ABOUT DYNATRAC 393 LOCK-IN AMPLIFIER

: 'Y_ ATRAC 393 measures 5ignuls obscured by noise,
at signal - levels from picovelts to volts, frequencies
from:.1:Hz ta 200 kHz and selectable bandwidths from
#1001 Hz ‘o 100 Hz. Unlike ‘conventional. fock=in
umpllflers there are three slmul'raneous ‘outputs: A
(umpln‘ude Acose, and Asing, where ¢ is the phase
.angle befween the signal and a- cuheren’r reference to
which the lnstrumen’r is synchronlzed When you use the
A output; ne phcse udmstments are reqmred Unlike’
new ‘competitive instruments that use’ crystal f1|'rer
heterodymng or ‘pulse width"'modulation’ (PWM), our
DYNATRAC and vector fedtures are u|wuys there, do
not .require mode selection and matching of channels,
‘and operate over the full'.1.Hz to 200 kHz frequency
range.

Lock—in amplifiers have long been used by scientists
and research engineers to detect signals buried in noise

or other electrical interference. DYNATRAC 393 is an

HETERODYNING* - Why

Users know that lock—ins are suppose to detect signals
in a lot of noise. Most do a creditable job in ordinary
applications. A few do an outstanding job, but at the
expense of complexity, cost, and lots of knobs — usuull)
for setting filters to eliminate what the detector can't
handle, such as harmenic signals and averloading
interference.

DYMATRAC instruments use an old idea in o new
way — heferodyn:ng — to eliminate these problems,
without expensive options, without extra knobs, and
with outstanding performance in the really ecrucial
applications.

How DYNATRAC 393 works

The mpm‘ signal is nmp[lfled and. passed ’rhrough st
24 dB/octave low poss filter set.just above the hlghes'f
‘frequency for that range. The’ dmplified. signal is' mixe
with @ signal -y, thus translating any coherent -
{ile. ot the reference frequency fr) to: the constant
‘frequency foi This signal: goes. through o differe
umpllfler to the band pass. amplifier centéred: af fo
.whlch remOVES hurmnn:cull _eluted slde band 5|gnul

loop;: consmhng Cof fhe phase
detector, voltage: controlled oscif- - vouw

later (VCO)dand reference: mlxer,.

LﬂA:;II!;!ER
‘phase- locks’ the. reference mixer

Tw AcCaur [m

| ] DR

extension of this technology that eliminates both the
phase® and harmonic sensitivities of conventional fock~
in amplifiers. This odds convenience, performance, and
accuracy to traditional measurements ond extends the
gpplications of the instrument. With options, the 393 also
measures phose angle, narrowband noise, or the ratio of
its output to a second dc voltage (for use in double beam
optical systems). Remote preamplifiers are available 1o
adapt fo any signal source and provide up to 100 times
more sensitivity.

This lock—in amplifier respends only to those signals
that are coherent with a reference frequency that can be
established by o) an external reference signal, or b) an
internal manuelly set oscillator. It will track the fre-
guency of an external reference with neither amplitude
nor phaose errars. The effective signal bandwidth can be
made almost arbitrarily narrow.

* Yector Sum Output

it works better

Most lock—ins today have tracking phase shifters and
reference circuits. DYNATRAC (which is derived from
heterodyne and tracking) also has a pre-detection track-
ing filter that "'strips off'" harmaonics and interference
early in the instrument over the full operating frequency
range. Amplitude and phase response are unoffected by
frequency change and no manual filter setting is re-

quired (or provided).

*Heterodyning is @ technique used commonly in ordinary
radias whereby the input signal is tronsloted or “'‘mixed’’
ta a fixed intermediate frequency hefore the signaol is
detected.

huse sensitive detectors (PSD) and -
'ernfmg in quadrature. with- each:
ircuit takes.these two joutputs”
“that .is lndependent of ‘phas:
ns have a smgle PSD, which:means.’
--'used to ITICIXHTHIE the: stgnu.f:'_ !
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signal.. A fixed frequency sine
oscd!ufor generates fg, which:is
‘an’.input to both the reference:
mixer and, via the phase shifter,

‘output- to - the externa] reference ,
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the phusé sensitive detector; The veo
fact that the phase shifter always I
dperates. at the same fréguency. fupat "
results’ in outstanding phuse- I nesscras

‘tracking accuracy.
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SPECIFICATIONS

5IGNAL CHANNEL

SENSITIVITY: 100 nanovolts to 3 volts for full scale (10 volts} output in 123210 sequence, alse calibrated in
dB below 1 volt in 10 dB steps.* '

INPUT: Single ended, floating, guarded, input stage may be grounded either at the instrument or at the signal
source. Maximum dc resistance between input circuit ground and instrument ground should not exceed 100002,

INPUT IMPEDANCE: 100 megohms shunted by 40 picofarads.
ZOMMON MODE REJECTION: Greater than 120 dB up to 10 kHz at highest sensitivity. Maximum peak common

mode voltage between input stage ground and instrument ground is +5 volis.,

MAXIMUM INPUT: %200 volis de, £5 volts peak non—coherent AC.

NPUT FILTERING: Tracking bandpass filter tracks aver 40:1 range in frequency with no manual controls.
Center frequency is determined by external reference signal or by internal oscillator.

NOISE: Less than 5 nanovelts/VHz, and less than .03pa/VHz, ot 1 kHz. See Figure 4.

GAIN ACCURACY: 1%

GAIN STABILITY: +.05%/°C

HARMONIC REJECTION: >-55dB for both even and odd harmenics under all operating conditions.

DUTPUTS: Signal amplitude (A), A cosg, and A sing are simultaneously available on rear panel BNC connectors.
Any one of these can be switch selected for front panel BNC connector and meter.

OUTPUT LEVEL: Front Panel: BNC £10V full scale in all modes. Rear Panel: BNC £10 volts full scale for
“Normal Hi @' and *'Maximum Output Stability'’ modes, £1 velt full scale for “*Normal Lo Q' and *‘Maximum
Noise Rejection’’ modes,

OUTPUT IMPEDANCE: 1kQ *1%
METER: 34"’ meter, £ 1% accuracy and linearity. Yolts, dB, and ratio scales.
OYERLOAD: LED’s monitor overload at all peoints.

OUTPUT FILTER TIME CONSTANT/BANDWIDTH:  Selectable from 1.25 milliseconds to 125 seconds in 1.25~
4-12.5 sequence. This corresponds to bandwidths from +100 Hz to £.001 Hz in 10-3~1 sequence. Rear panel
switch selects 6 dB/octave or 12dB/octave rolloff in all positions of the front panel time constant switch.

MAXIMUM NON-COHERENT SIGNAL WITHOUT OVERLOAD: See Figure 1.

REFERENCE CHANNEL ,
REQUENCY RANGE: Operating frequency range .1 Hz to 200 kHz with plug~in card sets. (See Table on page 4)

INTERNAL MODE: Internal sine oscillator provides both a reference to the instrument and a manually variable
output (0~1V rms, 1k Q output impedance, 2% harmonic distortion) at the frequency determined by the frequency
dial.

EXTERNAL MODE: Aufomn.‘i’ically locks to external reference signal between 250mVY and 20V peak to peak

that crosses mean value twice per cyc]e.

EXTERNAL 2f MODE: Same as external mode except instrument responds fo input signals of twice the
reference frequency.

SIGNAL TRACKING MODE: Instrument outomatically phase lacks to the input signal.

PHASE ADJUSTMENT: High resolution multiple turn calibrated 0—100° phase control with *.2 degree
resolution. Dial accuracy is<2° 0-90° and 0—180° phase switches accurate to +.2 degrees.

PHASE RESPONSE: See Figures 2 and 3.
GENERAL

AMBIENT TEMPERATURE: Operating 15°C to 45°C.

AC POWER REQUIREMENT: 90-130V or 195-260V selectable on rear panel, 50 watts, 50—400 Hz.
PREAMP POWER OUTPUT: Regulated £16V dc at 25 ma rear panel XLR connector for remote preamp only.
S51ZE AND WEIGHT: 17" x 3%'' x 19"" bench top or rack mounting. Rackmounting hardware included. 20 ibs.

OPTIONS
NOISE OPTION 01: Permits meosuring narrowband noise simultaneously with coherent signal. See page 8.

RATIO OPTION 02: Permits taking the ratio of the instrument output and an external de voltoge. Facilitates
double beam optical measurements. See Page 9.

PHASE OPTION 03: Permits meosuring phase angle between input signal and coherent external reference
over full 360°. See page 9.

REMOTE PANEL OPTION 04: Permits use of 01, 02, and 03 Options simultanecusly with a single lock—in.
POWER OPTION 17: Permits operation at 180260V, 50—-400 Hz.

* Note thot although the meter is correctly colibrated for a £3 scole, the octuonl output voltage runs ina 1, V10, 10 sequence,
where V 10 = 3.16 = *'3"",
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TYPICAL PERFORNMANCE DATA
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SPECIFICATIONS
SIGNAL CHANNEL
SENSITIVITY: 100 nanovolts to 3 volts for full scale (10 volts) output in 1=3=10 sequence, also calibrated in

dB below 1 velt in 10 dB steps.*

INPUT: Single ended, floating, guarded, input stage may be grounded either at the instrument or at the signal
source. Maximum dc resistance between input circuit ground and instrument ground should not exceed 10001

INPUT IMPEDANCE: 100 megohms shunted by 40 picofarads.
ZOMMON MODE REJECTION: Greater than 120 dB up to 10 kHz at highest sensitivity. Maximum peak commen

mode voltage between input stage ground and instrument ground is £5 volts.
AAXIMUM INPUT: 2200 volts de, £5 volts peak non—coherent AC.

NPUT FILTERING: Traocking bandpass filter tracks over 40:1 range in frequency with no manual controls.
Center frequency is determined by external reference signal or by internal oscillator.

NOISE: Less than 5 nanovolts/VHz, and less than .03pa/VHz, at 1 kHz. See Figure 4.

GAIN ACCURACY: 1%

GAIN STABILITY: +.05%/°C

HARMONIC REJECTION: =55 dB for both even and odd hormonics under all operating conditions.

DUTPUTS: Signal amplitude (A), A costh, and A sing are simultaneously available on rear panel BNC connectors,
Any one of these can be switch selected for front panel BNC connector and meter.

OUTPUT LEVEL: Front Panel: BNC +10V full scale in all modes. Rear Panel: BNC 210 volis full scale for
“"Normal Hi Q" and “"Maximum Qutput Stability'’' medes, 1 volt full scale for “*Normal Le Q"' and “"Maximum
Noise Rejection’’ modes.

OUTPUT IMPEDANCE: 1k *1%
METER: 3%’ meter, £ 1% accuracy and linearity. Volts, dB, and rotio scales.
DYERLOAD: LED's monitor averload at ell points.

OUTPUT FILTER TIME CONSTANT/BANDWIDTH: Selectable from 1.25 milliseconds to 125 seconds in 1.25~
4-12.5 sequence. This corresponds fo bandwidths from £100 Hz to £.001 Hz in 10-3-1 sequence. Rear panel
switch selects 6 dB/octave or 12dB/octave rolloff in all positions of the front panel time constant switch.

MAXIMUM NON-COHERENT SIGNAL WITHOUT OVERLOAD: See Figure 1.

REFERENCE CHANNEL :
*REQUENCY RANGE: Operating frequency range .1 Hz to 200 kHz with plug—in card sets. (See Table on page 4}

INTERNAL. MODE: Internal sine oscillator provides both a reference to the instrument and a manually variable
output (0—1V rms, 1k Q output impedance, 2% harmonic distortion) at the frequency determined by the frequency
dial.

EXTERNAL MODE: Au’roma‘tircully locks to external reference signal between 250mY and 20V peak to peak

that crosses meon value twice per cycle.

EXTERMNAL 2f MODE: Same os external mode except instrument responds to input signals of twice the
reference frequency. ,

SIGNAL TRACKING MODIE: Instrument automatically phase locks to the input signal.
PHASE ADJUSTMENT: High resolution multiple turn calibrated 0-1007 phase control with *.2 degree

resolution. Dial accuracy is<2°. 0-90° and 0—180° phase switches occurate to +.2 degrees.

PHASE RESPONSE:  See Figures 2 and 3.
GENERAL

AMBIENT TEMPERATURE: Operating 15°C 1o 45°C.

AC POWER REQUIREMENT: 90-130V or 195-250V selectable on rear panel, 50 watts, 50—-400 Hz.
PREAMP POWER OUTPUT: Regulated 18V dc at 25ma rear panel XLR connector for remote preamp only.
SIZE AND WEIGHT: 17" x 3%"' x 19" bench top or rack mounting. Rackmounting hardware included. 20 lbs.

OPTIONS
NOISE OPTION 01: Permits measuring narrowband noise simultaneocusly with coherent signal. See page 8.

RATIO OPTION 02: Permits taking the ratio of the instrument output and an external dec veltage. Facilitates
double beam opticol measurements. See Page 9.

PHASE OPTION 03: Permits measuring phase angle between input signal and coherent external reference
over full 360%. See page 9.

REMOTE PANEL OPTION 04: Permits use of 01, 02, and 03 Options simultaneocusly with a single lock—in.

POWER OPTION 17: Permits operation at 180-260V, 50400 Hz.

* Note thot although the meter is correctly calibrated for a £3 scole, the octual output veltage runs ina 1, vh'lﬁ,- 10 sequenca,
where V10 =3.16 =''3"",
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APPLICATIONS

LOCK-IN AMPLIFIER

. . No Ph Adj R ired
Detect signals that may be obscured by noise ) © Phase Adjustment= _ savire
or interference. With DYNATRAC 393, unlike \"\j Experiment
other lock—in amplifiers, no phase adjustments |

are required, a great convenience when:

~ the time constent must be Jong (have you tried to adjust phose when the time constant is 3 sec or longer? It
is irritating to do even af ] sec).

— the phase of the signal with respect to the reference changes during the measurement.

~ you don't want to worry whether phase is set correctly.

Typical scientific applications where this feature is a particular canvenience include:

—  soft X—ray analysis — retarding beam Auger spectroscopy

~ bridge balance null detection — Cochlear potential measurements

—~ low level NMR, EPR, and ESR — Opto—acoustic medulation spectroscopy
— circular dichroism spectroscopy — polarized luminescence measurements
— magnetic susceptibility measurements — precision double beam aptical systems

AC VOLTMETER

In the electronics laboratory, medasure cross
talk, power supply rejection, and other low 7 - [Circoit
level coupling phenomena. The instrument _L Q// l:l'_:‘if’
tracks the signal source while maintaining =

a constant narrow bandwidth.

VECTOR VOLTMETER
. . Signol
DYNATRAC 393 makes simultaneous in—phase,
quadrature, and amplitude measurements of sig-
nals ohscured by noise. Internal calibrated phase -
adjustments provide o continuous 360° phase
offset capability to facilitate phase nulling to a
resolution of less than .1°

ASIN¢ |
Ref

3 Qutputs Simultaneously

ACQOS QS Avuiluhla

BRIDGE BALANCE NULL DETECTOR

The vector output simplifies bridge balance by making it unnecessary fo use the phase controls, unlike con-
ventional or two-phase lock~in amplifiers often used in this application. The excellent harmonic rejection of
DYNATRAC 393 is essential fo many complex impedonce bridge measurements because many such bridges are
frequency sensitive, and therefore very small harmonic distortion components in the signal source will be greatly
accentuated when the fundamental is nulled.

For bridge balancing the 168 Differential Preamplifier is available that provides o balanced 180m{} input and

excellent common mode rejection.
- t et -,'1:"1" -
1468 Differential '
Preamplifier

MNu!l the Yector OQutput
with Rg ond Cg

AN

Eliminates effects of Phase Shift, Naise, and Harmonic Distortion

With compliments

Helmut Singer Elektronik

www.helmut-singer.de info@helmut-singer.de
fon +49 241 155 315 fax +49 241 152 066
Feldchen 16-24 D-52070 Aachen Germany
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RATIO OPTION OZ2 (0PTIONS NOT AVAILABLE SIMULTANEOUSLY IN MAINFRAME)

A

With this option, an é output is provided, where X
Y

normal lack—in output (+ anly)

control voltage (+ only)

Accuracy (25°C £5°C):  +2% (Ext. Input 0.1 to 10VDC)

Where full scale = ratio of 1.00 = +1.00 volts of rear panel ratio output = positive full scale on lock—in meter

If both X and Y are proportional to the same variable {such as source intensity in a double beam optical system) the
effect of this variable is eliminated.

With compliments

Helmut Singer Elektronik
www.helmut-singer.de info@helmut-singer.de
fon +49 241 155 315 fax +49 241 152 066
Feldchen 16-24 D-52070 Aachen Germany
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