OE1022D is greater than 100dB. 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
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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 OE1022D. Reducing
dynamic reserve and DC gain can decrease the error. Therefore, low dynamic
reserve should be chosen firstly in actual application.

In fact, the minimum reserve changes with the sensitivity (gain) of the instrument.
At high gains, the minimum dynamic reserve increases with the increase of the
sensitivity. In analog lock-in amplifiers, low dynamic reserve means low output
error and drift. In OE1022D, high dynamic reserve increases output noise, but not
increases output error and drift. However, if the gain of analog amplifier is high
enough, the amplified intrinsic noise will be greater than the noise generated by
the A/D converter. In this case, increasing the analog gain cannot decrease the
output noise, but AD quantized error can be reduced.

>
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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 ratio (SNR).
The analog gain of the OE1022D ranges from roughly 7 to 2000 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 OE1022D, the input noise is about 10nVrm/vHz. If an amplifier has 10
nVrm/+Hz 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 100ms 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 uVrm/+/Hz of input
noise and has an ENBW of 1/(4x100ms) or 2.5 Hz. The voltage noise at the filter
output will be 10 pVrm/vHz x v2.5Hz or 15.8 uVrms.

For Gaussian noise, the peak-peak noise is about 5 times the rms noise. Thus, the
output noise will be about 79uVrms. Input noise works in the same way. For
sensitivities below 5V, the value of input noise determines the output noise.

ENBW depends on the time constant and filter roll off. For example, suppose the
OE1022D is set to <5 pV> full scale, <100 ms> time constant and <6dB/oct> roll
off. Thus, ENBW is 2.5 Hz. This leads to 7.9nVrms input noise. At the output, this
causes about 0.16% of full scale (7.9nV/5uV). The peak to peak noise will be
about 0.8% of 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 2 kQ, the Johnson
noise is greater than the input noise of OE1022D. 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 1kQ source impedance is used, the

SINE
SC/IENTIFIC
INSTRUMENTS



OE1022D DSP Lock-In

Johnson noise will be 4.11nVrm/vHz.

At low gains (sensitivities above 50uV), 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.

Notch Filters

There are two notch filters in the signal amplifier chain in OE1022D. They are
pre-tuned at the power line frequency and twice the power line frequency. When
the largest noise signals are at the power line frequencies, these filters can
remove noise signals at these frequencies. Removing the largest noise before the
final gain stage will reduce the dynamic reserve required to perform a
measurement.

To prevent such a situation, it is necessary to improve the signal amplifier chain. If
the required dynamic reserve without these notch filters is below 60 dB or if the
minimum reserve is sufficient, then these filters do not improve the measurement
obviously.

Do not use notch filters when making measurement near the notch filter’s
frequencies. Notch filters have a finite bandwidth of attenuation, generally about
10 Hz. Thus, if the lock-in is measuring at 90Hz, do not use the 80 Hz notch filter.
Otherwise, the signal will be attenuated and the measurement will be wrong.
Besides, notch filters also have effect on phase shifts measurements.

Anti-aliasing filter

After signal filtering and ampilification, there is an anti-aliasing filter, which is
required by the signal digitization process. According to the Nyquist criterion, the
sampling frequency of signal must be at least twice the highest signal frequency.
For example, if the highest signal frequency is 100 kHz, then the sampling
frequency of 312.5 kHz can work. However, signals above 156 kHz cannot work
with this A/D converter. These signals would violate the Nyquist criterion and be
under-sampled. The result of under-sampling is to make the higher frequency
signals appear as lower frequency signal in the digital data stream. This would
make the measurement wrong.

To avoid under-sampling, the analog signal is filtered to remove signals above 154
kHz. This filter has a flat low-pass bandwidth from DC to 102 kHz so that it would
not affect the measurements in the operation range of the lock-in. The filter rolls off
from 102 kHz to 154 kHz and achieves an attenuation of at least 100dB above 154
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kHz.
Input Impedance

The input impedance of OE1022D is 10 MQ. If a higher input impedance is desired,
low noisepreamplifier of OE series products can be used so that the OE1022D
has the maximum input impedance of 100 MQ.

2.9 Input Connections

Noises always exist in all circuits. Even if the signal is not very weak, noises exist
and decrease the accuracy of measurement. There are many methods to reduce
noise. Minimizing the various noise sources can increase the accuracy of the
measurement. Besides, the effect of noise sources in the laboratory and the
problem of the differential grounds between the detector and the lock-in can be
minimized by careful 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 IN+input in a single-ended mode. The
lock-in detects the signal as the voltage between the center and outer conductors
of the IN+ input only. However, there are two disadvantages of this mode.

Generally, the low level is a constant of OV. However, grounds of different
instruments may be at different potentials. When the shield of the A cable is
connected to the lock-in’s ground directly, different potentials will result in a high
current, that is the ground loop. Thus, connecting via a resistor between them can
avoid ground loop problems. In general, float uses 10 kQ and ground uses 10Q.

Besides, this mode is not sensitive to noise. The signal cable is just like an
antenna. The lock-in lets the shield ‘quasi-float’ in order to sense the experiment
ground and pick up the activities of the electronic in environment. In this case, the
noise came up. Unfortunately, the single-ended connection mode cannot
distinguish the noise and actual signal.

Differential Connection (A-B)

The second method of connection is the differential mode. This mode has two
signals cables which connect the signal source and the lock-in’s inputs. There are
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two high impendence power amplifiers in the lock-in. The lock-in measures the
voltage difference between the center conductors of the A and B inputs, which can
avoid common voltage problems since the shields are ignored.

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.

2.10 Intrinsic Noise Sources

Noise is defined as any negative factors which will affect the result of
measurement. Noise is random, unpredictable and temporary. Good design of
instruments should reduce the noise and improve the stability and accuracy of
measurement.

There are various intrinsic noise sources which are present in all electronic signals.
Some of them are unavoidable which only can be decreased by signal averaging
and a narrower bandwidth. Others can be decreased by filtering and perfecting the
circuit's structures and component layout. Meanwhile, amplifier itself also
produces noise, which can be solved by low noise component and design
techniques.

Johnson Noise

Any 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 in frequency). This
noise is usually called white noise. The open-circuit noise voltage can be
calculated using this equation
V= (4kTRB) 1/2

Where k=1.38x10%J/°K is the Boltzmann’s constant. 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.

Harry Nyquist’s mathematical studies of Johnson noise revealed that 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.
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The amplitude of Johnson noise is unpredictable ingeneral, 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 discrete nature of the charge carriers, electric current has noise.
Noise is generated 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 the interaction between carriers is ignored, the shot noise or current noise can
be calculated by:
1=(2914cB) "

where q is the electron charge of 1.6x10™*° Coulomb, I is the DC current and B is
the measurement bandwidth. If 15 is 1 A and B is 10 kHz, then, | is 57 nA which is
about 0.000006% of I4.. The smaller the current, the larger the relative noise ratio.
For example, if I is 1 pAand B is still 10 kHz, then, I is about 0.006% or -85 dB. If
lgc 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:

Sq(f)=2qld(A%/Hz)
The equation is based on the assumption that carriers in the current do not interact
with each other. This assumption is valid, for example, for the diffusion current in
the junction diode. However, for the commonly used metal, this equation 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 the current of Vacuum tubes. The power
spectrum 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
(0 =~ (v2/Hz)

1/f noise is also called flicker noise 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
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near the center frequency.

Total Noise

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 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 Cgyay. An AC
voltage from a nearby piece of apparatus can couple to a detector via Cgyay.
Although Cgay may be very small, the coupled noise may still be larger than a
weak signal and cause severe instability for the detector. The noise current is
given by:
I =(")Cstrayvn oise

where w is 21 times the noise frequency, Vioise is the amplitude of noise, and
Cstay 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
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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

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,
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mechanical noise can be transformed into electrical noise. Physical changes in the
device or cables (due to vibrations for example) 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 V4 and Vy, respectively. The
electromotive force (emf) between A and B is:

Vo =V, -V, 4 (Na>
ab — Va b q n Nb

Where k= 1.38x10-23J/K is Boltzmann’s constant. T is the temperature in °Kelvin;
g is the elementary 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 add
a slowly changing millivolt level. This kind of noise is sensitive to temperature. The
frequency of this noise is typically low because the temperature of the detector
usually 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 Aux In

There are four 16-bit high-precision AUX-ADC input channels in OE1022D. The
input voltage ranges from - 10 V to + 10 V and the minimum resolution is 0.3 mV.
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
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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.

2.13 Sweep Frequency and Amplitude of Signal Generator

The OE1022D adds some new functions, such as frequency and amplitude
scanning. Signal generator can scan the output amplitude and frequency. Users
can sweep the frequency they are interested in and analyze the characteristics of
the signal. This function greatly improved the scope of pplications

The basic method of frequency and amplitude scanning is setting the value of the
starting and ending point, and the increasing step . See more details in the
sections related to frequency and amplitude scanning.

2.14 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 multiples of the base frequency. The
constant is the DC component. The base frequency component is the base wave.
The multiple frequencies are harmonics.

Currently many other lock-in amplifiers can only measure one base wave or one
component of harmonics at one time. But in many practical applications, it is
necessary to measure and record multiple harmonics simultaneously. In order to
solve this problem, OE1022D implemented multi-harmonic detection. Up to
3-channel harmonic components can be measured by one OE1022D at the same
time.

Configuration of multi-harmonic detection can be edit through the following
approach: [REF/PHASE]->[Harmonic].For more details, see [REF/PHASE]
submenu.
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3. INTERFACES

3.1 Front Panel

The front panel of OE1022D is shown in Fig.9.

D DSP LOCK-IN AMPLIFIER

3.1.1 Display

3.1.2 Soft Keys

3.1.3 Spin Knob

Fig.9 Front Panel of OE1022D

The OE1022D uses a 5.6-inch TFT-LCD 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.

>
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3.1.4 Keyboard 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. It provides 10 different function
menus. The [CONTROL] area provides ancillary functions for
measurement, like [CURSOR].

3.1.5 BNC Connectors
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 three signal input modes, single-ended mode (A),
differential mode (A-B) and current signal mode(l).The lock-in
uses the IN+ input in single-ended mode. In differential mode,
the differential signal between input IN+ and IN- is measured.
When measuring voltage, the input impedance of A and B are
both 10 MQ//25pF. When measuring current, the IN+ input is
connected to the ground via a 1kQ resistor.

3.2 Rear Panel

The rear panel of OE1022D is shown in Fig.10. It includes a cooling fan, a power
connector, a power switch, an USB interface and extended functional interfaces. The
extended functional interfaces include SINE OUT, TTL OUT, AUX IN, TRIG IN,CH1&CH?2
OUTPUT, and MONITOR.

8

Fig.10 Rear Panel of OE1022D
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3.2.1 Power Connector The 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.

3.2.2 USB The OE1022D lock-in amplifier can communicate with PC
through USB.In this way, PC can control and read data
directly from the OE1022D.

3.2.3 RS-232 Interface User can also manipulate the OE1022D lock-in amplifier on
PC conveniently through the RS-232 data interface.

3.2.4 SINE OUT Both signal generators can provide programmable output.
The maximized amplitude value and output impedance of
those signal are 5 Vrms and 50Q. If the external reference
is used, the output signal is in phase-lock with the input
reference signal

3.25TTL OUT The TTL output is synchronous with [SINE OUT]. When the
amplitude of [SINE OUT] is so small, [TTL OUT] can be
used to make a sync phase lock.

3.2.6 AUXIN AUX_ADC input 1-4(A/D Inputs). These are auxiliary
analog inputs which can be digitized. The range is -10V to
+10V.

3.2.7 TRIG IN TRIG IN receives a TTL input used to trigger data samples

and to start data acquisition. The rise edge is effective for
TRIG IN. The maximum sample rate is 500 Hz.

3.2.8 CH1&CH2 OUTPUT CH1&CH2 OUTPUT range from -10V to +10V.Final result
of the tested signal is proportional to output. Configurations
of range setting will be take into calculation.

3.2.8 MONITOR Monitor provides an output from the signal amplifiers and
filters. This signal will be amplified 5-fold after the A/D
converter and PSD. However, because the analog gain will
not be too high, very small signals may not be amplified
enough to viewed at the monitor output.
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3.3 Main Display

The main display is divided into 3 parts, including data bar, monitoring bar and function
bar.

3.3.1 Data Bar

Source
A A-B
I

Current Gain
IM | 100M

Grounding

Float | Ground

Coupling

.\ DC

Line Notches
None = Line

Both _2iLine
Fig.10 Main Interface: Data Bar

Users can choose which to display among <X>, <Y>, <R>, <6> in [DISPLAY] submenu,
as shown in Fig.10. How to display is also optional, such as number chart, bar chart, XY
coordinate graph and pole coordinate graph. More details about settings are in [DISPLAY]
submenu.

3.3.2 Monitoring Bar

ns: 100mV Source
A A-B
. I
Current Gain
IM 100M

Grounding
Float | Ground

Coupling

DC

Line Notches
None | Line
Both 2xLine

Fig.11 Main Interface: Monitoring Bar
The monitoring bar is at the bottom of the screen as shown in Fig.11:
<Sens> According to the chosen sensitivity, user can check if the current
input signal is too excessive. When the input signal exceeds the
sensitivity range, a ‘OVLD’ alert will appear on the upper-right
corner of data bar, prompting user to select another appropriate
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range. If the input signal is too excessive, disconnect signal to
prevent further damage to device.

<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.

<Freqg> Display the frequency of input signal.
<Ref. Source> The mode of the reference signal: Internal or External.
<PLL> The status of PLL.

If the internal reference is used, it shows <PLL: UNLOCK>.
If the external reference is used, it shows <PLL: LOCKED>.

3.3.3 Function Bar

-Current Gain
IM | 100M

3 o ,V ,‘: ,v - - Grounding
CHB J 5o Toomv Float | Ground
R =+ 45 68 mv -Coupling

AC DC

- -Line Notches
) None = Line
Both 2xLine

Fig.12 Main Interface: Function Bar

As shown in Fig.12, users can choose different functions in the function bar. Functions
can be selected by five soft keys which represent different submenu. This is the basic
way to control the system.
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4. MENUS

The MENUs consists of nine parts: [INPUT/FILTERS], [REF/PHASE], [GAIN/TC], [DISPLAY],
[SAVE/LOAD], [CHANNEL OUTPUT], [SAMPLE], [AUTO SET] and [SYSTEM], see the front
panel of OE1022D in Fig 9. Each button has an independent corresponding submenu. In each
submenu, use soft keys such as[CH A/B SWITCH]. [START CONT]. [PAUSE CLEAR].
[CURSOR]. [ACTIVE CHART]to set parameters.

4.1 [INPUT/FILTERS]

When press the [INPUT/FILTERS] button, you will enter this following submenu, as shown in

Fig.13.
Source
A A-B
I
Current Gain
M 100M \

Grounding
Float | Ground \

Coupling

Line Notches
None | Line
Both 2xLine

Fig13. [INPUT/ FILTERS] submenu
There are 5 function settings in this submenu: <Source>, <Current Gain>, <Grounding>,
<Coupling> and <Line Notches>. Soft key [CH A/B SWITCH] is provided for switching between
two channels. Users can also switch between two channels through knob.

4.1.1 <Source>: Setting the Input Signal Mode

<A> Single-ended voltage input mode. Receive Signal from IN+ terminal.

<A-B> Differential voltage input mode. Input Signals through IN+ and IN-
terminals.

<|> Current input mode. Receive current signal from IN+ terminal.

Note that when choose mode <A> and mode <A-B>, the amplitude of the input signal must be
less than 1Vrms.In mode <I>, the input current must be less than 1uA
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4.1.2 <Current Gain>: Setting the Current Gain

<1M> The input current is amplified by the gain of 10° V/A.
<100M> The input current is amplified by the gain of 108 V/A.

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

4.1.4 <Coupling>: Setting the Coupling Input Mode

<AC> AC coupling input mode. In this mode, the DC component of the input
signal would be eliminated. If the signal frequency is greater than 200 Hz,
<AC> should be selected.

<DC> DC coupling input mode. In this mode, the AC component of the input
signal would be eliminated. If the signal frequency is less than 200 Hz,
<DC> should be chosen.

4.1.5 <Line Notches>: Setting the Status of the Notch Filters

<None> Turn off all notch filters.

<Line> Turn on the 50\60 Hz notch filter to suppress the power line interference.

<2xLine> Turn on the 100\120 Hz notch filter to suppress the second harmonic
interference of power.

<Both> Turn on the 50\60 Hz and the 100\120 Hz notch filter.

Generally, if the signal frequency is greater than 200Hz, choose <Both>, <Line> or <2xLine>.
Otherwise, choose <None> to avoid the amplitude damage due to small slope of the notch filter.
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4.2 [REF/PHASE]

Press [REF/PHASE] and enter its submenu. There are 7 function settings in the submenu,
including <Ref.phase>, <Ref.source>, <Ref.slope>, <Ref.frequency>, <Sweep>, <Harmonic>
and <Sine Output>. Soft key [CH A/B SWITCH] is provided for switching between two channels.
Users can also switch between two channels through knob. When different <Ref.source> are
selected, there will be different submenus as shown in Fig.14, Fig.15 and Fig.16.

Ref.phase

R — 45 68 mV +0.00 | deg.
0 0

_ Rt‘.l,:(JLll'L‘t’-

- 1 3 External

- . Ref Slope
( — ‘ TTL Sine \
= ns: 100mV
R —_ + 45 68 mV Harmonic

Menu Enter

0= 0.13°
- . Sine Output

Menu Enter

Ref.phase

+0.00 deg.
ef.source

Internal

Ref.frequency
, 1.000 kHz
S Sens: 100mV
R — + 45 68 mV Harmonic j

Menu Enter

0= 0.13°
- . Sine Output

Freq: 1.000kHz Menu Enter

|
Fig.15 [REF/PHASE] Submenu-<Internal>
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Sens: 100mV Ref.phase

R + 45 68 mV +0.00 deg.
Ref.source
Internal Sweep

Sweep

Menu Enter

ens: 100mV

R + 45 68 mV Harmonic
‘ Menu Enter
Sine Output

5| Freg: 1.0 Menu Enter

Fig.16 [REF/PHASE] Submenu-<Internal Sweep>

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 is 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>
<Internal>

<Internal
Sweep>

The external reference signal. <Ref.slope> can be set here.

The internal reference signal. In this mode, the reference signal is from the
internal oscillator. The [REF IN] signal is useless. As shown in Fig.15,
<Ref.frequency> can be set.

The internal reference signal sweep. In this mode, the signal generator will
conduct internal sweep according to the parameters set by users. As
shown in Fig.16, <Sweep> can be set.

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>

<Sine>

Choose TTL when the external reference signal is a square wave. Low
level threshold range from OV to 1.5V, High level threshold range from 4V
to 5V.

Choose Sine when the external reference signal is a sine wave.
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AC coupled input signals are valid only when amplitude is larger than
0.2Vp. The maximum amplitude of the input signals is 5Vp.

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.

4.2.4 <Ref. frequency>: Setting the Internal Reference Frequency

When <Internal> is chosen in <Ref. source>, this setting can access. The frequency range is
from 1mHz to 102 kHz and the default frequency is 1.000 kHz. Users can set frequency through
keyboard. The minimum resolution of frequency is 1mHz.

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 shown in Fig.17.

Sens: 100mV. SWEEp Type
R=+ 45.68mV | "=
e —— O 1 3 ° Svg:aif SeES'[op

Step  Time

1.000 kHz

Stop
Single Loop

Return
‘ Return Enter

Fig.17 <Sweep> Secondary Submenu

<Sweep Type>  Setting frequency sweep type.
<Linear> linear sweep type
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<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 2kHz. 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 1mHz to 102kHz. <Start>
frequency is 1.000kHz in default and <Stop> frequency is 5.000kHz in default. The minimum
resolution of the frequency is 1mHz. In the <Log> mode, the minimum resolution of the step is
0.001% of the frequency, and the minimum/maximum resolution of the step time is 1mS/100S.

<Sweep Run>  Setting frequency sweep running mode

<Stop> stop sweep
<Single> single sweep
<Loop> loop sweep

When start from <Single> sweep, OE1022D does an internal frequency sweep according to
settings. After that, the status jumps back to <Stop> automatically.

When start from <Loop > sweep, OE1022D does constant loop sweep until users switch the

status to <Stop> manually.
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4.2.6 <Harmonic>: Setting the Harmonic Detection
The OE1022D allows simultaneous measurement of two harmonics. The harmonic setting

interface is shown in Fig.18.
Harmonic 1
‘ 1 \

Harmonic 2

1

R=+ 45. 68mV

I = 1 3 Return

Return Enter

Fig.18 <Harmonic> Secondary Submenu

<Harmonic 1> Setting harmonic 1. The minimum value is 1 and the maximum value is
32767.

<Harmonic 2> Setting harmonic 2. The minimum value is 1 and the maximum value is
32767.

Enter the order of harmonic through keyboard. The default order is ‘1’ which means detecting 1st
order harmonic (fundamental wave). The limitation of the harmonic settings (Harmonic * Freq)
is 102kHz, where ‘Freq’ means the reference frequency. Once beyond the limit, system will
reduce the order of harmonic automatically to meet the conditions. At the same time, when the
order is set 0, the system will set the order to 1 automatically

For example, the input signal is 1kHz square wave. Suppose that the signal’'s amplitude is A. Set
<Harmonic>as 1, 2, 3, 4, 5, 6..., the R will be 0.45A, 0, 0.15A, 0.09A, 0...respectively. This

sequence is A times higher the coefficient sequence of the square wave Fourier Series.

It is necessary to set <List> in the <Full> option of the <Display> submenu during detecting
double harmonic.

4.2.7 <Sine Output>: Setting the Sine Output

OE1022D can output sine wave whose amplitude range is from 0V to 5V through the ‘Sine Out’
BNC connector on front panel. In its secondary submenu, users can set <Sweep Type>,
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<Voltage>, <Sweep Set> and <Sweep Run>. Besides, there are 3 modes to choose in <Sweep
Type>, including <Fixed> - fix the output amplitude, <Linear> linear sweep output and <Log>
logarithm sweep output. When choosing different <Sweep Type>, the submenu is different as
shown in Fig.19 and Fig.20.

When using the <External> reference, <Sine Output> provides a sine signal which is in
phase-lock with | with the external reference signal. When using the <Internal> reference, the
reference signal is generated by the oscillator in OE1022D. The ‘TTL OUT’ BNC connector on
rear panel will output TTL signal which is synchronous with the <Sine Output>.

CH-A bsesTommw Sweep Type

+ Fixed
R 45 68 mV Linear  Log
Voltage
1.000 V \

Sens: 100mV

R + 45 68mV

Sweep Set
Start | Stop
Step  Time

1.000 V
Run

Stop
Single  Loop

Return
Freq: 1.000kHz Return Enter

Fig.20 <Sine Output> Secondary Submenu-<Linear & Log>

<Sweep Type> Setting amplitude sweep type.

SINE
SC/IENTIFIC
INSTRUMENTS




OE1022D DSP Lock-In

<Fixed> fixed amplitude sweep type(default)
<Linear> linear amplitude sweep type
<Log> logarithm amplitude sweep type

In <Fixed> mode, the amplitude of <Sine Output> is set by users. In <Linear> or <Log>
mode, settings are configured in <Sweep Set> and <Sweep Run>.

<Voltage> Setting the amplitude of sine output

In <Fixed> mode, users can set the amplitude of sine out through keyboard. The range is
from 0.001 Vrms to 5 Vrms and the minimum resolution is 0.001Vrms.

<Sweep Set> Setting the parameters of amplitude sweep.

<Start> The start amplitude of sweep

<Stop> The cutoff amplitude of sweep

<Step> In <Linear> mode, the <Step> is the step amplitude of sweep; in the <Log>
mode, the <Step> is the percentage of amplitude.

<Time> The step time interval of sweep.

Users can set the start amplitude, cutoff amplitude, step and time through keyboard and soft
keys. The range of amplitude is from 0.001 Vrms to 5 Vrms. The default start amplitude is 1.0
Vrms and cutoff amplitude is 5.000 Vrms. The minimum resolution of amplitude is
0.001Vrms.

In <Log> mode, the minimum resolution of step is 0.001% and the minimum/maximum
resolution of the step time is 1ms/100,000ms.

<Sweep Run> Setting amplitude sweep run mode

<Stop> stop sweep
<Single> single sweep
<Loop> loop sweep

When start from <Single> sweep, OE1022D does an internal amplitude sweep according to
the settings of users. After that, the status jumps back to <Stop> automatically.

When start from <Loop > sweep, OE1022D 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 shown in Fig.21.

Sens: 100mV SL‘[]Siti\-"ity
100 mV
Reserve

Low High
Normal

Time Constant

300 mS

Synchronous
OFF

<200Hz

Fig.21 [GAIN/TC] Submenu
There are 5 function settings in the submenu, including <Sensitivity>, <Reserve>, <Time
Constant>, <Filter dB/oct> and <Synchronous>. Soft key [CH A/B SWITCH] is provided for
switching between two channels. Users can also switch between two channels through knob.
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.

Table 1. Full Scale Sensitivity

1 nV/fA 200 nV/fA 50 uV/pA 10 mV/nA

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

5 nV/fA 1 uV/IpA 200 uV/pA 50 mV/nA

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

The change of <Sensitivity> will change the dynamic range of the system. Besides, it will interfere
the output of CH1&CH2. If the measure signal is current, the full scale acts as the corresponding
current unit, <100mV/nA> in default.

When choose <AUTO GAIN>, the system will automatically adjust the sensitivity according to ‘R’
value of input signal. Note that if the time constant is very large, the system will need a long time
to adjust.
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4.3.2 <Reserve>: Setting the Dynamic Reserve Mode

<Low> Low dynamic reserve mode
<High> High dynamic reserve mode.
<Normal> Normal dynamic reserve mode. Generally, this mode is recommended.

When choose <AUTO RESERVE>, the system will automatically adjust the minimum dynamic
range required according to the ‘R’ value of input signal.

4.3.3 <Time Constant>: Setting the Time Constants
The range of time constant is from 10 us to 3000 s. Adjust the value through soft keys and spin

knob.
Table 2. Time Constants

10 ys 3 ms 1s 300 s
30 us 10 ms 3s 1000 s
100 us 30 ms 10s 3000 s
300 us 100 ms 30s

1ms 300 ms 100 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> The roll off slope is 6 dB/oct.

<12dB/oct> The roll off slope is 12 dB/oct.
<18dB/oct> The roll off slope is 18 dB/oct.
<24dB/oct> 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.

4.3.5 <Synchronous>: Setting the Status of the Synchronous Filter
<OFF> Close the synchronous filter.
<200Hz> Open the synchronous filter. It is useful when reference frequency is low
(< 200 Hz). When the input signal frequency is very low, the low pass
filter require more significant current slump and takes longer to do that. In
such circumstances, synchronous filter helps.
Note that if the synchronous filter is open, <Filter dB/oct> must be <18 dB/oct> or <24
dB/oct >!

SINE
SCIENTIFIC
INSTRUMENTS




OE1022D DSP Lock-In

4.4 [DISPLAY]

Press [DISPLAY] button to enter the submenu as shown in Fig.22.

Display&Scale
Full Top
Bottom
PLL: LOCKED Type: Value

Sens: 100mV Trace:

R — 45 68 mV Equation
Menu Enter
0= 0.13°
e . Disp More
rl

(

) Menu Enter

Fig.22 [DISPLAY] Submenu
In this submenu, there are 3 function settings: <Display & Scale> <Equation> and <Disp More>.
They can be chosen and set by the soft keys beside the submenu. Soft key [CH A/B SWITCH] is
provided for switching between two channels. Users can also switch between two channels
through knob.

4.4.1 < Display & Scale >: Setting the Dynamic Area Display

<Display & Scale> is provided for setting the display area and type of measurement results.
<Display & Scale> includes two submenus: <Area> and <Type/Trace>.<Area> is provided for
displaying area, <Type/Trace> for type of measurement results

4.4.1.1<Area>: Area Display Configuration

<Full>: Full display mode displays in the whole dynamic area. It has 3 display types, including
<Bar>, <Chart>and <List>.All are shown in the dynamic displaying area.

1) <Bar>: Bar chart
The length of Bar is expressed as the percentage of the <R> value to the full scale, as shown in
Fig.23. It is very convenient and intuitive in indicating the <R> value.
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R=+ 45. 68 mV

+100mY
Freq: 1.000kHz
PLL: LOCKED Type: Bar

Trace: | R

Display&Scale
Full Top
Bottom

Equation
Menu Enter

+100mV Di Sp More

Menu Enter

Fig.23 <Full>-<Polar> Display

2) <Chart>: XY coordinates chart.

It displays the curve of the measurement results. Users can watch the value of sample points by
controlling <Cursor> through spin knob. <Chart> always picks up the measured data cooperating
with [SAMPLE] submenu and [CONTROL] area, as shown in Fig.24.

Trace:R__ Point:112 + 50.05mV.

Display&Scale
Full | Top

Sample Time: 50mS Bottom

Freq: 1.000kHz
PLL: LOCKED Type: Chart

Trace: | R

50.05m\

Equation

Menu Enter

Disp More
Menu Enter

Fig.24 <Full>-<Chart> Display
3) <lList>:
Display the value of the fundamental wave and two harmonics of the input signal at the same
time. The interface is shown in Fig.25.
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scale
Top
Bottom
Type: | List
Trace: ALL
FEquation

Menu Enter

Disp More

Menu Enter

Fig.25 <Full>-<List> Display

4) <TOP>:
This can be set only by selecting the top area. When <Type> or <Trace> is changed, the display

way of top area will change, as shown in Fig.26 and Fig.27. There are two choices in <Type>,
including <Value> and <List>.

If <Type> is <Value>, <Trace> provides options, including fundamental wave, harmonic, and
Equation.

If <Type> is <List>, <Trace> provides 4 options: <Basic> (Fundamental wave), < Harml1>
(Harmonic wave 1), < Harm2> (Harmonic wave 2) and <ADC> (AUX IN).

Display&Scale
Full Top
Bottom
Type: Value
Trace: | R
Equation

Menu Enter

Disp More

Menu Enter

Fig.26 <Top>-<Bar> Display
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Sens: 100mV

X =+ 4518 mV Y=+ 0.68 mV
R =+ 4568 mV 6=- 013°

Display&Scale
Full Top
Bottom

Type: Value

Trace: Basic

Equation

Menu Enter

Disp More
| Menu Enter |

Fig.27 <Top>-<List> Display

<Bottom>
Only choose the bottom area to set. When <Type> or <Trace> is changed, the display way of
bottom area will change, just like the <Top> mode.

4.4.1.2 <Typel/Trace>: Display Mode and Type Configuration
<Type/Trace> Setting the way of display

Switch <Type> or <Trace> to set by soft keys. The chosen one will be
highlighted and then switch the wanted mode through knob.

<Type> How to display. Users can choose <Value> and <List>. Besides, <Bar>
(percentage of value) and <Chart> (XY coordinates) are optional in the
<Full> mode.
<Trace> What to display. Users can choose the values to display as the following.
<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.
<6> The 6 value of fundamental wave of the input signal.
<Xh1> The X value of 1" channel harmonic of the input signal.
<Yhi> The Y value of 1™ channel harmonic of the input signal.
<Rh1> The ‘R’ value of 1™ channel harmonic of the input signal.
<Bh1> The 6 value of 1™ channel harmonic of the input signal.
<Xh2> The X value of 2" channel harmonic of the input signal.
<Yh2> The Y value of 2™ channel harmonic of the input signal.
<Rh2> The ‘R’ value of 2" channel harmonic of the input signal.
<Bh2> The 6 value of 2™ channel harmonic of the input signal.
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<Noise> Noise value of input signal.
<E1> The 1™ Equation value.
<E2> The 2" Equation value.
<E3> The 3" Equation value.
<E4> The 4™ Equation value.

4.4.2 < Equation >: Setting the Equation.

The function of <Equations> is to do basic proportional calculation with the measurement values.
The results output through CH1/CH2 BNCs on front panel. The equation is fixed:
AXB

Equation =

A, B and C is set in the secondary submenu of <Equation> can there are 4 equations can be set
in this menu, as shown in Fig.28

Cl
‘ +1.000
C2
‘ +1.000 \

Return

eq: 1.000kHz Return Enter
PLL: NONE

Fig.28 <Equation> Secondary Submenu

4.4.2.1 Setting equation parameters.
<Equation>
The value of A, B and C in equation1~4=A*B/C can be changed through
soft keys. The optional values of A, B and C include fundamental wave,
harmonic wave, ADC, frequency and constant parameters.
For example, when A is R=50mV, B is 8=130°, C is Freq=1 kHz, then
AxB 0.05x130
c 1000
When <Trace> in [DISPLY] submenu choose <E1>, the result of
Equation 1 will be displayed. In <Bar> display mode, the display range is
from 0.000001 to 9999999 without unit and progress bar.
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When <Source> in [CHANNEL OUPUT] submenu choose <E1>, the
result of Equation 1 will output. More details are in [CHANNEL OUPUT]
submenu.

4.4.2.2 <C1> Setting constant parameter 1.
Constant parameter <C1> setting, range: -10~+10.

4.4.2.3 <C2> Setting constant parameter 2.
Constant parameter <C2> setting, range: -10~+10.

4.4.3 < Disp More >: More Display Settings
<Disp More> secondary submenu adds two settings, <Range> and <Curve Point>, as shown in

Fig.29.
Sens: 100mV R(lﬂgC
| 1.00e-01 |
Curve Point
M

PLL: NONE

Sens: 100mV

=+ 45. 68 mV
‘ f%c?um Enter

Fig.29 <Disp More> Secondary Submenu

4.4.3.1 <Range>  Setting display range
<Range> is used to set the largest scale of <Bar>, <Chart> and <Polar>
chart.
The input range of <Range> is 1 nV to 1 V. This range will change with
the change of <Sensitivity>. Besides, it can be set numerically through
the keyboard. For example, 1.00e-01 means 1.00x10™V that is 100mV.
Keep <Sensitivity> unchanged and then change the value of <Range>.
Set <Range> 1.00e-03=1mV, then the display range is -1mV to +1mV.

4.4.3.2 Setting the position of sampling curve

<Curve Point>
In <Curve Point> mode, the <Cursor> in <Chart> can rapidly locate
position and watch the value of this point. The setting range of <Curve
Point> is 1~16384.
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4.5 [SAVE/RECALL]

When <Chart> is in reset mode (no store data), the <Curve Point> makes
no sense and keeps 0. When sampling data, this option is hidden. It
would appear after pause.

Before using <Curve Point>, users should callout <Cursor> by pressing
the [CURSOR] button in CONTROL area.

Press [SAVE/RECALL] button and enter the submenu as shown in Fig.30

CH-A J 5o Toomv Save&Recall

—t 45 68 mV Save | Recall

Channel:

S1

Execute:

NO YES

Fig.30 [SAVE/RECALL] Submenu

[SAVE/RECALL] menu is mainly used to save and recall the setting parameters and status.
Users can save in <S1>, <S2>, <S3> and <S4> according to their individual favorites. As shown
in Fig.30, <Save & Recall> choose <Save>, <Channel> chooses <S1>, <Execute> choose
<YES>, and then the current setting parameters and status will be saved in <S1>. In this case,
the current parameters and status can be save in <S1>. <Save & Recall> choose <Recall>,
<Channel> chooses <S1> and <Execute> choose <YES> to recall the archive. In this case, the
data in <S1> can be recalled.

User can recall default settings by following steps: Select <Recall> in ‘Save&Recall’ side box->
Select <Default> in ‘Channel’> Select <Yes> in ‘Execute’.
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4.6 [CHANNEL OUTPUT]

Press [CHANNEL OUTPUT] button and enter the submenu as shown in Fig.31.
Sens: 100mV OUtPUt

R=+ 45.68mV |

Source:

A-R

Offset&Expand

CH-B SETT— Menu Enter

R=+ 45 68 mV
6=- 0.13°

Freq: 1.000kHz

PLL: NONE

Fig.31 [CHANNEL OUTPUT] Submenu
The two BNCs CH1 and CH2 can output R, X, Y and O that users wanted by setting in the
[CHANNEL OUTPUT] submenu. The output offset and expand is set in <Offset & Expand>. In
<Speed>, users can set the output rate of channel.
The calculation equation of output signal is:
1. When source is <R>, <X>, <Y>, <Rhl>, <Xhl>, <Yhl>, <Rh2>, <Xh2>, <Yh2> or
<Noise>:

Signal(source)

output = ( + of fset) X Expand x 10V

Sens
2. When source is <6>, <6h1>, <6h2>
ouput = W x 10V
3. When source is <E1>~<E4>(Equation), in addition to the two equations above, there are
other options as below:
a) AUX_IN1~AUX IN4: output = the input voltage.
b) Constant coefficient: directly correspond. Such as 10 corresponds to 10V, -5
corresponds to -5V.
c): frequency:
Every stage of the frequency ranges from 5V to 10V. For example,
1000Hz =5V
1200Hz =6V
1600Hz =8V
1800Hz =9V
1990Hz =9.95V
2000Hz = 5 V (next stage)
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The frequency is divided into following stages:
62.5Hz - 125 Hz
125 Hz — 200 Hz
250 Hz — 500 Hz
500 Hz — 1000 Hz

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

Result is calculated according to the Equation formula. The range of result is from -10 V
to +10 V.

4.6.1 < Output Source >: Setting Output Source

<X>: the corresponding analog level of the channel output X
<Y>: the corresponding analog level of the channel output Y
<R>: the corresponding analog level of the channel output R
<0>: the corresponding analog level of the channel output 6
<Xh1>: the corresponding analog level of the channel output Xhl
<Yh1>: the corresponding analog level of the channel output Yhl
<Rh1>: the corresponding analog level of the channel output Rhl
<Bhl>: the corresponding analog level of the channel output 6h1
<Xh2>: the corresponding analog level of the channel output Xh2
<Yh2>: the corresponding analog level of the channel output Yh2
<Rh2>: the corresponding analog level of the channel output Rh2
<fh2>: the corresponding analog level of the channel output 6h2
<E1>: the corresponding analog level of the channel output E1
<E2>: the corresponding analog level of the channel output E2
<E3>: the corresponding analog level of the channel output E3
<E4>: the corresponding analog level of the channel output E4
<Noise>: the corresponding analog level of the channel output Noise
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4.6.2 < Offset & Expand >: Setting the Offset and Expand
Choose the <Offset & Expand> and enter the secondary submenu, as shown in Fig.32.

CH-A Sens: 100mV

R=+ 45. 68 mV AR

Offset:
+0.00 %

Freq: 1.000kHz
PLL: NONE Expand:

1
ens: 100mVv

R + 45 68mV

_ Return Enter
PLL: NONE

Fig.32 <Offset & Expand> Submenu
<Offset> setting: It is set through keyboard. The adjustable range is -100%~+100%. The minimal
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 ‘Expand’ value makes the absolute value of calculation result exceeds 10V, the output will be
seriously affected.
The settings of <Offset> and <Expand> will not affect the data display in dynamic area.

4.6.3 < Speed >: Setting the Output Speed

<Slow> the data output speed of channel CH1 & CH2 is 10 Hz
<Fast> the data output speed of channel CH1 & CH2 is 312.5 kHz
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4.7 [SAMPLE]

[SAMPLE] submenu is used to control the sampling and storage. There are 5 settings in this
submenu, including <Step Time>, <Length>, <Select>, <Trigger Mode> and <Sample Mode>, as
shown in Fig.33. Soft key [CH A/B SWITCH] is provided for switching between two channels.
Users can also switch between two channels through knob.

Step Time

0.050 S

ength
‘ 1000 \

Select
‘ Menu Enter \
Trigger Mode
INT | EXT
Sync

S

ous

Single | Loop

Fig.33 [SAMPLE] Secondary Submenu
The setting of [SAMPLE] menu should cooperate with the keys in CONTROL area. In this case,
[SAMPLE] can control the sample to start, pause and reset.

4.7.1 < Step Time >: Setting the Step Time

Setting the step time, range: 1ms~ 100,000ms, collect one data at every step time.

4.7.2 < Length >: Setting the Sample Length

Setting the sample data length, range: 1~16384

When the data sampling is being performed, if the <Length> value is set smaller than the length

of the current sampling, sampling will stop immediately in single sample mode. In the loop
sample mode, sampling will start again from the first point.
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4.7.3 < Select >: Setting the Sampling Object
The <Select> secondary menu is shown in Fig.34.

Sens: 100mV

- Sens: 100mV

m AT
R=+ 45. 68mV |
6=- 0.13° Jom

' oN Return Enter

Fig.34 <Select> Secondary Submenu

<Bufferl~4> Setting the 4 sampling buffers

There are 8 internal <Buffer> in OE1022D. Each buffer can store 16384
32-bits-data. Each buffer can store any one of the following parameter,
including <R>, <X>, <Y>, <B>, <R>, <X>, <Y>, <0>, <R>, <X>, <Y>,
<0>, <Noise>, <E1>, <E2>, <E3>, <E4>, <A1>, <A2>, <A3>, <A4> and
<Freq>.

Only when the sampling restart, the setting of <buffer> is effective. The
choice of <buffer> will affect the <Trace> options in <Chart> display
mode. In <Chart> display mode, <Trace> can only choose what is
already chosen in <Buffer>.

4.7.4 <Trigger Mode >: Setting Trigger Mode

<INT> internal trigger mode
<EXT> external trigger mode

In the <INT> mode, the time interval of the sampling process is set by OE1022 itself. Time
interval can be set in submenu <Sampling Time>.
In the <EXT> mode, the sampling pulse is received from BNC TRIG_IN on rear panel. Collect
data at each sampling pulse and the sampling rate should not be over 500 Hz.
Internal trigger mode and external trigger mode can start, stop or reset the sampling process
through buttons in CONTROL area.
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4.7.5 < Sample Mode >: Setting Sample Mode

<Single> single sample mode
<Loop> loop sample mode

In <Single> mode, the system will automatically stop after completing one data collection

In <Loop> mode, the system will loop the sampling process automatically and cover original
sampling results.

Single and loop sample mode can start, stop or reset the sampling process through buttons in
CONTROL area.

4.8 [SYSTEM]

[SYSTEM] submenu includes the system information and settings of OE1022D, like instrument
information, screen brightness and the remote settings of communications, as shown in Fig.35.

Sens. 100mV Info

Menu Enter

Screen
‘ Menu Enter \
Owverload: NONE NONE | Freq: 1.000kH=

Remote
PLL: LOCKED
~ Menu Enter

Fig.35 [SYSTEM] Submenu

4.8.1 < Info >: Secondary Submenu

Choose <Info> to enter a secondary submenu shown in Fig.36. This submenu displays related
information about the R & D unit of the instrument.
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Information

OE1022 DSP LOCK-IN AMPLIFIER Info

Designed by Innovative Laboratory of SYSU

R=+ 45. 68 mV
0=—- 0.13° |..

Overload: NONE i | Freg: 1.000kHz Return Enter

ef. Source: External PLL: NONE

Fig.36 <INFO>Information of R&D Institution
Choose <Version> and the interface displays the version of 0E1022, as shown in Fig.37.

Information
Version: V1.3 Version
SN: L6030000

Freq: 1.000kHz
PLL: NONE

Return Enter

Fig.37 <INFO>-Version
Choose <Contact> and the interface displays contact information as shown in Fig.38.
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Information

Contact
Fax: 020-84035780
Web: www.ssi-instrument.com

Email: ssi_instrument(

Return

Return Enter

Fig.38 <INFO>-Contact Information
4.8.2 < Screen > Secondary Submenu
Choose <Screen> to enter this interface, as shown in Fig.39 and Fig.40.
Window Color
Stylel | Style2
Backlight

Level 8

CH-B J 55 100mv

R=+ 45. 68mV

Return Enter

Fig.39 <Screen> Submenu-<Style 1>
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C Sc

16 = 0.13°
- . Level 8

100mV

NONE NONE 1.000kHz Return Enter
External LOCKED

Fig.40 <Screen> Submenu-<Style 2>
This submenu includes two function settings, <Window Color> and <Backlight>.
<Window Color> setting the window color

<Style 1> the window main color is yellow
<Style 2> the window main color is green
<Backlight> setting the brightness of backlight

the bright levels can vary from <Level 1> to <Level 8> through Spinning

the knob
4.8.3 < Remote >: Setting the RS232 Mode

Choose the <Remote> secondary submenu to enter Fig.41.

Baud Rate
‘ 921600 \

bd
et Source Bl ] Panty
Re irce; Externa PLL: LOCKED Even Odd

None

Fig.41 <Remote> Submenu
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There are 3 function settings in the submenu, including <Remote>,<Baud Rate>, and

<Parity>.

<Remote>:
<USB>
<RS232>

<Baud Rate>:

<Parity>:
<Even>
<ODD>
<NONE>

Setting the communication port
Use common USB as communication port.
Use common 9-pin RS-232 connector as communication port.

Setting the baud rate

Press the corresponding soft keys and knob to adjust the baud rate. The
value can be set as <600>, <1200>, <2400>, <9600>, <19200>,
<38000>, <43000>, <56000>, <57600>, <115200>, <230400>,
<380400>, <460800> and <921600>.

Setting the parity
Even

Odd

Nothing

Attention: When using USB as the communication port, there is no need to set <Baud Rate> or
<Parity>.<Baud Rate> and <Parity> are only use for setting parameters of serial port

communication.

4.8.4 <Reset? >: The Lock-in Reset

Press the corresponding soft key and the system will be restarted.
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4.9 [AUTO SET]

There are 4 settings in [AUTO SET] submenu, including <Auto Reserve>, < Auto Gain>, < Auto
Phase > and < Auto Scale >, as shown in Fig.42. Soft key [CH A/B SWITCH] is provided for
switching between two channels. Users can also switch between two channels through knob.

Auto Reserve
Trigger

Auto Gain
Trigger

Auto Phase
Trigger

Auto Scale

Trigger

Fig.42 [AUTO SET] Submenu
4.9.1 < Auto Reserve >: Setting the Dynamic Reserve Automatically

Press the < Auto Reserve > button, the system will automatically change the settings of
<Reserve> according to the current signal. The principle is to select the minimum dynamic
reserve of the current measurement signal.

4.9.2 < Auto Gain >: Setting the Sensitivity Automatically

Press the < Auto Gain> button, the system will automatically change the setting of <Sensitivity>
according to the current R. The principle is that the system should choose an appropriate
<Sensitivity> but no more than the maximum sensitivity. The < Auto Gain > function in OE1022D
needs some response time (generally less than 5s). If the current R fluctuates a lot, the setting for
< Auto Gain > might be fail. In this case, users should switch current menu to the [GAIN/TC]
submenu and set the R manually.
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4.9.3 < Auto Phase >: Setting Phase Shift Automatically

Press the < Auto Phase > button and the system will adjust the phase shift of the reference signal
to make the phase of the input signal 0. This < Auto Phase> function needs some response time
(generally less than 10s). If the current O fluctuates a lot, the setting for < Auto Phase > might be
fail. In this case, users should switch the current menu to [REF/PHASE] submenu and set 0
manually.

4.9.4 < Auto Scale >: Setting Scale Automatically

Press the <Auto Scale> button and the system will adjust the scale according to R to make the
displayed value large enough within the range. This < Auto Scale > function only has effect on
display. The input and output will not be affected. The scale can also be set through <Range> in
the [DISPLAY] submenu.

4.10 [OTHERS]

4.10.1 [CH A/B SWITCH]
Soft key [CH A/B SWITCH] is provided for switching between two channels. Press this soft key to
switch from current channel to the other one and configure settings for the other channel.

4.10.2 [CONTROL]

There are 4 buttons in [CONTROL] area, including [START CONT], [PAUSE CLEAR], [CURSOR]
and [ACTIVE CHART]. The [CONTROL] menu, alone with [SAMPLE] menu and <CHART>,
controls the data sampling to start, pause, reset and also chooses the [CURSOR] and <Chart> to
display or not.

4.10.2.1 < START/CONT >: Start or Continue Data Sampling

The [START/CONT] button has two functions. One is to start a new sampling [START], another is
to continue the paused sampling [CONTINUE].

Sampling is start and the measured data will be stored in internal buffer as the sampling rate set
in [SAMPLE] menu. If in the <Chart> mode, the sampled data will be displayed on <Chart>
simultaneously. Otherwise, data will be stored.

In single sampling mode, the sampling will stop automatically when the number of sampling
points reaches the sampling length. When sampling process stops, press the [START] button and
the system will start sampling again from the beginning until the ending point stops.

If press the [PAUSE] button when the sampling is executing. Sampling will be paused. In this
case, press the [START/CONT] button and the sampling process will continue.

4.10.2.2 < PAUSE/CLEAR >: Pause Sampling or Clear Sampling Data
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The [PAUSE/CLEAR] button has two functions. One is to pause sampling. Another is to clear the
sampling data.

Press this button to pause data sampling when the sampling is executing. The <Chart> will also
pause at the same time. Then if press this button one more time, sampling will be stopped and
data will be cleared. Besides, the chart will be cleared when in the <Chart> status.

4.10.2.3 < CURSOR >: The Display and Occultation of Cursor in <Chart>

The [CURSOR] button has two functions. One is to display or hide the <Cursor> in <Chart>
status. Another is to choose <Cursor> again in other status.

When there is no cursor in <Chart>, this button can call out <Cursor>. Move <Cursor> through
spinning the knob and then read the measurement value. If the <Cursor> has been paged out but
not chosen (for example, when <Sensitivity> is highlighted and then the knob is only used to set
parameters on <Sensitivity>), the <CURSOR> button can pick on <Cursor> again. Press the
[CURSOR] again when the <Cursor> is already selected, the <Cursor> will be hidden afterwards.
Spin the knob to move <Cursor>. If the <Cursor> exceeds the edge of <Chart>, the <Chart> will
change to the next page. <Cursor> can also be positioned directly through <Curve Point> in
<Disp More> menu. [CURSOR] makes sense when the data sampling is executing or pausing.

4.10.2.4 < ACTIVE CHART >: Choose <Chart> as the Active Area

The [ACTIVE CHART] is used to choose the <Top> or <Bottom> area of <Chart> as the current
active area. <Cursor> only makes sense in active area. The chosen active area will be
highlighted at the top-left corner of the <Chart>. The <Chart> in <Full> area is always active.
Therefore, the [ACTIVE CHART] button makes no sense to <Full> area.
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5. REMOTE PROGRAMMING

5.1 OE1022D Command Syntax

Computers use ASCII characters to communicate with OE1022D. Commands must be in upper
case. A command consists of a four-character command mnemonic, arguments if necessary, and
a command terminator. The terminator must be a linefeed <If> or carriage return <cr> on RS232
to USB. 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 in one command line by separating them with semicolons (;).
The difference between sending several commands in the same line and sending several
independent commands is that no other commands can be executed before every commands in
previous line of commands are executed.

The OE1022D 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.

OE1022D 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 OE1022D are sent as a string of
ASCII characters terminated by a corresponding terminator. If multiply queries are sent in one
command line (separated by semicolons), results will return one by one with a terminator.

Examples of Command Formats

FMOD1<cr> Set reference source to internal
FREQ10E3<cr> Set the internal reference frequency to 10kHz
OuUTP?1<cr> Queries the output value of CH1

5.2 Detailed Command List

The parameters in each command sequence specify the command. Different 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.

i, j, k1, m,n,0,p,q,rstu integers
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.
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In addition, parameter i represents which channel is selected. ‘i=1’ indicates that channel A (CH-A)
is selected. ‘i=2’ indicates that channel B (CH-B) is selected

5.2.1 Reference and Phase Commands

PHASD(?) i {,x} The PHASD command sets or queries the reference phase shift. The

parameter i represents the selected channel (A or B). The parameter x
refers to the phase (real number, unit: °). The PHASD i x command will set
the current phase shift of channel A (i=1) or B (i=2) to x°.
The value of x is rounded to 0.01°. The value of phase shift can be set from
-180° to +180°. For example, send command ‘PHASD 1 -179.0’ and the
phase shift of channel A will be set to -179°. The PHASD? 1 command
gueries the phase shift of channel A.

FMODD(?)i {,j} The FMOSD command sets or queries the reference source. The
parameter i represents the selected channel (A or B).The parameter j
selects external reference (j=0), internal reference (j=1) or internal sweep
reference (j=2).

FREQD(?) i {,f} The FREQD command sets or queries the reference signal. The parameter
i represents the selected channel (A or B). The parameter f represents
frequency (unit:Hz).The FREQD? 1 command will return the current
reference frequency of signal from channel A (internal or external).

RSLPD(?) i {,j} The RSLPD command sets or queries the trigger way of reference signal
when in external reference mode.
The parameter i represents the selected channel (A or B). The parameter j
selects <TTL> rising edge (j=0) or <Sine> zero crossing (j=1). When the
frequency is less than 1 Hz, User must use the <TTL> reference.

SWPTD(?) i {,j} The SWPTD command sets or queries the mode of internal frequency
sweep. The parameter i represents the selected channel (A or B). The
parameter j selects <Linear> (j=0) or <Log> (j=1).

SLLMD(?) i {,f} The SLLMD command sets or queries the <Start> frequency in internal
frequency sweep mode. The parameter i represents the selected channel
(A or B). The parameter f indicates the start frequency(unit:Hz). The
SLLMD? 1 command will return the start frequency of channel A. The range
of fis 0-100kHz and the minimum resolution is ImHz.

SULMD(?) i {,f} The SULMD command sets or queries the <Stop> cutoff frequency in

internal frequency sweep mode. The parameter i represents the selected
channel (A or B). The parameter f indicates the stop frequency(unit:Hz).The
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SSLLD(?) i {,f}

SSLGD(?) i {,x}

STLMD(?)i {,j}

SWRMD(?)i {,j}

HARMD(?) iij {,k}

SLVLD(?)i {,x}

SULMD? 1 command will return the cutoff frequency of channel A. The
range of fis 0-102kHz and the minimum resolution is 1mHz.

The SSLLD command sets or queries the step frequency in <Linear>
internal frequency sweep mode. The parameter i represents the selected
channel (A or B). The parameter f indicates the step frequency(unit:Hz).The
SSLLD? 1 command will return the step frequency of channel A. The range
of f is 0-102kHz and the minimum resolution is 1mHz.

The SSLGD command sets or queries the percentage in <Log> internal
sweep mode. The parameter i represents the selected channel (A or B).
The parameter x indicates the percentage(unit:%). The SSLGD? 1
command will return the percentage of channel A in <Log> frequency
sweep mode. The range of x is 0-100 and the minimum resolution is 0.001.
x=50 means that the percentage is 50%.

The STLMD command sets or queries the step time in internal frequency
sweep mode. The parameter i represents the selected channel (A or B).
The parameter j indicates the step time (unit:ms).The STLMD? 1 command
will return the step time of internal sweep mode. The range of j is
1ms-100,000ms and the minimum resolution is 1ms.

The SWRMD command sets or queries the running mode in internal
frequency sweep mode. The parameter i represents the selected channel
(A or B). The parameter j indicates the running mode. The parameter j
selects <STOP> (j=0) , <Single> (j=1) or <Loop> j=2).

The HARMD command sets or queries harmonic detection. Parameter i and
j are necessary for transmitting this command. The parameter i represents
the selected channel (A or B). The parameter j selects harmonic 1(j=1) or
harmonic 2 (j=2). The parameter k is an integer from 1 to 32767. The
HARMD i,j,k command will set the OE1022D to detect at the k™ harmonic of
reference frequency. The value of k is limited by k*f<102kHz. If the
frequencyof k™ harmonic exceeds102kHz, then j will be set automatically to
the maximum value that meets this condition.

The SLVLD command sets or queries the amplitude of the output
synchronous sine wave. The parameter i represents the selected channel
(A or B). The parameter x determines the amplitude of voltage (real number,
unit: V). The range of x is 0.000Vrms<x<5.000Vrms and x is rounded to
0.001Vrms.
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SWVTD(?)i {,j}

SVLLD(?)i {,x}

SVULD(?)i {,x}

SVSLD(?)i {,x}

SVSGD(?)i {x}

SVTMD(?)i {,x}

SVRMD(?)i {,j}

The SWVTD command sets or queries the output type of <Sine Output>.
The parameter i represents the selected channel (A or B). The parameter |
selects fixed amplitude output (j=0), linear amplitude sweeping output (j=1)
or logarithm amplitude sweeping output (j=2).

The SVLLD command sets or queries <Start> amplitude in <Sine Output>
sweep mode. The parameter i represents the selected channel (A or B).
The parameter x indicates the start amplitude (unit:V).The SVLLD? 1
command will return the start amplitude of sweeping amplitude of channel
A. The range of x is 0.001Vrms=x<5.000Vrms and the minimum resolution
is 0.001Vrms.

The SVULD command sets or queries <Stop> cutoff amplitude in <Sine
Output> sweep mode. The parameter i represents the selected channel (A
or B). The parameter x indicates the cutoff amplitude (unit:V). The SVULD?
1 command will return the cutoff amplitude of sweeping amplitude of
channel A. The range of x is 0.000Vrms=<x<5.000Vrms and the minimum
resolution is 0.001Vrms.

The SVSLD command sets or queries <Step> amplitude in <Linear> <Sine
Output> sweep mode. The parameter i represents the selected channel (A
or B). The parameter x indicates the step amplitude (unit:V).The SVSLD? 1
command will return the step amplitude of linear sweeping amplitude mode
of channel A. The range of x is 0.000 Vrms<x<5.000Vrms and the minimum
resolution is 0.001Vrms.

The SVSGD command sets or queries the percentage in <Log> <Sine
Output> sweep mode. The parameter i represents the selected channel (A
or B). The parameter x indicates the percentage (unit:%).The SVSGD?
1command will return the percentage in <Log> sweep amplitude mode of
channel A. The range of x is 0-100 and the minimum resolution is 0.001.
x=50 means that the percentage is 50%.

The SVTMD command sets or queries step <Time> in <Sine Output>
sweep mode. The parameter i represents the selected channel (A or B).
The parameter x indicates the step time (unit:ms).The SVTMD? 1 command
will return the step <Time> of logarithm amplitude sweeping of channel A.
The range of x is 1ms-100,000ms and the minimum resolution is 1ms.

The SVRMD command sets and queries the executing mode in <Sine
Output> sweep mode. The parameter i represents the selected channel (A
or B). The parameter j indicates the selected mode. The parameter i selects
<Stop> (j=0), <Single> (j=1) or <Loop> (j=2).
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5.2.2 Equation Commands

EQCDD(?)i{,j,k,I}

EQCSD(?)i{,x}

The EQCDD command sets or queries the 'R’ value of A, B and C in four
<Equation>. Parameter i and j are necessary for transmitting this command.
The parameter i represents the selected channel (A or B). The parameter j
indicates the selected equation. The parameter i selects Equationl(j=1),
Equation2(j=2), Equation3(j=3) or Equation4(j=4).

The parameter k, I, m are corresponding to A, B, C in <Equation> and
selects the numbers below.

k, I, m Parameter
0 R
1 X
2 Y
3 0
4 Rh1
5 Xh1
6 Yhl
7 6h1
8 Rh2
9 Xh2

10 Yh2
11 6h2
12 Noise
13 Al
14 A2
15 A3
16 Ad
17 Freq
18 C1
19 Cc2

For example, send command ‘EQCDD 1,2,0,18,17’ and then the Equation 2
of channel A will be set as follows: E2=R*C1/Freq.

The EQCDD? i,j command queries the corresponding channel for the
configuration parameters of Equation j. Values are returned as the serial
number corresponding to A, B, C with the values separated by commas. For
example, send command ‘EQCDD? 1,2’ and return string ‘0,18,17’. In this
case, for the Equation2 of channel A, A is the value of <R>, B is the value of
<C1>, Cis the value of <Freqg>.

The EQCSD command sets or queries two coefficients <C1>, <C2>.
Parameter i and j are necessary for transmitting this command. The
parameter i represents the selected channel (A or B). The parameter j

>
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indicates the selected coefficient. The parameter i selects to set <C1> (j=1)
or <C2> (j=2) and is required when sending this command.

The parameter x is used to set the value of coefficients and the range is
-10.000=x<10.000.

For example, send command ‘EQCSD 1,2,5.00’ and this will set the <C2>
value of channel Ato 5.00.

5.2.3 Input and Filter Commands

ISRCD(?)i{,j}

IGNDD(?)i{,j}

ICPLD(?)i{,j}

ILIND(?)i{j}

The ISRCD command sets or queries the input configuration. The parameter i
represents the selected channel (A or B). The parameter j indicates the input
configuration. The parameter j selects A (single input mode) (j=0), A-B
(differential voltage input mode) (j=1), | (1 MQ) (current input, the amplitude is
10V /A) (7=2) or | (100 MQ) (current input, the amplitude is 108V /A) (j=3).

The IGNDD command sets or queries the input shield grounding. The
parameter i represents the selected channel (A or B). The parameter j indicates
the input shield grounding. The parameter | selects Float (j=0) when the input
ground is connected to the instrument ground with a 10 kQ resistor or Ground
(j=1) when the input ground is connected to the instrument ground with a 10 Q
resistor.

The ICPLD command sets and queries the input coupling. The parameter i
represents the selected channel (A or B). The parameter j indicates the input
coupling. The parameter i selects AC (j=0) or DC (j=1).

The ILIND command sets and queries the notch filter status. The parameter i
represents the selected channel (A or B). The parameter j indicates the notch
filter status. The parameter j selects to close notch filters (j=0), open the 50Hz
notch filter (j=1), open the 50Hz and 100Hz notch filter at the same time (1=2) or
open the 100Hz notch filter (j=3).

5.2.4 Sensitivity and Time Constants Commands

SENSD(?)i{,j}

The SENSD command sets or queries the sensitivity. The parameter i
represents the selected channel (A or B). The parameter j indicates the
sensitivity. The parameter i is used to select a different range.

j sensitivity j sensitivity

0: 1nVHA 14. 50 uV/pA
1. 2nVIfA 15: 100 uV/pA
2. 5nV/iA 16: 200 uV/pA
3. 10 nVHA 17: 500 uV/pA
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RMODD(?)i,j}

OFLTD(?)i{,j}

OFSLD(?){,j}

SYNCD(?)i{j}

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. 1uVipA 23: 50 mV/nA
10: 2 uV/pA 24. 100 mV/nA
11: 5uV/pA 25: 200 mV/nA
12: 10 uV/pA 26: 500 mV/nA
13: 20 uV/pA 27 1VIUA

The RMODD command sets or queries the mode of dynamic reserve. The
parameter i represents the selected channel (A or B). The parameter j indicates
the mode of dynamic reserve. The parameter i selects <Low Noise> (j=0),
<Normal> (j=1) or <High Reserve> (j=2).

The OFLTD command sets or queries the time constant of filters. The
parameter i represents the selected channel (A or B). The parameter j indicates
the time constant of filters. The parameter i selects a time constant below.

i time constant i time constant
1. 10us 10: 300 ms
2: 30us 11: 1s

3: 100 us 12. 3s

4. 300 us 13: 10s

5 1ms 14. 30s

6. 3ms 15;. 100s

7: 10ms 16: 300s

8. 30ms 17: 1000 s

9. 100 ms 18: 3000 s

The OFSLD command sets or queries the low pass filter slope. The parameter i
represents the selected channel (A or B). The parameter j indicates the low
pass filter slope. The parameter i selects <6dB/oct> (j=0), <12dB/oct> (j=1),
<18dB/oct> (j=2) or <24dB/oct> (j=3).

The SYNCD command sets or queries the status of synchronous filter. The
parameter i represents the selected channel (A or B). The parameter j indicates
the status of synchronous filter. The parameter i selects Off (j=0) or On (j=1). It
is recommended to turn on the synchronous filtering when the reference
frequency is less than 200 Hz.
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5.2.5 Display and Output Commands

FPOPD(?)j{,k} The FPOPD i command sets and queries the output channel on the front panel
of OE1022D. The parameter j must be set when sending this command. The
parameter j selects CH1 (j=1) or CH2 (j=2) as the output channel. The
parameter k is used to select the type of output source. More details are as

follow.
k Parameter

0 A-R

1 A-X

2 A-Y
3 A-0

4 A-Rh1
5 A-Xhl
6 A-Yhl
7 A-06hl
8 A-Rh2
9 A-Xh2
10 A-Yh2
11 A- 0 h2
12 A-Noise
13 A-E1
14 A-E2
15 A-E3
16 A-E4
17 B-R
18 B-X
19 B-Y
20 B- 0
21 B-Rh1
22 B-Xh1l
23 B-Yhl
24 B- 0 hl
25 B-Rh2
26 B-Xh2
27 B-Yh2
28 B- 0 h2
29 B-Noise
30 B-E1
31 B-E2
32 B-E3
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OEXPD(?)j,k

{:x.k}

SPEDD(?)j{,k}

| 33 | B-E4 |

The OEXPD i command sets or queries the output offsets and expands. The
parameter j and k must be set when sending this command. The parameter |
selects CH1 (j=1) or CH2 (j=2) as the output channel. The parameter k selects
the type of parameters below.

k Parameter
0 A-R
1 A-X
2 A-Y
3 A-Rh1
4 A—Xh1
5 A-Yh1
6 A-Rh2
7 A-Xh2
8 A-Yh2
9 A-Noise
10 B-R
11 B-X
12 B-Y
13 B—Rh1
14 B—Xh1
15 B-Yh1
16 B-Rh2
17 B—Xh2
18 B-Yh2
19 B-Noise

The parameter x is used to set the offset and the range is -100.00=x<100.00.
The parameter | is used to set expand and the range is 1<I<256. For example,
send command ‘OEXPD 1,2,50.00,2’ and then the offset of parameter <Y> of
channel A is 50%; the output expand is 2. Parameter x and | are required to
send this command.

The OEXPD? 1,k command queries channel A for the offset and expand of the
corresponding parameter of k. The returned string contains both the offset and
expand separated by a comma. For example, if the OEXPD? 1, 2 command
returns ‘50.00,10’, then the offset of Y from channel A is 50.00% and the
amplification is 10.

The SPEDD command sets or queries the executing mode of <Channel
Output>. The parameter j selects CH1 (j=1) or CH2 (j=2) as the output channel.

>
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The parameter i selects <Slow> (k=0) or <Fast> (k=1).

In the <Fast> mode, the output can only choose <R>, <X> and <Y>. If in
<Slow> mode and the current choice is not <R>, <X> or <Y>, then when
switching to <Fast> mode, the output will choose <R> automatically.

5.2.6 Save and Read Settings Commands

SSETD i

RSETD i

The SSETD i command saves the current setup in setting buffer i (1<i<4). The
parameter i selects S1 (i=1), S2 (i=2), S3 (i=3) or S4 (i=4). OE1022D can store
settings even after the power is turned off

The RSETD i command recalls the saved setup information from buffer i
(1=<i<b). After delivering the RSETD i command, the internal parameters will be
set as corresponding parameters in the setting buffer i. The parameter i
indicates S1 (i=1), S2 (i=2), S3 (i=3), S4 (i=4) and Default (i=5).Please note
that S1,S2,S3,S4 are user-defined settings,S5 is the default setting. For
example, command ‘RSETD 5’ will restore the factory configuration.

5.2.7 Auto Set Commands

AGAND i

ARSVD i

APHSD i

ASCLD i

The AGAND command performs the Auto Gain function. It is the same as
pressing the [Auto Gain] key. Auto Gain may take some time if the time
constant is long. The parameter i represents the selected channel (A or B).

The ARSVD command performs the Auto Reserve function. It is the same as
pressing the [Auto Reserve] key. Auto Reserve may take some time. The
parameter i represents the selected channel (A or B).

The APHSD command performs the Auto Phase function. It is the same as
pressing the [Auto Phase] key. The parameter i represents the selected
channel (A or B).The outputs will take some time to reach their new values. Do
not send a new APHSD command without waiting the appropriate amount time.
If the phase is unstable, then APHSD will do nothing.

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

The ASCLD command performs the Auto Scale function. It is the same as
pressing the [Auto Scale] key. The parameter i represents the selected channel
(A or B).

5.2.8 Data Store Commands

SRATD(?)i{,x}

The SRATD command sets or queries the step time of data sampling. The
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SLEND(?)i{,j}

SSLED(?)i,j{,k}

STRGD(?)i{j}

parameter i represents the selected channel (A or B). SRATD? 1 command will
queries channel A for the value of step time in sampling. The setting range of i
is 1ms-100,000ms. The minimum resolution is 1ms.

The SLEND command sets or queries the length of data sampling. The
parameter i represents the selected channel (A or B). The parameter j indicates
the length of data sampling. The maximum length is 16384.

The SSLED command sets or queries the chosen parameters in four buffers.
The parameter i represents the selected channel (A or B). The parameter |
indicates the chosen parameters. The parameter i must be set when sending
this command. The parameter i selects <Buffer 1> (k=1), <Buffer 2> (k=2),
<Buffer 3> (k=3) or <Buffer 4> (k=4). The parameter j means the recorded
measurement value in buffers.

The parameter k selects the parameters as the following.

k Parameter
0 R

1 X
2 Y
3 S
4 Rh1
5 Xh1
6 Yh1
7 0 h1
8 Rh2
9 Xh2
10 Yh2
11 0 h2
12 Noise
13 A1
14 A2
15 A3
16 Ad
17 E1
18 E2
19 E3
20 E4
21 Freq

The STRGD command sets or queries the trigger way of data sampling. The
parameter i represents the selected channel (A or B). The parameter j indicates
the trigger way of data sampling. The parameter j selects inner trigger mode

>
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SPRMD(?)i{,j}

STRDD i

PAUSD i

RESTD i

<INT> (j=0) or outer trigger mode <EXT> (j=1).

The SPRMD command sets or queries the mode of data sampling. The
parameter i represents the selected channel (A or B). The parameter j indicates
the mode of data sampling. The parameter j selects <Single> mode (j=0) or
<Loop> mode (j=1).

The STRDD command starts or continues data sampling. The parameter i
represents the selected channel (A or B). The parameter i demands channel A
(i=1), channel B (i=2) or both channels (i=3) to starts or continues data
sampling.

The PAUSD command pauses data sampling. The parameter i represents the
selected channel (A or B). The parameter i indicates the mode of data
sampling. The parameter i demands channel A (i=1), channel B (i=2) or both
channels (i=3) to pauses data sampling.

The RESTD command resets the data buffers. This command will empty the
four data buffers, including Bufferl ~ Buffer4. The parameter i represents the
selected channel (A or B). The parameter i indicates the mode of data
sampling. The parameter i demands channel A (i=1), channel B (i=2) or both
channels (i=3) to resets the data buffers.

5.2.9 Data Read Commands

OUTPD? i

The OUTPD? i,j command is used to read a single parameter 'R’ value. The
parameter i represents the channel to be selected (‘i=1’ means channel A, ‘i=2’
represents channel B). The parameter | selects the parameters as the
following.

Parameter
X
Y
R
0

Xh1
Yh1
Rh1
0 h1
Xh2
Yh2
Rh2
6 h2

NV (O IN/ONOA A WIN| == O |

-— -
- O
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SNAPD?i,j,k{l,
m,n }

12 Noise
13 A1
14 A2
15 A3
16 A4
17 Freq

Values are returned as ASCII floating point numbers with units of Volts,
degrees or Hz. This command is a query only command.

The SNAPD? i,j,k command records the values of no more than 5 parameters
at a single instant. The parameter i represents the channel to be selected (i=1
means channel A, i=2 represents channel B).

For example, SNAPD? 1 is a way to query channel A for 'R’ values of <X>, <Y>,
(or <R>, <6> , <F>) which are taken at the same time. This is convenient when
the time constant is very short. Using the OUTPD? command will result in time
delays, which may be greater than the time constant, between reading two
different parameters.

The SNAPD? command requires at least three parameters and at most five
parameters. The parameters j, k, I, m, n select the parameters below.

jy ky Iy my n Parameter

0 X

1 Y

2 R

3 0
4 Frequency
5 Xh1
6 Yh1
7 Rh1
8 O hi
9 Xh2
10 Yh2
11 Rh2
12 O h2
13 Noise
14 A1
15 A2
16 A3
17 A4
18 E1
19 E2
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SPTSD? i

TRCAD?i,j k|

20 E3
21 E4

The requested values return in a single string with the values separated by
commas. For example, the SNAPD?1,1,2,5,4 will query channel A for the
values of <X>, <Y>, <Frequency> and <6>. These values returns 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 SNAPD? command is only used for recording various parameters
simultaneously.

The SPTSD? i command queries the number of points stored in the buffer. The
parameter i represents the channel to be selected (i=1 means channel A , i=2
represents channel B). This command can be sent at any time. If the data
buffer is reset, then 0 is returned. This command is a query only command.

The TRCAD? i,j,k,| command queries the data (Bufferl~Buffer 4) in the channel
j Buffer.

The values return in ASCII floating-point format with the units of the trace.
Multiple points are separated by commas (,) and the final point is followed by a
terminator. For example, the response of two points might be -1.234567e-009,
+7.654321e-009'.

All parameter (i,j,k,I) are necessary for transmitting this command. The
parameter i represents the channel to be selected (i=1 means channel A, i=2
represents channel B).The parameter | selects the display buffer (j=1,2,3,4)
and is required to send with this command. Points are read from the buffer
starting at bin k (k=0); A total of | bins are read (I1=1); To read a single point, set
I=1. Both k and | are required. If k+| exceeds the number of stored points (as
returned by the SPTSD? query), then an error occurs. Therefore, the value of
k+l should be no more than 16384 which is the maximum number of data
stored in the buffer.

The INOVD? i command check whether the current input signal is too
excessive, which would lead to preamplifier overload. The parameter i
represents the channel to be selected (i=1 means channel A, i=2 represents
channel B).This command returns 0 if the current input signal meets the usage
conditions. In case of overload, return value is integer ‘1’.

This command is a query only command.

The GNOVD? i command check whether the sensitivity or reserve are too low,
which would lead to amplification overload. The parameter i represents the

>
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channel to be selected (i=1 means channel A, i=2 represents channel B).This
command returns 0 if the current input signal meets the usage conditions. In
case of overload, return value is integer ‘1’.

This command is a query only command.

The *PLLD? i command check whether the internal PLL locks on to reference
signal. The parameter i represents the channel to be selected (i=1 means
channel A , i=2 represents channel B).This command always returns 0 in
internal reference mode. In external reference mode, frequency of PLL varies
with frequency of external reference signal, If frequency of PLL coincides with
frequency of external reference signal, return value is integer ‘1. Otherwise,
return value is 0.

This command is a query only command.

5.2.10 Reset and IDN Commands

*RSTD

*IDND?

The *RSTD command is used to reset OE1022D to its default configurations.
All internal status and parameters are set to their default conditions and values.
Data stored in the buffers will be lost.

The *IDND? command returns the OE1022D’s device identification string. This
string is in the format ‘SSL LIA-OE1022D, SNXXXXXX, VerXXX'. In this
example, the model name is OE1022D; the serial number is SN00O1; the
firmware version is Ver1.00.
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6. COMPUTER OPERATION

6.1 Install Software

The CD we provide contains computer control software and drivers.contents of disc file are
shown below in Fig 43.

Marne B Date modified Type Size
OE10220 Software Driver T30/2019 5:37 PM File folder
OE10220_Console_UART_CN 7/30/2019 5:37 PM File folder
OE10220_Console_USE 7/30/2019 5:37 PM File folder
Uart Assistant 5/8/2019 5:31 PM File folder
UART Driver 7/30/2019 5:37 PM File folder
USE Driver 7/30/2019 5:38 PM File folder

% OE1022D_User_Manual_CM.pdf 9/19/2017 7:23 PM Foxit Reader PDF ... 6,123 KB
|=| Readme.td 5/8/2019 T:46 PM Text Document 2 KB

Fig.43 CD disc files.
Step l:Install Labview and VISA

1. Software NI LabView 2011 or higher version is required. This software can be downloaded
easily from the NI official website.

2. After the installation of Labview, install Visual Instrument Software Architecture(VISA),
which is provided in the CD folder as shown in Fig.43.

=R EREE =il Sl
| bin 7/10/2018 5:44 ... Tit=E
| license 7/10/2018 S5:44 ... I
| supportfiles 7/10/2018 5:44 ... 37l
|| nidist.id 3/14/2014 11:23.. 1D 37# 1 KB
| #2 setup 1/20/2012 12:29.. RiFIRR 13828 |
%] setup 3/14/2014 11:23.. E=L= 37 KB

Fig.44 “OE1022D VISA” files.
To install VISA, double click the ‘setup.exe’ file. Generally, selecting the default installation
option would be enough to install VISA successfully.
Attention:
1. LabView requires a restart of PC to finish installing.
2. If there already exists NI LabView 2011 or higher version, and the VISA of the according
version is already installed. Skip step 1 and begin from step 2 as follows.
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Step 2:Install Serial Port Driver

There are two types of interface drivers for OE1022D. User can select any one of them
according to requirements.

Detail instructions for Installation of RS232 serial port driver:

Open file ‘Uart Driver’ in Fig 43, as shown in Fig.45.

sl

Mame Date modified Type
Inf installation file 81472017 3:50 PM File folder
W FT232_drive.exe 3872017 2:36 PM Application
| readme.bd G/22/2014 3:01 PM Text Document

Fig.45 ‘Uart Driver’ files
Double-click ‘FT232_driver.exe’, a popup window would display as shown in Fig 46, which
means RS232 Serial Port Driver is under installation. Installation may take a few minutes. Please
wait.

64-bit 0S5 detected
"C:\Users\Fuke\AppDataisLocal\Tempyckz_2K02\DPInstx6Y4.exe”
Installing driver...

Fig.46 installation widow of FT232 driver
After the successful installation of the serial port driver, a message would show in the
installation window, as shown in Fig 47. Press “Enter” to finish the installation process.
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[H C:\Users\Fuke\AppData\Local\Temp\ckz_2K02\DPlnst_Monx64.exe- o S

B4-bit 05 detected
“C:\Users\Fuke\AppData\Local\Temp\ckz_2K02\DPInstx64.exe"
Installing driver. ...

FTDI CDM Driver Installation process completed.

Press enter.

Fig.47 Sucessful installation of FT232

After the installation, connect PC and OE1022D through a serial port line. PC should be able
to detect OE1022D automatically.

Attention:

1. When the PC is connected to OE1022D with a USB line, and if the computer is already
connected to the Internet, PC would search for the proper driver online and install it automatically.

2. If the computer has already installed the driver to convert serial port to USB, there is no
need to install the FT232 driver.

3. If installation failed, user could use the ‘inf installation file’ in Fig.45 to install. For more
details, please read the ‘readme.txt’ file.

Detail instructions for Installation of USB driver:
Open the fourth file ‘USB Driver’ in Fig.43, as shown in Fig.48:

= =0 O £R ]

]

BN USB Driver_W7_x64_64bits
BNl USB Driver_W7_x86_32bits
BN USE Driver W8 _x64_64bits
BN USB Driver_W8_x86_32bits

| Readme

Fig.48 ‘USB Diriver’ file
There are many versions of USB2.0 driver. User can select different version according to their
PC system. Double click the specific version of file to begin the installation process. Generally,
selecting the default installation option would be enough to install the USB driver successfully.
Attention: There is no need to install USB2.0 driver on win10 system. For winl0 system,
simply plug in USB line, Labview software on PC would automatically connect to OE1022D.
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Step 3: Run OE1022D_Console _EN.

After the installation of Labview, VISA, and drivers, users can use a communication interface
of their choice to connect the computer with OE1022D. To use USB2.0, open folder
‘OE1022D _console_USB’. To use RS232 serial port, open folder ‘OE1022D console RS232’.
Both folders contain the following file:

Mame

221 OE10220_Console_EM.exe

Date modified

17/02/2019 16:31

Type

Application

Fig.49 “OE1022D_Consolefile

Doubile click the file ‘OE1022D_Console_EN.exe’ in Fig 49, if previews installation is correct,
following window would display on the screen. Now, user can configure parameters of OE1022D

lock-in amplifier on PC.

851 QE1022D _LabVIEW

Connect

CHA CHEB
N INPUT OVLD
SN GAINOVLD
N PLL LOCKED
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Model OE1022D
DSP Lock-in-Amplifier
Control Console

Input and Filter

Reference Source

Output and Sample

Equation and System

Data  Waveform

Input Source
Single-Ended ~
Grounding Mode

Dynamic Reserve  Sensitivity

Normal ~ 100 mV/nA |

Auto Sensitivity

Grounding Mode
Float ~

Input Coupling

Sensitivity and Reserve Config.

Float ~ Sensitivity and Reserve Config. Auto Reserve
Input Coupling
AC > Time Constant Harm.1 Harm.2
Input Notch Filter 300ms |+ | SyncFilter Off 1 |1
Nene > Filter Slope

CH_A Input Config. 12 dBfoct |~ Filter Config. Harm. Config.
Input Source Dynamic Reserve  Sensitivity
Single-Ended ~ Normal ~ 100 mV/nA |+ Auto Sensitivity
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Input Config.
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12 dBjoct |~ Filter Config.

Harm.1 Harm.2
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Harm. Config.

CH-A
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R (Vrms) 0.000

Xh1 (Vrms) | 0.000
Yh1 (Vrms)  0.000
Rh1 (Vrms) 0.000

Xh2 (Vrms) | 0.000
Yh2 (Vrms) | 0.000
Rh2 (Vrms) 0.000

X (Vrms) 0.000
Y (Vrms)| 0.000

R (Vrms) | 0.000

Xh1 (Vrms) 0.000
Yh1 (Vrms) 0.000
Rh1 (Vrms) 0.000

0 (deg) 0.00 Bh1 (deg) |0.00 Bh2 (deg) 0.00
Freq (Hz) 0 Noise(Vrms)| 0.000
CH-B

Xh2 (Vrms) 0.000
Yh2 (Vrms) 0.000
Rh2 (Vrms) 0.000

8 (deg) |0.00 Bhl (deg) o0.00 Bh2 (deg) 0.00
Freq (Hz) |0 Noise(Vrms) 0.000
AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
0.000 0.000 0.000 0.000
Sample Period (s) [0.100 Save Data

Fig.50 OE1022D Software Interface

6.2 How to Use the Software

6.2.1 Run ‘OE1022D_LabVIEW.exe’
This part shows you how to connect the PC and the OE1022D.
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551 OE1022D_LabVIEW - b
ICH A CHB

I 7 connect R rone SINE Model OE1022D

i S — SCIENTIFIC DSP Lock-in-Amplifier

I | De v | INSTRUMENTS Control Console

1 N PLL LOCKED
InputandFilter  Reference Source  Outputand Sample  Equation and System Data Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended ~ Normal ~ 100 mV/nA |« Auto Sensitivity X (Vrms)| 0.000 Xh1 [Vrms) o0.000 Xh2 (Vrms) o0.000
Grounding Mode h h
Float v Sensitivity and Reserve Config. Auto Reserve ¥ (vrms}|0.000 VYhi (Vrms} |0.000 ¥h2 {vrms) (D0
Input Coupling R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
AC e Time Constant Harm.1 Harm.2 8 (deg) |0.00 Bh1 (deg) 0.0 8h2 (deg) 0.00
Input Notch Filter 300 ms e Sync Filter Off 1 =1 : Freq (Hz) |0 Noise(Vrms) 0.000
None v .
Filter Slope
CH-A!| input config. 12dBfoct |~ | Filter Config. Harm. Config. CH-B
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source Dynamic Reserve  Sensitivity Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
Single-Ended e Normal e 100 mv/nA |v (IS Ty R (Vrms) 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms)| 0.000
Grounding Mode
Float v Sensitivity and Reserve Config. Auto Reserve 6 [deg) 0.00 8h1 (deg) |0.00 8h2 (deg) |0.00
Input Coupling Freq (Hz) 0 Noise(Vrms) 0.000
AC v Time Constant Harm.1 Harm.2
Input Notch Filter 300 ms +| | syncrilter off 1 [ - AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
Nene ~ 0.000 0.000 0.000 0.000
Filter Slope
- Input Config. 12 dBjoct | v Filter Config. Harm. Config.
Ch-B | nput config Sample Period (s) [0.100 Save Data

Fig.53 OE1022D Interface

Connect

As shown in Fig 51, click the button

The program begins to run and search for the proper COM automatically. If the connection
succeeds, you will see the connection message and version information as shown in Fig.54.

Connection successful, device
information:SSI LIA-OE10220,SN:
L6201816,Verd.000

Connected

)
1
[ig»]
(]

Fig.54 Connection Succeeds
Wait for a few seconds. If the interface displays messages as Fig.55 or Fig.56, it means that the
connection between PC and OE1022D fails.

Connected Connect failed, Please try again.

e
s

Fig.55 USB device search fails.

The device has been
disconnected, please reconnect.

Connect

]
[*]
i

Fig.56 Connection fails
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In this case, first step, please check if the USB connection between OE1022D and PC is correct
or not. Second step, press the ‘system’ soft key, and then choose the ‘Remote’ option, choose
‘USB’ option in the ‘Remote’ side box. User can also simply recall the default settings. At last,
rerun the OE1022D_LabVIEW.exe.

After connection successes, the data in red box will be empty and it will restart automatically to
display parameters in real time, as shown in Fig.57.

The software interface will display the current configuration of the OE1022D. User can set
change configuration shown on the GUI.

5T OE1022D LabVIEW - o x
T LA e SINE Model OE1022D
NN INPUT OVLD
P SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
SN PLL LOCKED

InputandFilter  Reference Source  Outputand Sample  Equation and System Data

IcH-A

Ix (Vrms) 0.000

Input Source Dynamic Reserve  Sensitivity

Single-Ended ~ Normal ~ 100 mV/nA |~ Auto Sensitivity

Xh1 (Vrms) 0.000
Yh1 (Vrms) 0.000

Xh2 (Vrms) | 0.000
Yh2 (Vrms) | 0.000

Grounding Mode IY i )
rms) 0.000

I
|
Float ~ Sensitivity and Reserve Config. Auto Reserve I
Input Coupling IR (vrms) 0.000 Rh1 [Vrms) 0.000 Rh2 (Vrms)|0.000 1
AC ¥ | Time Constant Harm.1 Harm.2 lg (deg) [0.00 Bh1 (deg) |0.00 Bh2 (deg) |0.00 1
Input Notch Filter 300 ms ~| | SyncFilter Off 1 SR IFreq (Hz) 0 Noise(Vrms) 0.000 1
None ~ N
Filter Slope ] i
CH-A| nput config. 12dBjoct |~| | Filter Config. Harm. Config. ICH-B .
IX (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source Dynamic Reserve  Sensitivity Y [Vrms) | 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000 1
Single-Ended - Normal  |v| [100mvma [«| | AutoSensitivity IR (Vrms) [0.000 Rh1 (Vrms) 0,000 Rh2 (Vrms) 0.000 |
Grounding Mode 1 1
Float ~ Sensitivity and Reserve Config. Auto Reserve IG (deg) |0-.00 Bh1 (deg] |0.00 Bh2 (deg) 0.00 1
Input Coupling IFrel:| (Hz) 0 Noise(Vrms) 0.000 I
AC > Time Constant Harm.1 Harm.2
Input Notch Filter 300 ms | | syncFilter off 1 [ | AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)]
= 0.000 0.000 0.000 0.000
e riler tope e e e e !
- Input Config. 12 dBfoct |~ Filter Config. Harm. Config.
Ch-B e Sample Period (s) |0.100 Save Data

Fig.57 OE1022D Software Connection Succeeds

6.2.3 Input and Filter Configuration
The program configuration area of input signal and filter are shown in the red box in Fig.58
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51 OE1022D LabVIEW - O
T Cf'_“mmmn 2" SINE Model OE1022D
S — SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
S PLL LOCKED
l|I'I£Jt Eﬂj F“_tEf_ Reference Source _Outputand Sample _Equation and System - Data  Waveform
| Input Source Dynamic Reserve  Sensitivil I -
ty CH-A
1 Single-Ended ~ Normal v 100 mV/nA |~ Auto Sensitivity | | | X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) |0.000
1 Grounding Mode 1 h h
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (Vrms) 0.000 Yhi (Vrms} |0.000 Yh2 (Vrms) |0.000
1 Input Coupling | R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
I |ac ¥ | Time Constant warm.1 vam2 | | | @ (deg) [0.00 Bh1 (deg) |0.00 Bh2 (deg) |0.00
| Input Notch Filter 300 ms | | SyncFilter off ! = I Freq (Hz) 0 Noise(Vrms) 0.000
1 None - Filter Slope 1
CH-A | Input config. 12 dBfoct v Filter Config. Harm. Config. 1 CH-B
: ! X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
. Input Source Dynamic Reserve  Sensitivity | Y [Vrms) | 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) | 0.000
I Smgle:nded ; ~ Normal ~ 100 mV/nA |~ Auto Sensitivity I R [Vrms] 0.000 Rh1 (Vrms] 0.000 Rh2 (Vrms] 0.000
Grounding Mode
1 Float “ Sensitivity and Reserve Config. AutoReserve | | 8 (deg) |0.00 Bh1 (deg] |0.00 Bh2 (deg) 0.00
" Input Coupling I Freq (Hz) 0 Noise(Vrms) 0.000
AC > Time Constant Harm.1 Harm.2
| Input Notch Filter 300 me o] | syncilter off ] [ 1 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
= 0.000 0.000 0.000 0.000
1 Nene Filter Slope I
- Input Config. 12 dBfoct |~ Filter Config. Harm. Config. I
! Ch-B e Sample Period (s) |0.100 Save Data
1 I

Fig.58 The Configuration Area of Input Signal and Filter

Input mode can be configure according to characteristic of signal-under-test. For example, in
order to eliminate power interference, user can turn on the notch filter; In case of large noise,
user can select high reserve; If the frequency is under 200Hz, user can turn on Synchronized
Filters. User can also specify values of harmonics number. For example, in order to measure the
fundamental wave and the 3rd order harmonic, user can set the parameters as follows: harmonic
1 =1, harmonic 2 = 3.

The following sections provide detailed description of the configuration area.

6.2.3.1 Input Configuration
The program configuration area of input signal is as shown in the red box in Fig.59. The details of
the configuration are listed on Table 3.
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&1 OE10220_LabVIEW - o x
T Ci“_“mmmn 2" SINE Model OE1022D
SCIENTIFIC DSP Lock-in-Amplifier
~ e INSTRUMENTS Control Console
. PLL LOCKED
InputandFilter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source 1 Dynamic Reserve  Sensitivity CH-A
Single-Ended v | Normal ~ 100 mVinA |~ Auto Sensitivity X (Vrms) | 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) | 0.000
Grounding Mode
Float T | Sensitivity and Reserve Config. Auto Reserve ¥ (Vrms) 0.000 ¥hi (Vrms) |0.000 Yh2 (Vrms) | 0.000
Input Coupling R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
AC ¥ | Time Constant Harm.1 Harm.2 8 (deg) 0.00 Bh1 (deg) 0.00 8h2 (deg) |0.00
Input Notch Filter 1 300 ms | | SyncFilter Off 1 = |1 Freq (Hz) 0 Noise(Vrms) 0.000
None e Filter Slope
CH-A!| mnput config. I odsron o Filter Config. Harm. Config. CH-B
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source | Dynamic Reserve  Sensitivity Y (Vrms) 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
éingle:.nde:' } ~ | Nemal v 100 mjnA v | AutoSensitivity R (Vrms) [0.000 Rh1 [Vrms) | 0,000 Rh2 (Vrms} 0.000
rounding Mode
Float ~ ! Sensitivity and Reserve Config. Auto Reserve 0 (deg) |0.00 Bh1 (deg) |0.00 6h2 (deg) 0.0
Input Coupling | Freq (Hz) 0 Noise(Vrms) 0.000
AC > I Time Constant Harm.1 Harm.2
Input Notch Filter [ [300ms o] [ymeriaron| |7 B[ AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADCA4 (V)
None » 0.000 0.000 0.000 0.000
| Filterslope
ch_B Input Config. 1 12 dBfoct |~ Filter Config. Harm. Config. Sample Period (£) ,ﬁ‘ E—
Fig.59 Configuration area of Input Signal
Table 3. Input Configuration
Single-Ended Voltage
Differential Voltage
Input Source -
1 MOhm Current Gain
100 MOhm Current Gain
) . Float
Input Shield Grounding
Ground
_ AC
Input Coupling bC
None
) Line Notch
Input Notch Filter -
Both Notch Filters
2x Line Notch

Note that:

1. After setting all the configurations, click ‘=< to finish configuration for input signal. All
settings can be changed simultaneously and you only need to click this button once.

2. After changing the settings, you need to click to finish configuration. Otherwise,
changes of settings would not be saved.

Input Config.

6.2.3.2 Dynamic Reserve and Sensitivity Configuration
The program configuration area of reserve and sensitivity is shown in the red box in Fig.60. The
details of the configuration are listed on Table 4.
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51 OE1022D LabVIEW - O
T Cf'_“mmmn 2" SINE Model OE1022D
Ty — SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
. PLL LOCKED
InputandFilter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source I Dynamic Reserve  Sensitivity 1 CH-A
Single-Ended v I Normal ~ 100 mVinA |~ Auto Sensitivity I X (Vrms) | 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) | 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve I ¥ (Vrms) 0.000 ¥hi (Vrms) |0.000 Yh2 (Vrms) | 0.000
Input Coupling L — ! R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
AC @ Time Constant Harm.1 Harm.2 8 (deg) 0.00 Bh1 (deg) 0.00 8h2 (deg) |0.00
Input Notch Filter 300 ms «| | syncFilter Off 1 =L Freq (Hz) 0 Noise(Vrms) 0.000
None e Filter Slope
CH-A!| mnput config. 12dBjoct |v| | Filter Config. Harm. Config. CH-B
______________ X (Vrms) | 0.000 Xh1 (Vrms) | 0.000 Xh2 (Vrms) 0.000
Input Source I Dynamic Reserve  Sensitivity : Y (Vrms) 0.000 Yh1 (Vrms) o0.000 Yh2 (Vrms) 0.000
Single-Ended O Normal v 100 mjnA v | AutoSensitivity R (Vrms) [0.000 Rh1 [Vrms) | 0,000 Rh2 (Vrms} 0.000
Grounding Mode
Float ~ I Sensitivity and Reserve Config. Auto Reserve I 0 (deg) |0.00 Bh1 (deg) |0.00 6h2 (deg) 0.0
Input Coupling Mo o s o o e s e e e - [ | Freq (Hz) |0 Noise(Vrms) 0.000
AC > Time Constant Harm.1 Harm.2
Input Notch Filter woms o] Pomeaod] | @ AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
None » Fiter Slope 0.000 0.000 0.000 0.000
ch_B Input Config. 12 dBfoct |~ Filter Config. Harm. Config. Sample Period (£) ,ﬁ‘ E—
Fig.60 The Configuration area of Reserve and Sensitivity
Table 4. Dynamic Reserve and Sensitivity Configuration
Low Noise
Dynamic Reserve Normal
High Reserve
1 nV/fA 200 nV/fA 50 uV/pA 10 mV/nA
2 nV/fA 500 nV/fA 100 uV/pA 20 mV/nA
5 nV/fA 1 uV/pA 200 uV/pA 50 mV/nA
Sensitivity 10 nV/fA 2 uV/pA 500 uV/pA 100 mV/nA
20 nV/fA 5 uV/pA 1 mV/nA 200 mV/nA
50 nV/fA 10 uV/pA 2 mV/nA 500 mV/nA
100 nV/fA 20 uV/pA 5 mV/nA 1 V/uA
Auto Sensitivity Disable/Enable
Auto Reserve Disable/Enable

Note that:

1. After finishing all the settings, click the button
input signal. All settings can be changed simultaneously and you just need to click this button

once.

Sensitivity and Reserve Config.

to finish the configuration for
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2. Once you change the settings, you need to click @ smmivandreeneconic. |t finish this configuration.
Otherwise, changes of settings will not be saved.

6.2.3.3 Filter Configuration
The filter configuration is in the red box of the Fig.61. The details of configuration are listed on the
Table 5.

&1 OE10220_LabVIEW - o X
T LA e SINE Model OE1022D
NN INPUT OVLD . -
Ty — SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
. PLL LOCKED
InputandFilter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended v Normal ~ 100 mVinA |~ Auto Sensitivity X (Vrms) | 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) | 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (Vrms) 0.000 ¥hi (Vrms) |0.000 Yh2 (Vrms) | 0.000
Input Coupling R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
AC @ L e Comstant 1| darm.1 Harm.2 8 (deg) 0.00 Bh1 (deg) 0.00 8h2 (deg) |0.00
Input Notch Filter lsooms o] |syncrimeross 1| 1 Z[[1 E Freq (Ha) 0 Noise(vrms)|0.000
None - lFiItErSIDpE 1
CH-A!| mnput config. ['2dBloct || | Filterconfig. || = Harm. Config. CH-B
———————— X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source Dynamic Reserve  Sensitivity Y (Vrms) | 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
Single-Ended - Nermal | 100 mjnA v | AutoSensitivity R [Vrms)|0.000 Rh1 [Vrms) | 0.000 Rh2 (Vrms)| 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 0 (deg) |0.00 Bh1 (deg) |0.00 6h2 (deg) 0.0
Input Coupling Freq (Hz) 0 Noise(Vrms) 0.000
AC > rTiI'llE Constant l Harm.1 Harm.2
Input Notch Filter booms o] [symcraron || [T B[ E AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADCA4 (V)
None » I 0.000 0.000 0.000 0.000
Filter Slope 1
- I 12 dBjoct |v| | Filter Config. Harm. Config.
Ch-B | input confis. I_ /e 1) [Aferconie | [Ham Confle Sample Period (s) [0.100 Save Data
Fig.61 The Configuration Area of Filter
Table 5. Filter Configuration
10 us 3ms 1s 300s
30 us 10 ms 3s 1000 s
Time Constant 100 us 30 ms 10s 3000 s
300 us 100 ms 30s
1ms 300 ms 100 s
Sync Filter Disable/Enable
6 dB/oct
) 12 dB/oct
Filter Slope
18 dB/oct
24 dB/oct
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Note that:

1. After choosing all the settings, click the button

Filter Config.

to finish the configuration. All settings

can be changed simultaneously and you just need to click this button once.

2. Please remember to click the button

changes of settings will not be saved.

3. The configurations of ‘Sync Filter’ is relatively independent. It is recommended to turn the
‘Sync Filter’ on when the frequency of reference signal is under 200Hz. User can turn ‘Sync Filter’

on by simply click

Sync Filter Off

it will reset to the start status.

6.2.3.4 Harmonic Configuration

The harmonic configuration is in the red box in the Fig.62. The details of configuration are shown

Filter Config.

after changing the settings. Otherwise,

once. If you need to close the sync filter, click this button again and

in Table 6.
31 OE1022D_LabVIEW - u]
(s LA CLID SINE Model OE1022D
N INPUT OVLD - .
o SCIENTIFIC DSP Lock-in-Amplifier
- INSTRUMENTS Control Console
S PLL LOCKED
Inputand Filter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source Dynamic Reserve  Sensitivity CH_A
Single-Ended ~ Normal |« 100 mV/nA |+ Auto Sensitivity X [Vrms) 0.000 Xh1 (Vrms) [0.000 Xh2 (Vrms) [0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (Vems) | 0.000 Yh1 Vrms} 0.000 Yh2 [Vrms) |0.000
Input Coupling R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
AC ~ Time Constant I| Harm.1  Harm.2 0 (deg) 0.00 Bh1 (deg) o0.00 Bh2 (deg) 0.00
Input Notch Filter 300 ms v Sync Filter Off 1 1 = |1 Freq (Hz) 0 Noise(Vrms) 0.000
Nene > Filter Slope
CH-A | input Config. 12dBfoct |~ | Filter Config. Harm. Config. CH-B
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source Dynamic Reserve  Sensitivity Y (Vrms) | 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
Single-Ended e Normal - 100 mV/n [~ (AT D SEEE R (Vrms) | 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms) 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 8 (deg) |0.00 8h1 (deg) [0.00 8h2 (deg) 0.00
Input Coupling Freq (Hz) 0 Noise(Vrms) 0.000
Ac s Time Constant T Ham. T~ HarmZ
Input Notch Filter s0ms  |v| | syncriterost |0 [1 [t AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
None » 0.000 0.000 0.000 0.000
Filter Slope I
- i 12 d8, ~ Filter Config. H . Config.
Ch-B | mput config. foct Tertontle: | [ harm- Contle Sample Period (s) [0.100 Save Data
e - — -
Fig.62 The Configuration Area of Harmonic Settings
Table 6. Harmonic and Auto Setting Configuration Options
Harmonic 1 Manually, the range is 1-32767.
Harmonic 2 Manually, the range is 1-32767.
Auto Scale Disable / Enable
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Note that:

1. After choosing all the settings, click the button e cenfi
can be changed simultaneously and you just need to click this button once.

to finish the configuration. All settings

2. The configurations of ‘Auto Sensitivity’,” Auto Reserve’, Auto Phase’ and’ Auto Scale’ are
relatively independent.

6.2.4 Reference Source Configuration

The program configuration area of input signal and filter are shown in the red box in Fig.63

581 OE1022D_LabVIEW - a x
Connect R oronis ? SINE Model OE1022D
T — SCIENTIFIC DSP Lock-in-Amplifier
v e —— INSTRUMENTS Control Console
nputanditer | _Reference Source _ Qutputand Sample_ Fquation and System_ Dats  Waveform

1 1
1 Reference Source Int.Sweep Mode Int.Sweep Mode | CH-A
| External b Linear ¥ Stop > | X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
I External Ref Trigger Int.Sweep Start(Hz) Sweep Step(Hz) | Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000

TTL Rising Ed. v 1000.000 1000.000
1 CH-A g Fege | R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
| il oweepsuplid  SepTinelns) | | @ dert o0 Bh (deg) 000 oh2 (deg) 0.0
I : : | Freq (Hz) 0 Noise(Vrms) 0.000

Phase (%)
| 0.00 Auto Phase Reference Config. I CH - B
1 1 X (Vrms) | 0.000 Xh1 (Vrms) | 0.000 Xh2 (Vrms)|0.000
1 Reference Source Int.Sweep Mode Int.Sweep Mode 1 Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
1 External e Linear e Stop e 1 R (Vrms)| 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms)| 0.000
1 External Ref Trigger Int.Sweep Start(Hz) Sweep Step(Hz) 1 8 (deg) |0.00 8h1 (deg) |0.00 8h2 (deg) |0.00

TTL Rising Edge |~ 1000.000 1000.000 )
1 CH-B 1 Freq (Hz) 0 Noise(Vrms) 0.000
1 - Int.Frequency(Hz) Int.Sweep Stop(Hz) Step Time(ms) |

1000.000 5000.000 1000 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
I Phase (°) I 0.000 0.000 0.000
I 0.00 Auto Phase Reference Config. I
1 1 Sample Period (s) [0.100 Save Data

sections provide detailed description of the configuration area.

Fig.63 The Configuration Area of Reference Source
The area of output and sample configuration is provided for setting configuration. The following

6.2.4.1 Reference Signal Configuration
The configuration area of reference signal is shown in the red box in Fig.64. The details of

configuration are shown in Table 7.
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- INSTRUMENTS Control Console
SN PLL LOCKED
Inputand Filter ~ Reference Source  Qutputand Sample  Equation and System Data  Waveform
; Reference Source | int.sweep Mode Int.Sweep Mode CH-A
| External ] linear © Stop @ X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
" External Ref Trigger | Int.Sweep Start{Hz) Sweep Step(Hz) Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
| CHA TTL Rising Edge (v [1000.000 1000000 R (Vrms)| 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms) 0.000
Int.Frequency(Hz) Int.Sweep Stop(Hz) Step Time(ms) 8 (deg) [0.00 Bh1 (deg) |0.00 Bh2 (deg) [0.00
| 1000.000 5000.000 1000
— = — - Freq (Hz) 0 Noise(Vrms) 0.000
| Phase (%)
1 0.00 l Auto Phase I Reference Config. CH-B
| L ——_1 X (Vrms) | 0.000 Xh1 (Vrms) | 0.000 Xh2 (Vrms)|0.000
1 Reference Source I Int.Sweep Mode Int.Sweep Mode Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
1 External Linear s Stop s R (Vrms)| 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms) 0.000
1 External Ref Trigger | Int.Sweep Start{Hz) Sweep Step(Hz) B (deg) |0.00 Bh1 (deg) |0.00 8h2 (deg) 0.00
TTL Rising Edge [~| | |1000.000 1000.000 i
1 Freq (Hz)| 0 Noise(Vrms) 0.000
1 CH-B Int.Frequency(Hz) | int.sweep Stop(Hz) Step Time(ms)
1000.000 ] 5000000 1000 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
! Phase () f-——=—- 0.000 0.000 0.000 0.000
I 0.00 ‘ Auto Phase | Reference Config.
1 [ S | Sample Period (s) [0.100 Save Data
Fig.64 The Configuration Area of Reference Signal
Table 7. Reference Signal Configuration
External
Reference Source Internal
Int. Sweep
_ TTL Rising Edge
External Ref Trigger X i
Sine Zero Crossing
User is required to input manually, frequency range from
Int.Frequency 1mHz to 102kHz, minimum frequency resolution is 1mHz.
Configure the phase shift of two quadrature reference
Phase(’) signals of PSD algorithm. Phase accuracy is 0.01°. Input
ase
range from -180° to +180°.
Auto Phase Disable/Enable
Note that:
Reference Config.

1. After finishing all the settings, click the button

to finish the configuration for input

signal. All settings can be changed simultaneously and you just need to click the button once.

2. After changing the settings, you need to clic

changes of settings will not be saved.
Frequency Sweep Configuration:

k Reference Config.

to finish this configuration. Otherwise,
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The configuration area of internal frequency sweep as shown in Fig 63. The details of
configuration are shown in Table 8.

531 OE1022D_LabVIEW — [m]
Connect CHin CLlE SINE Model OE1022D
NPT OVLD = SCIENTIFIC DSP Lock-in-Amplifier
v e INSTRUMENTS Control Console
SN PLLLOCKED
Input and Filter ~ Reference Source  Qutputand Sample  Equation and System Data Waveform
Reference Source . Int.Sweep Mode Int.5weep Mode 1 CH-A
External < Linear < Stop “1 X (Vrms)| 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
External Ref Trigger I Int.Sweep Start{Hz) Sweep Step(Hz) I Y (Vrms)| 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
CH-A TTL Rising Edge | I 1000000 : 1000.000 = 1 R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
Int.Frequency(Hz) Int.Sweep Stop(Hz) Step Time(ms) 8 (deg) |0.00 h1 (deg) |0.00 8h2 (deg) |0.00
1000.000 3| | [s000000 £ 1000 £ 1
a Freq (Hz)| 0 Noise(Vrms) 0.000
PhﬁSE[") S ————————
0.00 = Auto Phase Reference Config. CH-B
- X (Vrms) 0.000 Xh1 (Vrms) | 0.000 Xh2 (Vrms) 0.000
Reference Source | Int.Sweep Mode Int.Sweep Mode | Y (Vrms) 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
External |y |Hnear ¥ [ster M| R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms)|0.000
External Ref Trigger 1 Int.SweEpStart(HAz] Sweep Step(Hz) ‘ 1 9 (deg) 0.0 8h1 (deg) |0.00 8h2 (deg) |0.00
TTL Rising Edge |+ 1000.000 = 1000.000 = }
1 Freq (Hz) 0 Moise(Vrms)| 0.000
CH-B Int.Frequency(Hz) Int.Sweep Stop(Hz) Step Time(ms)
1000.000 z I [s000.000 z 1000 z 1 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
Phase (%) _—— = —— == 0.000 0.000 0.000 0.000
0.00 = Auto Phase Reference Config.
Sample Period (s) | 0.100 Save Data
Fig.65 The Configuration Area of Internal Frequency Sweep
Table 8. Internal Sweep frequency Reference Configuration
Linear
Int.Sweep Type
Log
Single
Int.Sweep Run Mode Loop
Stop
User is required to input the sweep start frequency
manually, frequency ranges from 1mHz to 102kHz.
Int.Sweep Start(Hz) o o
Minimum frequency resolution is 1mHz.
User is required to manually input the step value of linear
sweep or logarithmic sweep. Linear sweep: frequency
ranges from 1mHz to 102kHz. Minimum frequency
Int.Sweep Step(Hz) o o
resolution is ImHz. Logarithmic sweep: value of step range
from 0.001%~100 %
User is required to input the stop frequency of sweep
manually, frequency ranges from 1mHz to 102kHz.
Int.Sweep Stop(Hz) o o
Minimum frequency resolution is ImHz.
) i User is required to input the step time which ranges from 1
Linear Step Time(ms) o o
ms to 100 s. Minimum step time is 1ms.
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Note that:

After finishing all the settings, click the button "™ to finish the configuration for input

signal. All settings can be changed simultaneously and you just need to click this button once.

6.2.5 Output and Sample Configuration
The output and sample configuration is in the red box of the Fig.66.

551 OE1022D_LabVIEW - m} b
Connect CHA e SINE Model OE1022D
N INPUT OVLD . F
S — SCIENTIFIC DSP Lock-in-Amplifier
v INSTRUMENTS Control Console
N PLLLOCKED
Inputand Filter ~ Reference Source Outputand Sample  Equation and System Data  Waveform
I SineOQut Mode Fixed Voltage(vrms) Run Mode I CH-A
Fixed ~ = St ~
e 1.000 = P 1 X (Vrms) 0.000 Xh1 (Vrms) | 0.000 Xh2 (Vrms) 0.000
I Start Voltage(Vrms) Linear Step(Vrms) Stop Voltage(Vrms) YV 0.000 Yhi (v 0.000 Yh2 (Vi 0.000
I CH-A 1000 = 1000 = 5000 = 1 (Vrms)| 0. (Vrms) | 0. (Vrms) 0.
[ Step Time{ms) 1 R (Vrms)| 0.000 Rh1 (Vrms) |0.000 Rh2 (Vrms) 0.000
1000 z Sine Out Config 1 0 (deg) 0.00 Bhl (deg) |0.00 Bh2 (deg) 0.00
5 1 Freq (Hz) |0 Noise(Vrms)| 0.000
SineQut Mode Fixed Voltage(vrms) Run Mode
Fixed v 1.000 : Stop w | CH-B
CH-B Start Voltage(Vrms) Linear Step(Vrms) Stop Voltage(Vrms) | X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
- 1.000 O 1.000 O 5.000 O
| Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
Step Time(ms) I
1000 - Sine Out Config R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms)| 0.000
I | 6 (deg) om0 Bh1 (deg) 0.00 6h2 (deg) [0.00
1 Channel Out Configuration 1 Freq (Hz) 0 Noise(Vrms) 0.000
1 Channel 1 Offset(%) Expand Speed |
AR v 0 = 1 z Slow v 1 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADCS3 (V) AUX-ADC4 (V)
I 0.000 0.000 0.000 0.000
| Channei2 Offset(%) Expand speed 1
AR - 0 2 0 2 sl v Channel Config.
1 o annel Config | ] Sample Period (s) [0.100 Save Data
———————————————————— E)

Fig.66 The Configuration Area of Output and Sample

The area of Output and Sample configuration is provided for setting voltage or mode of the sine
output signal and Channel Out configuration. The following sections provide detailed description
of the configuration area.

6.2.5.1 Sine Output Configuration
The sine output configuration is shown in the red box in Fig.67. The details of configuration are
shown in Table 9.
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251 OE1022D_LabVIEW

Connect

CHA CHB
SN INPUT OVLD

SN GAIN OVLD =
SN PLL LOCKED
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Model OE1022D
DSP Lock-in-Amplifier
Control Console

Inputand Filter ~ Reference Source Outputand Sample  Equation and System Data  Waveform
e Rl e e Bl
| Silneout Mode Fixed Voltage(vims) Run Mode " CH-A
| Fixed ~ 1.000 s Stop - X (Vrms)| 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) 0.000
Start Voltage(vrms) Linear Step(Vrms) Stop Voltage(Vrms) 1
1| CH-A 1000 : 1,000 : <000 : " Y (Vrms) 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
1 Step Time(ms) " R (Vrms) | 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms) 0.000
1 1000 : Sine Out Config 0 (deg) 0.00 8hl (deg) 0.00 8h2 (deg) 0.0
1 SineOut Mode ined voltagetvrms) run Miode I Freq (Hz) |0 Noise(Vrms)| 0.000
| Fixed ~ 1.000 B Stop ~ I CH_B
1 CH-B Start Voltage(Vrms) Linear Step{Vrms) Stop Voltage(Vrms) 1 X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) | 0.000
I i 1.000 o 1.000 = 5000 o Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms)| 0.000
Step Time{ms) 1 : : -
1 1000 - Sine Out Config 1 R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
e eaaoou 0 (deg) 0.00 Bhl (deg) 0.00 6h2 (deg) |0.00
Channel Out Configuration Freq (Hz) 0 Noise(Vrms) 0.000
Channel 1 Offset(%) Expand Speed
AR v 0 = 1 B Slow | AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
0.000 0.000 0.000 0.000
Channel 2 Offset(%) Expand Speed
il o 0 = o oI G [ 5= Cii Sample Period (s) [0.100 Save Data
Fig.67 The Configuration Area of SINE OUTPUT
Table 9. Sine Output Configuration Options
Fixed
Sine Out Mode Linear
Log
Set the amplitude of sine output manually when Sine Out
Sine Out Voltage (Vrms) Mode is ‘Fixed’. The peak-peak voltage is 1mVrms to
5Vrms, the minimum resolution is 1 mvVrms.
. Set the start frequency of sweep manually. The frequency
Sine Out Start Voltage . . L
range is ImVrms to 5Vrms, the minimum resolution is 1
(Vrms)
mVrms.
_ Set the stop frequency of sweep manually. The frequency
Sine Out Stop Voltage ) o o
range is ImVrms to 5Vrms, the minimum resolution is 1
(Vrms)
mvVrms.
i Set the step time manually. The range is 1ms to 100s, the
Step Time (ms) o o
minimum resolution is 1 ms.
) Set the step frequency manually. The range is 1ImVrms to
Linear Step (Vrms) . L
5Vrms, the minimum resolution is 1 mvVrms.
Single
Sine Out Run Mode Loop
Stop
Note that:
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Sine Ou
1. After setting the output configuration, click the button configuration 10 finish the configuration. All

settings can be changed simultaneously and you just need to click this button once.

Sine Ou
2. After changing the settings, you need to click contiguration 10 finish this configuration. Otherwise,

changes of settings will not be saved.

6.2.5.2 Channel Out Configuration

The area of output configuration is in the red box of the Fig.68. The details of the configuration

are listed in the Table 10.

Fig.68 The Configuration Area of Output Channel

Table 10. Output Channels Configuration Options

351 QE1022D_LabVIEW - o
Connect CHl CHle SINE Model OE1022D
S INPUT OVLD . .
e SCIENTIFIC DSP Lock-in-Amplifier
» INSTRUMENTS Control Console
N PLLLOCKED
Inputand Filter  Reference Source Outputand Sample  Equation and System Data  Waveform
SineQut Mode Fixed Voltage{vrms) Run Mode CH-A
Fixed ~ = Si ~
e 1.000 = P X (Vrms) 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) 0.000
Start Voltage(vrms) Linear Step(Vrms) Stop Voltage(Vrms) i h AT h o
CH-A 000 = 1000 = <000 = Y (Vrms) | 0. Yh1 (Vrms) |0. Yh2 (Vrms) 0.
Step Time(ms) R (Vrms) 0.000 Rh1 (Vrms) | 0.000 Rh2 (Vrms) 0.000
1000 Sine Out Config 0 (deg) 0.00 8hl (deg) |0.00 Bh2 (deg) 0.00
Freq (Hz) |0 Noise(Vrms)| 0.000
SineOut Mode Fixed Voltage(vrms) Run Mode
Fixed - 1.000 z Stop - CH-B
CH-B Start Voltage(vrms) Linear Step(Vrms) Stop Voltage(Vrms) X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) | 0.000
- 1.000 1.000 5.000 :
Y (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) 0.000
Step Time{ms)
1000 Sine Out Config R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
e e e e e e e e e e e e e e e e e e e e 0 (deg) 0.00 Bhl (deg) 0.00 6h2 (deg) |0.00
1 Channel Out Configuration | Freq (Hz) 0 Noise(Vrms) 0.000
1 Channel 1 Offset(%) Expand Speed 1
AR v 0 = 1 2 slow |~ 1 AUX-ADCL1 (V) AUX-ADC2 (V) AUX-ADCS3 (V) AUX-ADC4 (V)
I 0.000 0.000 0.000 0.000
1 Channel 2 Offset(%) Expand Speed 1
AR v 0 = o = Sl ~ Ch | Config.
1 o annel Conflg. | || Sample Period (s) [0.100 Save Data

X/YIR/® value of signal and signal harmonic, the noise value and the

Channel 1 Choose CH1 to output the required values. The value types contain the
X/YIR/® value of signal and signal harmonic, the noise value and the
E1/E2/E3/E4 value.
Channel 2 Choose CH2 to output the required values. The value types contain the

E1/E2/E3/E4 value.

Offset (%)

The range is -100% to +100%, the minimal step is 0.01%, 0.00% in

default. It can only set the R/X/Y value.

Expand The range is 1~256, 1 in default.
Speed Choose ‘Fast’ /' Slow'. When choosing ‘Fast’, the CH1 and CH2 can
only output the R/X/Y value.
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Note that:

1. After setting the CH1 or CH2 output configuration, click the button @< tg finish the
configuration; all settings can be changed simultaneously and you just need to click this button

once.

2. After changing the settings, you need to click ™" tg finish this configuration. Otherwise,

changes of settings will not be saved.

6.2.6 Equation and System Configuration

The sine output configuration is shown in the red box in Fig.69.

551 OE1022D _LabVIEW - [m] *
e LA e SINE Model OE1022D
N NPUT OVLD . .
g SCIENTIFIC DSP Lock-in-Amplifier
v INSTRUMENTS Control Console
S PLL LOCKED
Inputand Filter  Reference Source  Outputand Sample Equation and System Data  Waveform
Equation E1~E4 Setting Constant 1 CH-A
. | X (Vrms)| 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) | 0.000
Equation R v x| |« c1/1.000
CH-A a Nl = I v(vrms)|o.000 Yh1 (Vrms) |0.000 Yh2 (Vrms) | 0.000
il €2/1.000 | R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) | 0.000
I | 8 (deg) [0.00 Bh1 (deg) |0.00 6h2 (deg) |0.00
Equation Config.
| Freq (Hz) 0 Noise(Vrms) 0.000
1
1
Equation E1~E4 Setting Constant 1 CH-B
| X (Vrms) 0.000 Xh1 (Vrms)  0.000 Xh2 (Vrms) 0.000
CH-B Equation | R | x [~ €1 1.000 " ¥ (Vrms) 0.000 Yh1 (Vrms) |0.000 Yh2 (Vrms) 0.000
E1 w| =
c2 |v c2/1.000 | R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
I 8 (deg) 0.00 8h1 (deg) 0.00 6h2 (deg) 0.00
(£ LT ETT G ' Freq (Hz) 0 Noise(Vrms) 0.000
s i 1 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
yStem Setting I 0.000 0.000 0.000 0.000
System .
Default v Recall Setting Save Setting 1
— e - — - — —— —— — — — —— Sample Period (s) [0.100 Save Data

Fig.69 The Configuration Area of Equation and System
The area of equation and system configuration is provided for setting custom equation and
system. The following sections provide detailed description of the configuration area.

6.2.6.1 Custom Equation Configuration

The custom equation configuration is shown in the red box in Fig.70. Details of configuration are
shown in Table 11.

SINE
SCIENTIFIC
INSTRUMENTS



OE1022D DSP Lock-In

851 OE1022D_LabVIEW - [m] X
Connect CHA e SINE Model OE1022D
= SCIENTIFIC DSP Lock-in-Amplifier
v i INSTRUMENTS Control Console
S PLL LOCKED
Inputand Filter ~ Reference Source  Outputand Sample  Equation and System Data  Waveform
e
I Equation E1~E4 Setting Constant I CH-A
| Equation . <& | X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms)  0.000
| CH-A a [V = = = @t |1y vrms) 0000 Yh1 (Vrms) [0.000 Yh2 (Vrms) [0.000
| cF €2/1.000 | R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
I | 6 (deg) |00 Bh1 (deg) |0.00 8h2 (deg) |0.00
I Equation Config.
1 | Freq (Hz) 0 Noise(Vrms) 0.000
! 1
I Equation E1~E4 Setting Constant 1 CH-B
1 X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
| CH-B Equation R v x| a |v €1 1.000 ! Y (Vrms) 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
[ L o caliow I R vems) 000 Rh1 (Vrms) 0.000 Rh2 (Vrms)|0.000
1 1 8 (deg) o0.00 Bhl (deg) o0.00 Bh2 (deg) o0.00
1 Equation Config. 1 Freq (Hz) 0 Noise(Vrms) 0.000
i AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
SyStem SE‘ttll‘lg 0.000 0.000 0.000 0.000
System - :
Default v Recall Setting Save Setting
Sample Period (s) |0.100 Save Data
Fig.70 Configuration Area of Equation
Table 11. Equation Configuration Options
The output of Equation can be E1/E2/E3/E4. The input
Equafi can be the X/Y/R/0 of signals in two channels or signal
quation .
harmonic, the ADC1/ADC2/ADC3/ADC4 of AUX_ADC
input, noise, frequency and C1/C2.
C1 Set the input of Equation manually. The range is -10~+10,
C2 and the minimum resolution is 0.001.
Note that:

1. After setting the output configuration, click the button " tq finish the configuration. All
settings can be changed simultaneously and you only need to click the button "% gnce,
2. After changing the settings, you need to click this button <& tg finish this configuration.

Otherwise, changes of settings will not be saved.

6.2.6.2 Setting Storage
The software has the function of setting storage. Users can choose to save current setting or load
previously saved setting. The details of configuration are shown in Table 12.
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a1 OE1022D LabVIEW - G
Connect CHA e SINE Model OE1022D
= SCIENTIFIC DSP Lock-in-Amplifier
v i INSTRUMENTS Control Console
S PLL LOCKED
Inputand Filter ~ Reference Source  Outputand Sample  Equation and System Data  Waveform
Equation E1~E4 Setting Constant CH-A
. X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms)  0.000
Equation R « X Cl |~ C1/1.000
CH-A B [V = ¥ (Vrms) 0.000 Yh1 (Vrms) 0.000 Yh2 (Vrms) | 0.000
cF €2/1.000 R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms) 0.000
0 (deg) 0.00 Bh1 (deg) 0.00 6h2 (deg)  0.00
Equation Config.
Freq (Hz) 0 Noise(Vrms) 0.000
Equation E1~E4 Setting Constant CH-B
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
CH-B E‘l“““""_ R v x| a |v €1 1.000 Y (Vrms) 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000
L o caliow R (Vrms)|0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms)|0.000
8 (deg) o0.00 Bhl (deg) o0.00 Bh2 (deg) o0.00
Equation Config. Freq (Hz) 0 Noise(Vrms) 0.000
e _ ________ 1 AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
I SyStem SE‘ttll‘lg I 0.000 0.000 0.000 0.000
I SvStem Default ~ Recall Setting Save Setting I
1 Sample Period (s) |0.100 Save Data
Fig.71 The Configuration Area of Setting Storage
Table 12. Data Buffer Settings Options
) Users can select default setting or setting 1(S1), setting
System Setting . .
2(S2), setting 3(S3), setting 4(S4).
. Users can save current setting as default setting or setting
Save Setting . ] .
1(S1), setting 2(S2), setting 3(S3), setting 4(S4).
The option ‘Recall Setting” could apply to restore not only
Recall Setting the factory configuration(default setting) but also can recall
setting 1(S1), setting 2(S2), setting 3(S3), setting 4(S4).
6.2.7 Data Display and Storage
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6.2.7.1 Measured values displayed in real time

Default right window is the tab page ‘data display’, as shown in the red box in Fig.72.

31 QE1022D_LabVIEW - [m] X
T Cf'_“mmmn 2" SINE Model OE1022D
Ty — SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
S PLL LOCKED
B ___________________ =
InputandFilter  Reference Source  Outputand Sample  Equation and System | ata  Waveform 1
Input Source Dynamic Reserve  Sensitivity | CH-A
Single-Ended ~ Narmal v 100 mVjnA |~ Auto Sensitivity 1 X (Vrms) 0.000 Xh1 (Vrms) | 0.000 xh2 [Vrms) | 0.000 (]
Grounding Mode 1
Float ~ Sensitivity and Reserve Config. Auto Reserve v (vrms) 0.000 Yhi (Vrms} |0.000 Yh2 [Vrms) | 0.000
Input Coupling I R{(vrms)|0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms}|0.000 1
AC ¥ Time Constant Harm.1 Harm.2 | 6 (deg) |0.00 8hl (deg) |0.00 8h2 (deg) |0.00 1
Input Notch Filter 300 ms «| | syncFilter Off 1 =i | Freq(Hz) 0 Noise(Vrms) 0.000 |
None ~ N
Filter Slope
CH-A!| mnput config. 12dBjoct |v| | Filter Config. Harm. Config. | CH-B 1
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000 1
Input Source Dynamic Reserve  Sensitivity | Y (Vrms) | 0.000 Yh1 (Vrms) | 0.000 Yh2 (Vrms) 0.000 |
Single-Ended - Normal |~ (100 mVna |~|  Auto Sensitivity | R (Vems) [0.000 Rh1 (Vrms) [0.000 Rh2 (Vrms) 0000
Grounding Mode | 1
Float ~ Sensitivity and Reserve Config. Auto Reserve 1 0 (deg) |0.00 Bh1 (deg) |0.00 6h2 (deg) 0.0 1
Input Coupling Freq (Hz) 0 Noise(Vrms) 0.000 1
AC > Time Constant Harm.1 Harm.2
Input Notch Filter 300 ms v Sync Filter Off 1 =11 L. AUXADCL(VL _ AUXADPG2 (VL. _ AUX-ADGIIVL AHX'EJC"—WL |
None = - 0.000 0.000 0.000 0.000
Filter Slope
ch_B Input Config. 12 dBfoct |~ Filter Config. Harm. Config. s le Periad (5) [0.100 p——
ample Period (s) [0.

Fig.72 The Harmonic Waveform Display
The measured values of fundamental wave, harmonic 1, harmonic 2.frquency, noise and
AUX-ADC1, AUX-ADC2, AUX-ADC3, AUX-ADC4 are displayed in real time during testing.
Please note that letters ‘m’,;’u’,’n’,’f,’p’ represents 10°,10°,10°,10™.

6.2.7.2 Data Storage

The software has the function of data storage. Users can choose to save the data or not that
OE1022D collects in a period.

The saved data contains the X/Y/R/6 of measure signal or signal harmonic, frequency, noise and
the ADC1/ADC2/ADC3/ADC4 of 4 AUX_ADC inputs.
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31 QE1022D_LabVIEW - [m]
T LA e SINE Model OE1022D
SN INPUT OVLD . .
S — SCIENTIFIC DSP Lock-in-Amplifier
B INSTRUMENTS Control Console
SN PLL LOCKED
InputandFilter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended ¥ Nommal  [¥] |100mVfor [v] | MutoSensitivity X (Vrms) | 0.000 Xh1 (Vrms) |0.000 Xh2 (Vrms) | 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (Vrms) 0.000 Yhi (Vrms} |0.000 Yh2 [Vrms) | 0.000
Input Coupling R (Vrms) 0.000 Rh1 (Vrms) 0.000 Rh2 (Vrms)|0.000
AC N Time Constant Harm.1 Harm.2 8 (deg) 0.00 Bh1 (deg) 0.00 8h2 (deg) |0.00
Input Notch Filter 300 ms «| | syncFilter Off 1 =L Freq (Hz) 0 Noise(Vrms) 0.000
None ~ N
Filter Slope
CH-A| nput config. 12dBjoct |v| | Filter Config. Harm. Config. CH-B
X (Vrms) 0.000 Xh1 (Vrms) 0.000 Xh2 (Vrms) 0.000
Input Source Dynamic Reserve  Sensitivity Y (Vrms) | 0.000 Yh1 {(Vrms) 0.000 Yh2 (Vrms) 0.000
Smgle:nded ; ~ Normal ~ 100 mV/nA |~ Auto Sensitivity R (Vrms)|0.000 Rh1 (Vrms) [0.000 Rh2 (Vrms) 0.000
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 0 (deg) |0.00 Bh1 (deg] |0.00 Bh2 (deg) 0.00
Input Coupling Freq (Hz) 0 Noise(Vrms) 0.000
AC > Time Constant Harm.1 Harm.2
Input Notch Filter 300 me o] | syncilter off 1 [ AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
None = - 0.000 0.000 0.000 0.000
Filter Slope
ch_B Input Config. 12 dBfoct |~ Filter Config. Harm. Config. 1 s le Period (<) [0100 E— -;
ample Period (s) [0.
e W -

Fig.73 The Configuration Area of Data Storage

The steps for choosing to save data or not:

1.

The data is saved in Excel. The file name is ‘Data_recorded_excel.xIs’. It is saved in the
program directory.
When the software is executing, click the button

Save Data

in the red box in Fig.73. After
. The software is saving the current collected

Saving...

clicking this button and it displays
data.

Click the button again, and the button status will switch back to

This means the software stops saving collected data.
In Sample Period (g)  0.100

Saving...

Save Data aga|n

, you can modify the sampling rate of the current display and data
storage. The input range is 0.1s ~ 100s.

6.2.7.3 Display Harmonic Waveform
Choose the ‘Harmonic Wave’ option in left window of the software. Result is shown in Fig.74.
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CH-A | input config.
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Narmal v 100 mV/nA |~

Sensitivity and Reserve Config.

Auto Sensitivity

Auto Reserve

Time Constant

300 ms ~ Sync Filter Off
Filter Slope
12 dBfoct |~ Filter Config.

Harm.1 Harm.2
1 =l (1 >
Harm. Config.

Input Source
Single-Ended ~
Grounding Mode
Float v

Input Coupling

AC ~
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None ~
ch-B Input Config.
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Sensitivity and Reserve Config.
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Filter Slope
12 dBfoct  |» Filter Config.
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1 R (X 'Y 8 Freq
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Fig.74 The Harmonic Waveform Display
There are two XY coordinates charts which display fundamental wave, harmonic 1 and
harmonic 2. Users can choose to display R/X/Y/6 for each wave.

Harm. 2

Noise
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6.3 Usage Examples

This example will show how to use OE1022D PC software to configure parameters, and observe

and record the value of R/X/Y/0.

First, connect the OE1022D and PC according to the software usage guidance in 6.2 and then

you can start to configure.

Suppose that the lock-in amplifier configurations are as follows:
Table 13. Configuration Instance

Input Source

Single-ended voltage input

Input Amplitude 40mV
Input Coupling AC
Input Notch Filter Close
Dynamic Reserve Low Noise

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 300ms
Roll Off 12 dB/oct
Sampling Rate 125Hz
Buffer 1 X
Buffer 2 Y

The steps to finish the configurations in table13 are as follows:

1. According to table 13, select suitable options as required in tab page ‘Input and Filter’,
including ‘Input Source’, ‘Grounding Mode’, ‘Input Coupling’ and ‘Input Notch Filter’. Leave

other options as initial state for now as shown in Fig.73. Click the button

configurations.
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Connection successful, device CHA CHB SINE Model OE1022D
information:SSI LIA-OE1022D,5N: SR (NPUROMLD PR SCIENTIFIC DSP Lock-in-Amplifier
- L6201816,Ver4.000 N GAINOVLD
Yevice 0 g INSTRUMENTS
Device 0 o Control Console
Inputand Filter  Reference Source  Outputand Sample  Equation and System Data Waveform
| Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended ~ Normal ~ 100 mV/nA |« Auto Sensitivity X (Vrms)| 25870 Xh1 [Vrms) [-2.611n Xh2 (Vrms) [1.7370
1 Grounding Mode h h
| Foat ~ Sensitivity and Reserve Config. Auto Reserve ¥ (vrms) BN Yh1 {Vrma} [10/060 Yh2 (Vrms) -10.267n
I Input Coupling R (Vrms) | 10.412n Rh1 (Vrms)  10.412n Rh2 (Vrms) 10.412n
| AC & Time Constant Harm.1 Harm.2 8 (deg) |110.15 Bhl (deg) |104.52 Bh2 (deg) -80.40
Input Notch Filter 300 ms ¥ SyncFilter Off 1 =1 : Freq (Hz) 102000 Noise(Vrms)| 45.838n
I None - -
Filter Slope
ICH_A Input Config. 12 dBfoct  |w Filter Config. Harm. Config. CH-B
X (Vrms) -1.699n Xh1l (Vrms) -3.134n Xh2 (Vrms)| 4.367n
™= MputSbutte == == ==| DynamicReserve Sensitivity ¥ (Vrms) -14.734n Yhl (Vrms) -14.496n Yh2 (Vrms) | 14.174n
Single-Ended ¥ Nomal | [100m/na [W |k Sensitivity R (Vrms) 14.831n Rh1 (Vrms) | 14.831n Rh2 (Vrms)| 12.831n
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 0 (deg) |-96.58 6h1 (deg) 10220 Bh2 (deg) |72.:8
Input Coupling Freq (Hz) 102000 Noise(Vrms) 31.333n
AC ~ Time Constant Harm.1 Harm.2 AUX-ADCA (V)
Input Notch Filter woms [ [symeriteroit] |1 B[ E AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) - v)
None ~ 0.001 0.001 -0.004 0.000
Filter Slope
Ch-B  Input config. 12 dBjoct |v Filter Config. Harm. Config. s le Period (5) [0100 Save Data
ample Period (s) [0.

Fig.75 Input Configuration

251 QE1022D_LabVIEW

- =

Connection successful, device

CHA

CHB

SINE Model OE1022D
i ion: - . SN INPUT OVLD R .
e R SCIENTIFIC DSP Lock-in-Amplifier
- - ), VT4,
Device O INSTRUMENTS Control Console
SN PLL LOCKED =
Inputand Filter  Reference Source  Outputand Sample  Equation and System Data  Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended ~ Normal ~ 100 mV/nA |~ Auto Sensitivity X (Vrms)|-2.587n Xh1 [Vrms) | 2.611n xXh2 (Vrms) 1.737n
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (Vrms) |9.775n Yh1 [Vrms) |10.080n Yh2 (Vrms) -10.267n
Input Coupling e R (Vrms) 10.412n Rh1 (Vrms) | 10.412n Rh2 (Vrms) 10.412n
AC ~ Time Constant |Harm. 1 Harm.2 8 (deg) |110.15 Bhl (deg) 10452 Bh2 (deg) -=0.40
Input Notch Filter SDDms_v Sync Filter Off l‘I = : Freq (Hz) | 102000 Noise(Vrms)| 45.838n
None ~ N
Filter Slope
CH-A input config. 12 dBjoct |v Filter Config. Harm. Config. CH-B
————— X [Vrms) -1.659n Xh1 (Vrms) -3.134n Xh2 (Vrms)| 4.367n
Input Source Dynamic Reserve  Sensitivity Y (Vrms) -14.734n Yh1 (Vrms) -14.436n Yh2 (Vrms)| 14.174n
Single-Ended ~ Normal ~ 100 mV/nA |~ Auto Sensitivity R (Vrms)| 14.831n Rh1 (Vrms) 14.831n Rh2 (Vrms)| 14.831n
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 8 (deg) -95.58 6hl (deg) |-102.20 6h2 (deg) 72.88
Input Coupling Freq (Hz) 102000 Noise(Vrms) 31.339n
AC > Time Constant Harm.1 Harm.2
Input Notch Filter 300 ms Y] | syncrilteroff 1 <[ - AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADCS3 (V) AUX-ADC4 (V)
None ~ 0.001 0.001 -0.004 0.000
Filter Slope
- Input Config. 12 dBfoct  |v Filter Config. Harm. Config.
Ch B ned nig Sample Period (s) [0.100 Save Data

2. As shown in Fig.76, select suitable options for ‘Time Constant’ and ‘Filter Slope’
required. Leave other options as initial state for now. Click the button

configurations.

Fig.76 Filter Configuration

as
to finish the

Filter Config.

2. Select suitable options as required in tab page ‘Reference Source Configuration’ such
as ‘Reference Source’, ‘External Ref Trigger’, ‘Phase’ with other options in default, as shown
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in Fig.76. Click the button == tg finish the configurations.
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Connection successful, device CHA CHB Model OE1022D
information:SSI LIA-OE1022D,5N: e LI SINE F =
L6701815 Verd 000 o T SCIENTIFIC DSP Lock-in-Amplifier
Device 0 ver INSTRUMENTS Control Console
SN PLLLOCKED
Inputand Filter  Reference Source  Qutputand Sample  Equation and System Data  Waveform
I Reference Source Int.Sweep Mode Int.5weep Mode | CH-A
| External v/ Linear Stop 1 | X(Vrms) -661.448p Xh1 (Vrms) -482.420p Xh2 (Vrms) | 333.060p
| externalnefrigger  intsweepstar(iz)  sweep step(iz) I | Y(vrms) 1.733n Yh1 (Vrms) 1.790n Yh2 (Vrms) |-1.825n
TTL Rising Ed: ~ 1 0 = 101 00 =
CH-A | |7t Rising Edge | - - | | R(Vrms) 1.855n Rh1 (Vrms) 1.855n Rh2 (Vrms)  1.855n
1 Int.FreqilEn(y(Hz)A I{wt.swe?p Stup(Hf) St‘e-p-Time(ms) : I 8 (deg) [110.23 Bh1 (deg) |105.27 8h2 (deg) | 79.66
| : - : - - 1 Freq (Hz) 102000 Noise(Vrms) 47.683n
I Phase ()
1 0.00 = Auto Phase Reference Config. 1 CH-B
1 X (Vrms) | 4.920n Xh1 (Vrms) | 4.426n Xh2 (Vrms) -3.958n
Reference Source Int.Sweep Mode Int.Sweep Mode Y (Vrms) | -4.803n Yh1 (Vrms) | -5.262n Yh2 (Vrms) 5.623n
External i Hinear Stop R (Vrms)|6.876n Rh1 (Vrms) | 6.87én Rh2 [Vrms)| 6.876n
External Ref Trigger Int.Sweep Start(Hz) Sweep Step(Hz) 9 (deg) | 4431 8h1 (deg) |49.93 8h2 (deg) '125.14
TTL Rising Edge |+ 1 0 S = .
Freq (Hz) 102000 Noise(Vrms) 42.133n
CH-B Int.Frequency{Hz) Int.Sweep Stop(Hz) Step Time(ms)
0 s 5 0 S 10 s AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
Phase () 0.001 0.001 -0.002 0.001
0.00 > Auto Phase Reference Config.
Sample Period (s) |0.100 Save Data

The button

Fig.77 Reference configuration

Auto Phase

is provided for setting phase shift angle automatically, you only need

to click this button once to use the ‘auto phase’ function. User doesn’'t need to click the

button

Filter Config.

afterward.
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|

Connection successful, device CHA CHB SINE Model OE1022D
information:SSI LIA-OE1022D,SN: NN INPUT OVLD S SCIENTIFIC DSP Lock-in-Amplifier
- . L6201816,Verd.000 SN GAIN OVLD
Device 0 INSTRUMENTS Control Console
N PLL LOCKED i
Inputand Filter  Reference Source  Outputand Sample  Equation and System Data Waveform
Input Source Dynamic Reserve  Sensitivity l CH-A
Single-Ended - Nomal [~ [100my/ma [+ | Autosensitivity ||| | o (vems) [ .5870 Xhi Vrms) | 26100 Xh2 (Vems) (17370
Grounding Mode 1 h h
Float ~ Sensitivity and Reserve Config. Auto Reserve 1 ¥ (Vrms}| 9.775n ¥h1 {vrms) [0S0 ¥h2 (Vrms} (SO0
Input Coupling R (Vrms) | 10.412n Rh1 (Vrms)  10.412n Rh2 (Vrms) 10.412n
AC R Time Constant Harm.1 Harm.2 B (deg) |110.15 Bhl (deg) |104.52 Bh2 (deg) -80.40
Input Notch Filter 300 ms ~|  SyncFilter Off 1 =1 : Freq (Hz) | 102000 Noise(Vrms)| 45.838n
None ~ N
Filter Slope
CH-A | input config. 12dBjfoct |~ Filter Config. Harm. Config. CH-B
X (Vrms) -1.699n Xh1l (Vrms) -3.134n Xh2 (Vrms)| 4.367n
Input Source Dynamic Reserve  Sensitivity ¥ (Vrms) -14.734n Yh1 (Vrms) -14.496n Yh2 (Vrms)| 14.174n
Single-Ended hd Nomal  [v] [100mv/na [V  [AutoSensitivity R (Vrms)|14.831n Rh1 (Vrms) | 14.831n Rh2 (Vrms)| 12.831n
Grounding Mode
Float ~ Sensitivity and Reserve Config. Auto Reserve 9 (deg) 9652 Bh1 (deg) -102.20 Bh2 (deg) |72.38
Input Coupling Freq (Hz) 102000 Noise(Vrms) 31.333n
AC - Time Constant Harm.1 Harm.2
Input Notch Filter wome [0 [syeritero | |1 Bl E AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 [V)
None - 0.001 0.001 -0.004 0.000
Filter Slope
- Input Config. 12 dBfoct |v Filter Config. Harm. Config.
Ch-B | input config Sample Period (s) [0.100 Save Data

Fig.78 Reserve & Sensitivity Configuration
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Auto Sensitivity

The button is provided for setting phase shift angle automatically, you only need

to click this button once to use the ‘auto phase’ function. User doesn’'t need to click the

Filter Config.

button afterward.

551 OE1022D_LabVIEW

CHA CHB
N INPUT OVLD

Connection successful, device
information:SSI LIA-OE1022D,SN:
L6201816,Ver4.000

Model OE1022D
DSP Lock-in-Amplifier
Control Console

SN GAIN OVLD
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Data

S PLL LOCKED =

Inputand Filter  Reference Source

Output and Sample

Equation and System

Waveform

Input Source
Single-Ended
Grounding Mode
Float

Input Coupling
AC

Input Notch Filter

Nane

CH-A Input config.

Dynamic Reserve  Sensitivity

Nermal v 100 mVi/nA |+

Sensitivity and Reserve Config.

Auto Sensitivity
—

Auto Reserve

Time Constant

300 ms ~ Sync Filter Off
Filter Slope
12 dBfoct v Filter Config.

Harm.1 Harm.2
1 [ [1 =

Harm. Config.

Input Source
Single-Ended
Grounding Mode
Float

Input Coupling
AC

Input Notch Filter

Nane

Ch-B

Input Config.

Dynamic Reserve  Sensitivity

Nermal ~ 100 mVi/nA |+

Sensitivity and Reserve Config.

Auto Sensitivity

Auto Reserve

Time Constant

300 ms ~ Sync Filter Off
Filter Slope
12 dBfoct |~ Filter Config.

Harm.1 Harm.2
1 [ [1 =

Harm. Config.

CH-A

X (Vrms) | -3.587n
Y (Vrms) | 9.775n
R (Vrms) 10.412n
0 (deg) |110.15
Freq (Hz) | 102000

Xh1 (Vrms) |-2.611n
Yh1 (Vrms) | 10.080n
Rh1 (Vrms)  10.412n
Bhl (deg)

Noise(Vrms)| 45.838n

104.52

Xh2 (Vrms) 1.737n
Yh2 (Vrms) -10.267n
Rh2 (Vrms) 10.412n

6h2 (deg) -80.40

CH-B
X (Vrms) -1.693n
Y (Vrms) -14.734n
R (Vrms) 14.831n
8 (deg)
Freq (Hz) 102000

-96.58

Xh1l (Vrms) -3.134n
Yh1 (Vrms) -14.496n
Rh1 (Vrms) 14.831n
Bhl (deg)

Noise(Vrms) 31.333n

-102.20

Xh2 (Vrms)| 4.367n
Yh2 (Vrms) | 14.174n
Rh2 (Vrms)| 14.831n
6h2 (deg) |72.88

AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
0.001 0.001 -0.004 0.000
Sample Period (s) [0.100 Save Data

Fig.81, and you will see the configurations are successful.

Fig.79 Auto Sensitivity Configuration
Compare the two OE1022D interfaces before and after configuration as shown in Fig.80 and
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Sensitivity
100 mV
Reserve

Low High
Normal

Time Constant

300 mS

Filter dB/oct
6 12
18 24

“hronous
OFF
<200Hz

Sensitivity

50 mV

Normal

Time Constant
rce: External

Sens: 100mV 300 mS

— _|_ 1 O 22 m Filter dB/oct

- 6 12
6=-158.79° —
I . Synchronous

OFF
<200Hz

Fig.81 <SENS> is 50 mV after configuration
5. The configurations of OE1022D 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.xIs’ and it has 32 columns of data.
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Input Coupling

AC
Input Notch Filter
None

ch-B Input Config.

Sensitivity and Reserve Config.

Time Constant

300 ms ~ Sync Filter Off
Filter Slope
12 dBfoct |~ Filter Config.

Harm.1 Harm.2
1 [ [1 =
Harm. Config.

Freq (Hz) 102000

Connection successful, device CHA CHB SINE Model OE1022D
fommation sl LA 0102205 e SCIENTIFIC DSP Lock-in-Amplifier
- - Verd,
Device 0 INSTRUMENTS Control Console
N PLL LOCKED i
Inputand Filter  Reference Source  Outputand Sample  Equation and System Data Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended ~ Normal ~ 100 mV/nA |~ Auto Sensitivity X (Vrms) | 3.587n Xh1 (Vrms) |-2611n Xh2 (Vrms) [1.7370
Grounding Mode h h
Float ~ Sensitivity and Reserve Config. Auto Reserve ¥ (vrms) BN Yh1 {Vrma} [10/060 Yh2 (Vrms) -10.267n
Input Coupling R (Vrms) | 10.412n Rh1 (Vrms)  10.412n Rh2 (Vrms) 10.412n
AC R Time Constant Harm.1 Harm.2 B (deg) |110.15 Bhl (deg) |104.52 Bh2 (deg) -80.40
Input Notch Filter 300 ms ¥ SyncFilter Off 1 =1 : Freq (Hz) 102000 Noise(Vrms)| 45.838n
None ~ N
Filter Slope
CH-A Input config. 12 dBfoct  |w Filter Config. Harm. Config. CH-B
X (Vrms) -1.699n Xh1l (Vrms) -3.134n Xh2 (Vrms)| 4.367n

Input Source Dynamic Reserve  Sensitivity ¥ (Vrms) -14.734n Yhl (Vrms) -14.496n Yh2 (Vrms) | 14.174n
Single-Ended ¥ Nomal | [100m/na [W |k Sensitivity R (Vrms) 14.831n Rh1 (Vrms) | 14.831n Rh2 (Vrms)| 12.831n
Grounding Mode
Float % e — B (deg) 96.52 Bhl (deg) -102.20 Bh2 (deg) 7288

Noise(Vrms) 31.333n

AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
0.001 0.001 -0.004 0.000
. I 1
Sample Period (s) [0.100 Save Data

Fig.82 The data saving is paused
As shown in Fig.82, click the button ' saveba

in the red box. After this button is clicked, it

¢ Saving.. i H 7 H H
turns to e which means the OE1022D is saving data, as shown in Fig.83.
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Connection successful, device CHA CHB SINE Model OE1022D
information:SSI LIA-OE1022D,SN: SN INPUT OVLD SCIENTIFIC DSP Lock-in-Amplifier

- 16201816, Ver4.000 SN GAINOVLD

evica 0 2 INSTRUMENTS

Device 0 P — Control Console

Inputand Filter  Reference Source  Outputand Sample  Equation and System Data Waveform
Input Source Dynamic Reserve  Sensitivity CH-A
Single-Ended v Normal ~ 100 mV/nA |~ Auto Sensitivity X (Vrms)|-3.189n Xh1 [Vrms) |-2.613n Xh2 (Vrms) | 2.088n
Grounding Mode
Float = Sensitivity and Reserve Config. Jr— Y (Vrms) | 5.713n Yh1 (Vrms) | 6.004n Yh2 (Vrms) | -6.207n
Input Coupling R (Vrms) 6.548n Rh1 (Vrms) | 6.548n Rh2 (Vrms) | 6.548n
AC ¥ Time Constant Harm.1 Harm.2 8 (deg) |119.14 Bh1 (deg) |113.52 Bh2 (deg) |-71.40
Input Notch Filter 300 ms e sync Filter Off 1 = : Freq (Hz) | 102000 MNoise{Vrms)| 53.210n
Mone s Filter Slope
CH-A| nput config. 12dB/oct |~ | Filter Config. Harm. Config. CH-B
X (Vrms) -4.241n Xh1 (Vrms) -4.844n Xh2 (Vrms) | 5.334n
Input Source DynamicReserve  Sensitivity Y (Vrms) -6.365n Yh1 (Vrms) -5.319n Yh2 (Vrms) 5.481n
Smg\e-dE.nded . v Narmal ~ 100 mV/nA |~ Auto Sensitivity R [Vrms) | 7.648n Rh1 (Vrms) | 7.548n Rh2 (Vrms) 7.648n
Grounding Mode
Float v Sensitivity and Reserve Config. Auto Reserve 8 (deg) 12367 Bh1 (deg) |-129.20 Bh2 (deg) 4572
Input Coupling Freq (Hz) 102000 Moise{Vrms) 36.246n
AC e Time Constant Harm.1 Harm.2
Input Notch Filter 300 me S| | syncrilter oft ] =4 : AUX-ADC1 (V) AUX-ADC2 (V) AUX-ADC3 (V) AUX-ADC4 (V)
None ~ 0.001 0.001 -0.003
Filter Slope
ch_B Input Config. 12 dBfoct |~ Filter Config. Harm. Config. Sample Period (5)|D‘1DD |

Fig.83 Data saving
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7. PERFORMANCE TESTS

Introduction

Serial Number

Firmware Revision

Warm Up

Test Record

If a Test Fails

Necessary
Equipment

The performance tests are designed for users to prove that the OE1022D
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 unit. You can find the serial number on the CD box, the
package box or the backside of your unit. You can also check the serial
number at <Info> on the screen when the unit is powered on.

The firmware revision number is shown at <Info> on the screen when the
unit is powered on.

Due to the temperature drift of chips, it is best to warm up the instrument
for some time (30~60 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 and preserve a
record of the tests.

If a test fails, you should check the settings and connections of any
external equipment and internal equipment. If possible, verify its
operation with a DVM, scope or other pieces of test equipment. After
checking the settings, repeat this test from warm up and make sure that
the test is performed correctly.

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 Hzto1l MHz

Freq Accuracy Better than 5 ppm
Amplitude Accuracy 0.2 dB from 1 Hz to 120 kHz
Spurious <-55dBc

TTL SYNCD Available

Output Setup 50 Q or High Z
Recommended AGILENT 33250A
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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. Feed through Terminations

Impedance 50 Q
Front Panel First, turn on the power switch on the rear panel to start the device.
Display Test Second, check whether the display screen can be turn on. Third, check

whether there are bad pixels on the display. End the display test.

Keypad Test After the device is turned on, 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.

7.1 Self-Test

The self-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.

SINE
SCIENTIFIC
INSTRUMENTS



OE1022D DSP Lock-In 106

7.2 DC Offset

This test measures the DC offset of the input.
Device

Connect a 50Q BNC cable to the A/l 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.
2. Press the buttons in the following sequence:

<Ref. Source> Set to <Internal>
<Ref. Frequency> Setto 1Hz
<Sensitivity> Set to <ImV> 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.

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.
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 1Vrms (within 3% error)
4. Press the buttons in the following sequence:
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<Coupling> Set to <DC>
<Source> Set to <A-B>
<Sensitivity> Set to <200 pV> 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 A input 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 High Z
Sweep off

Modulation none

Steps

1. Turn the lock-in off and on to restart it.

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

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 mvV 10.000 mVrms

a) Set the function signal generator to the amplitude shown above.
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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
48 kHz
72 kHz
96 kHz
120 kHz

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/l input 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 High Z
Sweep off

Modulation none
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Steps
1. Turn the lock-in off and on to restart it.
2. Set <Filter> to <24 dB/oct> and <Sensitivity> to <1 V>.
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.
2. Set the frequency of the function signal generator to 10 kHz.
3. Wait until <PLL: UNLOCK> changes to <PLL: LOCKED>, then record <Freg>.
4. End the test and fill in the performance test form.

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/l of the
lock-in.

SINE
SCIENTIFIC
INSTRUMENTS




OE1022D DSP Lock-In 110

Steps
1. Turn the lock-in off and on to restart it.
2. Set <Sensitivity> to <1 V> and <Ref. Source> 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
1vVv 0.800 Vrms

500 mV 0.400 Vrms
200 mV 0.160 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.
4. Repeat from 3)-a) to 3)-c) until all the Sensitivity-Sine Output are tested over.
Frequency response is checked at frequencies above 1 kHz. Set <Ref. Frequency> in the
following sequence:

Test Frequencies
24 kHz
48 kHz
72 kHz
96 kHz

a) Set <Sensitivity> to <1 V>.

b) Set the amplitude of the SINE OUT 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.

7.8 Outputs of Dual Channels and 4 AUX 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.
Connect a 50 Q BNC termination to the A/l input of the lock-in.

Steps
1. Turn the lock-in off and on to restart it.
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2. Set <Ref.Source> to <Internal>.
3. Follow the steps below:
a) Use a cable to connect CH1 or CH2 of the lock-in to the DVM. Set the DVM to
19.999 V range.
b) Set <Offset> of <Channel Output> 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 and continue to finish the tests for CH2.
4. Follow the steps below:
a) modify settings: select <TOP> option in submenu [DISPLAY], set the <Type> and
<Trace> to <List> and <ADC> respectively.
b) use signal cable to connect the DC regulator source to the Lock-in AUX_OUT 1 on
rear panel.
c) set voltage output of the DC regulator source in the following sequence
Voltage (V)
10.000
5.000
0.000
-5.000
-10.000
¢) Wait 10 seconds and record the reading of the<Al1>. Then, test next group data.
d) Repeat steps 4c to 4d until finishing the tests for A1. Then connect the DC voltage
source to A2, A3, A4 to finish the tests for A2, A3, A4.
5. Finish the tests for DC inputs and outputs and fill the results in the Performance Test
Record Form.
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7.9 Input Noise

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

Device
Connect a 50 Q BNC termination to the A/l input of the lock-in. This grounds the input so
the lock-in’s own noise is measured.

Steps
1. Turn the lock-in off and on to restart it.
2. Set the parameters in the following sequence:

<Ref. Source> Set to <Internal>

<Ref. Frequency> Set to 997 Hz

<Sensitivity> Set to <100 nV> through the spinning
knob

<Reserve> Set to <Low>

<Filter> Set to <24 dB/oct>

<Trace> Set <Trace> in <Display> to <Noise>.

3. Wait until the reading is steady, and then record the maximum value of noise.
4. End the test and fill the result in the performance test form.
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7.10 OE1022D Performance Test Record
OE1022 Performance Test Record
Serial Number Tested By
Firmware Revision Date
Equipment Used
1. Starting Tests
Pass Fail
2. DC Offset
Input Coupling Reading Upper Limit
Channel A AC 0.500mV
Channel A DC 0.500mV
Channel B AC 0.500mV
Channel B DC 0.500mV
3. Common Mode Rejection
Frequency Reading Upper Limit
Channel A 100Hz 30uV
Channel B 100Hz 30pV
4. Amplitude Accuracy and Flatness
Channel A
Sensitivity Amplitude Lower Limit Upper
1v 1.0000Vrms 0.9800V 1.0200V
200mV 200.00Vrms 198.99mV 202.00mV
100mV 100.00Vrms 98.00mV 102.00mV
20mV 20.000Vrms 19.60mV 20.400mV
10mVv 10.000Vrms 9.800mV 10.200mV
Sensitivity Amplitude Lower Limit Reading Upper
200mV 24kHz 196mV 204mV
200mV 48kHz 196mV 204mV
200mV 72kHz 196mV 204mV
200mV 96kHz 196mV 204mV
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OE1022 Performance Test Record
Channel B
Sensitivity Amplitude Lower Limit Reading Upper Limit
v 1.0000Vrms 0.9800V 1.0200V
200mVv 200.00Vrms 198.99mV 202.00mV
100mV 100.00Vrms 98.00mV 102.00mV
20mV 20.000Vrms 19.60mV 20.400mV
10mv 10.000Vrms 9.800mV 10.200mV
Sensitivity Amplitude Lower Limit Reading Upper
200mV 24kHz 196mV 204mV
200mV 48kHz 196mV 204mV
200mV 72kHz 196mV 204mV
200mV 96kHz 196mV 204mV
5. Amplitude Linearity
Channel A
Sensitivity Amplitude Lower Limit Reading Upper Limit
v 1.0000Vrms 0.9900V 1.0100V
100.00Vrms 0.0990V 0.1010Vv
10.000Vrms 0.0099Vv 0.0101Vv
Channel B
Sensitivity Amplitude Lower Limit Reading Upper Limit
v 1.0000Vrms 0.9900V 1.0100V
100.00Vrms 0.0990V 0.1010Vv
10.000Vrms 0.0099V 0.0101V
6. Frequency Accuracy
Frequency Lower Limit Reading Upper Limit
Channel A 10kHz 9.990kHz 10.010kHz
Channel B 10kHz 9.990kHz 10.010kHz
7. SINE OUT Amplitude and Flatness
Channel A
Sensitivity SINE OUT Ampl. Lower Limit Reading Upper Limit
1V 0.800 Vrms 0.776 Vrms 0.824 Vrms
200 mV 0.16 Vrms 155.2 mVrms 164.8 mVrms
50 mV 0.040 Vrms 38.80 mVrms 41.20 mVrms
10 mV 0.008 Vrms 7.760 mVrms 8.240 mVrms
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OE1022 Performance Test Record
SINE OUT Frequency Lower Limit Reading Upper Limit
1.000 Vpp 24 kHz 0.9700V 0.1030 V
48 kHz 0.9700V 0.1030 V
72 kHz 0.9700V 0.1030 V
96 kHz 0.9700V 0.1030 V
Channel B
Sensitivity SINE OUT Ampl. Lower Limit Reading Upper Limit
1V 0.800 Vrms 0.776 Vrms 0.824 Vrms
200 mV 0.16 Vrms 155.2 mVrms 164.8 mVrms
50 mV 0.040 Vrms 38.80 mVrms 41.20 mVrms
10 mV 0.008 Vrms 7.760 mVrms 8.240 mVrms
SINE OUT Frequency Lower Limit Reading Upper Limit
1.000 Vpp 24 kHz 0.9700V 0.1030 V
48 kHz 0.9700V 0.1030 V
72 kHz 0.9700V 0.1030 V
96 kHz 0.9700V 0.1030 V
8. DC Outputs and Inputs
Output Offset Lower Limit Reading Upper Limit
CH1 100.00 9.960V 10.040V
50.00 4.960V 5.040v
0.00 -0.020v 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Output Offset Lower Limit Reading Upper Limit
CH1 100.00 9.960V 10.040V
50.00 4.960V 5.040v
0.00 -0.020v 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 1 100.00 9.960V 10.040V
50.00 4.960V 5.040v
0.00 -0.020v 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
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OE1022 Performance Test Record

Input Voltage Lower Limit Reading Upper Limit
AUXIN 2 100.00 9.960V 10.040V
50.00 4.960V 5.040V
0.00 -0.020Vv 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 3 100.00 9.960V 10.040V
50.00 4.960V 5.040V
0.00 -0.020v 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V
Input Voltage Lower Limit Reading Upper Limit
AUXIN 4 100.00 9.960V 10.040V
50.00 4.960V 5.040V
0.00 -0.020Vv 0.020v
-50.00 -5.040V -4.960V
-100.00 -10.040V -9.960V

9. Input Noise

Channel A
Frequency Sensitivity Reading Upper Limit
1 kHz 100nV 15 nV/VHz
Channel B
Frequency Sensitivity Reading Upper Limit
1 kHz 100nV 15 nV/VHz
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8. OPERATION EXAMPLES

8.1 Simple Signal Measurements

This example will show how the OE1022D measure the value of R, X, Y, 6. You need two BNC
cables to input the measurement signal and the reference signal. In this case, we use the
function signal generator to generate a 80mVrms, 1kHz sine signal and use the OE1022D 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/l input of the
OE1022D. Use another BNC cable to connect the reference signal of the function signal
generator and the REF IN of the OE1022D, as shown in Fig.84.

| e (o, =

(80.000 000 §MHz [\4)
e .

OEEE
OEEE

=) y
Y/

® 0ol
Ot

2
b I
________ = = = = Reference Signal----T

= = = =-Measurement sighal= = = = =

Fig.84 Signal Cable Connection Diagram
3. Turn on the function signal generator and set ‘Function: Sine’, ‘Amplitude: 80mVrms’,
‘Frequency: 1kHz’, ‘Output Impedance: High Z’, as shown in Fig.85.
Trig'd i Pas: 00005 MEASLIRE

CH1
Min
=114mb
CH1

CH1 S0.0rmY v 250 us
3-Aug—17 14:27

Fig.85 Parameters of Measured Signal
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4. Turn on the output of the function signal generator and check whether the scale is overload by
watching <Overload>.

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

Sensitivity

R + 80 08 mV 100 mV

- 4 Reserve

CH-A
e — 0 1 5 Low High
O ONE z

Normal
NONE — —
[''me Constant

300 mS

Filter dB/oct
6 12
18 24
Synchronous
OFF
<200Hz

Fig.86 The Monitoring Bar of Main Interface
When the input of the preamplifier 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
OE1022D (the input of the preamplifier will be overload when the peak value is larger than 1.7V
or the valley value is lower than -1.7V). The default sensitivity is <100mV>. Therefore, in this
example, it will not be overload with the output amplitude of 80mVrms. Be careful in other cases.
If you need to adjust the sensitivity, the steps are as below.

5. Press [GAIN/TC] in front panel and then enter the submenu as shown in Fig.87.
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MENU

N —

INpUT || REF
FILTERS PHASE
\ ) L
Il cam
o { ‘ DISPLAY ‘ ‘
Ny r'd
SAVE CHANNEL
RECALL OUTPUT
| S
auto ||
SAMPLE { \ ik { 1
) g )
' CHAJB |
SYSTEM ‘ ‘ SWITCH ‘ J

Fig.87 [GAIN/TC] Menu
Press [Soft Key 1] to choose <Sensitivity> and then it will be highlighted. Spin the knob to change
the value of sensitivity so that there is no overload and the full scale is the maximum. In this case,
we set the parameters as Fig.88. Then OE1022D measures the sine signal and the result is
R=80.08 mV, 6=-0.15°.

Scnsitivity

100 mV Softkey 1

Low |'|I':I]1

Softkey2
Normal

Softkey 3

Time Constant

’ ‘ 300 mS \
Filier dB/oct

4] 12

1| 18 24

Synchronous

OFF
<200Hz

Softkey 4

NONE NON

uuRulaNd

Softkey 5

External

Fig.88 GAIN/TC Submenu

6. The data bar of main interface displays the value of <R>, <X>, <Y> and <6>. Press [DISPLAY]
in front panel to enter the submenu, as shown in Fig 86 and 87.
In default settings, the top area displays <R> and the bottom area displays <6>.
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MENU

INPUT REF
FILTERS PHASE
— N
call I oispLaY| :
TC I
: «— ——
. . .
SAVE CHANNEL
RECALL OUTPUT
| S
AUTO
SAMPLE { \ ik { 1
/
' CHAJB |
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Fig.89 [DISPLAY]

X0.09m

—
Softkey
—

Display&Scale

Full | Top

Bottom

—
Softkey ?
e ——

Type: Charl
Softkey3
e ——

) [00mY Trace: | R
Equation

SRR
Softkey 4
| ——

R=+ 10. 22mV
6=—10.79" _

NONE NONE

Menu Enter

Disp More
——
SoftkeyD
—

Menu Enter

External

Fig.90 [DISPLAY] Menu Interface
Users can change which value to display as the following steps. For example, how to display <6>
instead of <R>in top area with XY Coordinates Chart.

First, press [soft key 2] and choose <Top>.

Second, press [soft key 3] to highlight [Type] and then choose <Chart> though the knob.

Third, press [soft key 3] to highlight <Trace> and then choose <8>. After these settings, the result
is shown in Fig.91.
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Softkey

Display&Scale
Full | Top
Bottom

S
—
Softkey 2

—
Type: Char —_—
Softkey3

v| Trace: R

=+ 10. 22 mV |F=— [

Menu Enter Softkeyd
- 8 —
. /] O- 79 | [)]'\i"' More
. F EEEE——

NONE NONE | 1.000kHz | Mecnu Enter Softkey 5

External LOCKED | \ J

Fig.91 Display <6> in XY Chart
8.2 Harmonics Measurements

This example will show how to measure harmonic component of the input signal. You need two
BNC cables to input the measured signal and the reference signal. Use the function signal
generator to provide a 160mVpp, 1 kHz square wave and then measure the first and third
harmonic with the OE1022D. 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 in default.

2. Use a BNC cable to connect the output of the function signal generator and the A/l input of the
OE1022D. Use another BNC cable to connect the reference signal of the function signal
generator and the REF IN of the OE1022D, as shown in Fig.92.

('80.000 000 §MHz [/
]
.

OEEE
OEEE

=) y
Y/

® 0eoo)
Ot

2
b I
________ = = = = Reference Signal----T

= = = -Measurement sighal= = = = =

Fig.92 Signal Cable Connect Diagram
3. Turn on the function signal generator and set ‘Function: Square’, ‘Amplitude: 80mVrms’,
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‘Frequency: 1 kHZz’, as shown in Fig.93.
Trigd 1 Pos; 0.0005 MEASLRE

11 — LT
3-Aug-17 14:36 1.00

Fig.93 Measured Signal Parameter

4. Press [REF PHASE] in front panel and set <Harmonic> to the required order, as shown below.

INPUT Il rer |
FILTERS PHASE I
\ L
GAIN ( )
o { ‘ DISPLAY ‘ ‘
Ny r'd
SAVE CHANNEL
RECALL OUTPUT
| S
auto ||
SAMPLE { \ ik { 1
) g )
' CHAJB |
SYSTEM ‘ ‘ SWITCH ‘ J

Fig.94 [REF PHASE] Submenu
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Ref.phase

R=+ 72.25mV || =
0

Softkey 1

) { Ref.source

=- 1.12° Fiomal

Softkey 2

Softkey 3

| J 100 X i
+ 45 68 mV ‘ Harmonic
S — Menu Enter

0.13° |
- I ~Sine Output

NONE NONE 1.000kHz Menu Enter
External LOCKED

Softkey 4

Softkey 5

Fig.95 REF PHASE Submenu
Set the harmonic number in <Harmonic> secondary submenu and use the keyboard to input the
required order.
The operation steps of measuring the first and third harmonic of the input square wave is below.
First, press the [soft key 4] in [REF PHASE] menu to choose [harmonic] submenu as shown in

Fig.96.

Harmonic 1

3

Harmonic 2

5 Softkey 2

Return

NONE NONE 1.000kHzz

Return Enter

External

Fig.96 Harmonic Secondary Submenu
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Second, press [soft key 1] and then press the number key [1] in numeric keyboard. Then press
[ENTER] to confirm. Third, press [soft key 2] and then number key [3]. Now the measure result is
the first and third harmonic of the input signal.

Choose [DISPLAY] submenu and choose <Full> in <Display & Scale> option and <List> in <Type>
option. Then, you can read the measured harmonic (harmonic 1 is corresponding to <Xhl>,
<Yh1>, <Rh1> and <6h1>; harmonic 2 is corresponding to <Xh2>, <Yh2>, <Rh2> and <6h2>).
The result is shown in Fig.97.

Softkey

Display&Scale

Full Top Softkey2
Bottom

Type: Value

Softkey3

Trace: R
Equation

Menu Enter Softkey4

Disp More

NONE NONE | 1.000kHZ | Menu Enter SoftkeyS
External { LOCKED

Fig.97 The 3" Harmonic Measurement Result
How to get the amplitude of the n' harmonics

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

2E 1 1 1
f(t) =— (sin(u)t) + =sin(3wt) + =sin(5wt) -+ + — sin(n(ot))
i 3 5 n
Where the ™" harmonic is a sine wave:

2E
f(t) = Esm(na)t)
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Therefore, the valid value of the n" harmonic is:

V2E

nm

We can verify that whether the measured result is close to the theoretical result. In this example,
the peak-peak value E is 160mV, and the calculated value of first harmonic is:

V2 x 160
R= —

mV = 72.025mV
1Xm

The calculated value of third harmonic is:

2 X 160
R= LmV =~ 24.008 mV
3IXTm
The calculated value of fifth harmonic is:
2 X 160
R= Lmv =~ 14.410 mV
S5Xm

Compare the measured result with theoretical result according the above method.
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8.3 Optical Spectral Measurements

This case shows how to measure a spectral diagram of any light source. You need an optical
chopper (such as SIGNAL RECOVERY MODEL 197 Light Chopper), a grating monochromator
(such as WDG15-Z) and its control system, a photoelectric detector (such as the S286 series
photodiode of Japan Hamamatsu Company), a data collection platform (such as NI cDAQ-9172)
and a PC. You should control the monochromator to sweep automatically in the spectral
measurement range. Then measure the photo current by the OE1022D. The steps are as follows:

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

2. Set the corresponding parameters of OE1022D.
(1) Press [INPUT/FILTERS] and then set the input mode to <I> and <Amplitude: 1M>. Other
settings remain the default.
(2) Press [REF/PHASE] and then set <Ref. Source: External> and <Type: TTL>.
(3) Press [GAIN/TC] and then set <Sensitivity: 14A> which can be adjusted in measurement,
<Reserve: Normal>, <TC: 300ms> and <Roll off: 12dB/oct>. Finally, turn off the SYNCD filter.
(4) Press [OUTPDUT/OFFSET] and then set <CH1>, <Source: R> and <Speed: Fast>.

3. Build up the spectral measurement platform.

Use a BNC cable to connect the output of the photoelectric detector and the IN+ input of the
OE1022D.

Use a BNC cable to connect the OUTPUT of the optical chopper and the REF IN of the
OE1022D.

Use a BNC cable to connect the data collection platform and the CH1 OUT of the OE1022D.
The sketch is shown in Fig.98

Reference Signal

' Grating ' Photoelectricity '
Enopper Monochrometer Sensor per0220

Data

Acquisition
Platform

1

Serial Communication ﬁ PC

Fig.98 Spectral Measurement Platform Diagram
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The actual connect figure is shown in Fig.101.

4. Start the spectral measurement and collect data from the data collection platform. Then, you
will get a spectral curve as shown in Fig.100

2B e poTmmEEEE T e

Fig.100 Spectrum Curve measured by OE1022D

5. Use the SR830 instead of the OE1022D to measure. Repeat the steps above to run the same
experiment. Then you will get another spectral curve as shown in Fig.101. You can see that these
two curves measured by OE1022D and SR830 are almost the same.
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Fig.101 Contrast Spectrum Curve between SR830 and OE1022D

8.4 Serial Communication

This case shows how to run the serial communication remotely. You need an USB cable. The
steps are as follows:

1. Use an USB serial converter to connect the serial port of the OE1022D to the USB socket of

the PC.

2. The PC will recognize the USB device and remind to install the driver program. If your PC
system is WIN 7/8/10, the PC will do these automatically online. You just need to wait for a few
minutes. If the installation fails, you need to install the driver manually according to Chapter 6.2.

3. Open the folder ‘Uart Driver’ in your disk and double click the file UartAssist.exe. It will call out
the software interface, as shown in Fig.102.
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Conallar:t Assistant (F3- 8)

COMSettings COM port data receive
PartMum ’m j
Baudr |3600 -
DPaity |NONE =
DataB |8 hd
StopE 1 hl

Recr Options

[” Receive to file...
[~ Show timestamp

[~ Receive as hex

[T Receive pausze

Save. .. Clear

Send Options

[ Data from file ...
[~ #mto checksum

[~ #uto clear input
[ Send as hex

[~ Send ecyelic

Intervel |1000 ms http: fwww. emsoft. on QF: 10365600
Load. .. Clear Send
€ BReady! Send: 0 Recv: 0 Reset | ,

Fig.102 ‘UartAssist.exe’ Software Interface

Note that this software can set the communication mode, the receiver mode, the transfer mode.
The default Baud rate of the OE1022D is 9600. The OE1022D has no parity bit, 8 data bits and 1
stop bit. The port number choose the COM number automatically assigned by the PC.

Users can check it at the ‘COM and LPT’ option in Device Manager of the PC, as shown in
Fig.103.

=
File Action View Help
e @ HmlE

v g% DESKTOP-GODGNIT
4| Audic inputs and outputs
[ Computer
= Disk drives
@ Display adapters
5 Human Interface Devices
g IDE ATA/ATAPI controllers
= Keyboards
Pl Mice and other pointing devices
=1 Monitors
__ﬁ Network adapters
;Z Ports (COM & LPT)
[ . - — -
T Print queues
2} Processors
[ Software devices

%/ Sound, video and game controllers
<} Storage controllers

[ System devices

§ Universal Serial Bus controllers

Fig.103 Check the port number at ‘Device Manager’
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2) After these settings are completed, if you see a black circle Iike , you need to click the

button to turn it into. If you fail in doing so, please check the port number and retry the

connection. Please note that if the baud rate is too high, packet loss might occur in process of
data transmission. In our example, we set the baud rate to be 115200 as shown in Fig.104.

Commlart Assistant (¥3.8)

COMSettings COM port data receive
Porttium 207 =] || Select COM9

Baudr [115200 J Set the baud rate to be 115200
DPaity |MOMNE

[ratab B
StopB 1

@ Close Connect/Disconnect button

Recr Options

[~ Receive to file. ..
[ Show timestamp

[ Receive as hex

[ Receive pause

Save. .. Clear

Send Options

[ Data from file ...
[ futo checksum

[ Auto clear input
[~ Zend as hex

[ Zend eyelic

Interval |1000 ms http:#fwww. emsoft. on QR 10565600
Load. .. Clear Send
[& Ready! Send: 0 Recw: 0 Fezat y

Fig.104 USB connection succeeds
4. Transfer commands to communicate with the OE1022D.
1) The command format of OE1022D is defined as follows: upper mnemonics + channel selection
(1/2) + option parameters + semicolon/carriage return sign. For more details, please see Chapter
5 Remote Programming. To send commands, firstly, clear input area. Secondly, input commands
in the sending area, single command can be finished by pressing the ‘Enter’ key rather than with
a semicolon. Thirdly, click the ‘Send’ button to send command.
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Conmlart Assistant (¥3.8)

—COkSetting COM port data receive
Poithium JCOM7 =] [ﬁ{l Return value of OE1022D
BaudR Im
DPaity Im
DataB IE 'I
StopB h 'I

@ Close

~FRecw Options
[~ Receive to file. ..

[ Show timestamp
[~ BReceive as hex

[~ Receive pause

Save, .. Clear

~Send Options

[~ Data from file ...
[ fnto check=um

[ buto clear input
[ Send a= hex

[ Send ewelic Input command
Interval Iﬁms |sEHSD?, 1
Load .. Clear Send
Number of bytes sent and received by PC
[£ Ready! || Send: 9 | Recy: 2 | Feset I,}:

Fig.105 Send and receive commands in ASCII codes
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Commlart ANssistant (3. 8)

—COMSetting [ COM part data receive
Parturn IEDMF LI 5

BaudF |1152EIIZI ,,I " Display return values in hexadecimal number,
‘OD” stands for the terminator of command.

DPaity |NE'NE 'I
NEE IE ]"
I'I vI

StopB

@ Close

~FRecv Options

[ Receive to file. ..
[ Show timestamp

W Receive az hex Convert return values to hex format

Eeceive panse

Save, .. Clear

—Send Options

[ Data from file ...
[T hute checksum
[ Anto clear input

F/ Semil om lem | Convert ASCIT values to hex format

[T Send eyelic

Interval |1'3'3"3' ms E3 45 4E B3 44 3F 2C 31 3B

Load. .. Clear Send
& Ready! | Send:18 | Reocv:d Reset | p

Fig.106 Send and receive commands in HEX

The serial assistant can automatically add carriage return sign 0XOD. You just need to click
; . and choose % .as shown in Fig.107.
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—COMSetting

~COM port data receive
Fartkurn IEDM? LI E

B audR Im 35 00
DPay |NOME |
DataB m

—

StopB

@ Close Apendi® hits setting
~Mptions
Recy Options (" Hegative Checksum
[T Receive to file. ..
[~ Show timesztamp " Fositive Checksum
[¢ Receive as hex
: |F Fined Bwte Checksum | I':'D |
[ Receive pause
B Bl Automatically append carriage return sign
=—— == . 0K | Cancel |
in the end of command.
~—Send Options
[ Data from file ...
||7 huto checksum
[ Auto clear input
[¢ Send as hex
[~ Send eyelic No need to add carriage return sign manually
Intervel [1000 ms 3 45 4E 53 44 3F 20 31 35 |
Load .. Clear izl
[& Ready! | Send: 18 | Fecw: 4 Feset I,;E

Fig.107 Setting the checksum
Multiple commands are separated by ‘;’, such as ‘SENSD 1,25;FMODD
1,1;FREQD ,1,2048;SENSD ?,1; FREQD ?,1’, as shown in Fig.108.
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2 W '3 . 3 ¥

[
X

—COMS etting
PortMum IEDM? j

BaudR |‘I152IIIIII v|
DFaity |NDNE "I

[ COM port data receive

Return value of SENSD: 25
Return value of FMODD: 1

. 04500 e+
patae |5 7] ~— Return value of FREQD: 2048
StopB I-I j"
-Kiﬂ Close

~FRecvr Options
[ Beceive to file ..

[ Show timestamp
[ Receive as hex

[ Receive panse

Save. .. Clear

~—Send Options

[ Data from file ...
¥ tute checksum

[ futo clear input
[ Send as hex

[ Send eyclic

Interval |1'3'3':' m= SEWSD 1,25;FMODD 1, 1;FREQD 1, 2043,
Load  Clesr SENSD?, 1;FMOD7, 1;FREQD?, 1; Send
[& Ready! | Send : 81 | Recw: 21 B esat |;.:‘E

Fig.108 The execution of multiple commands
If you want to read the values of <X>, <Y>, <R>, <6> and Frequency continuously, you can set
the transfer interval time as Fig.106 and Fig.107.
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Commlart Assistant (¥3:B)

—LCOkSetting COM port data receive
Pt unn IEDM? LI E

35 0D
EaudF |'|'|52|:||:| vI -
D ity |NDNE 'I 1
2.04300e+H23
[ratab IE j"
I'I vI

StopB 1. 1164807
e 2. 0346805
-@- Close F
|5, 6602805
~Reov Options ‘R” value of channel B
[ BReceive to file... | |[3. 2405205

[T Show timestamp

. 5. 8011205
[T BReceive as hex ®

[ Receive pause 1. ZE026e—0T
Save. .. Clear
4. 0553405
—Zend Options
] 7. 8636805
[T Datz from file ... :
v Anto checksum
[7 Auto clear input Send command continuously
[ Send as hex »
||7 Sond myoli o | Set the interval to be 200ms

Ve
Interval |[1000 ms OUTE?, 2 | Read the ‘R’ value of channel B

Load. .. Clear Stop
& Sending data ... | Send: 145 | Recy: 117 A ezet I Y
Fig.109 Read the ‘R’ value continuously
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- sl Y5 ———
COkSettings COb port data receive
Partlum [C0M7 |||z 4600208 -
BaugR |15 8. 03406 -0
DPaity |MOME
7. BEEER=—03

[ratab B
Stopk 1 9. 86832108

e 6. 1972705
-@- Close i

5. 4702705, —5. 4093608, 1. 0032007, —123. 044, 2. 04800 +13

Return values of X. Y. R. ® and Frequency

Fecv Options

[ Receive to file. .. | ||-1. 18589603, —7. 8997105, 7. 9532403, —95. 538, 2. 04500=+13
[ Show timestamp

[ Receive as hex

3. 1682508, 2. 0728505, 3. 7861208, —33. 196, 2. 04500 +H13

[ BReceive pause 3. 9289008, —¥. 8171005, 5. 7489003, —53. 316, 2. 04500 +H13

Save, .. Clear
4. 8084808, -2 8117803, 5. 5¥022 03, —30. 317, 2. 04800 +H13

Send Options
—4. 8207 7e—03, 2. 4675105, &, 4165505, —152. 594, 2. 04500 +13

-
v huto checksum 5. 7024308, 8. 5028708, 1. 0241307, —123. 875, 2. 04800=+132
[ Auto elesr input
[~ Send as hex —1. 8T8R2.—08, L. 6752008, 5. 9731103, —102. 315, 2. 04300=+132
v Zend cyelic W
Interval |1000 ms | lowuppe 1,0,1,2,3,4; |
Stop
Load ..  Clear Parameters are separated by comma
[& Sending data ... Send : 906 Recy : 3390 Fezat Y

Fig.110 Read the Values of X, Y, R, 6 and Freq continuously

Note that when use this software to control the OE1022D, the LCD display will refresh at the
same time.

The OE1022D supports many versions of serial debugging assistant. You can use other software
to control the OE1022D remotely.
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