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1 Introduction

Lock-in amplifiers are used to measure weak signals which may be hidden in
background noise of much higher amplitude than the actual signal that needs to be
measured.

A lock-in amplifier is essentially a frequency and phase sensitive AC-voltmeter which
allows detecting a weak signal at a specific frequency and phase which is provided
by a reference source.

FEMTO's LIA-MV(D)-200 Series Lock-In Amplifier Modules cover a wide frequency
range up to 120 kHz. The input can be configured as voltage or current input and the
sensitivity can be varied over a wide range. For adjusting the phase a digital phase
shifter is included with a resolution of 1.4°. Further control elements for setting the
time-constant, dynamic reserve, 1f/2f mode and the reference signal characteristic
are provided as well. All functions can be controlled locally my manual switches or by
the digital remote interface with TTL/CMOS control signals. Therefore the device is
ideally suited for use as a stand-alone unit or as part of a complex measuring
system.

The miniature module LIA-MV-150 with even smaller dimensions and the 19”-board
version LIA-BV(D)-150 complete FEMTO's spectrum of lock-in amplifiers for use in
scientific or industrial applications.

2 Models of the LIA-MV(D)-200 Series

The LIA-MV(D)-200 Series Lock-In Amplifier Modules are complete single phase or
dual phase lock-in amplifiers in an robust aluminum housing.

The following models are available:

LIA-MV-200-L - single phase, working frequency 5Hz ... 10kHz
LIA-MV-200-H - single phase, working frequency 50 Hz ... 120 kHz
LIA-MVD-200-L - dual phase, working frequency 5Hz.... 10kHz
LIA-MVD-200-H - dual phase, working frequency 50 Hz ... 120 kHz

While single phase units only offer the X signal which is in phase with the reference
signal the dual phase models also offer Y (90° phase shifted with respect to the
reference signal) and R signals (magnitude, vector sum of X and Y). Please note
when using a LIA-MVD-200 dual phase lock-in amplifier that due to the square wave
mixer used inside the lock in a true phase independent measurement is only possible
for a sinusoidal input signal. If your input signal has a different form the R output may
still show a moderate phase dependence.

The basic specifications of the four models are similar. Differences or extended
specifications are outlined in this manual.

The optionally available Sine-Oscillator Module SOM-1 provides an internal reference
signal.
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3 Absolute Maximum Ratings

Supply Voltage:
Signal Input Voltage AC:

Reference Input Voltage:
Logic-Inputs:

Exceeding the absolute maximum
amplifier.

4 Specifications

Voltage Signal Input
Configuration:
Voltage Range (Full Scale):
Coupling:
Gain Drrift:
Input Impedance:

Voltage Noise:
Common Mode Rejection Ratio
(CMRR):

Current Signal Input

Configuration:
Current Range (Full Scale):

Coupling:
Current Noise:
Source Capacitance:

Signal Input Filter

Adjustment:
Upper-Cut-Off-Frequencies:
Lower-Cut-Off-Frequencies:

Characteristic:
Frequency Accuracy:

Reference Input
Input Voltage Range:

Input Impedance:

22V
50 Vpp

+15V
-5..+415V

ratings may result in damage to the lock-in

instrumentation amplifier, true-differential

3 WVrms to 1 Vimg (switchable in 1-3-10 steps)
AC

<100 ppm/ K

1 MQ Il 4 pF

12nV/+Hz

110 dB @ 1 kHz, 100 dB @ 10 kHz

transimpedance amplifier, -100 kV/A, (inverting)
30 pArms t0 10 HArms

(switchable in 1-3-10 steps)
DC

0.4 pA/+Hz
10 pF — 500 pF

cut-off frequencies (- 3 dB) via internal jumpers
100 Hz /1 kHz /10 kHz /100 kHz / 1 MHz
Model —-L: 0.2Hz/1Hz/10Hz /100 Hz/ 1 kHz
Model -H: 2 Hz /10 Hz /100 Hz / 1 kHz / 10 kHz
6 dB / Octave

+20 %

bipolar: £ 100 mVto 5V
(comparator threshold: 0 V)
TTL:-5Vto+10V
(comparator threshold: + 2 V)
1 MQII10 pF



LIA-MV(D)-200 Series

FE;}TO(@

Acquisition Time
Slow Setting:
Fast Setting:

Phase
Adjustment Range:
Resolution:

Accuracy:
Orthogonality:
Dynamic Reserve
Demodulator:

Output
Output Channels:

Output Voltage:
Output Current:
Impedance:
DC-Drift:

Basic Accuracy:
Vector-Sum Accuracy:

Output Offset Range:

Signal Monitor Output

Monitor Gain:
Monitor Output Voltage Range:
Monitor Output Impedance:
Monitor Output Current:

Time Constants

Range:

Filter-Characteristic:

4 s max.
2 S max.

0 — 360°, digitally controlled
1.4° (8 bit) or 2.8° (7 bit)
drift: <100 ppm /K

>0.3°

<0.1°

15 dB @ ,ultra stable” setting
35 dB @ ,low drift” setting
55 dB @ ,high dynamic® setting

X —in phase

Y — quadrature (dual phase models only)

R — magnitude (dual phase models only)
+10V @ > 2 kQ load

+ 5 mA max.

50 Q (terminate with load > 10 kQ for best results)
5 ppm /K @ ,ultra stable“ setting

50 ppm / K @ ,low drift“ setting

500 ppm / K @ ,high dynamic* setting

2 % (X and Y output)

for sinusoidal input signal

4 % (dual phase models only)

for sinusoidal input signal

*+ 100 % full scale with £ 10 V control voltage

1 — 3333, depends on AC signal amplification
+ 8 V max.

100 Q

+ 10 mA max.

model —-L: 3 msto 10 s
(switchable in 1-3-10 steps)
model —H: 300 psto 1's
(switchable in 1-3-10 steps)

6 dB or 12 dB/octave switchable
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Digital Control

Control Voltage high:
low:

+1.8V..+12V
-08V..+08V

Control Current OMA@OV;15mA@ +5V;45mA @ +12 V typ.

Output Voltage active:

+4.5 V typ.

non active:0 V typ.

Output Current:

LED Indications:
Power Supply

Supply Voltage:

Supply Current:

Temperature Range
Operating:
Storage:

Dimensions and Weight

Dimensions:
Weight:

10 mA max.
overload, unlocked and power

15 VDC min.

+ 18 VDC max.

+ 120 mA; - 60 mA typ. (depends on operating
conditions, recommended power supply capability
minimum = 150 mA)

0°C..+50°C
-40 °C ...+ 100 °C

105 mm x 223 mm x 64 mm (without BNC sockets)
approx. 1000 g (2.2 Ibs)
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5 Standard Configuration of the Lock-In Amplifier
(Factory Settings)

5.1

Amplifiers without Optional SOM-1 Module

Standard factory settings are as follows:

The BNC socket ,SIGNAL INPUT* is configured as single ended
AC coupled voltage input

The output signal is available as in-phase signal at the BNC terminal
,LOUTPUT X*“. In addition the dual phase models LIA-MVD-200 provide
quadrature and vector-sum outputs at ,OUTPUT Y* and ,OUTPUT R,
respectively.

The lower cut-off input signal filter is set to 0.2 Hz for L-models and to 2.0 Hz
for H-models. The upper cut-off frequency is set to > 1 MHz for both models.

The working frequency range for L-models is 5 Hz...10 kHz, 1f-mode and
2f-mode are possible. The phase shifter resolution is 8 bit at 1f-mode and

7 bit at 2f-mode.

The working frequency range for H-models is set to 50 Hz...120 kHz, only 1f-
mode is supported (DIP switch S2 is without function in this setting). The
phase shifter resolution is 7 bit.

The signal monitor output is not externally available.

The external reference voltage must be fed to the BNC socket
.Reference INPUT*

To change the standard configuration see chapter 9.

5.2 Amplifiers with Optional SOM-1 Module

The lock-in amplifiers can be equipped with the optional SOM-1 reference signal
module. The standard configuration is similar to the one described in chapter 5.1
except for the BNC socket ,REFERENCE INPUT* which now functions as output
socket.

The internal SOM-1 module generates a sine wave reference signal. It is directly
connected to the internal lock-in reference input. Factory set to 1 kHz and 1 Vs this
reference signal is also available at the BNC terminal ,REFERENCE INPUT* for
external use.
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6 Getting Ready to Use the LIA-MV(D)-200

The LIA-MV(D)-200 requires a DC supply voltage of £ 15 V connected to the

3-Pin LEMO socket on the backside of the amplifier.

We recommend to use the PS-15 FEMTO power supply as it is designed for optimum
performance of the lock-in amplifier.

PIN 1
+Vs

PIN 3
GND

Figure 1: 3-Pin-LEMO Socket

The positive and negative supply voltages should be switched on simultaneously.

In order to avoid noise pickup you should use a coaxial cable to connect the signal
source or the preamplifier to the lock-in signal input. The factory setting for the input
is an AC coupled voltage input configuration. For changing this setting please see
chapter 9.

An external reference signal needs to be connected to the BNC socket
LREFERENCE INPUT”. Please use coaxial cables for the reference signal as well
and make sure that the signal is in the correct voltage and frequency range. If you
ordered a lock-in amplifier with optional SOM-1 reference oscillator the reference
signal is generated internally and can be picked up at the BNC socket labeled
,REFERENCE INPUT” for external use in your set-up.

Finally, the signal outputs should be connected using coaxial cables to a voltmeter,
analog/digital converter, oscilloscope or similar.

7 Manual Operation

The parameters of the lock-in amplifier are controlled by four hexadecimal switches
(0 — F) and four DIP switches on the front panel.

H 1f F 0V LED

Time- Sensitivity Phase

constant Coarse Fine L 2f S2v Q Power
\‘// \‘// \\‘// \\\// OFF

Cof | |0F | |18 | |1oE 5553 ()] v

. . . < B - . . S s s s

g At Mt Nt 1 2 3 4 QOverIoad

Figure 2: View of the front panel
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7.1 LED Indications

The LEDs on the front panel provide the status information:

Power (green) power supply on
Overload (red) noise level too high, dynamic reserve not sufficient,
incorrect gain range
Unlocked (red) PLL not locked, reference signal not connected or out of range

7.2 Gain and Dynamics

AC-Amplifier Phase DC-Amplifier
Detector
IN / \ — \ ouT
Band Pass Low Pass
Gain =10 Gain =10
Adjustable Gain Adjustable Gain

Figure 3: Block diagram

The block diagram shows the path along the involved stages:

e AC-amplifier — amplifies the input signal for further processing along the
lock-in signal path.

e |nput band pass filter with adjustable upper and lower frequency limits — useful
for eliminating strong noise or perturbation components.

e Phase detector — this is the core of the lock-in amplifier which multiplies the
input signal (including the noise) with the reference signal. This process is also
know as mixing and translates the actual signal at the reference frequency
down to DC level.

e Low pass filter with adjustable time constant — responsible for eliminating all
non-DC components and for smoothing the output.

e DC-amplifier — amplifies the smoothed signal to the desired output level.

The gain of the AC-amplifier at the signal input and the gain of the DC-amplifier at the
output can be adjusted via the hexadecimal switch ,Sensitivity” (settings Onex t0 Frex)
and via the DIP switch S1 ,Dynamic Reserve® on the front panel.

A very important parameter is the required dynamic reserve which is the ratio of the
largest tolerable noise level to the signal for full scale output. For example, if the lock-
in is set to a sensitivity of 10 pV for a full scale output a dynamic reserve of 40 dB
means that the noise level can go up to 1 mV (= 40 dB equals a factor of 100) without
overloading the amplifier. In this setting a 10 uV rms input signal covered in up to 1
mV noise will result in the full scale output of the lock-in amplifier (10 V DC at the
output). Even smaller input signals can be measured in this setting. In our example
an input signal of 1 pV rms will result in an output signal of 1 V DC even if the noise
level is still 1 mV at the input.

10
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A certain amount of overall gain can be achieved either by high AC-amplification and
low DC-amplification or by low AC-amplification and high DC-amplification. However,
the consequences with respect to DC-stability and dynamic reserve are contrary and
require a careful selection of the settings. For this reason the series LIA-MV(D)-200
lock-in amplifiers offer 3 different modes of operation to allow the best possible
compromise between dynamic reserve and output stability in varying applications:

e High Dynamic Reserve — for small signals with high noise level; the dynamic
reserve in this setting is at least 55 dB; the DC drift is 500 ppm/K.

e Low Drift — for medium signals with medium noise level; the dynamic reserve
is 35 dB; the DC drift is 50 ppm/K; this mode is achievable with two different
combinations of switch settings as described in table 1 below.

e Ultra Stable — for a very stable output signal; the DC-drift is excellent with just
5 ppm/K; the dynamic reserve is 15 dB.

The following parameters determine the distribution of the overall gain to the various
stages. Table 1 lists these parameters for the 3 different modes of operation:

e Input level of the signal of interest
The level of the signal to be measured is usually determined by circumstances
of the measurement set-up. The figures in the column ,Input Signal“ show the
maximum input level for linear operation of the lock-in without overload. This
maximum input level will result in the full scale output of 10 V.

e The required output level
The output level is usually determined by the instruments following the lock-in
for signal analysis (e.g. DC voltmeter, A/D converter or oscilloscope). Typical
values of the output level are in the range of 1...10 V.

e Stability of the output
The stability of the lock-in output is mainly determined by the DC temperature
drift of the DC-amplifier. To optimize the stability of the output level the DC-
amplification should be kept as low as possible unless limited by other
parameters. The temperature drift is thus minimized.

e Maximum dynamic reserve
As outlined above the dynamic reserve is a measure of the lock-in’s ability to
recover signals that are buried in noise. For measurements with high noise
levels or other spectral components which cannot be rejected by the
adjustable band pass filter ahead of the phase detector the dynamic reserve
should be increased to guarantee that the actual signal can be extracted from
the noise components.

We recommend to start with the ,Ultra Stable” mode if high noise is not expected. In
this setting the value of the noise signals can be still 6 times (15 dB) higher than the
selected sensitivity setting. An adjustment of the phase shifter should be performed
to ensure that the output signal reached the maximum possible value.

If despite of a low output signal level the ,Overload-LED* is lit the phase detector
might be overloaded due to high noise components. In this case switch to the ,Low
Drift“ or ,High Dynamic Reserve® modes to increase the dynamic reserve and to
avoid an overload of the phase detector by noise signals. This will result in lower
output stability though as the temperature drift increases.

11
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If the ,Overload-LED” is on even in the ,High Dynamic” mode with the output not yet
reaching 10 V an extremely high interfering or noise signal has been picked up and
the lock-in amplifier is not able to work properly. In this case check carefully all
connections between the lock-in amplifier and the signal source, especially screening
and grounding. Additionally a modification or adjustment of the switchable low and
high pass filter may cure the problem (see chapter 9 for details).

For the single phase models LIA-MV-200 a phase adjustment is necessary to
achieve best performance and to select the optimum sensitivity setting (see the
following chapter 7.3). For the dual phase models LIA-MVD-200 a phase adjustment
is recommended if the input signal is not of sinusoidal shape as otherwise the square
wave mixer used inside the lock-in will not produce optimum results (see also chapter
2).

The following table 1 lists the main parameters of the lock-in amplifier for the 3
different modes of operation and in dependence of the selected sensitivity setting.

12



LIA-MV(D)-200 Series

FE;}TO(@

Mode Characteristics Ingﬂhssi(g:;a; gmf))uior Total Gain Gain Switch Setting
Voltage | Current AC-Gain|DC-Gain| Hex Switch DIP§¥V ftch

gi)?nhamic Small signal 3uv 30pA | 3x10%6 300 100 Frex H

Reserve high noise level 10 pv 100 pA | 1x10"6 100 100 Enex H

dynamic reserve 55 dB 30 uv 300 pA | 3x10%5 30 100 Dhex H

DC-drift 500 ppm/K 100 pv 1nA 1x1075 10 100 Chex H

300 pVv 3nA 3x10"4 3 100 Bhex H

1mV 10 nA 1x1074 1 100 Anex H

3mVv 30 nA 3x10"3 0.3 100 Ahex H

10 mV 100 nA | 1x10"3 0.1 100 8hex H

Low Drift medium signal 30 uv 300 pA | 3x1075 300 10 Thex H

medium noise level 100 pVv 1 nA 1x1075 100 10 Bhex H

dynamic reserve 35 dB | 300 pV 3nA 3x10M4 30 10 Shex H

DC-drift 50 ppm/K 1mV 10 nA 1x1074 10 10 Apex H

3mVv 30 nA 3x10"3 3 10 Bhex H

10 mV 100 nA | 1x10"3 1 10 2hex H

30mV | 300 nA | 3x10"2 0.3 10 1 hex H

100 mV 1pA 1x1072 0.1 10 Ohex H

30V | 300 pA | 3x10"5 300 10 Frex L

100 pv 1nA 1x1075 100 10 Ehex L

300 pv 3nA 3x10"4 30 10 Drex L

1mV 10 nA 1x1074 10 10 Chex L

3mVv 30 nA 3x10"3 3 10 Bhex L

10 mV 100 nA | 1x10"3 1 10 Anex L

30mV | 300 nA | 3x10"2 0.3 10 hex L

100 mV 1pA 1x1072 0.1 10 8hex L

Ultra Stable |high signal 300 pv 3nA 3x10M4 300 1 7 hex L

small noise level 1mV 10 nA 1x1074 100 1 Bhex L

dynamic reserve 15 dB 3mVv 30 nA 3x1073 30 1 Shex L

DC-drift 5 ppm/K 10 mVv 100 nA | 1x10"3 10 1 Apex L

30mV | 300 nA | 3x10"2 3 1 Shex L

100 mV 1pA 1x1072 1 1 2hex L

300 mV 3 pA 3x10M 0.3 1 Thex L

1V 10 pA 1x10M 0.1 1 Ohex L

Table 1: Gain and Dynamics LIA-MV(D)-200

13
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7.3 Adjusting the Phase

The correct phase adjustment between the input signal and the reference signal is
very important in order to obtain maximum output signals.

The phase can be adjusted with the hexadecimal-code switches ,Coarse” and ,Fine®
to achieve a maximum output signal at the ,X-OUTPUT". For dual phase models
LIA-MVD-200 the ,Y-OUTPUT* will reach a value close to zero like this as X and Y
are phase shifted by 90°. If the input signal has a sinusoidal shape the ,R-OUTPUT"
of dual phase models automatically delivers the maximum output signal without the
need for phase adjustment. If the signal is not a sine wave the ,R-OUTPUT” will
show a phase dependence which might be reduced by further signal filtering. Please
contact FEMTO for details.

The phase is adjustable with the two hex-code switches in a total of 256 steps. The
positions of the switches are encoded as an 8-bit word from 0 to 255, corresponding
t0 0O0Hex..-FFHex, respectively.

Depending on the configuration of the lock-in amplifier and the chosen operating
mode the phase shifter provides either 8 or 7 bit resolution (for standard configuration
see chapter 5).

7.3.1 Phase Shifter Resolution of 8 Bit

The code-switches ,Coarse”“ and ,Fine“ enable 22.5°and 1.4° resolution,
respectively.

The 8 bit resolution is available for the following models and modes of operation:
e |-models with standard configuration in 1f-mode.

e H-models with modified configuration for a maximum working frequency of
60 kHz in 1f-mode (for changing the standard configuration please see chapter
9).

If the phase shifter is set to 8 bit resolution the phase can be calculated as follows:

CODEbec
256

Phase =360

The shown position is C6nex equivalent
90°ls ——— 3 ¢|270°  456° (4 9° 1o 198pec . Using above formula the
phase is calculated as 278.4°.

In a less mathematical way the code-switch ,Coarse” represents directly the
geometrical angle of the phase whereas the code switch ,Fine” is used for the
fine calibration.

14
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7.3.2 Phase Shifter Resolution of 7 Bit

In this mode the code-switches ,Coarse” and ,Fine“ enable 45°and 2.8 ° resolution,
respectively.

The 7 bit resolution is available for the following models and operating modes:
e |-models with standard configuration in 2f-mode.
e H-models with standard configuration.

e H-models with modified configuration for a maximum working frequency of
60 kHz in 2f-mode (for changing the standard configuration please see chapter
9).

If the phase shifter is set to 7 bit resolution the phase can be calculated as follows:

CODEpbec
128
In a less mathematical way the geometrical angle of the code-switch ,Coarse”

represents half of the adjusted phase angle (45° geometrical angle = 90° phase
angle) whereas the code-switch ,Fine” is used for the fine calibration.

Phase =360-

Table 2 shows a few examples of different phase shifter settings and corresponding
phase values.

Code Phase Code Phase
HEX DEC 8 bit 7 bit HEX DEC 8 bit 7 bit
00pex Opec 0° 0c 80uex | 128pec| 180° 360°¢
20uex 32pec 45¢ 90° 08uex 8pec| 11.25¢ | 22.5¢
404ex 64pec 90° 180° 0ChEex 12pec| 16.9° 33.8¢
60uex 96pec | 135¢ 270¢ EOuex | 224pec| 315° 630°

Table 2: Examples of phase settings (8 bit and 7 bit resolution)

7.4 2f-Mode

The LIA-MV(D)-200 Series Lock-In Amplifiers allow for the use of the 2f-mode.

In 2f-mode the lock-in amplifier detects the signal components at the second
harmonic of the reference frequency. This mode is useful for measuring the harmonic
content of a signal e.g. in resonance absorption measurements. When the 2f-mode is
selected with DIP switch S2 the reference frequency will be internally doubled and
the resolution of the phase shifter will be reduced to 7 bit (see chapter 7.3.2).

In standard configuration 2f-mode is only available for L-models. To use this mode
with H-models a modified configuration is necessary (see chapter 9 for details).

15
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7.5 Time Constant and Filter Characteristics

The choice of the time constant is always a compromise between noise suppression
and measurement time.

Increasing the time constant will result in a more accurate and less noisy output
signal of the lock-in amplifier. At the same time the measurement period will increase
as well as it takes more time to reach a stable output signal. The amount of
fluctuations on the output signal is inverse proportional to the chosen time constant.

The measurement period is proportional to the time constant. As a rule of thumb it is
advised to wait ca. five times the set time constant before reading the lock-in output
in order to achieve an accurate and stable output signal. The accuracy is dependent
on the measurement period and can be described by the following formula:

Errorin %: & =100 x exp (- t/T) t = measurement time,
T = lock-in time-constant

Example: If you chose a time constant of 1 s with the hexadecimal switch on the front
panel you should wait ca. 5 s before reading the signal at the output of the lock-in.
During this time the output signal will approach its final end-value. After 1 s the lock-
in output will have reached 63 % of the end-value and the remaining error is 37%.
After 2 s the error is 14 % and after 3 s only 5 %. After 5 s the lock-in output will have
an error of less than 1 % with respect to the final end-value you would achieve after
an infinite measurement period.

For setting the time-constant a low pass filter with either a 12 dB/octave or a

6 dB/octave characteristic can be chosen. Usually the 12 dB/octave characteristic
should be used because of the much better noise performance. Only in closed-loop
systems where stability is very important and may be negatively influenced by the
second order filter the 6 dB/octave characteristic is more useful.

The time constant of the output low pass filter is selected by the hexadecimal
switch , Time Constant”.

Time constant | Time constant Hexadecimal switch
Model ,,-L* Model ,,-H* 6dB/Octave 12dB/Octave

3ms 300[.18 Onex 8HEX

10ms 1ms 1HEX HEX

30ms 3ms 2HEX Anex

100ms 10ms 3HEX BrEx

300ms 30ms 4pex ChEex

1s 100ms BHEx DHex

3s 300ms BHEX Enex

10s 1s 7HEX Fhex

Table 3: Time constants

16
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7.6 DIP Switches
The 4 DIP switches

DIP switch S1

DIP switch S2

DIP switch S3

DIP Switch S4:

S1-S4
shown in figure 2 control the following operating parameters:

Choice of high or low dynamic reserve. In combination with the
~Sensitivity” hexadecimal switch the 3 modes of operation for the
AC- and DC-amplifiers can be selected (see chapter 7.2)

Enables either detection of the fundamental signal when
switched to ,off* (1f-mode) or detection of the second harmonic
signal when switched to ,on“ (2f-mode).

When using H-models in the standard configuration S2 is
inoperative. To use 2f-mode with a H-model the internal jumper
settings need to be changed (see chapter 9.4). Please note that
the input fundamental signal as well as the maximum reference
frequency is limited to 60 kHz (see chapter 7.3.2, 7.4 and 9.4)

Determines the time the internal PLL (Phase-Locked-Loop)
circuit requires to lock to the external reference signal. The two
settings are:

SLOW: (,ON®) This is the most common setting which should be
preferred if the measuring frequency is at a fix value. The phase
is extraordinary stable in this setting.

FAST: (,OFF“) In frequency-sweeping measurements with an
external oscillator sweeping relatively fast over a wide range (e.g.
100 Hz ... 10 kHz) best results are achieved with this setting.

If the unlocked LED is ,ON*“ the PLL is not locked. In this case
make sure that the frequency and amplitude of your reference
signal are within the specified ranges. For reference frequencies
below 40 Hz we recommend the ,slow* setting.

Selects the threshold level for the reference comparator.

For e.g. a sinusoidal reference signal centered around zero with
a voltage of £ 100 mV... £ 5 V or analog reference signals
without DC-shift the level should be set to ,0 V*.

If the reference signal is a digital signal (TTL, CMOS) the switch
should be set to ,2 V*.

Dip switch Switch setting

OFF ON

S1

Low Drift and High Ultra Stable and Low
Dynamic Mode Drift Mode

S2

1f-Mode 2f-Mode

S3

PLL Fast Locking PLL Slow Locking

S4

Threshold of Threshold of
Reference Input =0 V Reference Input =2 V

Table 4: DIP Switches

17
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8 Operation with Control Interface

The LIA-MV(D)-200 Series Lock-In Ampilifiers provide TTL/CMOS-compatible digital
inputs which are isolated from the analog circuits by opto-couplers. The digital input
levels must remain static during a measurement. The best choice for providing the
TTL-bits and programming the lock-in amplifier is a standard PC 1/O interface card
with digital outputs. A high-level at the TTL-input presents a logical 1.

The digital inputs of the lock-in consist of 3 groups. The first group controls the phase
shift. These 8 bits correspond, as described in chapter 7.3, to a binary number of 0 to
255. A second group of four bits controls the time constants and a third group of four
bits manages the full scale sensitivity of the lock-in amplifier. Finally, there is one
further digital input which can be used to disable the local hexadecimal switches on
the front panel (see chapter 8.3).

The DIP switches cannot be remote controlled.

8.1 Assignment of the SUB-D 25 Pin Socket

Pin 1 + 12 V (Stabilized Power Supply Output)
Pin 2: - 12 V (Stabilized Power Supply Output)
Pin 3: AGND (Analog Ground)

Pin 4: + 5V (Stabilized Power Supply Output)
Pin 5: X-Output

Pin 6: Overload Status Output

Pin 7: Unlocked Status Output

Pin 8: Disable Local Switch Control Input

Pin 9: DGND (Ground for Digital Control Pins 8 - 25)
Pin 10: Dynamic Mode (DYNO)

Pin 11: Sensitivity (SENO)

Pin 12: Sensitivity (SEN1)

Pin 13: Sensitivity (SEN2)

Pin 14: Time Constant Slope (TCSL)

Pin 15: Time Constant (TCO)

Pin 16: Time Constant (TC1)

Pin 17: Time Constant (TC2)

Pin 18: Phase Shift (PHO)

Pin 19: Phase Shift (PH1)

Pin 20: Phase Shift (PH2)

Pin 21: Phase Shift (PH3)

Pin 22: Phase Shift (PH4)

Pin 23: Phase Shift (PH5)

Pin 24: Phase Shift (PH6)

Pin 25: Phase Shift (PH7)
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8.2 Overview of all Digitally Controllable Functions

Time Constants 6/12dB | T.C. T.C. T.C.
Octave | MSB LSB
HEX | Time constant | Time constant Filter Pin14 | Pin17 | Pin16 | Pin 15
Model ,,-L* Model ,,-H* characteristic
0 3 ms 300 us 6 dB Low Low Low Low
1 10 ms 1ms 6 dB Low Low Low High
2 30 ms 3 ms 6 dB Low Low High Low
3 100 ms 10 ms 6 dB Low Low High High
4 300 ms 30 ms 6 dB Low High Low Low
5 1s 100 ms 6 dB Low High Low High
6 3s 300 ms 6 dB Low High High Low
7 10s 1s 6 dB Low High High High
8 3ms 300 us 12 dB High Low Low Low
9 10 ms 1ms 12 dB High Low Low High
A 30 ms 3 ms 12 dB High Low High Low
B 100 ms 10 ms 12 dB High Low High High
C 300 ms 30 ms 12 dB High High Low Low
D 1s 100 ms 12dB High High | Low [ High
E 3s 300 ms 12 dB High High High Low
F 10 s 1s 12 dB High High High High

Table 5: Time Constants
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Full-Scale Sensitivity Low-Drift | Sensitiv. | Sensitiv. | Sensitiv.
at DIP switch S1 = OFF HighOyn. | MSB Lo
HEX Voltage |Low Drift| High Pin 10 Pin 13 Pin 12 Pin 11
Input Dyn.
0 100mV X - Low Low Low Low
1 30mV X - Low Low Low High
2 10mV X - Low Low High Low
3 3mV X - Low Low High High
4 imV X - Low High Low Low
5 300pV X - Low High Low High
6 100uV X - Low High High Low
7 30uV X - Low High High High
8 10mV - X High Low Low Low
9 3mV - X High Low Low High
A imV - X High Low High Low
B 300pV - X High Low High High
C 100pV - X High High Low Low
D 30uV - X High High Low High
E 10pV - X High High High Low
F 3uV - X High High High High
Full-Scale Sensitivity Ultra Stab. | Sensitiv. | Sensitiv. | Sensitiv.
at DIP switch S1= ON AL LR Loz
HEX | Voltage Ultra Low Drift | Pin 10 Pin 13 Pin 12 Pin 11
Input Stable
0 1V X - Low Low Low Low
1 300mV X - Low Low Low High
2 100mV X - Low Low High Low
3 30mV X - Low Low High High
4 10mV X - Low High Low Low
5 3mV X - Low High Low High
6 imV X - Low High High Low
7 300pV X - Low High High High
8 100mV - X High Low Low Low
9 30mV - X High Low Low High
A 10mV - X High Low High Low
B 3mV - X High Low High High
C imV - X High High Low Low
D 300pV - X High High Low High
E 100pV - X High High High Low
F 30uV - X High High High High

Table 6: Sensitivity
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Phase Coarse Phase Phase Phase Phase
(Ph7) (Ph 6) (Ph 5) (Ph 4)
HEX Degree SUB- D 25 Socket
8 Bit |7 Bit Pin 25 Pin 24 Pin 23 Pin 22
0 0 0 Low Low Low Low
1 22.5 45 Low Low Low High
2 45 90 Low Low High Low
3 67.5 135 Low Low High High
4 90 180 Low High Low Low
5 112.5 225 Low High Low High
6 135 270 Low High High Low
7 157.5 315 Low High High High
8 180 360 High Low Low Low
9 202.5 405 High Low Low High
A 225 450 High Low High Low
B 247.5 495 High Low High High
C 270 540 High High Low Low
D 292.5 585 High High Low High
E 315 630 High High High Low
F 337.5 675 High High High High
Phase Fine Phase Phase Phase Phase
(Ph 3) (Ph 2) (Ph 1) (Ph 0)
HEX Degree SUB- D 25 Socket
8 Bit | 7 Bit Pin 21 Pin 20 Pin 19 Pin 18
0 0 0 Low Low Low Low
1 1.41 2.81 Low Low Low High
2 2.81 5.62 Low Low High Low
3 4.22 8.44 Low Low High High
4 5.63 11.25 Low High Low Low
5 7.03 14.1 Low High Low High
6 8.44 16.9 Low High High Low
7 9.84 19.7 Low High High High
8 11.25 | 225 High Low Low Low
9 12.7 25.4 High Low Low High
A 141 28.2 High Low High Low
B 15.5 31.0 High Low High High
C 16.9 33.8 High High Low Low
D 18.3 36.6 High High Low High
E 19.7 39.4 High High High Low
F 21.1 42.2 High High High High

Table 7: Phase Shifter: 8 bit and 7 bit Resolution
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9 Mixed Operation

There are two ways of remote control operation depending on the digital signal at the
input ,Disable Local Switch Control“ (Pin 8 of SUB-D 25 socket). High-level applied to
this input enables exclusive remote control operation of the settings for time-
constant, sensitivity and phase. All manual hexadecimal switches are out of function
in this mode. Only the DIP switch settings are relevant as these cannot be remotely
controlled.

A mixed mode of operation with digitally remote and manually controlled functions is
enabled when Pin 8 is left open or set to ,Low". The internal and external control-bits
are then connected by a logical OR function. To ensure a perfect remote control
operation in this mixed mode make sure to switch the corresponding hexadecimal-
switches to position ,,0. The other remaining switches allow for manual operation.

10 Advanced Configuration of the Lock-In Amplifier

Attention: The following advanced configuration requires opening the
housing of the lock-in amplifier. Read the documentation carefully
before opening the device. Close the device before putting it back
into operation. When changing the configuration pay close
attention to the instructions provided further down. A failure in the
configuration can damage the device and may expose you to
shocks and other hazards.

10.1 Opening and Closing the Device

Before opening the device remove the power supply cable and all signal lines.
Remove the 2 upper screws from the rear panel and the 2 upper screws from the
front panel. You may also slightly loosen the 2 lower screws on the front panel
allowing the top lid to open up smoothly.

Attention: On older models a grounding wire attached to the main board is
fixed by the upper left screw on the rear panel. When loosening
the screw a toothed lock washer may fall down on the board of the
lock-in amplifier. Remove the toothed lock washer to avoid
damage (or short circuit) to the board. On newer models the
ground wire is attached by a flat connection directly to the top lid.
You can leave this connector plugged while changing the
configuration of the lock-in amplifier.

After changing the configuration close the housing by starting with the left upper
screw of the rear panel. Insert the toothed lock washer between the case and the
rear panel together with the feeder clamp of the grounding wire before mounting the
screw. On newer models with a direct grounding connection to the top lid you can
mount the left upper screw right away without the need of attaching a washer or
feeder clamp first. After fastening the left upper screw mount the right upper screw of
the rear panel and the remaining 4 screws of the front panel.
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Please bear in mind that the housing is made of relatively soft aluminum. Therefore
pay attention when tightening the screws as too much torque may damage the
tapped holes.

10.2 Optional Sine-Oscillator-Module SOM-1

The optional Sine-Oscillator-Module SOM-1 is especially designed for those
applications where a fixed reference frequency is required and an external reference
generator is not available to modulate the signal source and drive the reference
frequency input of the lock-in amplifier.

The SOM-1 can be set to generate a reference frequency between 5 Hz and 130 kHz
without an additional signal generator. The reference frequency and amplitude of the
module are adjustable by a trimpot and a jumper setting (see figure 4).

The SOM-1 is optimized for fixed frequency operation. Therefore in applications
where the reference frequency has to be varied during the measurement within the
specified range of the LIA-MV(D)-200 an external reference oscillator should be
used.

The SOM-1 requires a supply voltage of + 15 V which is supplied by the lock-in
amplifier.

The SOM-1 is delivered in standard configuration with the following pre-settings:
Frequency: 1.0 kHz
Amplitude: 1 Vipes.

To modify these settings you have to open the device (see chapter 9.1).

First, the user has to decide which reference frequency is adequate for his
application. The reference frequency has to be within the specified range of the
LIA-MV(D)-200 module. There are 4 ranges for the reference frequency which can be
selected by the jumper JP6 on the SOM-1 module (see datasheet of the SOM-1
module for details). The trimpot ,frequency adjust” adjusts the frequency within these
ranges. The trimpot ,amplitude adjust allows to adjust the amplitude, which can be
set from 0 to 2 Vims. The maximum output current of the oscillator is £ 5 mA.

Routing the SOM-1 frequency to the BNC socket (labeled ,Reference Input®) requires
the setting of the relevant jumpers in the jumper field 3 on the adapter-board of the
lock-in amplifier (see table 10 and figure 5). Once the jumpers are set correctly the
frequency and amplitude can be checked at the BNC socket labeled ,REFERENCE
INPUT".

The SOM-1 needs a relatively long warm-up time of up to 30 minutes after switching
on the power supply. During this warm-up time the frequency can drift up to 15 %. If
a more stable frequency is needed an external reference frequency should be used
for synchronization (see table 10).

For further information please see also the datasheet of the SOM-1 module!
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10.3 Modification of the Input Signal Filters

The LIA-MV(D)-200 series provide adjustable input signal filters. Optimizing the filter
settings can increase the dynamic reserve which might be important especially for
measurements in noisy environments. The lower and upper cut-off frequency can be
set independently by a low pass and a high pass filter according to the following
table:

lower cut-off frequency (-3dB) JP3 upper cut-off JP1 JP2
Model -L Model -H frequency (-3dB)

0,2Hz * 2Hz* 3-4 100 Hz 1-2 1-2

1 Hz 10 Hz 1-3 1 kHz 3-4 3-4

10 Hz 100 Hz 2-4 10 kHz 5-6 5-6

100 Hz 1 kHz 3-5 100kHz 7-8 7-8

1 kHz 10 kHz 4-6 >1MHz* free free

* standard configuration
Table 8: Setting of the Signal Filters: Jumpers JP1-JP3

© o)
Control Interface
Extension Connector 1
7531
JP2
8642
7531
JP1
8642 2] Monitor Output
97531
JP3

108642 Filter Extension X Freq, Comp. @ | @

Connector 1
Amplitude Adjust

Reference Oscillator
Y Freq. Comp Extension Connector Frequency Adjust

EF
X Offset Adjust JP6 ;

X Gain Adjust "
EI:I Optional Reference

Oscillator Module
- - 2468
Trimmer for Service
purposes only ! JP4

SOM-1
1357

Y Offset Adjust

:I:I Y Gain Adjust
d_]

Time Sensitivity Phase  Phase
Constant Coarse  Fine s

ST 11 TTI T Il

|

$Z01-1031-14
Lock-In-Amplifier Board

Figure 4: Overview of the Jumper Positions

24



LIA-MV(D)-200 Series

FE;}TO(@

10.4 Setting the Working Frequency Range (H-Models Only)

The factory setting for the H-model lock-in amplifiers provides a working frequency
range from 50 Hz to 120 kHz with a phase shifter resolution of 7 bit. The switch ,S2°
for selecting the 2f-mode is inoperative. If you need 2f-mode or a phase shifter
resolution of 8 bit you have to change the jumpers in field 4 (see table 9). Please
note that this will limit the working frequency to a range of 50 Hz to ca. 60 kHz.

Model Frequencies at Lock-In | Jumper Position Phase
Reference input Mode Block DIP switch Shifter
JP4 S2 Resolution
-L 5 Hz <f<10kHz 1f 1-2 1f 8 bit
-L 5Hz<f<10kHz 2f 1-2 2f 7 bit
-H |50 Hz < f < 120kHz 1f 3-4 irrelevant 7 bit
(factory setting) and
5-6
-H |50 Hz < f < 60kHz 1f 1-2 1f 8 bit
-H |50 Hz <f<60kHz of 1-2 2f 7 bit
Table 9: Jumper Settings for Different Working Frequency Ranges and

Operating Modes
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10.5 Changing the Assignment of the BNC Sockets

The assignment of the BNC sockets on the rear panel can be changed and adapted
to the particular operation conditions.

J DIN 41612 -R

o8]

NER

(@]

( JcINoINa

+U-IN->IN A

() von->ouT B
() MoN->ouT €
() uN-> ouT B
() un-sout ©
() ou->out B
() ou->out €
() REF.-0UT->0UT C

JP2, OQUTPUT

REF-0UT->REF-IN
REF-SYN->REF
REF-IN->REF
REF-SYN->REF
REF-IN->REF
REF-0UT->REF-IN

JP3/REFER.

Figure 5:

GND

SIG

i
O

SIG

GND

SIG

GND

SIG

GND

SIG

()

-

SIGNAL
INPUT

X-OUTPUT

Y-OUTPUT

R-OUTPUT

REFERENCE
INPUT

View of the Jumper Field of the Adapter Board for a Dual Phase
Model LIA-MVD-200 Showing Standard Configuration Without
SOM-1 Sine Oscillator Module.

Remark: Single phase models LIA-MV-200 do not contain the BNC sockets
,Y-OUTPUT" and ,R-OUTPUT".

The following options for special configurations correspond mostly to dual
phase models LIA-MVD-200.
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10.5.1 Options for the Assignment of the BNC Socket ,,REFERENCE INPUT*“

and can be synchronized with an
external signal generator.

The reference signal of the SOM-1
module is also externally available at
the socket ,R-OUTPUT".

(dual phase models only)

Socket Function Set Jumper Jumper Field
An external reference frequency is ~REF-IN->REF* 2X 3
used.
(standard configuration without
SOM-1 module)
The signal of the SOM-1 module is ,REF-OUT->REF-IN® 2X 3
used as internal reference frequency |,REF-IN->REF* 2X 3
and is externally available too.
(standard configuration with
SOM-1 module)
The signal of the SOM-1 module is .,REF-SYN->REF* 2X 3
used as internal reference frequency |,REF-OUT->OUT C* 1x 2

Table 10: Assignments of the BNC Socket ,REFERENCE INPUT"
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10.5.2 Options for the Assignment of the BNC Socket ,,SIGNAL INPUT*

gain of -100 kV/A (inverting)

Socket Function Set Jumper Jumper Field

AC coupled voltage input, single ,+V-IN -> IN A* 1x 1

ended ,GND -> IN A/SHLD* 1x 1
»-V-IN -> IN A/SHLD* 1x 1

(standard configuration) LUSE OUT A/NO INB* 1x 1

AC coupled voltage input, differential, | ,+V-IN -> IN A® 1x 1

1x BNC »-V-IN -> IN A/SHLD* 1x 1
,USE OUT A/NO IN B*  1x 1

The center conductor and the outer

conductor of the socket ,SIGNAL

INPUT* are used as differential input.

The outer conductor is NOT internally

connected to ground

AC coupled voltage input, differential, | ,+V-IN -> IN A* 1X 1

2x BNC GND -> IN A/SHLD" 1x 1
~V-IN->IN B 1x 1

The center conductors of the sockets |,X -> OUT B* 1x 2

~SIGNAL INPUT" and ,X-OUTPUT"

are used as symmetric signal input.

The outer conductors of the two

sockets are grounded.

The BNC socket ,Y-OUTPUT" is

used as X-Output for dual phase

models.

For single phase models PIN 5 of the

SUB-D 25 socket must be used as

output.

Current input, asymmetric ,C-IN -> IN A® 1x 1

(single ended) ,GND -> IN A/SHLD" 1X 1
»-V-IN -> C-OUT" 1x 1

The socket ,SIGNAL INPUT” is set as | ,+V-IN -> GND* 1x 1

current input with a transimpedance |,USE OUT A/NO INB*  1x 1

Table 11: Assignment of the BNC Socket ,SIGNAL INPUT*
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10.5.3 Options for the Assignment of the ,,OUTPUT” BNC Sockets

Socket Function Set Jumper Jumper Field
The X-output signal is connectedto | ,X -> OUT A" 1x 2
X-OUTPUT" ,USE OUTA/NO IN B* 1x 1
(standard configuration)
The X-output signal is connectedto | ,X -> OUT B* 1x 2
,Y-OUTPUT*
The Y-output signal is connectedto  |,Y -> OUT B* 1x 2
,Y-OUTPUT"
(standard configuration)
The Y-output signal is connectedto  |,Y -> OUT A" 1x
X-OUTPUT* ,USE OUTA/NO IN B* 1x
The Y-output signal is connectedto  |,Y -> OUT C* 1x 2
,A-OUTPUT"
The R-output signal is connectedto | ,R -> OUT C* 1x 2
~,A-OUTPUT"
(standard configuration)
The R-output signal is connectedto | ,R -> OUT A* 1x 2
X-OUTPUT* ,USE OUTA/NO IN B* 1x 1
The R-output signal is connectedto | ,R -> OUT B 1x 2
,Y-OUTPUT"
The monitor signal is connected to ,MON -> OUT B* 1x 2
,Y-OUTPUT"
The monitor signal is connected to ,MON -> OUT C* 1Xx 2
,A-OUTPUT"
The unlocked signal is connected to | ,UNL -> OUT B* 1x 2
,Y-OUTPUT"
The unlocked signal is connected to | ,UNL -> OUT C* 1x 2
,A-OUTPUT"
The overload signal is connectedto  |,OVL -> OUT B* 1x 2
,Y-OUTPUT"
The overload signal is connectedto  |,OVL -> OUT C* 1Xx 2

,A-OUTPUT"

Table 12:

Options for the assignment of the BNC output sockets
X-OUTPUTY, ,Y-OUTPUT" and ,R-OUTPUT"
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11 Dimensions

Top View
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Figure 6: Dimensions
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12 Block Diagram

Progr. Gain
AC-Amplifier Lowpass-Filter Highpass-Filter
VOLTAGE MONITOR-
INPUT OUTPUT
f= 100Hz... f,= 2Hz...
1MHz / 6dB 10kHz / 6dB
Transimpedance
Amplifier
CURRENT Progr. Gain
INPUT PSD Lowpass-Filter DC-Amplifier, fﬁ,ggﬁsg
| X-OUTPUT
R * cos(¢)
t=0.3ms...1s
6/12 dB/Oct.
Reference Digital Vector Summing
Comparator Phase-Shifter Amplifier
e ml
REFERENCE A R R-OUTPUT
INPUT / 90° Magnitude
] X
AQ =
0...360°
Progr. Gain
PSD Lowpass-Filter DC-Amplifier
Optocoupler
Isolate Unit L | Y-OUTPUT
R * sin(p)
CONTROL 7
INPUTS [ EZ’ K: |
t=0.8ms...1s
6/12 dB/Oct.
Parameter
Manual Control Unit
Switches Overload A~
Detector N\
/_ 1 STATUS-
— OUTPUT
Unlocked ~Av | |
° Detector _’Q‘_
BS01-1034-12
Figure 7: Block Diagram of the LIA-MVD-200-H
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