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Introduction

Chapter 1
1.1 How to Use This Manual

This manual gives detailed instructions for settipgand operating the
SIGNAL RECOVERY Model 7210 Multi-Channel Digital Signal Process{isP)
dual phase lock-in amplifier. It is split into tf@lowing chapters:-

Chapter 1 - Introduction

Provides an introduction to the manual, brieflyatd®es what a lock-in amplifier is
and the types of measurements it may be usedrfddjsts the major specifications
of the model 7210.

Chapter 2 - Installation and Initial Checks
Describes how to install the instrument and givesreple test procedure which may
be used to check that the unit has arrived invioliking order.

Chapter 3 - Technical Description

Provides an outline description of the design efittstrument and discusses the
effect of the various controls. A good understagdihthe design will enable the user
to get the best possible performance from the unit.

Chapter 4 - Front and Rear Pandls
Describes the connectors, controls and indicattishware found on the unit and
which are referred to in the subsequent chapters.

Chapter 5- Computer Operation

This chapter provides detailed information on opegathe instrument from a
computer over the GPIB (IEEE-488) or RS232 interfadt includes information on
how to establish communications, the functionslatsé, the command syntax and a
detailed command listing.

Appendix A
Gives the detailed specifications of the model 7210

Appendix B
Details the pinouts of the multi-way connectordtomrear panel.

Appendix C
Lists three simple terminal programs which may seduas the basis for more
complex user-written programs.

Appendix D

Shows the connection diagrams for suitable RS282wadem cables to couple the
unit to an IBM-PC or 100% compatible computer.
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Chapter 1, INTRODUCTION

Appendix E
Gives an alphabetical listing of the computer comdsafor easy reference.

New users are recommended to unpack the instruamehtarry out the procedure in
chapter 2 to check that it is working satisfacyorithey should then make themselves
familiar with the information in chapters 3 ande&fdre turning to chapter 5 for
information on how to operate the instrument. Otheestructure of the computer
commands is familiar, appendix E will prove conestias it provides a complete
alphabetical listing of these commands in a sieglgy-to-use section.

1.2 What is a Lock-in Amplifier?

In its most basic form the single-channel locksnpéifier is an instrument with dual
capability. It can recover signals in the preseavfcan overwhelming noise
background or alternatively it can provide highoteion measurements of relatively
clean signals over several orders of magnitudefrogiency.

The model 7210 extends this capability to experismesquiring several detection
channels, where previously the only way of impletimgnthem has been with
multiple single-channel instruments. It therefoffers a cost-effective and physically
much more compact solution to such requirements.

The model 7210 lock-in amplifier can function as a:

B AC Signal Recovery Instrument B Vector Voltmeter
B Phase Meter B Frequency Meter

These characteristics, all available in a singlagact unit, make it an invaluable
addition to any laboratory.

1.3 Key Specifications and Benefits

1-2

TheSIGNAL RECOVERY Model 7210 represents a significant advance in the
application of DSP technology in the design of&kion amplifier. Until now, units
have been restricted to a single signal chanrelyailg only one, or at most two,
signals to be measured at any one time. The ma&dd], Tvith its use of the latest
technology, allows up to 32 signals to be meassimdltaneously. What is more,
units can be linked together to give more detedtitemnels. For example, four units
would give 128 channels, while sixteen would gil€ Shannels.

The unit can effectively operate as 32 parallelghase lock-in amplifiers, running
at the same external reference frequency, measB2isggnals and generating 32
pairs of X and Y outputs. It can also operate iarglem mode in which it generates a
second reference signal which is an integer dimisithe external reference. This
second reference is applied to the external exgatinm such a way as to induce an
amplitude modulation on the signal at the firserefice frequency.

The amplitude modulation is detected by the fiestaf demodulators, which run at
the external frequency, and then further demoddlbyea second set of demodulators
running at the generated reference frequency v @isecond set of X and Y outputs
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per channel. This detection method would previotslye required two lock-in
amplifiers connected in series, so in this mode3twehannels of the 7210 are
equivalent to 64 dual phase lock-in amplifiers.dete, no other commercially
available instrument matches this capability.

Key specifications include:

32 Dual-Phase Detection Channels
Up to sixteen instruments can be interconnecteivi®512 detection channels
External Frequency range: 20 Hz to 50.5 kHz

Voltage, Wide Bandwidth Current or Low Noise Cutrinput modes, depending
on input signal board configuration

Dual phase demodulators with 5-digit readings @md Y outputs

Very low phase noise of < 0.000ns

Output time constant: 2mstolks

Tandem Reference Mode - Unit generates a secéer@nee frequency by
integer division of the first reference frequenthis second frequency is used in
the experiment to amplitude modulate the signghafirst frequency. The
instrument then uses a second stage of demodutatibetect the resulting
modulation at the X output of the first stage deniation

8-bit programmable digital output port for contadlperipheral devices

Full range of auto-modes

Internal data buffer capable of storing up to 486t of 32-output readings at
intervals of down to 2 ms per set

Data buffer can be used in first-in, first outkBl) mode for continuous data
acquisition






Installation &
Initial Checks

Chapter 2
2.1 Installation

2.1.01 Introduction

Installation of the model 7210 in the laboratoryarthe production line is very
simple. It can be operated on almost any labordiench or be rack mounted using
the integral flanges at the user's convenienceh Witambient operating temperature
range of 0'C to 30°C, it is highly tolerant to environmental variahlegeding only

to be protected from exposure to dust, corrosiwntgand liquids.

The instrument uses forced-air ventilation andua$ should be located so that the
ventilation holes on the bottom and/or top covet aar panels are not obstructed.
This condition is best satisfied by leaving a spafcat least 2" (5 cm) between the

top/bottom covers and rear panels and any adjacefatce

2.1.02 Inspection

Upon receipt the model 7210 Lock-in Amplifier shibile inspected for shipping
damage. If any is note&I/GNAL RECOVERY should be notified immediately and
a claim filed with the carrier. The shipping coneti should be saved for inspection
by the carrier.

2.1.03 Line Cord Plug

A standard IEC 320 socket is mounted on the reaelpat the instrument and a
suitable line cord is supplied.

2.1.04 Line Voltage Selection and Line Fuses

Before plugging in the line cord, ensure that ttoalel 7210 is set to the voltage of
the AC power supply to be used.

A detailed discussion of how to check and, if neaeg change the line voltage
setting follows.

CAUTION: The model 7210 may be damaged if the line voltageis set for 110V AC
operation and it isturned on with 220 VV AC applied to the power input connector.

The model 7210 can operate from any one of fodiewint line voltage ranges,
90-110V, 110-130 V, 200-240 V, and 220-260 V,@&6D Hz. The change from one
range to another is made by repositioning a plugaimel selector internal to the Line
Input Assembly on the rear panel of the unit. insents are normally shipped from
the factory with the line voltage selector set10-1.30 V AC, unless they are
destined for an area known to use a line voltagker?20-260 V range, in which
case, they are shipped configured for operatiom fitee higher range.

The line voltage setting can be seen through al se@hngular window in the line
input assembly on the rear panel of the instrur(feqire 2-1). If the number

2-1



Chapter 2, INSTALLATION & INITIAL CHECKS

showing is incorrect for the prevailing line volearefer to table 2-1), then the barrel
selector will need to be repositioned as follows.

Observing the instrument from the rear, note thatpd door immediately adjacent to
the line cord connector (figure 2-1) on the rightid side of the instrument. When
the line cord is removed from the rear-panel cotorethe plastic door can be
opened outwards by placing a small, flat-bladedwdriver in the slot on the topside
and levering gently. This gives access to the &umkto the voltage barrel selector,
which is located at the right-hand edge of the tmapartment. Remove the barrel
selector with the aid of a small screwdriver oritamool. With the barrel selector
removed, four numbers become visible on it: 100, 220, and 240, only one of
which is visible when the door is closed. Table indicates the actual line voltage
range represented by each number. Position thellsatector such that the required
number (see table 2-1) will be visible when therddagelector is inserted and the door
closed.

SCREWDRIVER
SLOT

N2

—— —

N, -/

Figure 2-1, Line Input Assembly

VISIBLE # VOLTAGE RANGE
100 90 - 110V
120 110 - 130V
220 200 - 240V
240 220 - 260V

Table 2-1, Range vs. Barrel Position

Next check the fuse rating. For operation from animal line voltage of 100 V or
120 V, use a 20 mm slow-blow fuse rated at 2.05%, ¥. For operation from a

2-2
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nominal line voltage of 220 V or 240 V, use a 20 slow-blow fuse rated at 1.0 A,
250 V.

To change the fuse, first remove the fuse holdgruiing the plastic tab marked
with an arrow. Remove the fuse and replace witlha-blow fuse of the correct
voltage and current rating. Install the fuse holaiesliding it into place, making sure
the arrow on the plastic tab is pointing downwakifsen the proper fuse has been
installed, close the plastic door firmly. The catrselected voltage setting should
now be showing through the rectangular window. Em#at only fuses with the
required current and voltage ratings and of theifipd type are used for
replacement. The use of makeshift fuses and the-shouiting of fuse holders is
prohibited and potentially dangerous.

2.2 Initial Checks

2.2.01 Introduction

The following procedure checks the performance sihgle model 7210. In general,
this procedure should be carried out after inspgdtie instrument for obvious
shipping damage. If several instruments have begplied already interconnected as
a system, then separate instructions apply, bugitres procedure is still valid for
checking a single unit.

NOTE: Any damage must be reported to the carrier and to SIGNAL RECOVERY
immediately. I n addition the shipping container must be retained for inspection by
thecarrier.

Note that this procedure is intended to demonsthaitthe instrument has arrived in
good working order, not that it meets specificagidBach instrument receives a
careful and thorough checkout before leaving tiseofg, and normally, if no
shipping damage has occurred, will perform witlie timits of the quoted
specifications. If any problems are encounterechimying out these checks, contact
SIGNAL RECOVERY or the nearest authorized representative for assist

2.2.02 Procedure

1) Ensure that the model 7210 is set to the linage of the power source to be
used, as described in section 2.1.05.

ADDRESS
1 2 3 4 5 M
]
.l
Figure 2-2, Model 7210 GPIB Address and
Master/Slave Switch

2) Locate the GPIB Address and Master/Slave svatcthe lower left-hand side of
the rear-panel, as shown in figure 2-2
3) Confirm that the switches are set as showrguré 2-2. This configures the

2-3



Chapter 2, INSTALLATION & INITIAL CHECKS

4)

5)

6)

7

8)

9)

instrument as a Master unit and the GPIB addredg.as

Note:- If several units have been supplied as a system then the switches may be
set to different positions. Record the existing settings before changing them to
match the above so that you can restore them on completion of this procedure.

Connect an RS232 null modem calS6GNAL RECOVERY part number
C01003, between tHeS232 connector on the rear-panel of the instrumentaand
serial port on a PC compatible computer runningdbfims 95 or 98.

Start Windows HyperTerminal or other RS232 teahemulator software. Set
the communications port properties in the softwimethe port to which the
instrument is cabled, to 9600 baud, 7 data bistof bit, even parity and no flow
control.

With the rear-panel mounted power switch (lodatbove the line power input
connector) set t0 (off), plug in the line cord to an appropriatedisource.

Turn the model 7210's power switch to tifen) position.

The instrument's front pan@WWR, UNLK, andM STR LEDs should light and
"Model 7210" will appear on the computer monitor.

Type "ID" and press the return key to send Ehedmmand to the instrument.
The response should be "7210", a newline, carriemgn and a "?" character.

10) Use a signal generator capable of generatingHe output sinewave in the

range 0.1 V to 1.0 V rms and fitted with a TTL syondput. Connect the sync
output to the front pan®EF 1IN connector. Th&/NLK LED should
extinguish.

11) Type "FRQL1" and press the return key to sead~RQ1 command to the

instrument. The response should be "1000", a newtiarriage return and a "*"
character., indicating a detected reference fregguen 1.000 kHz

12) If the unit is fitted with voltage mode inpugisal boards (7210/99), set the signal

generator output amplitude to 1 V rms and apply thithe front panel signal
input connector marked.™.

If it is fitted with wide bandwidth current modegut signal boards (7210/98), set
the signal generator output amplitude to 1 V rn &pply this via series resistor
of 1 MQ (1% accuracy) to the front panel signal input amtar marked1".

This resistor generates a nominal current of 1 ma.r

If it is fitted with low noise current mode inpsignal boards (7210/97) ), set the
signal generator output amplitude to 0.1 V rms ajpjply this via a series resistor
of 1 MQ (1% accuracy) to the front panel signal input amtar marked1".

This resistor generates a nominal current of 1 ma.r

13) Type "SEN1 1 9" and press the return key tatsethannel 1 full-scale

sensitivity to the least sensitive range (1 V foltage mode inputs, 1 pA for
wide bandwidth current mode inputs and 100 nA dar hoise current mode
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inputs) and wait a second or so to allow the chitengettle. Then type "AQN1
1; X1 1" and press the return key to perform aophése and read the X1
output. The response should be "10000", a newlndecarriage return and a "*"
character, although the actual number receiveddiffer by up to £500 counts,
depending on the real level of applied signal.

14) Turn off the model 7210 and, if the DIP swis#itings were changed at step 2,
restore them to their initial values.

This completes the initial checks. Even thoughpitteedure leaves many functions
untested, if the indicated results were obtained the user can be reasonably sure
that the unit incurred no hidden damage in shipraeditis in good working order.






Technical Description

Chapter 3
3.1 Introduction

The model 7210 is a very sophisticated instrumadties tandem demodulation
mode means that its operation is more complex ¢tbamentional lock-in amplifiers.
This chapter discusses the operating modes itsoffied describes how these are
implemented by considering the instrument as &sef functional blocks. A good
understanding of the design will allow the usemi@ke best use of the instrument’s
versatility.

3.2 Operating Modes

3.2.01 Introduction

Throughout this manual, reference is made to tleedifferent operating modes
within the instrument, so in order to aid the re&denderstanding they are defined
here.

3.2.02 Single Reference Mode

This is the conventional mode of operation comnmalitlock-in amplifiers. The
instrument measures the amplitude of the two compizof the signal at its inputs
that are in-phase and in quadrature (i.e. 90° bphase) with an internally generated
sinusoidal demodulator signal. This demodulatonaligs in turn phase locked to the
applied external reference signal.

The two measured components per signal channebargntionally known as the X
and Y channel outputs. All 32 signal channels aeasared with respect to the same
external reference signal, so the instrument géeeGx output values.

3.2.03 Tandem Reference Mode

If an amplitude-modulated sinusoidakrier signal is applied to a conventional lock-
in amplifier which is operated at the carrier freqay and reference phase adjusted to
yield zero Y channel output, then the X output aigaill be the modulating signal.
This only applies if the output time constant af fhist lock-in is sufficiently short to
allow the modulation to pass.

If this X output signal is then applied to a sectouk-in amplifier, but this time
running at the modulating frequency, then this addock-in can directly measure
the amplitude of the modulation.

In the past this type of experiment would have iegltwo lock-in amplifier, with a
physical cable coupling the X output of one toitiput of the second. However, the
7210 includes this capability as a standard feaguigject to only a few limitations.

In order to allow the second demodulator to rurchyonously with the first, it is
desirable for its reference frequency to be thaltes an integer division of the first
reference frequency. This condition is best satikby ensuring that the second
reference frequency be internally generated byristeument and made available via
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Chapter 3, TECHNICAL DESCRIPTION

a connector so that it can be used as the soumedilation for the signal.

Consequently the 7210 is fitted with two referencenectorsREF 1IN is used to
apply the external reference frequency at whicHitesedemodulation stage operates,
and the secondREF 2 OUT outputs a TTL reference waveform at the frequericy o
the second stage. The user can specify the divisal to generate the second
reference from the first.

It will be appreciated that in tandem mode theeefaur outputs per signal channel,
an X and Y pair from the first stage and an X anpay from the second. To avoid
confusion, the outputs from the first stageen when the unit is operating in single
reference mode, are referred to as X1 and Y1 and those fromdleersd as X2 and
Y2.

It will also be seen that in Tandem mode the imstmt generates 128 output values.

3.3 Principles of Operation

3.3.01 Block Diagram

The model 7210 uses 32 ADC's and digital signatgseors (DSP's), a
microprocessor and very low-noise analog circuitrgchieve its specifications. A
block diagram of the instrument is shown in figB@r&. The sections that follow
describe how each functional block operates anéffieet it has on the instrument's

performance.
O X1 0UTPUT—
INPHASE LOW PASS _
MULTIPLIER ~ FILTER ACCAIN N FHASE LO X1 FEEDBACK_|
AC GAIN 1) *2) FROM HOST
SIGNAL X A AB[X_ A AB[~X_
npPUT ! Y ADC [ % % FO X2 OUTPUT—
X
CURRENT TO ANTI-ALIASING B SUBTRACT B LOW PASS
VOLTAGE FILTER X1 MEAN FILTER
CONVERTER cosot|  LOOK-UP OFFSET coset]  LOOK-UP
TABLE TABLE
- —= N
FREQUENCY PHASE SHIFTER | ingt PHASE SHIFTER | gjnat
REFERENCE MULTIPLIER LOW PASS LOW PASS
INPUT O— B FILTER B FILTER
FREQUENCY
A AB [ X A AB X
REFERENCE DIVIDER % % O Y2 ouTPUT —
CHANNEL .
L SECTION ABOVE  QUADRATURE QUADRATURE
DASHED LINE MULTIPLIER MULp;’)LIER
DUPLICATED FOR
COMMON EACH OF 32 O Y1 0UTPUT —
REFERENCE | 5iGNAL CHANNELS
REFERENCE DISTRIBUTION
ouTPUT WARNING LEDS DATA OUTPUTS TO HOST PROCESSOR
g -
AUX = cPiB-IEEE-488

DIGITAL <: MICROPROCESSOR CONTROL
OUTPUTS j RS232

Figure 3-1, Model 7210 - Block Diagram
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3.3.02 Signal Channel Inputs
The signal input amplifier depends on the typenptit signal boards fitted:

7210/99 Signal Board - Voltage Mode | nputs
In this case the input amplifier is a buffer stagh an input impedance of 10
The frequency response (-3 dB) extends from 200Hs0t5 kHz

7210/98 Signal Board - Wide Bandwidth Current Mode Inputs

In this case the input amplifier is a single-endedent mode device with a fixed
transimpedance setting of 10E6 V/A. Hence an agmligrent of 1 pA will give a
1V signal into the next stage. The frequency raspd-3 dB) extends from 20 Hz to
50.5 kHz

7210/97 Signal Board - Low Noise Current Mode I nputs

In this case the input amplifier is a single-endedent mode device with a fixed
transimpedance setting of 10E7 V/A. Hence an agmligrent of 100 nA will give a
1V signal into the next stage. The frequency raspd-3 dB) extends from 20 Hz to
5.0 kHz.

3.3.03 AC Gain and Dynamic Reserve

The signal channel contains a number of analogrdiland amplifiers whose overall
gain is defined by the AC Gain parameter, whickpecified in terms of decibels
(dB). For each value of AC Gain there is a corresiopny value of the INPUT LIMIT
parameter, which is the maximum instantaneous {pestage or current that can be
applied to the input without causing input overloasl shown in table 3-1 below.

AC Gain (dB) INPUT LIMIT (V) INPUT LIMIT (nA) INPUT LIMIT (nA)
Voltage Mode Wide Bandwidth Low Noise

Current Mode Current Mode

0 3.1 3100 310

10 1.5 150 15

20 0.31 31 3.1

30 0.15 15 15

40 0.031 3.1 0.31

50 0.015 1.5 0.15

60 0.0031 0.31 0.031

Table 3-1, Input Limit vs AC Gain

It is a basic property of the digital signal pragiag (DSP) lock-in amplifier that the
best demodulator performance is obtained by priggpas large a signal as possible
to the main analog-to-digital converter (ADC). Téfere, in principle, the AC Gain
value should be made as large as possible witlausing the signal channel
amplifier or converter to overload. This constragmnot too critical however and the
use of a value 10 or 20 dB below the optimum vaha&es little difference. Note that
as the AC Gain value is changed, the demodulaiar(dascribed later in section
3.3.08) is also adjusted in order to maintain #lected full-scale sensitivity.

The full-scale sensitivity is set by a combinatadfrAC Gain and demodulator gain.
Since the demodulator gain is entirely digital, rdes in full-scale sensitivity which

3-3



Chapter 3, TECHNICAL DESCRIPTION

do not change the AC Gain do not cause any ofriimesawhich might arise from a
change in the AC Gain.

The user is prevented from setting an illegal AGnGalue, i.e. one that would result
in overload on a full-scale input signal. Similaiifythe user selects a full-scale
sensitivity which causes the present AC Gain véiduee illegal, the AC Gain will
change to the nearest legal value.

In practice, this system is very easy to operatevéver, the user may prefer to make
use of the AUTOMATIC AC Gain feature which givegygood results in most
cases. When this is active the AC Gain is autoralijficontrolled by the instrument,
which determines the optimum setting based onutedale sensitivity currently
being used.

At any given setting, the ratio

Input Limit
Full - ScaleSensitivity

DR =0.7x

represents the factor by which the largest accéptibusoidal interference input
exceeds the full-scale sensitivity and is callesBtynamic Reserve of the lock-in
amplifier at that setting. (The factor 0.7 is alpt@rms conversion). The dynamic
reserve is often expressed in decibels, for which

DR(in dB)=20xlog(DR(asaratio))

Applying this formula to the model 7210 at the nmaxim value of INPUT LIMIT
and the smallest available value of FULL-SCALE SENSITY, gives a maximum
available dynamic reserve of better than 80 dB.

3.3.04 Anti-Aliasing Filter

Prior to the main analog-to-digital converter (ADi3¢ signal passes through an anti-
aliasing filter to remove unwanted frequencies Wwhi@uld cause a spurious output
from the ADC due to the sampling process.

Consider the situation when the lock-in amplifemeasuring a sinusoidal signal of
frequencyfsgna Hz, which is sampled by the main ADC at a samplieguency
fsampiing HZ. In order to ensure correct operation of thérimsent the output values
representing thg,,, frequency must be uniquely generated by the signaé
measured, and not by any other process.

However, if the input to the ADC has, in additiam, unwanted sinusoidal signal with
frequencyf; Hz, wherd, is greater than half the sampling frequency, theawill
appear in the output as a sampled-data sinusodfigitjuency less than half the
sampling frequency,;,s = If; - Nfeingl: Wheren is an integer. This alias signal is
indistinguishable from the output generated whegerauine signal at frequenty,,

is sampled. Hence if the frequency of the unwastgdal were such that the alias
signal frequency produced from it was close teequal to, that of the wanted signal
then it is clear that a spurious output would resul
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To overcome this problem the signal is fed throtighanti-aliasing filter which
restricts the signal bandwidth. The filter takes fbrm of two stacked third-order
Butterworth low-pass filters with a nominal -3 dBtoff frequency of 70 kHz. The
signal channel also incorporates AC coupling aesa\points, so the overall effect is
to restrict the signal bandwidth to nominally 20 651 kHz.

It should be noted that the dynamic range of a-lackmplifier is normally so high

that practical anti-alias filters are not capalfleammpletely removing the effect of a
full-scale alias. For instance, even if the filggres 100 dB attenuation, an alias at the
input limit and at the reference frequency willgia one percent output error when
the dynamic reserve is 60 dB.

In a typical low-level signal recovery situationany unwanted inputs need to be
dealt with and it is normal practice to make sradjustments to the reference
frequency until a clear point on the frequency s is reached. In this context an
unwanted alias is treated as just another intagesignal and its frequency is
avoided when choosing the reference frequency.

3.3.05 Main Analog-to-Digital Converter

Following the anti-alias filter the signal passesite analog-to-digital converter
running at a sampling rate of nominally 250 kHzisTitate is not fixed, but is
automatically adjusted so that it is an exact ietegultiple of the applieREF 1IN
reference frequency. The reason for doing thikas it means that the internally
generated digital representations of a cosine m@ivgave by which the sampled
signal is multiplied in the demodulators are exactrrect, with no need to
interpolate between values stored in the look-bfeta It also means that the output
filters are inherently synchronous, reducing thes@seen at the output of
asynchronous filters operated at short time-cotst# reference frequencies below
200Hz the sampling rate drops to nominally 40 kiigain, the rate is not fixed but
is set to be an integer multiple of the referemegudency.

The output from the converter feeds a digital sigmacessor, the demodulator DSP,
which implements all four digital multipliers (dechdlators) and the first stages of
the output low-pass filtering. However, before disging this further, the reference
channel, which provides the other inputs to the atfutators, will be described.
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3.3.06 Reference Channel

The reference channel contains the reference tfigugse-locked loop, a reference
multiplier and a reference divider, and two digjthbse-shifters per signal channel.
(see figure 3-1).

In single reference mode, the reference channkslticthe applied external
reference signal and its output, referred to REE fied either directly or via a 2F
frequency multiplier to all 32 of the phase sh#tesed for the first stage of
demodulation. The 2F multiplier allows the instrurhto detect at the second
harmonic of the reference frequency rather thas fmindamental frequency, should
this be required.

In tandem mode, the reference channel output gsfatsto the 32 of the phase
shifters used for the first stage of demodulatimrn,the 2F detection option is not
allowed. In addition, it feeds a programmable divithat generates the second
reference frequency, REF2, that in turn is appitethe second set of 32 phase
shifters used for the second stage of demodulaR&f2 is also output as a TTL
signal the front-pandREF 2 OUT connector.

3.3.07 Phase-Shifters

Each of the 32 channels includes two digital plshsiers that can be used to bring
the signal and corresponding reference waveformbeapto the X1 and X2
demodulators into alignment. The output from thagghshifter is used to derive
cosinusoidal and sinusoidal waveforms which are #pplied to the X1 and Y1
demodulators respectively.

If the reference input is a sinusoid applied toRfg 1 IN socket, the reference
phase is defined as the phase of the X1 demodnlatietion with respect to the
reference input.

This means that when the reference phase is zértharsignal input to the
demodulator is a full-scale sinusoid in phase whthreference input sinusoid, the X1
channel output of the demodulator is a full-scalsive value and the Y1 channel
output is zero.

The circuits connected to tREF 1IN socket detect a positive-going crossing of the
mean value of the applied reference voltage. Thezefhen the reference input is
not sinusoidal, its effective phase is the phase sifiusoid with a positive-going zero
crossing at the same point in time, and accorditiggyreference phase is defined
with respect to this waveform.

3.3.08 Demodulator DSP

The demodulator DSP implements the four demodwdaind the first stages of the
four output filters. Each demodulator consists afidtiplier which simply multiplies
the signal input values, (in the first stage thiel@drom the ADC and in the second
the X1 output values) with corresponding valuea ahity-amplitude cosine or sine
waveform at the same point in time.

Each demodulator output is digitally scaled to jtevthe demodulator gain control.
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As discussed earlier in section 3.3.04 this gaadjsisted as the AC Gain is adjusted
to maintain a given full-scale sensitivity.

Each demodulator output is then filtered by a didihite impulse response (FIR)
filter before passing to the host microprocessofdaher filtering if required. As

with most lock-in amplifiers, the output filters ihe model 7210 are described as
having a characteristic "slope". This may seem sama¢ strange, and a few words of
explanation may be helpful.

In traditional audio terminology, a second-ordevdpass filter is described as having
a slope of 12 dB per octave. This term has becarteop the accepted terminology
relating to lock-in amplifier output filters andused in the model 7210 to apply to
the envelope of the frequency response functidghefIR output filters. For the sake
of simplicity, all the filters in the 7210 haveiadd slope of 12dB/octave.

3.3.09 Main Microprocessor - General

All functions of the instrument are under the cohaf a microprocessor which in
addition drives the front-panel LEDs and suppdresRS232 and GPIB (IEEE-488)
computer interfaces. This processor also drivegigteument's 8-bit digital (TTL)
programmable output port, which may be used fotroimg auxiliary apparatus.

The microprocessor has access to 128 data menuatidos that may be used to
store X1, Y1, X2 and Y2 values on receipt of a GRIgger or command. This
ensures that all outputs are sampled at the samee ®nce stored, the acquired
values can be downloaded to the controlling PGudher data manipulation.

A particularly useful feature of the design is thaty part of the controlling firmware
program code, which the microprocessor runs, impaently resident in the
instrument. The remainder is held in a flash EEPR&d can be updated via the
RS232 computer interface. It is therefore possiblehange the functionality of the
instrument, perhaps to include a new feature oatgthe computer command set,
simply by connecting it to a computer and runningipdate program.

3.3.10 Main Microprocessor - Auto Functions

The microprocessor also controls the instruments functions, which are control
operations executed by means of a single comméarekelfunctions allow easier,
faster operation in most applications, althouglkaimanual operation or special
purpose control programs may give better result®itain circumstances. During
application of several of the auto functions, decis are made on the basis of output
readings made at a particular moment. Where thiwigase, it is important for the
output time constant set by the user to be longigimndo reduce the output noise to a
sufficiently low level so that valid decisions da@ made and that sufficient time is
allowed for the output to settle.

The following sections contain brief descriptiorighe auto functions. Note that for
each of the 32 channels, there are auto-functipplyiag to both the REF1 and, in
tandem mode, REF2 demodulators.

Auto-Sensitivity
This function operates at all reference frequenicidbe conventional reference mode
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3-8

and the first stage of the tandem mode, but onlfREeF 2 OUT reference
frequencies above 100 mHz in the tandem mode.

The Auto-Sensitivity operation first increases @ gain until input overload

occurs, and then decreases it by one step to rethevaverload. The full-scale
sensitivity range is then adjusted until the signagnitude (i.e. the square root of the
sum of the squares of X1 and Y1, or X2 and Y2)ilethe range 110% to 30% of
full-scale.

In the presence of noise, or a time-varying infpgiha, it may be a long time before
the Auto-Sensitivity sequence comes to an endflamdesulting setting may not be
what is really required.

Note: The auto-sensitivity operation can take a significant time (in some cases over
a minute) per channel to complete, so it should be used with care.

Auto-Phase

In an Auto-Phase operation the value of the sighake is computed and an
appropriate phase-shift is then introduced intoréfference channel so as to bring the
value of the signal phase to zero. The intendedltrissto null the output of the Y
channel while maximizing the output of the X chdnne

Any small residual phase can normally be removedabyng Auto-Phase for a
second time, after a suitable delay to allow thipais to settle.

The Auto-Phase facility is normally used with aatlesignal which is known to be of
stable phase. It usually gives very good resultsiged that the X channel and Y
channel outputs are steady when the procedurdiésica

Auto-Measure

This function is essentially a combination of atoagensitivity operation followed
by an auto-phase performed first on the main (§tagje) demodulators, and, if they
are active, then on the second (tandem) demodslator

The Auto-Measure function is intended to give ackdetting of the instrument
which will be approximately correct in typical silepneasurement situations. For
optimum results in any given situation, it may lo@wenient to start with Auto-
Measure and to make subsequent modifications taithal controls.

Note: The auto-measure operation can take a significant time (in some cases over a
minute) per channel to complete, so it should be used with care.

The following auto function operates on the conwlastrument, not on each
channel.

Auto-Default

With an instrument of the complexity of the mod2L®@ where there are many
controls of which only a few are regularly adjusti¢éds very easy to overlook the
setting of one of them. Consequently an Auto-Déffauiction is provided, which

sets all the controls to a defined state. Thisastoften used as a rescue operation to
bring the instrument into a known condition wheis ijiving unexpected results and
is equivalent to cycling the instrument's power.



Chapter 3, TECHNICAL DESCRIPTION

3.3.11 Main Microprocessor - Curve Buffer

The microprocessor has access to a 128,000 poimbnyewhich can be used for
storage of sets of 32 selected instrument outputsieves, prior to their transfer to a
computer via one of the interfaces. This functian store the X1, X2, Y1, Y2
outputs, as well as the REF1 and REF2 frequeniciegidition the buffer can be
used in first-in, first out (FIFO) mode for expednts when acquisition lengths
become limited only by the supporting computer'gitgtio process the data.

This completes the description of the main funaidsiocks of the instrument.

3.4 General

3.4.01 Accuracy

When the demodulator is operating under correctlitions, the absolute gain
accuracy of the instrument is limited by the analomponents in the signal channel,
and the absolute phase accuracy is limited by g components in both the
signal channel and the reference channel. Thetmegtypical accuracy is 0.5
percent of the full-scale sensitivity and £2.0 dsxy respectively, for an AC Gain of

0 dB. When the higher values of AC Gain are in tlee errors tend to increase above
5 kHz.

3.4.02 Power-up Defaults

Unlike most other SIGNAL RECOVERY lock-in amplifiers, instrument settings
arenot retained on power down. Consequently the user must ensure that all

controls are reset as required by the controllimymm each time the instrument is
powered-up.
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Front and Rear Panels

Chapter 4
4.1 Front Panel

Figure 4-1, Model 7210 Front Panel Layout

As shown in figure -1, there are 36 BNC connectors and 6 LED indicatomintec
on the model 7210's front panel. The following et describe the function €
location of these iterr

4.1.01 Signal Input Connectors

The 32 connectors numbered 1 to 32 are the sigpat connector

4.1.02 REF 1 IN Connector

This is the input connector for the exnal reference signal, which must lie in-
frequency range : Hz to 50.5<Hz. When a suitable source of reference is comak
the UNLK (Unlock) LED indicator will be extinguished.

Note: When several units are interconnected to give more detection channels, the
reference signal should be connected to the one configured as the Master (see
section 4.2.07). To minimize coherent pick-up, it is suggested that the reference be
applied to the 7210 with the final set of channels (e.g. channels 97 - 128in a 128-
channel system).

4.1.03 REF 2 OUT Connector

This is the output connector for the second refaesignals that the unit generate
Tandem reference mode. The signal, which is a Elkll is generated by dividir
theapplied reference signal by an integer number @sdn the frequency rang
0.001Hz to 10( Hz. Note that the maximum frequency of REF 2 out signal is
one half of the applied reference freque

Note: When several units are interconnected to give more detection channels, the
second reference signal should be taken from the one configured asthe Master
(see section 4.2.07)
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4.1.04 TRIG 1 and TRIG 2 Connectors

TheTRIG 1 connector is a TTL input used for triggering datguisition to the
internal curve buffer, when this has been configued armed using the TDT (take
data triggered) command. When using the curve buffis also possible to
configure the instrument so that trigger eventseauset of “illegal” values to be
stored as a marker into the curve that is beingrait the time they occur. When the
data is then downloaded, these points are easihtifted.

4.1.05 Indicators

Although the instrument is designed for operatimmf a computer, the six LED
status indicators provide useful feedback to tex.uehey have the following
significance.

OVLD
This LED lights when any one of the signal chanieels input and/or output
overload.

UNLK
This LED lights to indicate that the reference aens not locked to the external
reference signal. Check the applied signal amgditiequency and connections.

INT
This LED is provided for possible future expansion.

MSTR

This indicator lights when the unit is configureslthe Master instrument in a series
of interconnected instruments. The Master/Slaviingeis adjusted using the rear
panel DIP switches and only one instrument in @&sehould be configured as the
Master, with the others being set as Slaves.

COMMS
This indicator flashes whenever communication &gtig taking place over the
RS232 or GPIB interfaces.

PWR
This LED lights whenever line power is applied dnel unit is switched on.
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4.2 Rear Panel

@

&

PATENT PENDING

GPIB

el— @

@ WARNING: HO OPERATOR @ CAUTION: ELECTRIC SHOCK
SERVICEABLE PARTS INSIDE UHIT. HAZARD. DISCOHHECT POWER INPUT
REFER SERVICIHG TO QUALIFIED PERSONNEL BEFORE OPEHING ANY COVER OR PAHEL

ADDRESS LINK 1 LINK 2

e
&

DIGITAL 1i0

Figure 4-2, Model 7210 Rear Panel Layout
As shown in figure 4-2, the line power switch, lip@wer voltage selector, RS232
connector, GPIB (IEEE-488) connector, digital ottpart and two RJ45 multipole
connectors, and a preamplifier power connectorrarented on the rear panel of the
instrument. Brief descriptions of these are givethe following text.

4.2.01 Line Power Switch

Press the end of the switch marked turn on the instrument's power, and the other
end marked to turn it off.

4.2.02 Line Power Input Assembly

This houses the line voltage selector and linetifyme. To check, and if necessary
change, the fuse or line voltage see the procddigection 2.1.04.

4.2.03 RS232 Connector

This 9-pin D type RS232 interface connector impletagins 1, 2, 3 and 7 (Earth
Ground, Transmit Data, Receive Data, Logic Growid) standard DTE interface.
To make a connection to a PC-compatible computesr niormally sufficient to use a
three-wire cable connecting Transmit Data to Rex8ata, Receive Data to
Transmit Data, and Logic Ground to Logic GroundpApdix D shows the
connection diagrams of cables suitable for compukéth 9-pin and 25-pin serial
connectors. Pinouts for this connector are givespipendix B.

4.2.04 GPIB Connector

The GPIB interface connector conforms to the IEBB-4978 Instrument Bus
Standard. The standard defines all voltage anaotkevels, connector
specifications, timing and handshake requirements.

4.2.05 DIGITAL I/O Connector

This connector provides eight TTL output lines,featwhich can be set high or low
via the computer interfaces. It is most commonkydufor controlling auxiliary
apparatus, such as lamps, shutters and heatewsit$for this connector are given in
appendix B.
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4.2.06 PREAMP POWER Connector

This connector supplies +15 V at up to 250 mA aad lse used for powering any of
several optional remote preamplifiers availablefi®GNAL RECOVERY,
including the model 7210/90 four channel opticglunhpreamplifier that is
specifically intended for use with the model 72BRtouts for this connector are
given in appendix B.

4.2.07 LINK 1 and LINK 2 connectors

These two RJ45 connectors are used to connectriiwmi@ 7210 instruments
together to build multi-channel instruments withrenthan 32 signal channels. A
cable should be connected from thHiNK 2 socket on the 7210 that is set to be the
Master unit to th& INK 1 socket on the second unit, configured as a Slawaore
than two 7210's are interconnected, therLtHéK 2 socket on the first Slave should
be coupled to theEINK 1 socket on the second Slave, and so on.

4.2.08 GPIB Address & Master/Slave Switch

ADDRESS
1 2 3 4 5 M
Figure 4-3, Model 7210 GPIB Address and
Master/Slave Switch

The GPIB Address and Master/Slave switch setsddesas and status as follows:-

GPIB ADDRESS

The GPIB address is set in the range 1 to 30 byimgdhe five left-hand DIP
switches so that they represent the binary codeitn@é (BCD) version of the
required address, where switch 1 is the leastfggni bit, and the up position is
logic "0". Hence, for example, to set the addres® whose 5-bit BCD equivalent is
01000, the switches should be in the following poss, reading from left to right:

UP, UP, UP, DOWN, UP.
Figure 4-3 shows the address set to3H@NAL RECOVERY default value of 12.
Note: All instruments connected to the bus must have a unique address.

Master/Slave Switch

This switch defines whether the instrument is theestar unit (switch in UP position)
or a slave unit (switch in DOWN position) when se&210's are interconnected
via theirLINK connectors.

Note: Only oneinstrument in an interconnected series of units should be
configured asthe Master; all others must be set to be Slaves. If only one
instrument isin use, it must be set asthe Master.
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Chapter 5
5.1 Introduction

The model 7210 includes both RS232 and GPIB (IEB&-#terface ports, designed
to allow the lock-in amplifier to be completely ¢orlled from a remote computer.
All of the instrument's controls other than the BRHdress and master/slave status,
can be operated, and all of the outputs can be vémathese interfaces.

This chapter describes the capabilities of theumsént when operated remotely and
discusses how this is done

5.2 RS232 and GPIB Operation

5.2.01 Introduction

Control of the lock-in amplifier from a computerascomplished by means of
communications over the RS232 or GPIB interfacég dommunication activity
consists of the computer sending commands to ttieitbamplifier, and the lock-in
amplifier responding, either by sending back somt@ dr by changing the setting of
one of its controls. The commands and responsesnaded in standard 7-bit
ASCII format, with one or more additional bits agjuired by the interface (see
below).

The two ports cannot be used simultaneously, betwmeéhcommand has been
completed, the lock-in amplifier will accept a coamad at either port. Also when the
test echo facility has been activated all outpoirfthe computer to the GPIB can be
monitored by a terminal attached to the RS232 ccione

Although the interface is primarily intended to bleathe lock-in amplifier to be
operated by a computer program specially writtegrafoapplication, it can also be
used in the direct, or terminal, mode. In this mtdeuser enters commands on a
keyboard and reads the results on a monitor screen.

The simplest way to establish the terminal mode onnect a standard terminal, or
a terminal emulator, to the RS232 port. A termiraulator is a computer which runs
special-purpose software that makes it act agw@inat. In the default (power-up)
state of the port, the lock-in amplifier sends av@mient prompt character when it is
ready to receive a command, and echoes each abrattaat is received.

Microsoft Windows 95/98 includes a program callegperTerminal, usually to be
found in the Accessories group, which can be usatarminal emulator.
Alternatively a simple terminal program with minihfiacilities can be written in a
few lines of BASIC code (see appendix C.1).

5.2.02 RS232 Interface - General Features

The RS232 interface in the model 7210 is implenwntich three wires; one carries
digital transmissions from the computer to the tatlmplifier, the second carries
digital transmissions from the lock-in amplifierttee computer and the third is the
Logic Ground to which both signals are referrede Tdgic levels are +12 V referred
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to Logic Ground, and the connection may be a stah@&232 cable in conjunction
with a null modem or, alternatively, may be maddrom low-cost general purpose
cable. The pinout of the RS232 connectors are shiowppendix B and cable
diagrams suitable for coupling the instrument tmanputer are shown in

appendix D.

The main advantages of the RS232 interface are:

1) It communicates via a serial port which is preses standard equipment on
nearly all computers, using leads and connectorshndre available from
suppliers of computer accessories or can be canstr@t minimal cost in the
user's workshop.

2) It requires no more software support than isnadly supplied with the
computer, for example Microsoft's GWBASIC, QBasid/dindows
HyperTerminal.

A single RS232 transmission consists of a starfolidwed by 7 or 8 data bits, an
optional parity bit, and 1 stop bit. The rate ofadtansfer depends on the number of
bits per second sent over the interface, usuallgatthe baud rate. In the model 7210
the baud rate can be set to a range of differdoegaup to 19,200, corresponding to a
minimum time of less than 0.5 ms for a single cbima

Mostly for historical reasons, there are a vergéanumber of different ways in

which RS232 communications can be implemented. tApam the baud rate

options, there are choices of data word lengthr @ laits), parity check operation
(even, odd or none), and number of stop bits @) owith the exception of the
number of stop bits, which is fixed at 1, theseisgs may be adjusted using the
RS232 Settings menu, discussed in chapter 5. Tlagyatso be adjusted by means of
the RS command.

NOTE: In order to achieve satisfactory operation, the RS232 settings must be set to
exactly the same valuesin the terminal or computer asin thelock-in amplifier.

5.2.03 Choice of Baud Rate

Where the lock-in amplifier is connected to a terahior to a computer implementing
an echo handshake, the highest available baudfra® 200 is normally used if, as is
usually the case, this rate is supported by thmitedd or computer. Lower baud rates
may be used in order to achieve compatibility wailither equipment or where there is
some special reason for reducing the communicasitmn

5.2.04 Choice of Number of Data Bits

The model 7210 lock-in amplifier uses the stands®€ 1l character set, containing
127 characters represented by 7-bit binary wofds B-bit data word is selected,
the most significant bit is set to zero on outpanf the lock-in amplifier and ignored
on input. The result is that either the 8-bit ax #hbit option may be used, but the 7-
bit option can result in slightly faster communioat
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5.2.05 Choice of Parity Check Option

Parity checks are not required at the baud ratedade in the model 7210, that is up
to 19,200 baud, with typical cable lengths of up tew meters. Therefore no
software is provided in the model 7210 for dealwith parity errors. Where long
cables are in use, it may be advisable to makeladower baud rate. The result is
that any of the parity check options may be usatth® no-parity option will result

in slightly faster communication.

Where the RS232 parameters of the terminal or ctenjgwe capable of being set to
any desired value, a choice must be made. In tldeh¥®10 the combination set at
the factory is even parity check, 7 data bits, anel stop bit (fixed).

5.2.06 GPIB Interface - General Features

The GPIB is a parallel digital interface with 8directional data lines, and 8 further
lines which implement additional control and commeation functions.
Communication is through 24-wire cables (includthground connections) with
special-purpose connectors which are constructeddh a way that they can be
stacked on top of one another to enable numeratisiments to be connected in
parallel. By means of internal hardware or softwsawéches, each instrument is set
to a different address on the bus which is a nurirtbire range 1 to 30. In the model
7210 the address is set using the rear-panel Ditielss (see section 4.2.07).

A most important aspect of the GPIB is that itsrafien is defined in minute detail
by the IEEE-488 standard, usually implemented lecis-purpose semiconductor
devices that are present in each instrument andntonicate with the instrument's
microprocessor. The existence of this standardligrsinplifies the problem of
programming the bus controller, i.e. the computenmnplement complex
measurement and test systems involving the inieraof numerous instruments.
There are fewer interface parameters to be setviitarRS232 communications.

The operation of the GPIB requires the computdretequipped with special-purpose
hardware, usually in the form of a plug-in cardj associated software which enable
it to act as a bus controller. The control programritten in a high-level language,
usually BASIC or C, containing additional subroesrimplemented by software
supplied by the manufacturer of the interface card.

Because of the parallel nature of the GPIB andéty effective use of the control
lines, including the implementation of a three-wisndshake (see below),
comparatively high data rates, up to a few huntlnedsand bytes per second, are
possible. In typical setups the data rate of théBGiRelf is not the factor that limits
the rate of operation of the control program, ladler the rate with which it can
process the data received.

5.2.07 Handshaking and Echoes

A handshake is a method of ensuring that the tratesndoes not send a byte until
the receiver is ready to receive it, and, in theeoaf a parallel interface, that the
receiver reads the data lines only when they cordaialid byte.
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GPIB Handshaking

The GPIB interface includes three lines (*DAV, *NBF*NDAC) which are used to
implement a three-wire handshake. The operatidghisfis completely defined by the
IEEE-488 standard and is fully automatic, so thatuser does not need to know
anything about the handshake when writing progriamthe GPIB. Note that each
command must be correctly terminated, which is ese by arranging for the
software to assert the GPIB line EOI (end or idghtiith the transmission of the

last character. This avoids the need to send additcharacters, such as the carriage
return and/or line feed characters and therebyones the data transfer rate.

RS232 Handshaking

In the RS232 standard there are several contred lnalled handshake lines (RTS,
DTR outputs and CTS, DSR, DCD inputs) in additiontte data lines (TD output
and RD input). However, these lines are not capafi@plementing the
handshaking function required by the model 721@ byte-by-byte basis and are not
connected in the model 7210 apart from the RT SR outputs which are
constantly asserted.

Note that some computer applications require ormmaare of the computer's RS232
handshake lines to be asserted. If this is the, easkif the requirement cannot be
changed by the use of a software switch, the aablebe used in conjunction with a
null modem. A null modem is an adapter which cotm&® on each side through to
RD on the other side, and asserts CTS, DSR, and @Cé&nch side when RTS and
DTR are asserted on the opposite sides.

With most modern software there is no need to hasgrRS232 handshake lines and
a simple three-wire connection can be used. Theabhtindshake function is
performed by means of bytes transmitted over thexface.

The more critical handshake is the one controliigtransfer of a command from
the computer to the lock-in amplifier, becausedbmputer typically operates much
faster than the lock-in amplifier and characters easily be lost if the command is
sent from a program. (Note that because of thedorspeed of human typing, there
is no problem in the terminal mode.) To overconis poblem an echo handshake is
used. This works in the following way: after reéegyeach character, the lock-in
amplifier sends back an echo, that is a charadtéhnis a copy of the one that it has
just received, to indicate that it is ready to ree¢he next character.
Correspondingly, the computer does not send theahexacter until it has read the
echo of the previous one. Usually the computer makeomparison of each
character with its echo, and this constitutes &lisbeck on the validity of the
communications.

Where the echo is not required, it can be suppddsg@egating bit 3 in the RS232
parameter byte. The default (power-up) state aflbitiis for it to be asserted.

The program RSCOMZ2.BAS in section C.2 illustratesuse of the echo handshake.
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5.2.08 Terminators

In order for communications to be successfullyldihed between the lock-in
amplifier and the computer, it is essential thathe@ansmission, i.e. command or
command response, is terminated in a way whicbdsgnizable by the computer
and the lock-in amplifier as signifying the endtwdt transmission.

In the model 7210 there are three input terminaigtons for GPIB
communications, selected by means of the GP comnTdrediock-in amplifier may
be set to expect the <CR> byte (ASCII 13) or th&RdE> sequence (ASCII 13
followed by ASCII 10) to be appended by the coérohs a terminator to the end of
each command. Alternatively instead of a termindtoray expect the EOI signal
line (pin 5 on the GPIB connector) to be assertaihd the transmission of the last
character of the command. The third option is ndignta be preferred with modern
interface cards which can easily be set to a wateety of configurations.

The selected GPIB termination option applies absthé output termination of any
responses sent back by the lock-in amplifier tociroller, i.e. the lock-in

amplifier will send <CR> or <CR,LF> or no byte ggpeopriate. In all cases the
lock-in amplifier asserts the EOI signal line dgrite transmission of the last byte of
a response.

In RS232 communications, the lock-in amplifier anédically accepts either <CR>
or <CR,LF> as an input command terminator, and seutd <CR,LF> as an output
response terminator except when the "no promptbiti4 in the RS232 parameter
byte) is set, in which case the terminator is <CR»e default (power-up) state of
this bit is zero.

5.2.09 Command Format

The simple commands listed in section 5.3 haveodfeur forms:

CMDNAME terminator
CMDNAME n terminator
CMDNAME [n] terminator
CMDNAME n; [n,] terminator

where CMDNAME is an alphanumeric string that deditlee command, and n,, m,
are parameters separated by spaces. When n ia¢losed in square brackets it must
be supplied. [n] means that n is optional[m] means that nis required and may
optionally be followed by n Upper-case and lower-case characters are equivale
Terminator bytes are defined in section 5.2.08.

Wherethe command syntax includes optional parametersand the command is
sent without the optional parameters, the response consists of atransmission of
the present values of the parameter (s).

Any response transmission consists of one or mongbers followed by a response
terminator. In the case of commands that are etgritvéo compound commands (see
section 5.2.11), each response number is sepdraizdbyte called a delimiter.

Some commands have an optional floating point nvaaieh is invoked by

appending a (full stop) character to the end of the commandi laefore the
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parameters. This allows some parameters to beeehteread in floating point
format. The floating point output format is giveeldw.

+1.234E+01

The number of digits between the decimal point thiedexponent varies depending
on the number but is a minimum of one and a maxirmtigight. The input format is
not as strict but if a decimal point is used tharest be a digit before it. An exponent
is optional.

5.2.10 Delimiters

Responses from the instrument consist of one oemombers. In the case of
commands that are equivalent to compound commandh,as "XY1", (see section
5.2.11), each number is separated by a byte caltedimiter. This delimiter can be
any printing ASCII character and is selected byDiRlecommand. By default, it is a
comma character (ASCII decimal code 44).

In the case of commands that are not equivaleowngpound commands, such as
"X1 0", then the responses are separated in diffevays, depending on whether the
GPIB or RS232 interfaces are being used.

RS232 Interface
Each response is followed by a carriage returnfiiee pair.

GPIB Interface

Each response is followed by the selected termipatihner CR, CR/LF or EOI only,
with EOI being asserted with the last charactahefresponse, CR. or LF as
appropriate. Bit 7 in the serial poll status bytdiCh indicates data available)
remains asserted until all response values have rieael.

5.2.11 Compound Commands

A compound command consists of two or more simpharaands separated by
semicolons (ASCII 59) and terminated by a singlee@nd terminator. No more
than one of these commands should be ones thatagereresponse, since otherwise
it would not be possible to identify which commahd response was generated by.

5.2.12 Status Byte, Prompts and Overload Byte

An important feature of the IEEE-488 standard esghrial poll operation by which a
special byte, the status byte, may be read atiamgyftom any instrument on the bus.
This contains information which must be urgentlyeeyed from the instrument to
the controller.

The function of the individual bits in the statugebis instrument dependent, apart
from bit 6 (the request service bit) whose functiane defined by the standard.

In the model 7210, bits 0 and 7 signify "commanthplete" and "data available"
respectively. In GPIB communications, the use ekénbits can lead to a useful
simplification of the control program by allowinie use of a single subroutine
which is the same for all commands, whether ottlne} send a response over the
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bus. The subroutine should carry out the followseguence of events:
1) Send the command

2) Perform repeated serial polls testing both itdimmand complete) and bit 7
(data available) and, if bit 7 is asserted theifigper a read operation. This cycle
(i.e. test bit 0 (command complete) and test ljitata available)) should then
continue until the lock-in amplifier asserts bitodindicate that the command-
response sequence is complete, so that the ingttumiethen be ready for the
next command.

This procedure deals successfully with commandsmggimg multiple responses.

In RS232 communications, comparatively rapid actesise status byte is provided
by the prompt character which is sent by the lockplifier at the same time as bit
0 becomes asserted in the status byte. This ckaiactent out by the lock-in
amplifier after each command response (whethepothe response includes a
transmission over the interface) to indicate thatresponse is finished and the
instrument is ready for a new command. The proades one of two forms. If the
command contained an error, either in syntax aa bgmmand parameter being out
of range, or alternatively if an overload or refee unlock is currently being
reported by the front panel indicators, the proisgi (ASCII 63). Otherwise the
prompt is * (ASCII 42).

These error conditions correspond to the asseofitits 1, 2, 3 or 4 in the status
byte. When the ? prompt is received by the comptherST command may be
issued in order to discover which type of faultséxiand to take appropriate action.

The prompts are a rapid way of checking on theuns¢nt status and enable a
convenient keyboard control system to be set uplgitmy attaching a standard
terminal, or a simple computer-based terminal etouléo the RS232 port. Where
the prompt is not required it can be suppresseskhing the "no prompt" bit, bit 4 in
the RS232 parameter byte. The default (power-wg¢ sif this bit is zero.

Because of the limited number of bits in the stéyte, it can indicate that an
overload exists but cannot give more detail. Twxileury commands, OVL and
OVR n, give details of the location of the overload

A summary of the bit assignments in the status Isytgven below.

Bit Status Byte

bit 0 command complete

bit 1 invalid command

bit 2 command parameter error

bit 3 reference unlock

bit 4 input or output overload

bit 5 GPIB Group Execute Trigger or instrument GEGommand received -
Data output buffer update suspended until GEdrirnand is received

bit 6 asserted SRQ

bit 7 data available

S5-7
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5.2.13 Service Requests

The interface defined by the IEEE-488 standardlithes a line (pin 10 on the
connector) called the SRQ (service request) linehvis used by the instrument to
signal to the controller that urgent attentioneiguired. At the same time that the
instrument asserts the SRQ line, it also asser&ihithe status byte. The controller
responds by executing a serial poll of all therinsients on the bus in turn and
testing bit 6 of the status byte in order to digrowhich instrument was responsible
for asserting the SRQ line. The status byte ofitrgitument is then further tested in
order to discover the reason for the service raqrasbto take appropriate action.

In the model 7210 the assertion of the SRQ linender the control of a byte called
the SRQ mask byte which can be set by the userthéiMSK command or via the
GPIB Settings menu. If any bit in the status bygedmes asserted, and the
corresponding bit in the mask byte has a non-zeahaey the SRQ line is
automatically asserted. If the value of the magk liyyzero, the SRQ line is never
asserted.

Hence, for example, if the SRQ mask byte is s&bta service request would be
generated as soon as an overload occurred; ifRi@Bask byte were set to 0, then
service requests would never be generated.

5.3 Command Descriptions

This section lists the commands in logical groupghsit, for example, all commands
associated with setting controls which affect tigaal channel are shown together.
Appendix E gives the same list of commands butphabetical order.

In the following commands the parameteisncommonly used to signify which
channel(s) of the 32 within the instrument willddféected by the command, as
follows:-

n; Significance

0 All 32 channels are set to the same value
1 Channell

2 Channel 2

31 Channel 31

32 Channel 32

For example, AQN 0 will perform an auto-phase ofiencon all 32 channels, but
AQN 5 will perform it only on Channel 5.

Commands that elicit a response wheresrequal to O generate 32 response values in
the order Channel 1 to Channel 32. In the caskeoRIS232 interface, each response
is terminated with a carriage return/line feed pattile when using the GPIB

interface the final character of each responsedicated by the GPIB line EOI being
asserted.
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5.3.01 Signal Channel

ACGAIN n;[n] AC Gain control
Sets or reads the gain of the signal channel aigplifalues of pfrom 0 to 6 can be
entered, corresponding to the range 0 dB to 60ndB)idB steps.

SEN1 n[ny]

SEN1.n Full-scale sensitivity control
In single reference mode, the value gfats the overall full-scale sensitivity of the
channel(s) specified by according to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €ntiMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1mv 1nA 100 pA
4 3mv 3 nA 300 pA
5 10 mV 10 nA 1nA

6 30 mV 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1A 100 nA

In tandem mode, the value of sets the full-scale sensitivity of the main (fistage)
demodulator(s) for the channel(s) specified bgetording to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €ntMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1mv 1nA 100 pA
4 3mv 3 nA 300 pA
5 10 mV 10 nA 1nA

6 30 mv 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1 pA 100 nA

In either mode, SEN1 meads the sensitivity of the channel(s) specilfiga in

floating-point mode.
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SEN2 n[ny]

SENZ2.n Full-scale sensitivity control
In tandem mode, the value of sets the full-scale sensitivity of the secondetag
demodulator(s) for the channel(s) specified bgetording to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €ntiMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1 mVv 1nA 100 pA
4 3mv 3 nA 300 pA
5 10 mV 10 nA 1nA

6 30 mV 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1A 100 nA

SENZ2. n reads the sensitivity of the channel(s) specifigah in floating-point
mode.

For example, let the instrument have voltage magats, be in tandem mode with
an applied signal consisting of a 10 mV rms 50 kkhzisoidal waveform modulated
to 50% at the REF 2 OUT frequency, with the refeeephases correctly adjusted
and SEN1 for the relevant channel set to 5. Indhge the X1 output will report
nominally 100%, while the X2 output, if SEN2 foretsame channel is also set to 5,
will report nominally 50%.

ASln Perform an Auto-Sensitivity operation
Main (first stage) demodulator(s)

AS2 ny Perform an Auto-Sensitivity operation
Tandem (second stage) demodulator(s)

ASM ny Perform an Auto-Measure operation
Operates on both the main (first stage) and tan@eoond stage) demodulator(s)

Note: The auto-sensitivity and auto-measure operations can take a significant time
(in some cases over a minute) per channel to complete, so they should be used with
care.

AUTOMATIC n¢[ny] AC Gain automatic control
n, Status
0 AC Gain is under manual control via the ACGAINvtoand
1 Automatic AC Gain control is activated, with tp@n being adjusted according
to the full-scale sensitivity setting

OFFSET [n] Automatically Set/Read Interdemodul&diset Value
When the instrument is operating in tandem modeptitput of the first stage of the
demodulator is a DC level with an AC modulationtheg second reference frequency.
In order to allow the (wanted) AC signal to occisymuch as possible of the second
demodulator's input dynamic range, it is desiraidé this DC level is reduced or
removed. The OFFSET command allows this to be done.
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When the command is sent without the parameterthe"instrument automatically
calculates the optimum offset for each channelappldies it, with the value
remaining in effect until next changed or until thetrument is powered down.

The command also operates, for diagnostic purpmsgs so that when sent with a
parameter "n" in the range 1 to 32, the presesebfetting for the corresponding
channel (in arbitrary units) is reported.

OVL Locate overload conditions
Causes the lock-in amplifier to respond with fotlsiBhumbers expressed as decimal
integers in the range 0 to 255, with each respeaparated from the next by the
defined delimiter character. The first number réptne overload conditions in
channels 1 to 8, the second in channels 9 to &&hild in channels 17 to 24 and the
fourth in channels 25 to 32.

Within each number, each bit corresponds to the#é@Ring of all the bits in the
corresponding channel's overload byte. Hence,¥amgle, if channels 1 and 3 are in
overload but all other 32 channels are not, then¢sponse would be:

5,0,0,0

In normal use bit 4 in the ST command or GPIB $@adl status byte can be used to
identify that an overload has occurred, and whenftappens the OVL command can
identify which channel(s) are in overload. Findlge OVR command can be used to
determine the nature of the overload in the releghannel(s).

OVR ny Report overload byte
Causes the lock-in amplifier to respond, for tharetel specified bynwith the
overload byte, an integer between 0 and 31, wisitha decimal equivalent of a
binary number with the following bit-significance:

Bit 0 input overload

Bit 1 X1 channel output overload (> +300 %FS)
Bit 2 Y1 channel output overload (> 300 %FS)
Bit 3 X2 channel output overload (> 300 %FS)
Bit 4 Y2 channel output overload (> +300 %FS)
Bit 5 not used

Bit 6 not used

Bit 7 not used

Note that if bit 1 is set then bits 3 and 4 are mmagless, since if the X1 output is in
overload it will not be feeding any valid signahi@rd in the second (tandem)
demodulator stage.

5-11
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5.3.02 Reference Channel

FRQ1[.] Reference frequency meter
The FRQ1 command causes the lock-in amplifier sgpoad with 0 if the main (first
stage) reference channel is unlocked, or with ¢fierence input frequency if it is
locked. In both fixed and floating point mode tiesponse frequency is in Hz.

FRQ2[.] [n] Set/Read Reference output frequency
The value of n sets or reads the frequency of e QUT signal when the
instrument is operating in Tandem mode. In fixethpmode, n is in millihertz, and
in floating point mode, it is in hertz. Note thadause of the finite number of
possible frequency divisors, the requested valueroay not be the exact frequency
generated. To confirm the exact frequency, sendeteired value of n as a write
command FRQZ2[.] n and then read the actual valtle awvrite/read command
FRQ2[.]

Once set, the frequency of tREF 2 OUT signal remains at the same integer
division of the applied reference frequency as laaghe latter does not change by
more thant 100 Hz. Greater changes cause the reference dharmedock and the
instrument to determine new divisor to givRBF 2 OUT frequency as close as
possible to that requested.

REFMODE [n]  Reference mode selector
n Mode
0 Single Reference mode
1 Tandem Mode
2 Fast TC Single Reference mode

The selected mode applies to all 32 channels
REFMODE 2 disables the second stage (tandem) ddatodsiand allows time

constants down to 1 ms to be specified, by extenttia legal range of the TC
command parameter.

REFNL1 [n] Reference harmonic mode control
The value of n sets the main (first stage) refezarfannel to harmonic detection, as
follows:-
n Mode

1 1F detection
2 2F detection (only available when REFMODE = 0)

The selected mode applies to all 32 channels

REFP1[.]n[n)] Reference phase control
In fixed point mode nsets the phase of the channel(s) specified, by the main
(first stage) demodulator(s) in millidegrees in thage +360000.

In floating point mode nsets the phase of the channel(s) specified, liny degrees

REFP2[.]n[n] Reference phase control
In fixed point mode nsets the phase of the channel(s) specified, byr the tandem

5-12
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(second stage) demodulator(s) in millidegrees énréimge £360000.

In floating point mode nsets the phase of the channel(s) specified, lny degrees.

AQN1 ny Auto-Phase (auto quadrature null)
Main (first stage) demodulator(s)

AQN2 ny Auto-Phase (auto quadrature null)
Tandem (second stage) demodulator(s)

5.3.03 Signal Channel Output Filters

TC1 n[ng]

TCl.n Main (first stage) filter time constant control
n, time constant
-2 1ms (REFMODE = 2 only)

2ms (REFMODE = 2 only)

4 ms

10 ms

30 ms

100 ms

300 ms

1s

3s

10 s

30s

100 s

10 300s

11 1ks

@OO\]@O'I#UJNI—‘OR_\

The TC1. apcommand is only used for reading the time constard,reports the
current setting in seconds. Hence if a TC1 1 2 candrwere sent, TC1 1 would

report 2 and TC1. 1 would report 3.0E-02, i.e. GG@B 30 ms.

TC2 n[ng]

TC2. n Tandem (second stage) filter time constant control
n, time constant

30 ms

100 ms

300 ms

1s

3s

10s

30s

100 s

10 300s

11 1ks

O©CoOoO~NOOUTE,WN

The TC2. ncommand is only used for reading the time constamd,reports the
current setting in seconds. Hence if a TC2 1 3 candrwere sent, TC2 1 would

report 3 and TC2. 1 would report 1.0E-01, i.e.9dr 100 ms.
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5.3.04 Instrument Outputs

BX1 X channel output - Main (first stage) - Bindviode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
X1 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range £30000, full-scale being +10000, repnted by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

BY1 Y channel output - Main (first stage) - Bindviode
This command causes the lock-in amplifier to resjpwith 64 bytes of data being the
Y1 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range £30000, full-scale being +10000, repnted by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

BX2 X channel output - Tandem (second stage) - BilMode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
X2 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range £30000, full-scale being +10000, repnted by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

BY2 Y channel output - Tandem (second stage)- Bihdode
This command causes the lock-in amplifier to resjpwith 64 bytes of data being the
Y2 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range £30000, full-scale being +10000, repnted by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

X1[.] ny X channel output - Main (first stage)
In fixed point mode causes the lock-in amplifierégpond with the X1 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the X1
demodulator output of the channel(s) specified by mmps.

X2[.] ny X channel output - Tandem (second stage)
In fixed point mode causes the lock-in amplifierégpond with the X2 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the X2
demodulator output of the channel(s) specified by mmps.

XY1[.] ng X, Y channel outputs - Main (first stage)
Equivalent to the compound command X1j;M1[.] ny

XY2[.] ny X, Y channel outputs - Tandem (second stage)
Equivalent to the compound command X2p;M2[.] n,

Y1[.] ny Y channel output - Main (first stage)
In fixed point mode causes the lock-in amplifierégpond with the Y1 demodulator
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output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the Y1
demodulator output of the channel(s) specified by mmps.

Y2[.] ny Y channel output - Tandem (second stage)
In fixed point mode causes the lock-in amplifieréspond with the Y2 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the Y2
demodulator output of the channel(s) specified by mmps.

5.3.05 Auxiliary Output

BYTE [n] Digital port output control
The value of n, in the range 0 to 255, determihegbits to be output on the rear
panel digital output port. Hence, for example, W1 = 0, all outputs are low, and
when BYTE = 255, all are high.

5.3.06 Output Data Curve Buffer

CBD [n] Curve buffer define
Defines which data outputs are stored in the cboféer when subsequent TD (take
data), TDT (take data triggered) or TDC (take datatinuously) commands are
issued.

Up to eight curve sets may be stored. Each seatraiinsists of single values per
curve, or an array of 32 values representing asttllof 32 output readings defining a
curve.

The actual curve sets that will be saved are spéddify the CBD parameter, which is
an integer between 1 and 247, being the decimal&eut of an 8-bit binary word.
When a given bit is asserted, the correspondingubus selected for storage. When a
bit is negated, the output is not stored. Theuitfion and range for each output are
shown in the table below:

Bit Decimal value Values/Curve Point Output andgean

0 1 32 X1 Outputs (x10000 FS)

1 2 32 Y1 Outputs (10000 FS)

2 4 1 Ref 1 frequency (Hz)

3 8 - Reserved for future use

Tandem Mode Only (i.e. REFMODE = 1)

4 16 32 X2 Outputs (£10000 FS)

5 32 32 Y2 Outputs (10000 FS)

6 64 1 Ref 2 frequency bits 0 to 15 (mHz)
7 128 1 Ref 2 frequency bits 16 to 32 (mHz)

Curve sets 6 and 7 store the reference frequenay milihertz. The calculation
needed to translate the two 16-bit values to onkiB2alue is:
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Reference Frequency F2 = (65536 x value in Curve (¥alue in Curve 6)

Note that the CBD command directly determines tlosvable parameters for the
DC and DCB commands. It also interacts with the Lldéshmand and affects the
values reported by the M and MAXLEN commands.

No provision is made for storing the instrumengsrgut channel sensitivities when
using the curve buffer, so these should not begddduring acquisition since it
would not then be possible to correctly interphet stored X1, Y1, X2 and Y2
values.

LEN [n] Curve sets length control
The value of n specifies the curve sets buffertlemngeffect for data acquisition. The
maximum value is 2,000,000,000, although this iy aseful if using the DCFIFO or
DCBFIFO readout commands. In normal operation thrgecbuffer can hold a
maximum of 128,000 curve sets, divided betweenghode stored. Some examples
of the maximum LEN parameter for this mode are shbelow.

CBD max LEN parameter
1 4000 (128,000 + 32)
2 4000 (128,000 + 32)
3 2000 (128,000 + 64)
4 100,000 (128,000 + 1)
5 3878 (128,000 + 33)
6 3878 (128,000 + 33)
7 1969 (128,000 + 65)
MAXLEN Read maximum curve length

This command reports the maximum curve sets bldfegth corresponding to the
current setting of CBD when using normal readoset fiot DCFIFO or DCBFIFO
commands).

NC New curves
Initializes the curve sets storage memory and Stedtiables. All record of
previously taken data is removed.

STR [n] Storage interval control
Sets the time interval between successive curgebsitg acquired under the TD or
TDC commands. n specifies the time interval inisgitonds. When REFMODE3
the resolution is 4 ms, input values being roungetb a multiple of 4. When
REFMODE = 3, the resolution is 2 ms, and input ealare rounded up to a multiple
of 2 The longest interval that can be specifietd80000 s corresponding to one
point in about 12 days. The shortest interval iss2or 4 ms, depending on the
REFMODE setting.

TD Take data
Initiates data acquisition. Acquisition startstet turrent position in the curve sets
buffer and continues at the rate set by the STRntand until the buffer is full, or
until the HC command is issued.

TDT n Take data triggered
Sets the instrument so that data acquisition wilifitiated on receipt of a trigger at
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TDC

the TRIG IN 1 connector on the front panel. Two triggered modespassible, as
set by the value of n:

n function

0 One complete set of curves, consisting of thebarrof curve sets specified by
the LEN command parameter, is acquired for eaglyeri

1 One curve is acquired for each trigger. Henaardier to store a complete set of
curves, the number of triggers applied must equ@humber of curve sets
specified by the LEN command parameter. Note thétis mode the maximum
trigger rate is 200 Hz and the storage intervatrobsetting has no effect.

A curve set is stored on the next interrupt aftertrigger’s rising edge. The
minimum trigger pulse high time and the minimungger pulse low time are both

2 ms. The minimum pulse period is therefore 4 nme ffigger has to return low
again for a minimum of 2 ms before another trigegan be detected. Although curves
may be stored if the minimum pulse high and lowetnare not adhered to, curves
will not be stored on every pulse.

Take data continuously
Initiates data acquisition. Acquisition startste turrent position in the curve buffer
and continues at the rate set by the STR commatilchafted by an HC command.
The buffer is circular in the sense that when & been filled, new data overwrites
earlier points.

TMARK [n] Trigger marker control

HC

When using the curve buffer for continuous dataugttion with FIFO readout, it

can be useful to be able to identify the time afuscence of trigger events. The
TMARK command allows this. When parameter n istgdt, trigger events at the
front panelTRIG 1 input connector cause all 32 values of X1, Y1, X2,to be set

to 30001; Freql and Freqg2 are set to 0. When et i® 9D, the trigger does not "mark”
the data set.

The resulting data stream as it is read from tegument can then be interrogated by
user-developed software to see the "illegal" vabfeé30001, allowing data

acquisition to be synchronized with external equpmwhile still running
uninterrupted.

Halt curve acquisition
Halts curve acquisition in progress. It is effeetduring both single (data acquisition
initiated by TD command) and continuous (data asitjan initiated by TDC
command) curve acquisitions. The curve may be mestdy means of the TD, TDT
or TDC command, as appropriate.
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M Curve acquisition status monitor
Causes the lock-in amplifier to respond with foalues that provide information
concerning data acquisition, as follows:

First value, Curve Acquisition Status: a number with five possible values, defined
by the following table:

First Value Significance

0 No curve activity in progress.

1 Acquisition via TD command in progress and ragni

2 Acquisition via TDC command in progress and fogn

5 Acquisition via TD command in progress but haily HC
command.

6 Acquisition via TDC command in progress but édlby

HC command.

Second value, Number of Sweeps Acquired: This number is incremented each time
a TD is completed and each time a full cycle is pl@ted on a TDC acquisition. It is
zeroed by the NC command and also whenever a CRIENrcommand is applied
without parameters.

Third value, Status Byte: The same as the response to the ST command. The
number returned is the decimal equivalent of th&ustbyte and refers to the
previously applied command.

Fourth value, Number of Curves Availablefor Transfer: This number is
incremented each time a curve is taken. It is zebyethe NC command and
whenever CBD or LEN is applied without parametéris decremented each time
curves are read out of the buffer using the DCRIFOCBFIFO commands by the
number of curves transferred.

DCn Dump acquired curve to computer
This command causes stored curve sets to be dungpéte computer interface in
ASCII decimal format.

One curve set only is transferred, as specifiethbyparameter n, which is the bit
number of the required set and which must have bead by the most recent CBD
command. Data is transmitted one curve at a titagtjrsg from the beginning of the
buffer. In the case of curves with 32 Values @uves 0, 1, 4 and 5) the response
consists of a total of 32 (setting of the LEN control) values, ordered dkofas
(example for curve set 0, with length of 100 cujves

X1, X1,, X13, X14, X1s, X1, X1, ........ , X%, X135 (curve 1in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 2 in curve Set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 3in curve Set)
X1, X1,, X3, X14, X1s, X1, X157, ........ , X%, X135 (curve 4 in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 99 in curve Set)
X1, X1,, X13, X14, X1s, X1, X154, ........ , X%1, X135 (curve 100 in curve set)

Each value within a curve is separated from the bgsxhe delimiter that is specified
by the DD command - the default delimiter on powprbeing a comma (DD 44).
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Each curve is separated from the next by a <CR><(cBrriage return and line feed
character pair).

In the case of the other curve sets, the commamnplireturns (setting of the LEN
control) values, again with each one being sepdrfaben the next by a <CR><LF>
character pair.

The computer program's subroutine which readsasganses to the DC command
needs to run a FOR...NEXT loop of appropriate lengtoring the responses as
required.

Note that when using this command with the GPIBriiaice the serial poll must be
used. After sending the DC command, perform replesgeal polls until bit 7 is set,
indicating that the instrument has an output wgitimbe read. Then perform
repeated reads in a loop, waiting each time uiitif ks set indicating that a new
value is available. The loop should continue uaitill is set, indicating that the
transfer is completed.

DCFIFO n Dump acquired curve to computer - FIFO enod
This command causes stored data curves to be duigéte computer interface in
ASCII decimal format. Unlike the DC command, it daused while data
acquisition is in progress, thereby making the ntgméthin the instrument
essentially function as a first-in, first-out (FIjFBuffer.

The parameter n defines the number of curve sdtaniefer, and can be any value
between 1 and the present number of curve setdrhtié buffer. The latter can be
determined by using the M command and readingdbe value returned by it.

Because of the way that data is organized in tfiletyghe DCFIFO command
returns all data that has been stored, as defipgldebCBD command (unlike the DC
command there is no parameter to specify a paatiaurve set to transfer). The
user's software must therefore parse the datarreduny the command and put it into
suitable arrays for further processing or storage.

For each curve set transferred, data is transniittéte following sequence:

X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Xl ValueS)

Y1, Y1, Y13 Y14, Y15, Y1, Y14, ........ , Yk, Yz (Yl ValueS)

FRQ1 (Ref 1 frequency (Hz))
X241, X2, X23, X24, X25, X2, X27, ........ , X231, X235 (X2 ValueS)

Y21, Y25, Y23, Y24, Y25, Y26, Y25, ........ , Y21, Y23 (Y2 ValueS)

FRQZ2sg (Ref 2 frequency bits 0

to 15 (mHz))
FRQ2yss (Ref 2 frequency bits 0

to 15 (mHz))

subject to the condition that the relevant dataesimust have been stored, as
specified by the CBD command. Hence, for exampbéliand Y2 curve sets were
stored (CBD = 33) then the responses would bedrdllowing order:

X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 1)
Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Curve 1)
X1, X1,, X153, X14, X15, X1g, X1, ........ , Xy, X135 (Curve 2)
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Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Curve 2)

X1, X1,, X153, X14, X1s, X1, X1, ........ , X%, X135 (Curve 3)
Y21, Y25, Y23, Y24, Y25, Y26, Y25, ........ , Y21, Y23 (Curve 3)

..etc.

Each value within a curve is separated from the bgsxhe delimiter that is specified
by the DD command - the default delimiter on powprbeing a comma (DD 44).
Each curve is separated from the next by a <CR><(cBrriage return and line feed
character pair).

The computer program's subroutine which readseasganses to the DCFIFO
command needs to run a FOR...NEXT loop of appréptength, storing the
responses as required.

Note that when using this command with the GPIRriiatice the serial poll must be
used. After sending the DCFIFO command, perforneaggd serial polls until bit 7 is
set, indicating that the instrument has an outmitimg to be read. Then perform
repeated reads in a loop, waiting each time uiitif ks set indicating that a new
value is available. The loop should continue uaitill is set, indicating that the
transfer is completed.

Each time a set of curves is transferred, theunstnt decrements the number of
curves available for transfer, as reported by theokhmand.

If the controlling software reads data out using EFCFIFO command faster than the
instrument is acquiring it, then the maximum acijois length becomes limited by
the software and not by the length of the instrursenemaory.

To use this mode of acquisition, issue commandsdriollowing order:
a) Send CBD with a parameter specifying what ostpne to be stored.
b) Send STR with a parameter specifying the datarding interval.

c) Send LEN with a parameter equal to the requiv&al curve sets length. This is
the required recording time divided by the recogdimerval.

d) Start acquisition by sending TD. Triggered madquisition using TDT 0 and
TDT 1 is also supported.

e) Sendthe M command and monitor the fourth vedtierned by it. When this
exceeds a suitable threshold value (e.g. 100 cyrsesd DCFIFO with a
parameter equal to this threshold. Read and plaesesulting data from the
instrument.

f) Repeat step e) for as long as required, urdildtquisition is stopped when the
number of curves equals the LEN command paranatan HC command is
sent to the instrument.
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DCBn Dump acquired curve sets to computer in lyifiammat
This command causes a stored curve set to be duvigéite computer interface in
binary format, using two bytes per point to trangfach 16-bit 2’s complement
value, with the MSB transmitted first. The numbédata bytes sent is therefore
equal to 2¢ (current curve lengthy Values/Curve.

In order to achieve the maximum transfer rate anminators are used within the
transmission, although the response is terminatedhally at the end.

One curve only is transferred, as specified bypdmameter n, which is the bit
number of the required curve set and which muse leen stored by the most recent
CBD command. Data is transmitted one curve at a,tstarting from the beginning

of the buffer. In the case of curves with 32 Val@esve (i.e. curves 0, 1, 4 and 5)
the response consists of a total of<3@&etting of the LEN control) values, ordered as
follows (example for curve 0, with length of 100ims):

X1, X1y, X13, X14, X5, X1, X157, ........ , X%, X135 (curve 1in curve set)
X1, X1,, X3, X14, X1s, X1, X157, ........ , X%, X135 (curve 2 in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 3in curve Set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 4 in curve Set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 99 in curve Set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 100 in curve Set)

In the case of the other curves, the command singplyns (setting of the LEN
control) values.

The computer program's subroutine which readsepganses to the DCB command
needs to be able to handle the potentially veryelatata blocks that can be
generated. For example, transfer of an output ceevevhen the curve set length is
1000 points will generate 10002 x 32 = 64,000 bytes of data.

DCBFIFO n Dump acquired curve to computer - FIFGdmdinary output
This command is similar to the DCFIFO command, pkteat:

a) Data points are transferred in binary formaihgiswo bytes per point to transfer
each 16-bit 2’s complement value, with the MSB sraitted first. There are no
delimiters between points, curves, or curve sets.

b) Operation when downloading data via the GPI8 ligtle more complicated, in
order to get the fastest possible speeds. Datarisferred in blocks
corresponding to eight curve sets, so long as #reistill eight or more
remaining to transfer. Once there are fewer thghtethen the transfer is for the
number remaining.

For example, suppose CBD = 3, implying that thexdL Y1 output values have
been stored, and that 100 curve sets are to belretds case, first send the
command DCBFIFO 100. Next perform repeated sedls$ pintil bit 7 is set,
indicating that the instrument has an output wgitimbe read. Then perform a
read of (32 x 2 x 2 x 8) bytes (1024 bytes) whidh eontain the curve sets 1 to
8 of X1 and Y1 curves, in the following order:
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X141, X1,, X153, X1,4, X115, X1, X1, ........ , Xy, X135 (Curve 1)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23 (Curve 1)
X1, X1,, X135, X14, X1s, X1, X1, ........ , X%, X135 (Curve 2)
Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Curve 2)
X141, X1,, X153, X14, X115, X1, X1, ........ , Xy, X135 (Curve 3)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23 (Curve 3)
X141, X1, X153, X14, X115, X1, X1, ........ , Xbq, X135 (Curve 8)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23 (Curve 8)

Now perform another serial poll; bit 7 will stile set indicating that more data is
available. Read this data with another read of 1f)2ds.

Repeat this process, tracking the number of cset® received, until there are
only four left (i.e. after 12 groups). The finahcewill then need to be of (32 x 2
X 2 x 4) bytes (256 bytes) to complete the trangfethis point bit 1 in the serial
poll byte will is set.

Each time a set of curves is transferred, theunstnt decrements the number of
curves available for transfer, as reported by theokhmand.

If the controlling software reads data out using EFCBFIFO command faster than
the instrument is acquiring it, then the maximumguasition length becomes limited
by the software and not by the length of the imant's memory.

To use this mode of acquisition, issue commandsdriollowing order:

a)
b)

c)

d)

f)

Send CBD with a parameter specifying what ot to be stored.
Send STR with a parameter specifying the datarding interval.

Send LEN with a parameter equal to the requivéad curve sets length. This is
the required recording time divided by the recogdimerval.

Start acquisition by sending TD. Triggered madauisition using TDT 0 and
TDT 1 is also supported.

Send the M command and monitor the fourth vedtierned by it. When this
exceeds a suitable threshold value (e.g. 100 cyrsesd DCBFIFO with a
parameter equal to this threshold. Read and plaesesulting data from the
instrument.

Repeat step e) for as long as required, urgildbquisition is stopped when the
number of curves equals the LEN command paranatan HC command is
sent to the instrument.
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GET [n] Trigger/Monitor Snap Data Acquisition
When sent with a parameter, the GET command fumsi@ecording to the following
table:-

n function
0 Release hold on data transfer to output bufféitsmthe model 7210
1 Suspend data transfer to output buffers withinrttodel 7210

GET 1 is equivalent to sending the GPIB commandu@iexecute Trigger.

When sent without a parameter, the response ierditbr 1, where the value has the
following significance:

n meaning

0 Datais being transferred to output buffers witiie model 7210 - normal mode

1 Data transfer to output buffers within the mod210 suspended, because either
a GET 1 command or a GPIB Group Execute Triggermand has been
received

In normal operation X1, Y1, X2 and Y2 output dataead from the output buffers at
the point at which a command requiring it is reedivHowever, this potentially
introduces problems when multiple instruments anesie, since there is a finite delay
between sending the relevant commands to, and gsincethe responses from, each
instrument.

The instruments therefore respond to the GPIB gexgeute trigger which, when
sent, triggers all units on a GPIB bus. When a Gitti2ip execute trigger command
is received by the 7210, the data transfer tokgument's output buffers is
suspended, so that the buffers in a group of interected units all contain output
values sampled at the same point in time.

The user's program should then read the requiredsgguentially from all the units,
and once this has been done, release the datéetrnfd within each instrument by
sending a GET 0 command to each unit in turn.

Note that when the data transfer within the insenohis suspended, it still continues
to operate normally, so there the maximum delaydhe hold is removed before the
output values are "correct” is only 2 ms.

5.3.07 Computer Interfaces (RS232 and GPIB)

DD [n] Define delimiter control
The value of n, which can be set to 13 or from®225, determines the ASCII value
of the character sent by the lock-in amplifier éparate two numeric values in a two-
value response, such as that generated by the Xh(d Y first-stage outputs)
command. The default setting is a comma (equivatesending a DD 44 command).
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GP [n]

ORrWNRFODS

Set/Read GPIB parameters

Terminator

[CR], test echo disabled

[CR], test echo enabled

[CR,LF], test echo disabled
[CR,LF], test echo enabled

no terminator, test echo disabled
no terminator, test echo enabled

Note that the GPIB address is set via the rearifalfeswitches.

RS [n [n]]
Baud rate (bits per second)

ST

75
110

134.5

Ny

0

1

2

3 150

4 300

5 600

6 1200
7 1800
8 2000
9 2400
10 4800
11 9600

12 19200

Set/read RS232 interface parameters

The lowest five bits in ynicontrol the other RS232 parameters accordinggo th
following table:

bit number bit negated bit asserted

0 data = 7 bits data = 8 bits

1 no parity bit 1 parity bit

2 even parity odd parity

3 echo disabled echo enabled

4 prompt disabled prompt enabled

Report status byte

Causes the lock-in amplifier to respond with tlast byte, an integer between 0 and
255, which is the decimal equivalent of a binarynber with the following bit-

significance:

Bit 0 Command complete

Bit 1 Invalid command

Bit 2 Command parameter error

Bit 3 Reference unlock

Bit 4 Input or Output Overload

Bit 5 GPIB Group Execute Trigger or instrument GE€Gommand received -
Data output buffer update suspended until GE®rirmand is sent.

Bit 6 Asserted SRQ

Bit 7 Data available
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If Bit 4 is asserted, the OVL command can be usatktermine where the overload
is occurring.

NOTE: thiscommand is not normally used in GPI B communications, where the
status byte is accessed by performing a serial poll.

MSK [n] Set/read service request mask byte
The value of n sets the SRQ mask byte in the rartge255

5.3.08 Instrument Identification

ID Identification
Causes the lock-in amplifier to respond with thenber 7210.

CARDID Signal Board Identification
The response to the CARDID command is 8 numbepsraged by the selected
delimiter. Each number indicates the type of sigmailit mounted the relevant slot,
with the slots counted from the left-hand end E€kannel 1). The value of each
number has the following significance:

Significance

No card fitted

Wide Bandwidth current mode input (10E6 transidgree)
Voltage Mode input

Low Noise current mode input (10E7 transimpedpance

WNEFLOS

For example a response of 3,3,3,3,3,3,3,3 meahshhanit is fitted with 32
channels, each having a low-noise current mode isipge.

SLAVE Read Master/Slave status
The response to this command is a number withal@aing significance:
n Significance
0 Unitis Master
1 Unitis Slave

Only one instrument in a group of interconnecteidsucan be the Master.

VER Report firmware version
Causes the lock-in amplifier to respond with tlifivare version number.

5.3.09 Auto Default

ADF n Auto Default
The ADF command performs an auto-default operatmaording to the following
table:

n Significance

0 Allinstrument settings are returned to theitdag default values

1 Allinstrument settings, with the exception of ttommunications settings, are
returned to their factory default values
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NOTE: If the ADF 0 command is used when the communications settings are at
values other than their default settings, then communication will be lost.

5.4 Programming Examples

5-26

5.4.01 Introduction

This section gives some examples of the commaradsited to be sent to the lock-in
amplifier for typical experimental situations.

5.4.02 Basic Signal Recovery - Single Reference Mode

In a typical simple experiment, the computer isduseset the instrument controls
and then to record the chosen outputs, perhap$uaeton of time. At sampling

rates of up to a few points per second, there isasal to suspend data transfer to the
internal curve buffer. The commands to achieve #8suming that signals are
applied to all 32 channels, would therefore be Isimo the following sequence:

REFMODE 0 Single reference mode

REFN1 1 1F detection

ASM 0 Auto-Measure all 32 channels. Note that toigld take a long
time, up to several minutes, to complete

TC103 Set time constants to 100 ms, since puswEM sets the TC
to 300 ms

Then the outputs could be read as follows:

X1.0 Reads 32 X1 channel output values in amps
Y1.0 Reads 32 Y1 channel output values in amps
FRQ1 Reads reference frequency in hertz

The controlling program would send a new output icamd each time a new reading
were required. Note that with the output filterpdoof 12 dB/octave a good "rule of
thumb" is to wait for a period of four time-congimafter the input signal has
changed before recording a new value. Hence imangeg type experiment, the
program should issue the commands to whatever eguipcauses the input signal to
the lock-in amplifier to change, wait for four tirsenstants, and then record the
required output.

5.4.03 Basic Signal Recovery - Tandem Reference Mode

This is similar to the procedure described in ®ec§.4.02 above, except that the
instrument is now set to the tandem reference mblas.requires that the REF 2
OUT frequency be set correctly and that the OFF&&MTmand be used to remove
the effect of any interdemodulator DC offset.

The commands to achieve this, assuming that sigmalapplied to all 32 channels,
would therefore be similar to the following sequenc

REFMODE 1 Tandem reference mode
FRQ2. 1.0E1 Set REF 2 OUT to nominally 10 Hz
ASM O Auto-Measure both demodulators for all 32mhels. Note that
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this could take a long time, up to several mésuto complete.

TC103 Set time constants to 100 ms, since puswEM sets the TC
to 300 ms
changed them

TC203 Set time constants to 100 ms, since puswi&GM will have set

the TC as a function of the REF 2 OUT referdnegquency.

Then the outputs could be read as follows:

X1.0 Reads 32 X1 channel output values in amps
Y1.0 Reads 32 Y1 channel output values in amps
X2.0 Reads 32 X2 channel output values in amps
Y2.0 Reads 32 Y2 channel output values in amps
FRQ1 Reads applied reference frequency in hertz
FRQZ2. Reads REF 2 OUT reference frequency in hertz

5.4.04 Tandem Reference Mode with Output Data Sampling
Correlation
This is the same as example 5.4.03, except twouimsints are now used and the

GPIB Group Execute Trigger command is used to symihe the output data
sampling time for both of them.

The commands to achieve this, assuming that sigmalapplied to all 32 channels,
would therefore be similar to the following sequenc

Send to the Master Unit:
REFMODE 1 Tandem reference mode

FRQ2. 1.0E1 Set REF 2 OUT to nominally 10 Hz

ASM 0 Auto-Measure both demodulators for all 3aruhels. Note that
this could take a long time, up to several mésuto complete.

TC103 Set time constants to 100 ms, since pusw&M sets the TC
to 300 ms
changed them

TC203 Set time constants to 100 ms, since puswi&GM will have set

the TC as a function of the REF 2 OUT referdneguency.

and then send to the Slave Unit;
REFMODE 1 Tandem reference mode

ASM 0 Auto-Measure both demodulators for all 3aruhels. Note that
this could take a long time, up to several mésuto complete.

TC103 Set time constants to 100 ms, since pusw&M sets the TC
to 300 ms
changed them

TC203 Set time constants to 100 ms, since puswi&GM will have set

the TC as a function of the REF 2 OUT referdnegquency.
Now send a GPIB Group Execute Trigger.

Then read the required outputs from the mastesiEw units using the following
commands:-
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X1.0 Reads 32 X1 channel output values in amps
Y1.0 Reads 32 Y1 channel output values in amps
X2.0 Reads 32 X2 channel output values in amps
Y2.0 Reads 32 Y2 channel output values in amps

Having read all required data, send to the Mastet-U
GETO

and to the Slave Unit:-

GETO

before repeating as required.
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Appendix A
Measurement Modes

Single-frequency 32 channel dual-phase lock-in #&mplrunning with an external
reference frequency in the range 20 Hz to 50.5 kHz

Outputs:-
X1
Y1

Tandem-operation 32 channel dual-phase lock-in dieplrunning with a first,
external reference frequency in the range 20 Hs0t6 kHz and generating the
second reference frequency by integer divisioreffirst. The range of the of second
frequency is 0.001 Hz to 100 Hz, subject to a maximnfrequency equal to one half
of the applied reference frequency.

Outputs:-
X1
Y1
of the modulation at the first reference frequefecy. at say 50 kHz),
and
X2
Y2
of the first reference frequency by the second. the components at say 10 Hz)
Signal Channel

The signal input specifications depend on the moféisignal board fitted. Three
board types are available:

7210/99 Signal Board - Voltage Mode | nputs

Voltage
Mode Virtual Ground
Connector BNC
Impedance to Ground Q
Input Impedance 10
Input Voltage Noise <10 nVHz at 1 kHz
Max Safe Input +12.0V

Frequency Response 20 Hz to 51 kHz

Frequency Response over which

following four specifications apply 110 Hz to 51 kH
Gain Accuracy Overall +0.5% to +2.0%
Gain Match between Channels + 1.0% to + 5.0%
Phase Accuracy Overall +2°
Phase Match between Channels + 1°

Full-scale sensitivity 100 pVtolVrmsina

1-3-10 sequence
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(9 settings)

7210/98 Signal Card - Wide Bandwidth Current Mode I nputs
Current Input

Mode Virtual Ground
Connector BNC
Impedance to Ground Q
Input Impedance <1kQ at1kHzto
virtual ground

Input Current Noise < 150 fAHz at 1 kHz
Max Safe Input +12.0V

Frequency Response 20 Hz to 51 kHz

Frequency Response over which
following four specifications apply 110 Hz to 51 kH
Gain Accuracy Overall +0.5% to +2.0%
Gain Match between Channels * 1.0% to + 5.0%
Phase Accuracy Overall +2°
Phase Match between Channels + 1°
Full-scale sensitivity 100 pAtol1 pArmsina
1-3-10 sequence
(9 settings)

7210/97 Signal Card - Low Noise Current Mode I nputs
Current Input

Mode Virtual Ground
Connector BNC
Impedance to Ground Q
Input Impedance <1kQ at 1 kHz to
virtual ground

Input Current Noise < 50 fAHz at 1 kHz
Max Safe Input +120V

Frequency Response 20 Hz to 5 kHz

Frequency Response over which
following four specifications apply 110 Hz to 5 kHz
Gain Accuracy Overall +0.5% to + 2.0%
Gain Match between Channels + 1.0% to + 5.0%
Phase Accuracy Overall +2°
Phase Match between Channels + 1°
Full-scale sensitivity 10 pAto 100 nArmsin a
1-3-10 sequence
(9 settings)



Appendix A, SPECIFICATIONS

Reference Channel

Demodulator

External Reference Input
Impedance
Level
Connector
Frequency Range, f1

Lock Acquisition Time
Reference Phase Shifter

Set Resolution
Orthogonality

1 /I35 pF
250 mVto 2.5V rrms
BNC
20 Hz to 50.5 kHz

2 seconds max

10 m°
90° + 0.001°

External Reference Frequency Meter Resolution

Reference Output
Frequency, 2

range

Amplitude

Impedance

Connector
Harmonic Detection

1Hz

fl/n, where n, an integer, is cal@d by the
instrument to give a frequency as close as
possible to user- specified value in the

0.1 Hz to 100 Hz; maximum frequency also
limited to be no greater than f1/2
> 3V pk-pk square-wave
< 200
BNC
fand 2f (2f in single
-frequency operation only
2f < 50.5 kHz

Tandem Reference Frequency Meter Resolution

ADC's
Type
Sampling Rate
f1> 200Hz
f1 < 200Hz

Single-Frequency Operation
Time Constants

Slope
Type

Harmonic Rejection
Dynamic Reserve

0.001 Hz

12 bit or better
208 kHz <, 250 kHz

both rates synchronous to external
reference (f1) frequency

3mstolksin1-3-10
sequence (12 steps), plus 2 ms
12 dB/octave
Synchronous digital FIR
filters

>90dB

>80dB
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Data Outputs

Interconnections

Indicators

Tandem-Frequency Operation
Applying to f1 outputs:-

Time Constants 4msto1lksin1-3-10
sequence (12 steps)

Slope 12 dB/octave

Type Synchronous digital FIR
filters

Applying to f2 outputs:-

Time Constants 30 msto1ksin1-3-10
sequence (11 steps)

Slope 12 dB/octave

Type Synchronous digital FIR
filters

Harmonic Rejection >90dB

Dynamic Reserve >80 dB

The outputs available from the instrument are:-

Single Reference Mode:
X1
Y1

Tandem Mode:
X1
Y1l
X2
Y2

for each of 32 channels. Outputs can be read Hirectreceipt of a command, or

stored on receipt of a GPIB trigger or the GET canchfor later readout. The
output values can be read using commands genetatiagy or ASCII responses.

Up to sixteen instruments can be interconnectguideide up to 512 detection
channels. Interconnections are via RG45 multipolenectors. Each instrument has a
rear-panel switch to select whether the connedtorstion as outputs, in which case
the unit is the "master”, or inputs, when the isd "slave".

Front-panel LEDs indicate the following conditions:
Power On - a single LED which is lit when line power is sg¥ied on.

Communications Activity - indicates when command is being received and
response waiting to be read or being transmitted.

Master/Slave - when lit indicates that the instrument is sefutaction as a "master”
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General

and that its synchronizing signal connectors atpuis

Internal Oscillator - reserved for future expansion.

Reference Unlock - lights when no suitable reference is applied

Signal Channel Overload - a single LED warning of any one of the 32 chdsine

being in overload. It is possible to identify vi@amputer status command which of
the channels is in overload.

Computer Interfaces

Type GPIB (IEEE-488) and
RS232-C
Connectors Standard GPIB

Centronics connector,
9-pin female RS232
Comms Settings Set by rear-panel DIP switches

Command Set ASCIlI commands for all instrument caatr
and data readout. Binary dump commands for
data readout

Power Requirements

Voltage 100/120/220/240 V AC

Frequency 50 - 60 Hz

Power 200VA max
Dimensions

Width 446 mm

Height 3U (133.5 mm)

Depth 435 mm
Weight 12.5 kg
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Appendix B
B1l RS232 Connector Pinout

PR 0 0 © © 0 PN

Figure B-1, RS232 and AUX RS232 Connector (Female)

Pin Function Description

2 RXD Data In

3 TXD Data Out

5 GND Signal Ground

7 RTS Request to Send - Always +12 V

All other pins are not connected

B.2 Digital Output Port Connector

0000000 00 O
0000000 00 0

Figure B-2, Digital Output Port Connector

8-bit TTL-compatible output set from the front phoevia the computer interfaces.
Each line can drive 3 LSTTL loads. The connectdk mate with a 20-pin IDC
header plug (not supplied). The pinout is as folbw

Pin Function
1 Ground
2 Ground
3 DO

4 Ground
5 D1

6 Ground
7 D2

8 Ground
9 D3

10 Ground
11 D4

12 Ground
13 D5

14 Ground
15 D6

16 Ground

B-1
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Pin
17
18
19
20

Function
D7
Ground
+5V
+5V

DO = Least Significant Bit
D7 = Most Significant Bit

B.3 Preamplifier Power Connector Pinout

B-2

Pin
1
2
3

Figure B-3, Preamplifier Power Connector

Function
-15V
Ground
+15V

Pins 4 and 5 are not connected. Shell is shieldrgto



Demonstration Programs

Appendix C
C.1 Simple Terminal Emulator

This is a short terminal emulator with minimal fa@s, which will run on a PC-compatible compuiea
Microsoft GWBASIC or QuickBASIC environment, or cee compiled with a suitable compiler.

10 'MINITERM 9-Feb-96

20 CLS : PRINT "Lockin RS232 parameters must be set to 9600 baud, 7 DATA
bits, 1 stop bit and even parity"

30 PRINT "Hit <ESC> key to exit"

40 OPEN "COM1:9600,E,7,1,CS,DS" FOR RANDOM AS #1

100 WHILE (1)

110 B$ = INKEY$

120 IF B$ = CHR$(27) THEN CLOSE #1: ON ERROR GO TO 0: END
130 IF B$ <> "™ THEN PRINT #1, B$:

140 LL% = LOC(1)

150 IF LL% >0 THEN A$ = INPUTS$(LL%, #1): PRINT A$;
160 WEND
170 e

180 PRINT "ERROR NO."; ERR: RESUME

C.2 RS232 Control Program with Handshakes

RSCOM2.BAS is a user interface program which iliatgts the principles of the echo handshake. The
program will run on a PC-compatible computer eithest Microsoft GWBASIC or QuickBASIC
environment, or in compiled form.

The subroutines in RSCOM2 are recommended for paration in the user's own programs.

10 'RSCOM2 9-Feb-96

20 CLS : PRINT "Lockin RS232 parameters must be set to 9600 baud, 7 data
bits, 1 stop bit, even parity"

30 OPEN "COM1:9600,E,7,1,CS,DS" FOR RANDOM AS #1

40 CR$ = CHR$(13) ' carriage return

50"

60 '...main loop.......c..........

70 WHILE 1 " infinite loop

80 INPUT "command (00 to exit) "; B$' no comma s are allowed in B$

90 IFB$="00"THEN END

100 B$=B$+CR$ " append a carriage return

110 GOSUB 180 " output the command B$

120 GOSUB 310: PRINT Z$; 'read and display res ponse

130 IF A$="?"THEN GOSUB 410: GOSUB 470 "if "?" prompt fetch
STATUS%

140 "and display message

150 WEND ' return to start of loop

C-1
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160"

170"

180 '...output the string BS..............

190 ON ERROR GOTO 510 " enable error trapping

200 IF LOC(1) > 0 THEN A$ = INPUTS$(LOC(1), #1) cl ear input buffer

210 ON ERROR GOTO 0 ' disable error trapping

220 FOR J1% = 1 TO LEN(B%) ' LEN(B$) is number of b ytes

230 C$=MID$(B$, J1%, 1): PRINT #1, C$; 'send byte

240 WHILE LOC(1) = 0: WEND " wait for byte in i nput buffer

250 A$ = INPUTS$(1, #1) ' read input buffer

260 IF A$ <> C$ THEN PRINT "handshake error i nput byte should be
echo

270 NEXT J1% ' next byte to be sent or

280 RETURN " return if no more bytes

290"

300"

310 '....read response..................

320 A$=""12%$=""

330 WHILE (A$ <> "*" AND A$ <>"?" " read until pr ompt received

340 Z$=7%$+A$ " append next byte to string

350 WHILE LOC(1) = 0: WEND " wait for byte in i nput buffer

360 A$=INPUTS$(1, #1) ' read byte from buffer

370 WEND ' next byte to be read

380 RETURN "return if it is a prompt

390"

400"

410 '....fetch status byte..............

420 B$ ="ST" + CR$ ""ST" is the status command

430 GOSUB 180 ' output the command

440 GOSUB 310 ' read response into Z$

450 STATUS% = VAL(Z$) ' convert to integer

460 RETURN

470 '....instrument error message.......

480 PRINT "Error prompt, status byte ="; STATUS% ' bits are defined in
manual

490 PRINT

500 RETURN

510 "....1/O error routine..............

520 RESUME
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C.3 GPIB User Interface Program

GPCOM.BAS is a user interface program which illasgs the principles of the use of the serial palius

byte to coordinate the command and data transfer.

The program runs under Microsoft GWBASIC or QuickB& on a PC-compatible computer fitted with a
National Instruments IEEE-488 interface card ard@®1B.COM software installed in the CONFIG.SYS
file. The program BIB.M, and the first three linelSGPCOM, are supplied by the card manufacturerransit
be the correct version for the particular versibthe interface card in use. The interface card beget up,
using the program IBCONF.EXE, to set EOI with tastlbyte of Write in which case no terminator is
required. (Read operations are automatically tesitethon EOI which is always sent by the lock-in
amplifier). Normally, the options called 'high-sgeening’, 'interrupt jumper setting’, and 'DMA cimeel’

should all be disabled.

The principles of using the Serial Poll Status Bgteontrol data transfer, as implemented in thenriwop of

GPCOM, are recommended for incorporation in the'si®svn programs.

10 'GPCOM 9-Feb-96

20 '....the following three lines and BIB.M are sup

30 '....manufacturer of the GPIB card, must be corr

40 CLEAR , 60000!: IBINIT1 = 60000!: IBINIT2 = IBIN
"BIB.M", IBINIT1

50 CALL IBINIT1 (IBFIND, IBTRG, IBCLR, IBPCT, IBSIC
IBONL, IBRSC, IBSRE, IBRSV, IBPAD, IBSAD, IBIST, IB
IBEOT, IBRDF, IBWRTF, IBTRAP)

60 CALL IBINIT2 (IBGTS, IBCAC, IBWAIT, IBPOKE, IBWR
IBCMDA, IBRD, IBRDA, IBSTOP, IBRPP, IBRSP, IBDIAG,
IBWRTI, IBRDIA, IBWRTIA, IBSTA%, IBERR%, IBCNT%)

80 CLS : PRINT "DEVICE MUST BE SET TO CR TERMINATOR

90 '....assign access code to interface board......

100 BDNAMES = "GPIB0"

110 CALL IBFIND(BDNAMES$, GPI1B0%)

120 IF GPIB0% < 0 THEN PRINT "board assignment erro

130 '....send INTERFACE CLEAR...............c......

140 CALL IBSIC(GPIB0%)

150 "....set bus address, assign access code to dev

160 SUCCESS% =0

170 WHILE SUCCESS% =0

180 INPUT "BUS ADDRESS "; A%

190 DEVNAMES ="DEV" + RIGHT$(STR$(A%), LEN(STR

200 CALL IBFIND(DEVNAMES, DEV%) ' assign access

210 IF DEV% < 0 THEN PRINT "device assignment e

220 A$ =CHR$(13): GOSUB 480 ' test: write <CR>

230 IFIBSTA% >0 THEN SUCCESS% =1

240 IF (IBSTA% < 0 AND IBERR% = 2) THEN BEEP: P
THAT ADDRESS *;

250 WEND

260 '....send SELECTED DEVICE CLEAR................

270 CALL IBCLR(DEV%)

280 '....set timeout to 1 second...................

290 V% = 11: CALL IBTMO(DEV%, V%)

plied by the.......
ect version........
IT1 + 3: BLOAD

, IBLOC, IBPPC, IBBNA,
DMA, IBEOS, IBTMO,

T, IBWRTA, IBCMD,
IBXTRC, IBRDI,

n

r': END

$(A%)) - 1)
code
rror": END
to bus

RINT "NO DEVICE AT
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300 ".

..set status print flag....................

310 INPUT "Display status byte y/n "; R$

320 IFR$ ="Y"OR R$ ="y" THEN DS% = 1 ELSE DS% =
330 "...main loop.......ccoeeeineiiniiiiiinns
340 WHILE 1 "infinite loop
350 INPUT "command (00 to exit) "; A$
360 IF A$="00" THEN END
370 A$=A$'CHR$(13) " terminator is <CR>
380 GOSUB 480 "write A$ to bus
390 S% =0 "initialize S%
400 WHILE (S% AND 1)=0 " while command not co
410 GOSUB 530 " serial poll, returns S%
420 IF DS% THEN PRINT "S%-="; S%
430 IF (S% AND 128) THEN GOSUB 500: PRI
B$ and print
440 WEND
445 IF (S% AND 4) THEN PRINT "parameter e
450 IF (S% AND 2) THEN PRINT "invalid command"
460 WEND
470 '....end of main loop..................oo.
480 '....write string to bus.........cccccuueneees

490 CALL IBWRT(DEV%, A$): RETURN

500 "..

..read string from bus......................

510 B$ = SPACE$(32) 'B$ |
520 CALL IBRD(DEV%, B$): RETURN

Loserialpolle..

540 CALL IBRSP(DEV%, S%): RETURN

mplete

NT B$ 'read bus into

rror"

;buffer



Cable Diagrams

Appendix D
D.1 RS232 Cable Diagrams

Although in normal use the 7210 is controlled Yia GPIB interface, it is useful for
diagnostic purposes and necessary for firmwareaaasg to be able use the RS232
interface as well. In order to connect the instrotite a standard serial port on a
computer one of two types of cable is needed. Tiedifference between them is
the number of pins used on the connector which tp#se computer. One has 9 pins
and the other 25; both are null-modem (also catiedem eliminator) cables in that
some of the pins are cross-connected.

Users with reasonable practical skills can easibeable the required cables from
parts which are widely available through computeres and electronics components
suppliers. The required interconnections are gindigures D-1 and D-2.

1 >— — 1
2> C 2
35 X < 3
4 >— —C 4
55> 5
6 >— —C 6
72 C 7
8 > X <8
9 >— —=<C9
54321 54321
00000
o o o o
9876 9876
9-pin female 9-pin female
connector to connector to
computer port lock-in amplifier

Figure D-1, Interconnecting RS232 Cable Wiring Diagram

D-1
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1T — —=1
2 D — 2
3> —3
4 )ﬁ —c—4
55> — 5
6 >— ———6
7 7
8 >— 8
9 >— | 9
All other pins not
connected
13121110 987 6 54 3 2 1 12345
0000000000000
O s ans) © ofrrso
2524 232221201918 17 16 15 14 67809
25-pin female 9-pin male
connector to connector to
computer port lock-in amplifier

Figure D-2, Interconnecting RS232 Cable Wiring Diagram

D-2



Alphabetical Listing of Commands
AppendixE

In the following commands the parameteisixcommonly used to signify which
channel(s) of the 32 within the instrument willddféected by the command, as
follows:-

n, Significance

0 All 32 channels are set to the same value
1 Channell

2 Channel 2

31 Channel 31
32 Channel 32

For example, AQN 0 will perform an auto-phase ofiencon all 32 channels, but
AQN 5 will perform it only on Channel 5.

Commands that elicit a response wheresrequal to O generate 32 response values in
the order Channel 1 to Channel 32. In the caskeoRIS232 interface, each response
is terminated with a carriage return/line feed pattile when using the GPIB

interface the final character of each responsedicated by the GPIB line EOI being
asserted.

ACGAIN n;[n;] AC Gain control
Sets or reads the gain of the signal channel aigplifalues of pfrom 0 to 6 can be
entered, corresponding to the range 0 dB to 60ndB)idB steps.

ADF n Auto Default

The ADF command performs an auto-default operaimoording to the following
table:

n Significance

0 Allinstrument settings are returned to theitdag default values

1 Allinstrument settings, with the exception o tommunications settings, are
returned to their factory default values

NOTE: If the ADF 0 command is used when the communications settings are at
values other than their default settings, then communication will be lost.

AQN1 ny Auto-Phase (auto quadrature null)
Main (first stage) demodulator(s)

AQN2 ny Auto-Phase (auto quadrature null)
Tandem (second stage) demodulator(s)

AS1ln Perform an Auto-Sensitivity operation
Main (first stage) demodulator(s)

AS2 ny Perform an Auto-Sensitivity operation
Tandem (second stage) demodulator(s)

E-1
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ASM ny Perform an Auto-Measure operation

Operates on both the main (first stage) and tandewond stage) demodulator(s)

Note: The auto-sensitivity and auto-measure operations can take a significant time
(in some cases over a minute) per channel to complete, so they should be used with
care.

AUTOMATIC n¢[ny] AC Gain automatic control

n, Status

0 AC Gain is under manual control via the ACGAINvtoand

1 Automatic AC Gain control is activated, with tp&n being adjusted according
to the full-scale sensitivity setting

BYTE [n] Digital port output control

BX1

BY1

BX2

BY2

The value of n, in the range 0 to 255, determihegbits to be output on the rear
panel digital output port. Hence, for example, W = 0, all outputs are low, and
when BYTE = 255, all are high.

X channel output - Main (first stage) - Bindwode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
X1 demodulator output for all 32 channels. Eacluea$ a sixteen-bit signed integer
in the range £30000, full-scale being +10000, repnted by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

Y channel output - Main (first stage) - Bindviode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
Y1 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range +30000, full-scale being £10000, repr¢ed by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

X channel output - Tandem (second stage) aBiMode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
X2 demodulator output for all 32 channels. Eacluea$ a sixteen-bit signed integer
in the range +30000, full-scale being £10000, repr¢ed by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

Y channel output - Tandem (second stage)- IBihvode
This command causes the lock-in amplifier to respwith 64 bytes of data being the
Y2 demodulator output for all 32 channels. Eaclueas a sixteen-bit signed integer
in the range +30000, full-scale being £10000, repr¢ed by two bytes in the order
High Byte - Low Byte, with the data being transégtin the order Channel 1 to
Channel 32.

CARDID Signal Board Identification

The response to the CARDID command is 8 numbepsraged by the selected
delimiter. Each number indicates the type of sigmailit mounted the relevant slot,
with the slots counted from the left-hand end €kannel 1). The value of each
number has the following significance:

n Significance
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No card fitted

Wide Bandwidth current mode input (10EG6 transidgree)
Voltage Mode input

Low Noise current mode input (1L0E7 transimpedpance

WNPFO

For example a response of 3,3,3,3,3,3,3,3 meahghhanit is fitted with 32
channels, each having a low-noise current mode istpge.

CBD [n] Curve buffer define

DCn

Defines which data outputs are stored in the cboféer when subsequent TD (take
data), TDT (take data triggered) or TDC (take datatinuously) commands are
issued.

Up to eight curve sets may be stored. Each seatraiinsists of single values per
curve, or an array of 32 values representing asttllof 32 output readings defining a
curve.

The actual curve sets that will be saved are spéddify the CBD parameter, which is
an integer between 1 and 247, being the decimal&eut of an 8-bit binary word.
When a given bit is asserted, the correspondingubus selected for storage. When a
bit is negated, the output is not stored. Theuitfion and range for each output are
shown in the table below:

Bit Decimal value Values/Curve Point Output andgean

0 1 32 X1 Outputs (£10000 FS)

1 2 32 Y1 Outputs (10000 FS)

2 4 1 Ref 1 frequency (Hz)

3 8 - Reserved for future use

Tandem Mode Only (i.e. REFMODE = 1)

4 16 32 X2 Outputs (£10000 FS)

5 32 32 Y2 Outputs (10000 FS)

6 64 1 Ref 2 frequency bits 0 to 15 (mHz)
7 128 1 Ref 2 frequency bits 16 to 32 (mHz)

Curve sets 6 and 7 store the reference frequenay ilihertz. The calculation
needed to translate the two 16-bit values to onbkiBZalue is:
Reference Frequency F2 = (65536 x value in Curve (¥alue in Curve 6)

Note that the CBD command directly determines tloasvable parameters for the
DC and DCB commands. It also interacts with the Lldéshmand and affects the
values reported by the M and MAXLEN commands.

No provision is made for storing the instrumen2drjut channel sensitivities when
using the curve buffer, so these should not begéddduring acquisition since it
would not then be possible to correctly interphet stored X1, Y1, X2 and Y2
values.

Dump acquired curve to computer
This command causes stored curve sets to be dungpéte computer interface in
ASCII decimal format.
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One curve set only is transferred, as specifiethbyparameter n, which is the bit
number of the required set and which must have bead by the most recent CBD
command. Data is transmitted one curve at a titagtjrsg from the beginning of the
buffer. In the case of curves with 32 Values @urves 0, 1, 4 and 5) the response
consists of a total of 32 (setting of the LEN control) values, ordered dkotes
(example for curve set 0, with length of 100 cujves

X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 1in curve Set)
X1, X1,, X13, X14, X1s, X1, X154, ........ , X%, X135 (curve 2 in curve set)
X1, X1,, X13, X14, X1s, X1, X157, ........ , X%, X135 (curve 3 in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 4 in curve Set)
X1, X1,, X13, X14, X1s, X1, X157, ........ , X%, X135 (curve 99 in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 100 in curve Set)

Each value within a curve is separated from the bgxhe delimiter that is specified
by the DD command - the default delimiter on powprbeing a comma (DD 44).
Each curve is separated from the next by a <CR><(cBrriage return and line feed
character pair).

In the case of the other curve sets, the commamnplireturns (setting of the LEN
control) values, again with each one being sepdrfaben the next by a <CR><LF>
character pair.

The computer program's subroutine which readsaiganses to the DC command
needs to run a FOR...NEXT loop of appropriate lengtoring the responses as
required.

Note that when using this command with the GPIRriiatce the serial poll must be
used. After sending the DC command, perform repesgeal polls until bit 7 is set,
indicating that the instrument has an output wgitmbe read. Then perform
repeated reads in a loop, waiting each time uiitif ks set indicating that a new
value is available. The loop should continue uritill is set, indicating that the
transfer is completed.

DCFIFO n Dump acquired curve to computer - FIFO enod

This command causes stored data curves to be duwigéte computer interface in
ASCI| decimal format. Unlike the DC command, it daused while data
acquisition is in progress, thereby making the ntgméthin the instrument
essentially function as a first-in, first-out (FIFBuffer.

The parameter n defines the number of curve setansfer, and can be any value
between 1 and the present number of curve setdrhtié buffer. The latter can be
determined by using the M command and readingdbe value returned by it.

Because of the way that data is organized in tfiletygthe DCFIFO command
returns all data that has been stored, as defipdidebCBD command (unlike the DC
command there is no parameter to specify a paatiaurve set to transfer). The
user's software must therefore parse the datarreduny the command and put it into
suitable arrays for further processing or storage.

For each curve set transferred, data is transmiittéue following sequence:
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X1, X1,, X153, X14, X15, X1g, X1, ........ , Xy, X135 (Xl ValueS)

Y1, Y1, Y13 Y14, Y15, Y1, Y14, ........ , Yk, Yz (Yl ValueS)

FRQ1 (Ref 1 frequency (Hz))
X21, X22, X23, X24, X25, XZG, X27, ........ s X%l, X232 (X2 ValueS)

Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Y2 ValueS)

FRQZss (Ref 2 frequency bits 0

to 15 (mHz))
FRQ2uss (Ref 2 frequency bits 0

to 15 (mHz))

subject to the condition that the relevant dataesimust have been stored, as
specified by the CBD command. Hence, for exampléliand Y2 curve sets were
stored (CBD = 33) then the responses would bearidllowing order:

X1, X1,, X153, X14, X15, X1g, X1, ........ , Xy, X135 (Curve 1)
Y21, Y25, Y23, Y24, Y25, Y26, Y25, ........ , Y21, Y23 (Curve 1)

X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 2)
Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Curve 2)

X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 3)
Y21, Y25, Y23, Y24, Y25, Y26, Y24, ........ , Y21, Y23 (Curve 3)

..etc.

Each value within a curve is separated from the bgxthe delimiter that is specified
by the DD command - the default delimiter on powprbeing a comma (DD 44).
Each curve is separated from the next by a <CR><(cBrriage return and line feed
character pair).

The computer program's subroutine which readseasganses to the DCFIFO
command needs to run a FOR...NEXT loop of appréptength, storing the
responses as required.

Note that when using this command with the GPIRriiatice the serial poll must be
used. After sending the DCFIFO command, perforneaggd serial polls until bit 7 is
set, indicating that the instrument has an outpaitimg to be read. Then perform
repeated reads in a loop, waiting each time uiitif ks set indicating that a new
value is available. The loop should continue uaitill is set, indicating that the
transfer is completed.

Each time a set of curves is transferred, theunstnt decrements the number of
curves available for transfer, as reported by theokhmand.

DCBn Dump acquired curve sets to computer in lyifiammat
This command causes a stored curve set to be duvigoélte computer interface in
binary format, using two bytes per point to trangfach 16-bit 2’s complement
value, with the MSB transmitted first. The numbédata bytes sent is therefore
equal to 2x (current curve lengthy Values/Curve.

In order to achieve the maximum transfer rate anminators are used within the
transmission, although the response is terminateahally at the end.

One curve only is transferred, as specified bypr@meter n, which is the bit
number of the required curve set and which muse leen stored by the most recent
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CBD command. Data is transmitted one curve at a,tstarting from the beginning

of the buffer. In the case of curves with 32 Val@esve (i.e. curves 0, 1, 4 and 5)
the response consists of a total of<3@&etting of the LEN control) values, ordered as
follows (example for curve 0, with length of 100ims):

X1, X1,, X13, X14, X1s, X1, X1, ........ , X%, X1s, (curve 1in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 2 in curve Set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135 (Curve 3in curve Set)
X1, X1,, X13, X14, X1s, X1, X154, ........ , X%, X135 (curve 4 in curve set)
X1, X1,, X153, X14, X15, X1, X1, ........ , X%, X135, (Curve 99 in curve Set)
X1, X1,, X13, X14, X1s, X1, X154, ........ , X%, X135 (curve 100 in curve set)

In the case of the other curves, the command singplyns (setting of the LEN
control) values.

The computer program's subroutine which readsespganses to the DCB command
needs to be able to handle the potentially veryelatata blocks that can be
generated. For example, transfer of an output csevevhen the curve set length is
1000 points will generate 10002 x 32 = 64,000 bytes of data.

DCBFIFO n Dump acquired curve to computer - FIFGdmdinary output
This command is similar to the DCFIFO command, pkteat:

a)

b)

Data points are transferred in binary formagiswo bytes per point to transfer
each 16-bit 2’s complement value, with the MSB sraitted first. There are no
delimiters between points, curves, or curve sets.

Operation when downloading data via the GPI8 listle more complicated, in
order to get the fastest possible speeds. Datarisferred in blocks
corresponding to eight curve sets, so long as #reistill eight or more
remaining to transfer. Once there are fewer thghtgthen the transfer is for the
number remaining.

For example, suppose CBD = 3, implying that thexdL Y1 output values have
been stored, and that 100 curve sets are to belretds case, first send the
command DCBFIFO 100. Next perform repeated sedhs$ pintil bit 7 is set,
indicating that the instrument has an output wgitmbe read. Then perform a
read of (32 x 2 x 2 x 8) bytes (1024 bytes) whidh eontain the curve sets 1 to
8 of X1 and Y1 curves, in the following order:

X141, X1, X153, X14, X115, X1, X1, ........ , X%y, X135 (Curve 1)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23 (Curve 1)
X141, X1, X153, X14, X115, X1, X1, ........ , X%y, X135 (Curve 2)
Y21, Y22, Y23, Y24, Y25, Y26, Y27, ........ s Y%l, Y232 (Curve 2)
X1, X1,, X135, X14, X1s, X1, X1, ........ , X%, X135 (Curve 3)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23, (Curve 3)
X1, X1, X135, X14, X1s, X1, X1, ........ , X%, X135 (Curve 8)
Y21, Y2, Y23, Y24, Y25, Y26, Y27, ........ , Y21, Y23, (Curve 8)

Now perform another serial poll; bit 7 will stile set indicating that more data is
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available. Read this data with another read of 1fj2ds.

Repeat this process, tracking the number of cset®received, until there are
only four left (i.e. after 12 groups). The finahcewill then need to be of (32 x 2
X 2 X 4) bytes (256 bytes) to complete the trangfethis point bit 1 in the serial
poll byte will is set.

Each time a set of curves is transferred, theunstnt decrements the number of
curves available for transfer, as reported by theokhmand.

If the controlling software reads data out using EFCBFIFO command faster than
the instrument is acquiring it, then the maximumguasition length becomes limited
by the software and not by the length of the imagnt's memory.

DD [n] Define delimiter control
The value of n, which can be set to 13 or from@225, determines the ASCII value
of the character sent by the lock-in amplifier éparate two numeric values in a two-
value response, such as that generated by the Xhd Y first-stage outputs)
command. The default setting is a comma (equivatesénding a DD 44 command).

FRQ1[.] Reference frequency meter
The FRQ1 command causes the lock-in amplifier sgpoad with 0 if the main (first
stage) reference channel is unlocked, or with ¢fierence input frequency if it is
locked.

In both fixed and floating point mode the frequeisin Hz.

FRQZ2[.] [n] Set/Read Reference output frequency
The value of n sets or reads the frequency of e QUT signal when the
instrument is operating in Tandem mode. In fixethpmode, n is in millihertz, and
in floating point mode, it is in hertz. Note thadause of the finite number of
possible frequency divisors, the requested valueroay not be the exact frequency
generated. To confirm the exact frequency, sendeteired value of n as a write
command FRQZ2[.] n and then read the actual valtle awvrite/read command
FRQ2[.]

Once set, the frequency of the REF OUT signal resat the same integer division
of the applied reference frequency as long asatterldoes not change by more than
+ 100 Hz. Greater changes cause the reference dhiarmedock and the instrument
to determine new divisor to give a REF OUT frequeas close as possible to that
requested.
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GET [n]] Trigger/Monitor Snap Data Acquisition

When sent with a parameter, the GET command fumsi@ecording to the following
table:-

n function
0 Release hold on data transfer to output bufféitsmthe model 7210
1 Suspend data transfer to output buffers withinrttodel 7210

GET 1 is equivalent to sending the GPIB commandu@execute Trigger.

When sent without a parameter, the response ierditbr 1, where the value has the

following significance:

n meaning

0 Datais being transferred to output buffers witiie model 7210 - normal mode

1 Data transfer to output buffers within the mod210 suspended, because either
a GET 1 command or a GPIB Group Execute Triggermand has been
received

In normal operation X1, Y1, X2 and Y2 output dataead from the output buffers at
the point at which a command requiring it is reedivHowever, this potentially
introduces problems when multiple instruments anesie, since there is a finite delay
between sending the relevant commands to, and gsincethe responses from, each
instrument.

The instruments therefore respond to the GPIB gexgeute trigger which, when
sent, triggers all units on a GPIB bus. When a Gitti2ip execute trigger command
is received by the 7210, the data transfer toriegument's output buffers is
suspended, so that the buffers in a group of interected units all contain output
values sampled at the same point in time.

The user's program should then read the requiredsgguentially from all the units,
and once this has been done, release the datéetrnfd within each instrument by
sending a GET 0 command to each unit in turn.

Note that when the data transfer within the insgnohis suspended, it still continues
to operate normally, so there the maximum delaydhe hold is removed before the
output values are "correct” is only 2 ms.

GP [n]] Set/Read GPIB parameters

Terminator

[CR], test echo disabled

[CR], test echo enabled

[CR,LF], test echo disabled
[CR,LF], test echo enabled

no terminator, test echo disabled
no terminator, test echo enabled

N

O WNPFPO3S

Note that the GPIB address is set via the rearifalffeswitches.
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HC

ID

Halt curve acquisition
Halts curve acquisition in progress. It is effeetduring both single (data acquisition
initiated by TD command) and continuous (data asitjan initiated by TDC
command) curve acquisitions. The curve may be mestdy means of the TD, TDT
or TDC command, as appropriate.

Identification
Causes the lock-in amplifier to respond with thenber 7210.

LEN [n] Curve sets length control

The value of n specifies the curve sets buffertlemngeffect for data acquisition. The
maximum value is 2,000,000,000, although this iy aseful if using the DCFIFO or
DCBFIFO readout commands. In normal operation threecbuffer can hold a
maximum of 128,000 curve sets, divided betweenghobe stored. Some examples
of the maximum LEN parameter for this mode are shbelow.

CBD max LEN parameter

4000 (128,000 + 32)
4000 (128,000 + 32)
2000 (128,000 + 64)
100,000 (128,000 + 1)
3878 (128,000 + 33)
3878 (128,000 + 33)
1969 (128,000 + 65)

~No ok~ wNE

MAXLEN Read maximum curve length

This command reports the maximum curve sets bldfegth corresponding to the
current setting of CBD when using normal readoset fiot DCFIFO or DCBFIFO
commands).

Curve acquisition status monitor
Causes the lock-in amplifier to respond with foatues that provide information
concerning data acquisition, as follows:

First value, Curve Acquisition Status: a number with five possible values, defined
by the following table:

First Value Significance

0 No curve activity in progress.

1 Acquisition via TD command in progress and ragni

2 Acquisition via TDC command in progress and fogn

5 Acquisition via TD command in progress but halby HC
command.

6 Acquisition via TDC command in progress but éclby

HC command.

Second value, Number of Sweeps Acquired: This number is incremented each time
a TD is completed and each time a full cycle is pl@ted on a TDC acquisition. It is
zeroed by the NC command and also whenever a CRIENrcommand is applied
without parameters.
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Third value, Status Byte: The same as the response to the ST command. The
number returned is the decimal equivalent of th&ustbyte and refers to the
previously applied command.

Fourth value, Number of Curves Availablefor Transfer: This number is
incremented each time a curve is taken. It is zebyethe NC command and
whenever CBD or LEN is applied without parametéris decremented each time
curves are read out of the buffer using the DCRIFOCBFIFO commands by the
number of curves transferred.

MSK [n] Set/read service request mask byte

NC

The value of n sets the SRQ mask byte in the r@rtge255

New curves
Initializes the curve sets storage memory and stedtiables. All record of
previously taken data is removed.

OFFSET [n] Automatically Set/Read Interdemodul&diset Value

OVL

When the instrument is operating in tandem modeptliput of the first stage of the
demodulator is a DC level with an AC modulationtreg second reference frequency.
In order to allow the (wanted) AC signal to occisymuch as possible of the second
demodulator's input dynamic range, it is desiraidé this DC level is reduced or
removed. The OFFSET command allows this to be done.

When the command is sent without the parameterthe"instrument automatically
calculates the optimum offset for each channelappdies it, with the value

remaining in effect until next changed or until thetrument is powered down.

The command also operates, for diagnostic purpmsgs so that when sent with a
parameter "n" in the range 1 to 32, the presesebfetting for the corresponding
channel (in arbitrary units) is reported.

Locate overload conditions
Causes the lock-in amplifier to respond with fotlsiBhumbers expressed as decimal
integers in the range 0 to 255, with each respeaparated from the next by the
defined delimiter character. The first number réptiie overload conditions in
channels 1 to 8, the second in channels 9 to &&hild in channels 17 to 24 and the
fourth in channels 25 to 32.

Within each number, each bit corresponds to the#é@Ring of all the bits in the
corresponding channel's overload byte. Hence ,¥amgle, if channels 1 and 3 are in
overload but all other 32 channels are not, thenésponse would be:

5,0,0,0

In normal use bit 4 in the ST command or GPIB $gadl status byte can be used to
identify that an overload has occurred, and whenftappens the OVL command can
identify which channel(s) are in overload. Findlg OVR command can be used to
determine the nature of the overload in the releghannel(s).

OVR ny Report overload byte

Causes the lock-in amplifier to respond, for tharetel specified bynwith the
overload byte, an integer between 0 and 31, wisithdé decimal equivalent of a
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binary number with the following bit-significance:

Bit 0 input overload

Bit 1 X1 channel output overload (> 300 %FS)
Bit 2 Y1 channel output overload (> 300 %FS)
Bit 3 X2 channel output overload (> +300 %FS)
Bit 4 Y2 channel output overload (> +300 %FS)
Bit 5 not used

Bit 6 not used

Bit 7 not used

Note that if bit 1 is set then bits 3 and 4 are mmagless, since if the X1 output is in
overload it will not be feeding any valid signahi@rd in the second (tandem)
demodulator stage.

REFMODE [n]  Reference mode selector
n Mode
0 Single Reference mode
1 Tandem Mode
2 Fast TC Single Reference mode

The selected mode applies to all 32 channels
REFMODE 2 disables the second stage (tandem) ddatodsiand allows time

constants down to 1 ms to be specified, by extenttia legal range of the TC
command parameter.

REFNL1 [n] Reference harmonic mode control
The value of n sets the main (first stage) refezariannel to harmonic detection, as
follows:-
n Mode

1 1F detection
2 2F detection  (only available when REFMODE = 0)

The selected mode applies to all 32 channels

REFP1[.]n[n] Reference phase control
In fixed point mode fsets the phase of the channel(s) specified, by the main
(first stage) demodulator(s) in millidegrees in taege +360000. In floating point
mode n sets the phase of the channel(s) specified, oy degrees

REFP2[.]n[n)] Reference phase control
In fixed point mode psets the phase of the channel(s) specified, by the tandem
(second stage) demodulator(s) in millidegrees enréimge +360000.
In floating point mode nsets the phase of the channel(s) specified, liny degrees

RS [n [n2]] Set/read RS232 interface parameters
n; Baud rate (bits per second)
0 75
1 110
2 1345
3 150

E-11
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Baud rate (bits per second)
300

600

1200

1800

2000

2400

10 4800

11 9600

12 19200

flacy

ooo~NOoOOTh~S

The lowest five bits in ncontrol the other RS232 parameters accordinggo th
following table:

SEN1 n[ny]

bit number bit negated bit asserted

0 data + parity = 8 bits  data + parity = 9 bits

1 no parity bit 1 parity bit

2 even parity odd parity

3 echo disabled echo enabled

4 prompt disabled prompt enabled
SEN1.n Full-scale sensitivity control

In single reference mode, the value gfats the overall full-scale sensitivity of the
channel(s) specified by according to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €ntiMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1mv 1nA 100 pA
4 3mv 3 nA 300 pA
5 10 mV 10 nA 1nA

6 30 mv 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1A 100 nA

In tandem mode, the value of sets the full-scale sensitivity of the main (fissige)
demodulator(s) for the channel(s) specified bgetording to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €notMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1 mV 1nA 100 pA
4 3mVv 3 nA 300 pA
5 10 mV 10 nA 1nA

6 30 mv 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1 pA 100 nA
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In either mode, SEN1 meads the sensitivity of the channel(s) specifiga in
floating-point mode.

SEN2 n[ny]
SEN2.n Full-scale sensitivity control

In tandem mode, the value of sets the full-scale sensitivity of the secondetag
demodulator(s) for the channel(s) specified bgetording to the following table:

n, full-scale sensitivity
Voltage Mode Wideband Current Mode Low Noise €ntMode

1 100 pVv 100 pA 10 pA
2 300 pVv 300 pA 30 pA
3 1mV 1nA 100 pA
4 3mv 3 nA 300 pA
5 10 mVv 10 nA 1nA

6 30 mv 30 nA 3 nA

7 100 mV 100 nA 10 nA
8 300 mV 300 nA 30 nA
9 1V 1A 100 nA

SENZ2. n reads the sensitivity of the channel(s) specifiga in floating-point
mode.

For example, let the instrument have voltage magats, be in tandem mode with
an applied signal consisting of a 10 mV rms 50 kkhzisoidal waveform modulated
to 50% at the REF 2 OUT frequency, with the refeeephases correctly adjusted
and SEN1 for the relevant channel set to 5. Inghge the X1 output will report
nominally 100%, while the X2 output, if SEN2 foetsame channel is also set to 5,
will report nominally 50%.

SLAVE Read Master/Slave status

ST

The response to this command is a number withalewing significance:
n Significance

0 Unitis Master

1 Unitis Slave

Only one instrument in a group of interconnecteifisican be the Master.

Report status byte
Causes the lock-in amplifier to respond with tlast byte, an integer between 0 and
255, which is the decimal equivalent of a binarynber with the following bit-
significance:

Bit 0 Command complete

Bit 1 Invalid command

Bit 2 Command parameter error

Bit 3 Reference unlock

Bit 4 Input or Output Overload

Bit 5 GPIB Group Execute Trigger or instrument GE€ommand received -
Data output buffer update suspended until GEdrirmand is received.

Bit 6 Asserted SRQ

Bit 7 Data available
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If Bit 4 is asserted, the OVL command can be usatktermine where the overload
is occurring.

NOTE: thiscommand is not normally used in GPI B communications, where the
status byte is accessed by performing a serial poll.

STR[N] Storage interval control

Sets the time interval between successive curgebsitg acquired under the TD or
TDC commands. n specifies the time interval inisgitonds. When REFMODE3
the resolution is 4 ms, input values being roungetb a multiple of 4. When
REFMODE = 3, the resolution is 2 ms, and input ealare rounded up to a multiple
of 2 The longest interval that can be specifietli80000 s corresponding to one

point in about 12 days. The shortest interval iss2or 4 ms, depending on the
REFMODE setting.

TC1 n[ny]

TCl.n Main (first stage) filter time constant control
time constant

1ms (REFMODE = 2 only)
2ms (REFMODE = 2 only)
4 ms

10 ms

30 ms

100 ms

300 ms

1s

3s

10 s

30s

100 s

10 300s

11 1ks

The TC1. apcommand is only used for reading the time constard,reports the
current setting in seconds. Hence if a TC1 1 2 candrwere sent, TC1 1 would
report 2 and TC1. 1 would report 3.0E-02, i.e. GG@8 30 ms.

TC2 n[ny]
TC2.n Tandem (second stage) filter time constant control
n, time constant
2 30ms
3 100 ms
4 300ms
5 1s
6 3s
7 10s
8 30s
n, time constant
9 100s
10 300s
11 1ks
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TD

The TC2. ncommand is only used for reading the time constamd,reports the
current setting in seconds. Hence if a TC2 1 3 candrwere sent, TC2 1 would
report 3 and TC2. 1 would report 1.0E-01, i.e.9dr 100 ms.

Take data
Initiates data acquisition. Acquisition startste turrent position in the curve sets
buffer and continues at the rate set by the STRntamnd until the buffer is full, or
until the HC command is issued.

TDT n Take data triggered

TDC

VER

Sets the instrument so that data acquisition wiliftitiated on receipt of a trigger at
the TRIG IN 1 connector on the front panel. Two triggered modespassible, as
set by the value of n:

n function

0 One complete set of curves, consisting of thebmrrof curve sets specified by
the LEN command parameter, is acquired for eaglyeri

1 One curve is acquired for each trigger. Henaardier to store a complete set of
curves, the number of triggers applied must equ@humber of curve sets
specified by the LEN command parameter. Note thétis mode the maximum
trigger rate is 200 Hz and the storage intervatrobsetting has no effect.

A curve set is stored on the next interrupt aftertrigger’s rising edge. The
minimum trigger pulse high time and the minimungger pulse low time are both

2 ms. The minimum pulse period is therefore 4 nm& ffigger has to return low
again for a minimum of 2 ms before another trigggan be detected. Although curves
may be stored if the minimum pulse high and lowetnare not adhered to, curves
will not be stored on every pulse.

Take data continuously
Initiates data acquisition. Acquisition startstet turrent position in the curve buffer
and continues at the rate set by the STR commatilchafted by an HC command.
The buffer is circular in the sense that when # baen filled, new data overwrites
earlier points.

Report firmware version
Causes the lock-in amplifier to respond with tlienfvare version number.

X1[.] ny X channel output - Main (first stage)

In fixed point mode causes the lock-in amplifierégpond with the X1 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the X1
demodulator output of the channel(s) specified by mmps.

X2[.] ny X channel output - Tandem (second stage)

In fixed point mode causes the lock-in amplifierégpond with the X2 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the X2
demodulator output of the channel(s) specified by mmps.
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XY1[.] ny X, Y channel outputs - Main (first stage)
Equivalent to the compound command X1 ¥1[.]n;

XY2[.] ny X, Y channel outputs - Tandem (second stage)
Equivalent to the compound command X2[.¥2[.]n;

Y1[.] ny Y channel output - Main (first stage)
In fixed point mode causes the lock-in amplifieréspond with the Y1 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.
In floating point mode causes the lock-in amplifierespond with the Y1
demodulator output of the channel(s) specified by mmps.

Y2[.] ny Y channel output - Tandem (second stage)
In fixed point mode causes the lock-in amplifieréspond with the Y2 demodulator
output of the channel(s) specified byim the range +30000, full-scale being £10000.

In floating point mode causes the lock-in amplifierespond with the Y2
demodulator output of the channel(s) specified by mmps.
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AS2 n,command 5-10, E-1
ASM1 n, command 5-10, E-2
Auto functions
Auto-Default 3-9
Auto-Measure 3-9
Auto-Phase 3-9
Auto-Sensitivity 3-8
introduction 3-8

AUTOMATIC ny[n;] command 5-10, E-2

Block diagram 3-2
BX1 command 5-14, E-2
BX2command 5-14, E-2
BY1command 5-14, E-2
BY2 command 5-14, E-2
BYTE [n] command 5-15, E-2
CARDID command 5-25, E-2
CBD [n] command 5-15, E-3
Commands
alphabetical listing of 5-8, E-1
compound commands 5-6
delimiters 5-6
floating point mode 5-5
for Auto-Default function 5-25
for auxiliary output 5-15
for computer interfaces 5-23
for data curve buffer 5-15
for instrument outputs 5-14
for reference channel 5-12
for signal channel inputs 5-9

for signal channel output filters 5-13

format 5-5

Computer control, sample programs 5-26

Computer operation,introduction 5-1
Curve buffer
introduction 3-10
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commands for 5-15
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programming examples 5-27
DC n command 5-18, E-3
DCB n command 5-21, E-5
DCBFIFO n command 5-21, E-6
DCFIFO n command 5-19, E-4
DD [n] command 5-23, E-7
Delimiters 5-6
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DSP 3-7
gain 3-5
DIGITAL I/O connector 4-3
Digital I/O port connector pinout B-1
Dynamic reserve 3-4
Front Panel
layout 4-1
FRQ1[.] command 5-12, E-7
FRQZ2[.] [n] command 5-12, E-7
Fuses
line 2-1
ratings 2-2
GET [n] command 5-23, E-8
GP [n] command 5-24, E-8
GPIB Address switch 4-4
GPIB interface
address selection 2-3
connector 4-3
general features 5-3
handshaking and echoes 5-3
service requests 5-8
status byte 5-6
terminators 5-5
HC command 5-17, E-9
ID command 5-25, E-9
Indicators
Communications activity 4-2
internal reference mode 4-2
introduction 4-2
Master/Slave status 4-2
overload 4-2
power 4-2
reference unlock 4-2
Initial checks 2-3
Input

INDEX-1



INDEX

connectors 4-1
Inspection 2-1
Key specifications 1-2
LEN [n] command 5-16, E-9
Line cord 2-1
Line power input assembly 4-3
Line power switch 4-3
Line voltage selection 2-1
LINK 1 and LINK 2 connectors 4-4
M command 5-18, E-9
Master/Slave switch 4-4
MAXLEN command 5-16, E-9
MSK [n] command 5-25, E-10
NC command 5-16, E-10
OFFSET [n] command 5-10, E-10
Operating environment 2-1
Operating modes

single reference, defined 3-1

tandem reference, defined 3-1
Output

output filters 3-8
OVL command 5-11, E-10
OVR n,command 5-11, E-10
PREAMP POWER connector 4-4
Rear panel layout 4-3
Reference

REF 1 IN connector 4-1

REF 2 OUT connector 4-1
Reference channel

description 3-7
Reference phase shifters 3-7
REFMODE [n] command 5-12, E-11
REFN1 [n] command 5-12, E-11
REFP1[.]Jn[n,] command 5-12, E-11
REFP2[.]Jn[n,] command 5-12, E-11
RS [ny [nz]] command 5-24, E-11
RS232 and GPIB Operation 5-1
RS232 interface

choice of baud rate 5-2

choice of number of data bits 5-2

choice of parity check option 5-3

connector 4-3

connector pinout B-1

general features 5-1
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handshaking and echoes 5-3

OVL (locate overload) command 5-6
OVR (report overload) command 5-6

prompts 5-6

ST (status) command 5-6

terminators 5-5
SEN1 n[n,] command 5-9, E-12
SEN1. ncommand 5-9, E-12
SEN2 n[n,] command 5-10, E-13
SEN2. ncommand 5-10, E-13
Signal channel

float/ground selection 3-3
Signal channel inputs 3-3
SLAVE command 5-25, E-13
Specifications

data outputs A-4

demodulator A-3

general A-5

indicators A-4

intercannections A-4

measurement modes A-1

reference channel A-3

signal channel A-1
ST command 5-24, E-13
STR [n] command 5-16, E-14
TC1 n[n,] command 5-13, E-14
TC1. n command 5-13, E-14
TC2 n [n,] command 5-13, E-14
TC2. ncommand 5-13, E-14
TD command 5-16, E-15
TDC command 5-17, E-15
TDT n command 5-16, E-15
Terminators 5-5
TMARK [n] command 5-17
Triggers

TRIG 1 connector 4-2

TRIG 2 connector 4-2
Ventilation 2-1
VER command 5-25, E-15
What is a lock-in amplifier? 1-2
X[.]Jn,command 5-14, E-15
XY1[.] ncommand 5-14, E-16
XY2[.] n,command 5-14, E-16
Y[.Jnycommand 5-14, 5-15, E-16



WARRANTY

SIGNAL RECOVERY, a part of AMETEK Advanced Measurement Technoldgg, warrants each instrument of its own
manufacture to be free of defects in material andkmanship for a period of ONE year from the datel@ivery to the
original purchaser. Obligations under this Warrastigll be limited to replacing, repairing or giviagedit for the purchase,
at our option, of any instruments returned, shipn@epaid, to our Service Department for that paepgrovided prior
authorization for such return has been given byaathorized representative of AMETEK Advanced Meament
Technology, Inc.

This Warranty shall not apply to any instrument,iakhour inspection shall disclose to our satistattito have become
defective or unusable due to abuse, mishandlingusei accident, alteration, negligence, impropstailation, or other
causes beyond our control. This Warranty shallapgtly to any instrument or component not manufactuyy AMETEK
Advanced Measurement Technology, Inc. When produsésufactured by others are included AMETEK Advahce
Measurement Technology, Inc equipment, the origim@nufacturers Warranty is extended to AMETEK Adath
Measurement Technology, Inc customers. AMETEK AdbemhMeasurement Technology, Inc reserves the taimake
changes in design at any time without incurring abljgation to install same on units previously ghased.

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE DESRIPTION ON THE FACE HEREOF. THIS
WARRANTY IS IN LIEU OF, AND EXCLUDES ANY AND ALL OTHER WARRANTIES OR REPRESENTATIONS,
EXPRESSED, IMPLIED OR STATUTORY, INCLUDING MERCHAMABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, AS WELL AS ANY AND ALL OTHER OBLIGATIONS R LIABILITIES OF AMETEK ADVANCED
MEASUREMENT TECHNOLOGY, INC, INCLUDING, BUT NOT LIMTED TO, SPECIAL OR CONSEQUENTIAL
DAMAGES. NO PERSON, FIRM OR CORPORATION IS AUTHORD TOASSUME FOR AMETEK ADVANCED
MEASUREMENT TECHNOLOGY, INC ANY ADDITIONAL OBLIGATION OR LIABILITY NOT EXPRESSLY
PROVIDED FOR HEREIN EXCEPT IN WRITING DULY EXECUTEBY AN OFFICER OF AMETEK ADVANCED
MEASUREMENT TECHNOLOGY, INC.

SHOULD YOUR EQUIPMENT REQUIRE SERVICE

A. Contact your locaBIGNAL RECOVERY office, agent, representative or distributor tecdiss the problem. In many
cases it may be possible to expedite servicingbalizing the problem to a particular unit or cable

B. We will need the following information, a copywhich should also be attached to any equipmentiwis returned for

service.
1. Model number and serial number of instrument 6. Symptoms (in detail, including control settings)
2. Your name (instrument user) 7. Your purchase order number for repair chargesqd

3. Your address not apply to repairs in warranty)

8. Shipping instructions (if you wish to authorize
shipment by any method other than normal surface
5. Your telephone number and extension transportation)

4. Address to which the instrument should be retirn

C. If you experience any difficulties in obtainiagrvice please contact:

SIGNAL RECOVERY Service
AMETEK Advanced Measurement Technology, Inc

801 South Illinois Avenue Phone: +1 865 482 4411

Oak Ridge Fax: +1 865 483 0396

TN 37831-2011, USA E-mail: info@signalrecovery.com
or

SIGNAL RECOVERY Service

AMETEK Advanced Measurement Technology Phone: 3425 255 6800

Unit 1 Armstrong Mall, Southwood Business Park Fax +44 (0)125 255 6899

Farnborough, E-mail: info@signalrecovery.com

GU14 ONR, UNITED KINGDOM






