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LIMITED WARRANTY STATEMENT

WARRANTY PERIOD: THREE (3) YEARS

1.Lake Shore warrants that products manufactured by Lake Shore (the
"Product") will be free from defects in materials and workmanship for
three years from the date of Purchaser's physical receipt of the Prod-
uct (the "Warranty Period"). If Lake Shore receives notice of any such
defects during the Warranty Period and the defective Product is
shipped freight prepaid back to Lake Shore, Lake Shore will, at its
option, either repair or replace the Product (if it is so defective) with-
out charge for parts, service labor or associated customary return
shipping cost to the Purchaser. Replacement for the Product may be
by either new or equivalent in performance to new. Replacement or
repaired parts, or a replaced Product, will be warranted for only the
unexpired portion of the original warranty or 90 days (whichever is
greater)..

2.Lake Shore warrants the Product only if the Product has been sold
by an authorized Lake Shore employee, sales representative, dealer or
an authorized Lake Shore original equipment manufacturer (OEM).

3.The Product may contain remanufactured parts equivalent to new
in performance or may have been subject to incidental use when it is
originally sold to the Purchaser.

4.The Warranty Period begins on the date of Purchaser's physical
receipt of the Product or later on the date of operational training and
verification (OT&V) of the Product if the service is performed by Lake
Shore, provided that if the Purchaser schedules or delays the Lake
Shore OT&V for more than 30 days after delivery then the Warranty
Period begins on the 31st day after Purchaser's physical receipt of the
Product.

5This limited warranty does not apply to defects in the Product
resulting from (a) improper orinadequate installation (unless OT&V
services are performed by Lake Shore), maintenance, repair or calibra-
tion, (b) fuses, software, power surges, lightning and non-recharge-
able batteries, (c) software, interfacing, parts or other supplies not
furnished by Lake Shore, (d) unauthorized modification or misuse, (e)
operation outside of the published specifications, (f) improper site
preparation or site maintenance (g) natural disasters such as flood,
fire, wind, or earthquake, or (h) damage during shipment other than
original shipmentto you if shipped through a Lake Shore carrier.

6.This limited warranty does not cover: (a) regularly scheduled or ordi-
nary and expected recalibrations of the Product; (b) accessories to the
Product (such as probe tips and cables, holders, wire, grease, varnish,
feed throughs, etc.); (c) consumables used in conjunction with the
Product (such as probe tips and cables, probe holders, sample tails,
rods and holders, ceramic putty for mounting samples, Hall sample
cards, Hall sample enclosures, etc.); or, (d) non-Lake Shore branded
Products that are integrated with the Product.

7.Tothe extent allowed by applicable law,, this limited warranty is the
only warranty applicable to the Product and replaces all other war-
ranties or conditions, express or implied, including, but not limited to,
the implied warranties or conditions of merchantability and fitness
fora particular purpose. Specifically, except as provided herein,
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LakeShore undertakes no responsibility that the products will be fit
for any particular purpose for which you may be buying the Products.
Anyimplied warranty is limited in duration to the warranty period. No
oral or written information, or advice given by the Company, its
Agents or Employees, shall create a warranty or in any way increase
the scope of this limited warranty. Some countries, states or provinces
do not allow limitations on an implied warranty, so the above limita-
tion or exclusion might not apply to you. This warranty gives you spe-
cific legal rights and you might also have other rights that vary from
country to country, state to state or province to province.

8.Further, with regard to the United Nations Convention for Interna-
tional Sale of Goods (CISC,) if CISG is found to apply in relation to this
agreement, which is specifically disclaimed by Lake Shore, then this
limited warranty excludes warranties that: (a) the Product s fit for the
purpose for which goods of the same description would ordinarily be
used, (b) the Product is fit for any particular purpose expressly or
impliedly made known to Lake Shore at the time of the conclusion of
the contract. (c) the Product is contained or packaged in a manner
usual for such goods orin a manner adequate to preserve and protect
such goods where it is shipped by someone other than a carrier hired
by Lake Shore.

9. Lake Shore disclaims any warranties of technological value or of
non-infringement with respect to the Product and Lake Shore shall
have no duty to defend, indemnify, or hold harmless you from and
against any or all damages or costs incurred by you arising from the
infringement of patents or trademarks or violation or copyrights by
the Product.

10.THIS WARRANTY IS NOT TRANSFERRABLE. This warranty is not
transferrable.

11.Except to the extent prohibited by applicable law, neither Lake
Shore nor any of its subsidiaries, affiliates or suppliers will be held lia-
ble for direct, special, incidental, consequential or other damages
(including lost profit, lost data, or downtime costs) arising out of the
use, inability to use or result of use of the product, whether based in
warranty, contract, tort or other legal theory, regardless whether or
not Lake Shore has been advised of the possibility of such damages.
Purchaser's use of the Product is entirely at Purchaser's risk. Some
countries, states and provinces do not allow the exclusion of liability
forincidental or consequential damages, so the above limitation may
not apply to you.

12This limited warranty gives you specific legal rights, and you may
also have other rights that vary within or between jurisdictions where
the productis purchased and/or used. Some jurisdictions do not allow
limitation in certain warranties, and so the above limitations or exclu-
sions of some warranties stated above may not apply to you.

13.Except to the extent allowed by applicable law, the terms of this
limited warranty statement do not exclude, restrict or modify the
mandatory statutory rights applicable to the sale of the product
toyou.



CERTIFICATION

Lake Shore certifies that this product has been inspected and tested
in accordance with its published specifications and that this product
met its published specifications at the time of shipment. The accu-
racy and calibration of this product at the time of shipment are trace-
able to the United States National Institute of Standards and
Technology (NIST); formerly known as the National Bureau of Stan-
dards (NBS).

FIRMWARE LIMITATIONS

Lake Shore has worked to ensure that the Model 350 firmware is as
free of errors as possible, and that the results you obtain from the
instrument are accurate and reliable. However, as with any com-
puter-based software, the possibility of errors exists.

Inany important research, as when using any laboratory equipment,
results should be carefully examined and rechecked before final con-
clusions are drawn. Neither Lake Shore nor anyone else involved in
the creation or production of this firmware can pay for loss of time,
inconvenience, loss of use of the product, or property damage caused
by this product or its failure to work, or any other incidental or conse-
guential damages. Use of our product implies that you understand
the Lake Shore license agreement and statement of limited warranty.

FIRMWARE LICENSE AGREEMENT

The firmware in this instrument is protected by United States copy-
right law and international treaty provisions. To maintain the war-
ranty, the code contained in the firmware must not be modified. Any
changes made to the code is at the user's risk. Lake Shore will assume
no responsibility for damage or errors incurred as result of any
changes made to the firmware.

WinZip™ is a registered trademark of Nico Mak of Connecticut

FIRMWARE LICENSE AGREEMENT (continued)

Under the terms of this agreement you may only use the Model 350
firmware as physically installed in the instrument. Archival copies are
strictly forbidden. You may not decompile, disassemble, or reverse
engineer the firmware. If you suspect there are problems with the
firmware, return the instrument to Lake Shore for repair under the
terms of the Limited Warranty specified above. Any unauthorized
duplication or use of the Model 350 firmware in whole orin part, in
print, orin any other storage and retrieval system is forbidden.

TRADEMARK ACKNOWLEDGMENT

Many manufacturers and sellers claim designations used to distin-
guish their products as trademarks. Where those designations
appearin this manual and Lake Shore was aware of a trademark
claim, they appear with initial capital letters and the ™ or ® symbol.
Alumel™ and Chromel™ are trademarks of

Conceptech, Inc., Corporation

CalCurve™ Cernox™ SoftCal™ Rox™ Curve Handler™ are trade-
marks of Lake Shore Cryotronics, Inc.

Java™ is a registered trademark of Sun Microsystems, Inc.

of Santa Clara, CA

LabVIEW® is a registered trademark of National Instruments.
Mac®is aregistered trademark of Apple, Inc., registered in the U.S and
other countries.

Microsoft Windows® Excel® and Windows Vista® are registered
trademarks of Microsoft Corporation in the United States and other
countries.

Copyright 2012-14 Lake Shore Cryotronics, Inc. All rights reserved. No portion of this manual may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the express written permission of Lake Shore.
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DECLARATION OF CONFORMITY

We: Lake Shore Cryotronics, Inc.
575 McCorkle Blvd.
Westerville, OH 43082 USA

hereby declare that the equipment specified conforms to the
following Directives and Standards:

Application of Council Directives.........ccceveccenne. 2006/95/EC LVD
2004/108/EC EMC
2011/65/EU RoHS

Standards to which Conformity is declared....... EN-61010-1:2010
Overvoltage |l

Pollution Degree 2
EN 61326-1:2013

Class A
Annex B
EN 50581:2012
Model NUMDBET ..o i ereeeverceieeeissaeesseaneanes 350
gjﬁﬁéﬂt \ e 20l
Scott Ayer

Director of Quality and Compliance
Position
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Electromagnetic Compatibility (EMC) for the Model 350 Temperature Controller

Electromagnetic Compatibility (EMC) of electronic equipment is a growing concern worldwide. Emissions of and
immunity to electromagnetic interference is now part of the design and manufacture of most electronics. To qualify
for the CE Mark, the Model 350 meets or exceeds the requirements of the European EMC Directive 89/336/EECas a
CLASS A product. AClass A product is allowed to radiate more RF than a Class B product and mustinclude the follow-
ing warning:

WARNING:Thisis a Class A product. In a domestic environment, this product may cause radio interference in which
case the user may be required to take adequate measures.

The instrument was tested under normal operating conditions with sensor and interface cables attached. If the
installation and operating instructions in the User's Manual are followed, there should be no degradation in EMC
performance.

This instrument is not intended for use in close proximity to RF Transmitters such as two-way radios and cell
phones. Exposure to RF interference greater than that found in a typical laboratory environment may disturb the
sensitive measurement circuitry of the instrument.

Pay special attention to instrument cabling. Improperly installed cabling may defeat even the best EMC protection.
Forthe best performance from any precision instrument, follow the grounding and shielding instructions in the
User's Manual. In addition, the installer of the Model 350 should consider the following:

Shield measurement and computer interface cables.

Leave no unused or unterminated cables attached to the instrument.

Make cable runs as short and direct as possible. Higher radiated emissions are possible with long cables.
Do not tightly bundle cables that carry different types of signals.
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FIGURE 1-1 Model 350 front view
1.1 Product Features:

Description

m Ideal for use with He-3 systems and other ultra-low temperature refrigeration
platforms down to 100 mK

m  Optimized performance with Cernox™ RTDs

m Patented low-noise input circuitry enables super low excitation power for mini-
mal self-heating and high resolution measurement

m 4independent control loops and a broad range of I/O configurations can elimi-
nate need for additional instrumentation

m 4 PID-controlled outputs: 75 W warm-up heater, 1 W sample heater, and 2 auxil-
iary LW £10V outputs

m Proven,intuitive interface

m Performance assurance even at the extremes, with verifiable product specifica-
tions

m  Full 3 yearstandard warranty

The Model 350 is designed for the demands of pumped He-3 refrigerators and other
ultra-low and low temperature platforms. It provides excellent measurement perfor-
mance, superior control accuracy, and convenient operation in a wide range of
advanced research applications. Whether the need is for high accuracy with minimal
thermal impact, or precise temperature control in high magnetic fields, or depend-
able measurementin radiation environments, the new Model 350 controller
matched with Lake Shore’s industry-leading Cernox™ sensors provides a cryogenic
solution that’s demonstrably best-in-class.

The patented noise reduction input circuitry of the Model 350 is just one reason why
this controller works so well for ultra-low temperature (ULT) applications, all the way
down to 100 mK. When combined with precision Cernox sensors, this performance-
optimized design allows as little as 10 nA of excitation current to be used, minimizing
self-heating effects, and ensures best possible measurement accuracy throughout
the entire temperature range.

This single instrument offers extraordinary capability and flexibility, often eliminat-
ing the need for additional instrumentation in a refrigeration control system. Its four
input channels and fourindependent control outputs are configurable to support a
broad range of I/0 requirements, including the heaters and auxiliary devices typical
of ULT refrigeration systems, as well as other cryogenic sensor types like ruthenium
oxide and platinum RTDs. Standard computer interfaces enable remote communica-
tions, control and coordination with other systems.
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2 CHAPTER 1: Introduction

1.2 Application
Versatility

1.2.1 Four Standard
Sensor Input Channels

1.2.2 Three Option
Cards for More Inputs
and a Wider Range of
Applications

1.2.3FourPID
Controlled Outputs

Model 350 Temperature Controller

In short, the Model 350 cryogenic temperature controller brings a new level of power,
precision, and performance to critical low temperature physics research. Itisideal for
use with He-3 systems, adiabatic demagnetization refrigerators (ADRs), certain dilu-
tion refrigerators, and many other applications demanding low thermal power and
high measurement precision.

Designed to support a broad range of sensor types, the Model 350 is performance
optimized for use over the entire temperature range of Cernox™ sensors, making it
the instrument of choice for ULT environments, as well as other cryogenic systems
where errors due to magneto-resistive or radiation effects need to be minimized.

The Model 350 comes with four standard sensor inputs supporting Cernox™, ruthe-
nium oxide, platinum RTDs, and other NTC RTD sensors. Inputs can be configured to
accept any of the supported input types. Each sensor input channel has its own cur-
rent source, providing fast settling times. The four sensor inputs are optically isolated
from other circuits to reduce noise and to provide repeatable sensor measurements.
Current reversal eliminates thermal electromotive force (EMF) errors in resistance
sensors. Nine excitation currents facilitate temperature measurement and control
down to 100 mK, with the nominal temperature range (using Cernox™ sensors) span-
ning to 420 K. The instrument automatically selects the optimal current and gain lev-
els for you once the sensor type is selected, and automatically scales current to
minimize self-heating effects at low temperatures. The patented input circuitry elim-
inates any errors associated with grounding inconsistencies, making it easier to
achieve reliable measurements at ultra-low temperatures. With the ability to label
each sensorinput channel with a customized name, it’s also easy to identify the mea-
sured values being displayed.

Field installable input option cards can expand your sensor selection to include sili-
con diodes (like DT-670), capacitance sensors or thermocouples. Once installed, the
option input can be selected and named from the front panel like any otherinput
type. These option cards further expand the application versatility of the Model 350
temperature controller by allowing specialized sensors to be switched in and out to
achieve specific measurement objectives. For example, addition of the thermocouple
input option enables continuous measurement to 1000 K and above. Alternatively,
the capacitance sensor option card enables a magnetics-impervious capacitance
temperature sensor to be temporarily switched in for elimination of magneto-resis-
tive effects while taking low temperature sample measurements under high or
changing fields. Diode sensor support is provided by the 4-channel scanner option
card, which also enables use of additional Cernox™ sensors for supplemental
monitoring.

For convenient integration into a wide range of systems, the Model 350 offers four
PID-controlled outputs. Variable DC current source outputsinclude a 75 W output for
direct control of the typical main warm-up heater,and a 1 W output for fine control of
the sample heater. Two additional 1 W variable DC voltage source outputs can be
used to power auxiliary devices like a still heater in a dilution refrigerator, or to con-
trol a magnet power supply driving an ADR. The ability to dynamically select an input
to associate with the controlled output provides additional flexibility in setting up the
control scheme.



1.2.4 Precision
Temperature Control

1.3 Simple and
Increased
Productivity

1.3.1Three Interfaces
for Remote Control

1.3.2Simple
Automation

1.4 Performance
You Can Count On

1.4.1 Balanced Current
Source

1.4.2 Common Mode
Reduction Circuit

1.2.4 PrecisionTemperature Control 3

The Model 350 calculates the precise control output based on your temperature set-
point and feedback from the control sensor. You can manually set the PID values for
fine control, or the temperature control loop autotuning feature can automate the
tuning process for you. The setpoint ramp feature provides smooth, continuous set-
point changes and predictable setpoint approaches without the worry of overshoot
orexcessive settling times. When combined with the zone setting feature, which
enables automatic switching of sensor inputs and scales current excitation through
ten different preloaded temperature zones, the Model 350 provides continuous mea-
surement and control over the entire temperature range required.

With remote control and automated features, the Model 350 will simplify your tem-
perature control processes and increase your productivity in the laboratory.

The Model 350 temperature controllerincludes Ethernet, USB, and IEEE-488 inter-
faces. In addition to gathering data, nearly every function of the instrument can be
controlled through a computer interface. Ethernet provides the ability to access and
monitor instrument activities via the internet from anywhere in the world, allowing
distributed sharing of the controller and the controlled system. You can download the
Lake Shore curve handler software to your computer to easily enter and manipulate
sensor calibration curves for storage in the instrument’s nonvolatile flash memory.

Each sensorinput has a high and low alarm that offer latching and non-latching oper-
ation. The two relays can be used in conjunction with the alarms to alert you of a fault
condition and perform simple on/off control. Relays can be assigned to any alarm or
operated manually. Choosing appropriate PID control settings for a closed loop sys-
tem can be tedious, but the Model 350 provides the temperature control loop auto-
tuning feature to simplify the process. It’s an automated process that measures
system characteristics and computes setting values for P, I, and D for you. Once PID
tuning parameters are chosen for a given setpoint, the zone tuning feature automati-
cally switches sensor inputs for new setpoints, enabling you to control temperatures
from 100 mK to over 1000 K without interrupting your experiment.

As with all Lake Shore products, the Model 350 product specifications are docu-
mented and verifiable in keeping with Lake Shore’s tradition of performance assur-
ance even at application extremes. The product is supported by a 3-year standard
warranty, our confirmation of quality and commitment for the long term. Choosing
the Model 350 for your ultra-low temperature application means you’ll have the ulti-
mate confidence in meeting your integration, measurement and control needs, now
and into the future.

The Model 350 provides a unique, patented, matched impedance current source as
its first defense against common mode noise. Just as voltage input terminals for a dif-
ferential input have the same input impedance; the two current source output termi-
nals of the Model 350 have the same source impedance. This matched impedance
ensures that common mode voltages do not become normal mode voltages. With this
strategy, the differential input remains truly differential for accurate resistance mea-
surement.

To further reduce the effect of common mode voltage, the Model 350 includes an
active common mode reduction circuit. This circuit dynamically adjusts the current
source output operation point to minimize common mode voltage at the measure-
mentinput. Active common mode reduction allows the Model 350 to operate in envi-
ronments that would otherwise be difficult to achieve the required measurement.
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4 CHAPTER 1: Introduction

1.4.3 Measurement Optocouplersisolate the analog front end of the Model 350 from digital circuitry and
Isolation the instrument chassis. Optical isolation minimizes the effect of digital noise on the
measurement and breaks ground loops.

1.4.4 Configurable The Model 350 offers a bright, graphic liquid crystal display with an LED backlight

Display that simultaneously displays up to eight readings. You can show all four loops, all
inputs, or if you need to monitor one input, you can display just that one in greater
detail. Or you can custom configure each display location to suit your experiment.
Data from any input can be assigned to any of the locations, and your choice of tem-
perature or sensor units can be displayed. For added convenience, you can also cus-
tom label each sensorinput, eliminating the guesswork in remembering or
determining the location to which a sensor input is associated.

P oSamkle o

5,261

Mt
[ 15k

FIGURE 1-2 Displays showing four loop mode, input display mode and custom display mode

1.4.5 Use Additional The field installable input option cards add additional input types. The Model 3060
Input Types with Option adds thermocouple capability. The Model 3061 adds capacitance sensorinputs. The
Model 3062 adds 4 Cernox™/platinum/diode input channels. While the option cards

Cards can be easily removed, it is not necessary as the standard inputs remain functional
when the options are not being used.

1.5 Sensor Cernox™ thin-film RTDs offer high sensitivity and low magnetic field-induced errors

Selection overthe 0.1 Kto 420 K temperature range. Cernox™ sensors require calibration.

Platinum RTDs offer high uniform sensitivity from 30 K to over 800 K. With excellent
reproducibility, they are useful as thermometry standards. They follow a standard
curveabove 70 Kand are interchangeable in many applications.

Silicon diodes are the best choice for general cryogenic use from 1.4 K to above room
temperature. Silicon diodes are economical to use because they follow a standard
curve and are interchangeable in many applications. They are not suitable for use in
ionizing radiation or magnetic fields.

Capacitance sensors are ideally suited for use in strong magnetic fields because they
exhibit virtually no magnetic field dependence. They can be used from 1.4 Kto 290 K.

Model 350 Temperature Controller



Negative
Temperature
Coefficient RTDs

Positive Temperature
Coefficient RTDs

Diodes
(3062)

Capacitance (3061)

Thermocouples
(3060)

Cernox™
Cernox™
Cernox™
Cernox™
Cernox™
Germanium
Germanium
Rox™
Rox™
Rox™
100 Q platinum
100 Q platinum
Rhodium-iron
Silicon Diode
Silicon Diode
Silicon Diode
Silicon Diode
Silicon Diode
Silicon Diode
GaAlAs Diode
GaAlAs Diode
GaAlAs Diode

Type K
TypeE

Chromel-AuFe 0.07%
1 Non-HT version maximum temperature: 325 K

Model

CX-1010
CX-1030-HT
CX-1050-HT
CX-1070-HT
CX-1080-HT
GR-300-AA
GR-1400-AA
RX-102B
RX-103
RX-202
PT-102/3
PT-111
RF-800-4
DT-670-SD
DT-670E-BR
DT-414
DT-421
DT-470-SD
DT-471-SD
TG-120-P
TG-120-PL
TG-120-SD
CS-501
9006-006
9006-004
9006-002

1.5 SensorSelection

Useful range

0.1Kto325K?
0.3Kto420K?
1.4Kto 420K
4Kto420K?
20Kto420K?
0.35Kto 100K
1.8Kto 100K
0.1Kto40K
14Kto40K
0.5Kto40K
14Kto 873K
14Kto673K
1.4Kto 500K
1.4Kto 500K
30Kto 500K
1.4Kto375K
1.4Kto325K
1.4Kto 500K
10Kto 500K
1.4Kto325K
1.4Kto325K
1.4Kto 500K
1.4Kto290K
3.2Kto1505K
3.2Kt0 934K
1.2Kto 610K

Magnetic field use
T>2K&B<19T
T>2K&B<19T
T>2K&B<19T
T>2K&B<19T
T>2K&B<19T
Not recommended
Not recommended
T>2K&B<10T
T>2K&B<10T
T>2K&B<10T
T>40K&B<25T
T>40K&B<25T
T>77K&B<8T
T260K&B<3T
T260K&B<3T
T260K&B<3T
T260K&B<3T
T260K&B<3T
T260K&B<3T
T>42K&B<5T
T>42K&B<5T
T>42K&BL5T

T>42K&B<18.7T

Not recommended
Not recommended
Not recommended

TABLE 1-1 Sensor temperature range (sensors sold separately)
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6 CHAPTER 1: Introduction

Temperature
Accuracy
Including
Electronic
Accuracy,

CalCurve™ and
Calibrated Sensor

Electronic
Control
Stability3:
Temperature
Equivalents

Electronic
Accuracy:
Temperature
Equivalents

Measurement
Resolution:
Temperature
Equivalents

Nominal
Resistance/
Voltage

Example
Lake Shore
Sensor

Typical
Sensor
NN

Temperature

(K)

Cernox™
(1 mv)

Cernox™
(10mv)

Germanium
(1mv)

Germanium
(10mv)

Germanium
(10mv)

Rox™
(1mv)

Platinum RTD
500 Q Full Scale

Silicon Diode

Silicon Diode

GaAlAs Diode

Capacitance

Thermocouple

2 Typical sensor sensitivities were taken from representative calibrations for the sensor listed

CX-1010-SD
with 0.1L
calibration

CX-1050-SD-HT4
with 1.4M
calibration

GR-50-AA with
0.05 Acalibration

GR-300-AA with
0.3D calibration

GR-1400-AAwith
1.4D calibration

RX-102B-CBwith
0.02C calibration

PT-103 with 14
calibration

DT-670-CO-13
with 1.4H
calibration

DT-470-SD-13
with 1.4H
calibration
TG-120-SD

with 1.4H
calibration

Cs-501

Type K

03
0.5
4.
300
14
42
77
420
0.1
03
0.5
14
42
03
14
42
100
14
42
77
100
0.1
0.5
14
42
40

30
77
300
500

14
77
300
500

14
77
300
475

14
77
300
475

4.2
77
200
75
300
600
1500

213890
232240
124820
277320
303920
26566 Q
3507.20
205.67Q
45.03Q
23170
1640
73.8Q
2470
13.7Q
35180Q
44860
94.46 Q
2720
35890 Q
16890
3550
280
35490
21880
1779Q
1546 Q
11990

3.66Q
20.380Q
110.35Q
185.668 Q

1.664V

1.028V
0.5596V
0.0907V

1.6981V
1.0203V
0.5189V
0.0906V

5.3909V
1.4222V
0.8978V
0.3778V
6.0 nF
9.1nF
19.2nF

-5862.9 pV
1075.3 pv
13325 pv
49813 pv

3 Control stability of the electronics only, in an ideal thermal system

4 Non-HT version maximum temperature: 325 K

-558110 Q/K
-10785 Q/K
-2665.2 Q/K
-32.209 Q/K
-0.0654 Q/K
-48449 Q/K
-1120.8 Q/K
-2.4116 Q/K
-0.0829 Q/K
-71858 Q/K
-964 Q/K
-202.9 Q/K
-13.15 Q/K
-1.036 Q/K
-512200 Q/K
-581.3Q/K
-26.56 Q/K
-0.024 Q/K
-94790 Q/K
-861.9 Q/K
-0.05 Q/K
-0.021 Q/K
-12578 Q/K
-1056 Q/K
-198 Q/K
-40.0 Q/K
-3.410/K
0.191Q/K
0.423 Q/K
0.387 Q/K
0.378 Q/K
-12.49 mV/K
-1.73 mV/K
-2.3mV/K
-2.12 mV/K
-13.1mV/K
-1.92 mV/K
-2.4mV/K
-2.22 mV/K
-97.5 mV/K
-1.24 mV/K
-2.85 mV/K
-3.15 mV/K
27 pF/K
52 pF/K
174 pF/K
15.6 pV/K
40.6 pV/K
41.7 pV/K
36.1 pV/K

5 Accuracy specification does not include errors from room temperature compensation

Model 350 Temperature Controller

5.4 pK
28 uK
113 pK
931 pK
153 mK
6.2 pK
89 pK
1.2 mK
12 mK
4.2 pK
31.1pK
49.3 pK
228 pK
2.9 mK
2 pK
17 pK
38 pK
4.2 mK
11pK
35 pK
2 mK
4.8 mK
79.5 pK
284 pK
1.5 mK
7.5mK
88 mK
0.5 mK
0.7 mK
7.8 mK
7.9 mK
0.8 mK
5.8 mK
4.3 mK
4.7 mK

0.8 mK
5.2mK
4.2 mK
4.5 mK

0.21mK
16 mK
7 mK
6.3 mK
74 mK
39mK
12 mK
26 mK
9.9 mK
9.6 mK
11 mK

TABLE 1-2 Typical sensor performance

169 pK
1272 pK
1938 K
16.5 mK
+1.7K
1261 pK
+2.1mK
+38 mK
+338 mK
21 pK
1130 pK
1244 K
11.2mK
111 mK
47 pK
1481 pK
+1.8 mK
1151 mK
1257 pK
1900 pK
183 mK
1175 mK
1908 pK
12.7mK
+13.7 mK
165.4 mK
1727 mK

122 mK
+34 mK
1140 mK
1223 mK

113 mK
176 mK
147 mK
140 mK
113 mK
168 mK
144 mK
+38 mK
6 mK

1179 mK
160 mK
+37 mK

NA

1252 mK>
+38 mK>
1184 mK>
1718 mK>

4.1 mK
4.3 mK
+4.9 mK
111 mK
11.8 K
4.3 mK
6.1 mK
50 mK
1412 mK
4.0 mK
+4.1mK
4.2 mK
15.2mK
115 mK
14,0 mK
4.5 mK
5.8 mK
1171 mK
43 mK
49mK
94 mK
195 mK
49mK
6.7 mK
18 mK
69 mK
803 mK
+31mK
+44 mK
1164 mK
1274 mK

+20 mK
1113 mK
182 mK
194 mK

+20 mK
1105 mK
179 mK
187 mK
113 mK
1216 mK
+95mK
+86 mK

Calibration not
available from
Lake Shore

Calibration not
available from
Lake Shore

+10.8 pK
+55.6 pK
1225 pK
1190 pK
1306 mK
1+12.4 pK
1178 pK
1+2.5mK
+24.1 mK
8.3 pK
162.2 uK
198.6 uK
456 pK
5.8 mK
+3.9pK
1+34.4 uK
175.3 K
8.3 mK
£21.1pK
169.6 PK
14 mK
19.5mK
+159 pK
1568 pK
#3.0mK
115.0 mK
1176 mK
+1.0mK
11.4mK
115.5mK
+15.9 mK

1.6 mK
+11.6 mK
+8.7mK
19.4 mK
+1.5mK
+10.4 mK
+8.3 mK
+9.0 mK
+410 pK
+32.3mK
+14.0 mK
+12.7 mK

+14.8 mK
7.7 mK
+23 mK
+51.3mK
+19.7 mK
+19.2 mK
+22.2mK



1.6 Model 350

Specifications
1.6.1Input
Specifications
Sensor Input Range
Temperature
Coefficient
NTCRTD/ Negative/ 00Qt0100Q
PTCRTD Positive
10mv 0010300
0Qt0100Q
0Qto3000Q
0Qtol1kQ
0Qto3kQ
0Qto10kQ
0Qto30kQ
0Qto100kQ
0Qto300kQ
NTCRTD Negative 0Qto10Q
1mV
0Qto30Q
0Qt0100Q
0Qto300Q
0Qto1kQ
0Qto3kQ
0Qto10kQ
0Qto30kQ
0Q to0 100 kQ
Diodell Negative 0Vto2.5V
Negative 0Vto1l0V
Thermocouplell| Positive +50 mV
Capacitance!l  Positive or 0.1to 15 nf
Negative
1to 150 nF

Excitation Curren

1mA?

300 pA?

100 pA?

30 pA?

10 pA?

3 pA?

1 A9

300 nA?

100 nA®

30 nA?

100 pA®

30 pA®

10 pA?

3pAY

1A

300 nA?

100 nA®

30 nA?

10 nA?

10 pA +0.05%8

10 pA +0.05%8

NA

3.496 kHz,

1 mAsquare wave
3.496 kHz

10 mAsquare wave

Display

Resolution

0.1mQ

0.1mQ

1mQ

1mQ

10mQ

10mQ

100 mQ

100 mQ

10

10

0.1mQ

0.1mQ

1mQ

1mQ

10mQ

10mQ

100 mQ

100mQ

10

100 pv

100 pv

0.1pv

0.1pF

1pF

Measurement
Resolutioné

0.1mQ

0.3mQ

1mQ

3mQ

10mQ

30mQ

100 mQ

300 mQ

10

30

1mQ

3mQ

10mQ

30mQ

100mQ

300mQ

10

30

10Q

10pv

20 pv

0.4pV

0.2 pF

2 pF

6 Measurement resolution of the electronics only, not includingthermal noise of the resistor
7 Control stability of the electronics only, in ideal thermal system; & Current source error has negligible effect on measurement accuracy; ® Current source error is removed
during calibration; 10 Accuracy specification does not include errors from room temperature compensation; 11 Option card required

TABLE 1-3 Input specifications

1.6 Model350Specifications

Electronic
Accuracy
(at25°C)
10.002Q
10.06% of rdg
10.002 Q
10.06% of rdg
10.01Q
10.04% of rdg
10.01Q
10.04% of rdg
10.1Q
10.04% of rdg
10.1Q
10.04% of rdg
+1.0 Q0 +0.04%
of rdg
12.0 Q £0.04%
of rdg
110.0 Q+0.04%
of rdg
+300+0.04%
of rdg
10.01Q +0.04%
of rdg
10.01 Q +0.04%
of rdg
10.10+0.04%
of rdg
10.1Q 10.04%
of rdg
+1.0 Q0 +0.04%
of rdg
12.00+0.04%
of rdg
110.0 Q £0.04%
of rdg
+30Q +0.04%
of rdg
1100 Q +0.04%
of rdg
+80 PV £0.005%
of rdg
+320 1V £0.01%
of rdg
+1pvV+0.05%
of rdg10
130 pF £0.1% of
rdg
+300 pF £0.1% of
rdg

Measurement Temperature
Coefficient

(0.01mQ +0.001% of rdg)/°C
(0.03 mQ +0.001% of rdg)/°C
(0.1 mQ +0.001% of rdg)/°C
(0.3 mQ +0.001% of rdg)/°C
(1 mQ +0.001% of rdg)/°C
(3 mQ +0.001% of rdg)/°C
(10mQ +0.001% of rdg)/°C
(30 mQ +0.001% of rdg)/°C
(100 mQ +0.001% of rdg)/°C
(300 mQ +0.001% of rdg)/°C
(0.1 mQ +0.001% of rdg)/°C
(0.3 mQ +0.001% of rdg)/°C
(1mQ+0.001% of rdg)/°C
(3 mQ +0.001% of rdg)/°C
(10 mQ +0.001% of rdg)/°C
(30 mQ +0.001% of rdg)/°C
(100 mQ +0.001% of rdg)/°C
(300 mQ +0.001% of rdg)/°C
(1Q+0.001% of rdg)/°C
(10 pV +0.0005% of rdg)/°C
(20 pV +0.0005% of rdg)/°C
(0.1 pV +0.001% of rdg)/°C
2.5 pF/°C

5 pF/°C

Electronic
Stability?

10.2mQ
+0.6 mQ
2 mQ
6 mQ
+20mQ
160 mQ
1200 mQ
600 mQ
20
6Q
2mQ
6 mQ
20mQ
+60 mQ
+200mQ
1600 mQ
20
6 Q
120Q
120V
+40 pv
+0.8pV
0.4 pF

4pF
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8 CHAPTER 1: Introduction

1.6.2 Sensor Input

Configuration

1.6.3 Thermometry

Model 350 Temperature Controller

Diode Thermocouple Capacitance
(option) (option) (option)
Measure- . . 4-lead dif- Z-lead differential, 4-lead differential,
4-lead differential . room temperature .
ment type ferential variable duty cycle
compensated
. 10pA Constant current,
Excitation Constant current with constant N/A 3.496 kHz square
current reversal
current wave
100 Q Platinum (option), 1000
Supported Q Platinum (option), Germa- Silicon, Most thermocouple
R CS-501GR
sensors nium, Carbon-Glass, Cernox™, GaAlAs types
and Rox™
DT-470,
DT-670,
DT-500-D DT-470,
standard DT-500-E1 pr-670,  PeE.Typek.TypeT,
AuFe 0.07%vs. Cr, N/A
curves PT-100 DT-500-D, AuFe 0.03%vs. CR
PT-1000 DT-500-E1 Rt
RX-102A
RX-202A
Screw terminalsina
Input . . K .
6-pin DIN 6-pin DIN ceramic 6-pin DIN
connector .
isothermal block

Number of inputs
Input configuration

Supported option cards

Option slots

Isolation

A/D resolution

Input accuracy

Measurement resolution
Maximum update rate
Maximum update rate (scanner)

Autorange
User curves
SoftCal™

Math
Filter
Excitation frequency

TABLE 1-4 Sensor input configuration

4 (8 with the Model 3062)

Inputs can be configured from the front panel to accept any of the supported
input types. Thermocouple, capacitance and diode inputs require an optional
input card that can be installed in the field. Once installed, the additional inputs
can be selected from the front panel like any other input type.

Thermocouple (3060), capacitance (3061), or scanner (3062)

1

Sensor inputs optically isolated from other circuits but not each other

24-bit

Sensor dependent, refer to Input Specifications table

Sensor dependent, refer to Input Specifications table

10 rdg/s on each non-scanned input

The maximum update rate for a scanned input is 10 rdg/s distributed among the

enabled channels. Any channel configured as 100 kQ RTD with reversal on
changes the update rate for the channel to 5 rdg/s

Automatically selects appropriate NTC RTD or PTC RTD range
Room for 39 200-point CalCurves™ or user curves

Improves accuracy of DT-470 diode to £0.25 K from 30 K to 375 K; improves
accuracy of platinum RTDs to +0.25 K from 70 K to 325 K; stored as user curves

Maximum and minimum
Averages 2 to 64 input readings
10 Hz squarewave




1.6.4 Control

1.6.4 Control

There are 4 control outputs.

1.6.4.1 Heater Outputs (Outputs 1 and 2)

Control type

Update rate

Tuning

Control stability

PID control settings
Proportional (gain)
Integral (reset)
Derivative (rate)
Manual output

Zone control

Setpoint ramping

Closed loop digital PID with manual heater output or open loop
10/s

Autotune (one loop at a time), PID, PID zones

Sensor dependent, see Input Specifications table

0t0 9999 with 0.1 setting resolution

1to 1000 (1000/s) with 0.1 setting resolution
1t0 200% with 1% resolution

0t0 100% with 0.01% setting resolution

10 temperature zones with P, I, D, manual heater out,
heater range, control channel, ramp rate

0.001 K/min to 100 K/min

25 Q setting 50 Q setting

Type Variable DC current source

D/Aresolution 16-bit

Max power 75W 50W

Max current 1.732A 1A

Compliance voltage (min) 50V 50V

Heater load for max power 250 50Q

Heater load range 10 Q t0100Q

Ranges 5 (decade steps in power)

Heater noise 1.2 yARMS (dominated by line frequency and its harmonics)

Grounding Output referenced to chassis ground

Heater connector Dual banana

Safety limits Curve temperature, power up heater off, short circuit protection
TABLE1-5 Output 1

Type Variable DC current source

D/Aresolution 16-bit

Max power 1w

Max current 100 mA

Voltage compliance (min) wov

Heater load for max power 100Q

Heater load range 25 Qto2kQ

Ranges (100 Q load) 1 W, 100 mW, 10 mW, 1 mW, 100 pW

Heater noise <0.005% of range

Grounding Output referenced to measurement common

Heater connector Dual banana

Safety limits Curve temperature, power up heater off, short circuit protection

TABLE1-6 Output2

9
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10 CHAPTER 1: Introduction

1.6.5 Front Panel

Model 350 Temperature Controller

1.6.4.2 Analog Outputs (Outputs 3 and 4)

Control type

Warm up heater mode settings
Warm up percentage
Warm up mode

Monitor Out settings
Scale
Data source
Settings

Type

Update rate

Range

Resolution

Accuracy

Noise

Maximum current

Maximum power

Minimum load resistance

Connector

Display

Number of reading displays
Display units

Reading source

Display update rate
Temperature display resolution

Sensor units display resolution
Other displays

Setpoint setting resolution
Heater output display

Heater output resolution
Display annunciators

LED annunciators

Keypad

Front panel features

Closed loop PID, PID zones, warm up heater mode, still heater, ADR con-
trol, manual output, or monitor output

0t0 100% with 1% resolution
Continuous control or auto-off

User selected

Temperature or sensor units
Input, source, top of scale, bottom of scale or manual
Variable DC voltage source
10/s

10V

16-bit, 0.3 mV

+2.5mV

0.3 mVRMS

100 mA

1W (into 100 Q)

100 Q (short-circuit protected)
Detachable terminal block

8-line by 40-character (240 x 64 pixel) graphic LCD display module with
LED backlight

1to8

K, °C,V,mV, Q

Temperature, sensor units, max, and min
2 rdg/s

0.00001° from 0°t0 9.99999° 0.0001° from 10° to 99.9999°,
0.001° from 100° t0 999.999° 0.01° above 1000°

Sensor dependent, to 6 digits

Input name, setpoint, heater range, heater output, and PID

Same as display resolution (actual resolution is sensor dependent)
Numeric display in percent of full scale for power or current

0.01%

Control input, alarm, tuning

Remote, Ethernet status, alarm, control outputs

27-key silicone elastomer keypad

Front panel curve entry, display contrast control, and keypad lock-out



1.6.6 Interface

1.6.7 General

|EEE-488.2
Capabilities
Reading rate
Software support
usB
Function
Baud Rate
Connector
Reading rate
Software support
Ethernet
Function
Connector
Reading rate
Software support
Alarms
Number
Data source
Settings

Actuators
Relays

Number

Contacts

Contact rating

Operation

Connector

Ambient temperature

Power requirement
Size

Weight
Approval

1.6.6 Interface

SH1,AH1,T5, L4, SR1,RL1, PPO, DC1, DTO, CO, E1
To 10 rdg/s on each input
LabVIEW™ driver (contact Lake Shore for availability)

Emulates a standard RS-232 serial port

57,600

B-type USB connector

To 10 rdg/s on each input

LabVIEW™ driver (contact Lake Shore for availability)

TCP/IP web interface, curve handler, configuration backup
RJ-45

Top 10 rdg/s on each input

LabVIEW™ driver (contact Lake Shore for availability)

4, high and low for each input
Temperature or sensor units

Source, high setpoint, low setpoint, deadband, latching or
non-latching, audible on/off, and visible on/off

Display annunciator, beeper, and relays

2
Normally open (NO), normally closed (NC), and common (C)
30VDCat3A

Activate relays on high, low, or both alarms for any input, or
manual mode

Detachable terminal block

15°Cto 35 °Catrated accuracy;
5°Cto 40 °C at reduced accuracy

100, 120, 220, 240, VAC, £10%, 50 or 60 Hz, 220 VA

435mmW x 89 mmHx368 mmD
(17inx3.5inx 14.5in), full rack

7.6 kg (16.81b)
CE mark (contact Lake Shore for availability)

11
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1.7 Safety
Summary and
Symbols

Model 350 Temperature Controller

Observe these general safety precautions during all phases of instrument operation,
service, and repair. Failure to comply with these precautions or with specific warn-
ings elsewhere in this manual violates safety standards of design, manufacture, and
intended instrument use. Lake Shore Cryotronics, Inc. assumes no liability for Cus-
tomer failure to comply with these requirements.

The Model 350 protects the operator and surrounding area from electric shock or
burn, mechanical hazards, excessive temperature, and spread of fire from the instru-
ment. Environmental conditions outside of the conditions below may pose a hazard
tothe operatorand surrounding area.

m Indooruse

Altitude to 2000 m

Temperature for safe operation: 5 °C to 40 °C

Maximum relative humidity: 80% for temperature up to 31 °C decreasing
linearly to 50% at 40 °C

Power supply voltage fluctuations not to exceed +10% of the nominal voltage
Overvoltage category Il

Pollution degree 2

IPXO0: not protected against harmful ingress of water

Ground the Instrument

To minimize shock hazard, the instrument is equipped with a 3-conductor AC power
cable. Plug the power cable into an approved 3-contact electrical outlet or use a
3-contact adapter with the grounding wire (green) firmly connected to an electrical
ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet Underwriters Laboratories (UL) and International Electrotechnical
Commission (IEC) safety standards.

Ventilation
The instrument has ventilation holes in its side covers. Do not block these holes when
the instrumentis operating.

Do Not Operate in an Explosive Atmosphere

Do not operate the instrument in the presence of flammable gases or fumes. Opera-
tion of any electrical instrument in such an environment constitutes a definite safety
hazard.

Keep Away from Live Circuits

Operating personnel must not remove instrument covers. Refer component replace-
ment and internal adjustments to qualified maintenance personnel. Do not replace
components with power cable connected. To avoid injuries, always disconnect power
and discharge circuits before touching them.

Do Not Substitute Parts or Modify Instrument

Do notinstall substitute parts or perform any unauthorized modification to the
instrument. Return the instrument to an authorized Lake Shore Cryotronics, Inc. rep-
resentative for service and repair to ensure that safety features are maintained.

Cleaning
Do not submerge instrument. Clean only with a damp cloth and mild detergent. Exte-
rioronly.



O-¥®w+ 3 ¢ il

Direct current (power line) El
Alternating current (power line)
Alternating or direct current (power line) A
Three-phase alternating current (power line)
Earth (ground) terminal

A\
Protective conductor terminal
Frame or chassis terminal
On (supply)

Off (supply)

FIGURE 1-3 Safety symbols

1.7 SafetySummaryand Symbols

Equipment protected throughout
by double insulation or reinforces
insulation (equivalent to Class Il of
IEC 536—see Annex H)

CAUTION: High voltages; danger of
electric shock; background color:
yellow; symbol and outline: black

CAUTION or WARNING: See
instrument documentation;
background color: yellow;
symbol and outline: black

‘LakeShore | www.lakeshore.com
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Model 350 Temperature Controller



2.3.1 DilutionRefrigeratorTerminology 15

@ Chapter 2: Cooling System Design
and Temperature Control

2.1 General

2.2 Useful
Temperature
Range

2.3 Cryogenic
Cooling System
Terminology

2.3.1 Dilution
Refrigerator
Terminology

Selecting the proper cryostat or cooling source is probably the most important deci-
sion in designing a temperature control system. The cooling source defines minimum
temperature, cool-down time, and cooling power. Information on choosing a cooling
source is beyond the scope of this manual. This chapter provides information on how
to get the best temperature measurement and control from cooling sources with
proper setup including sensor and heater installation.

The lowest temperature at which the Model 350 can make useful temperature mea-
surements is difficult to define. In a practical sense, the instrument is limited by its
need for four electrically conductive leads to be attached to a sensor and that sensor
attached to a cold surface. Heat conduction and noise pick-up in the sensor leads
limit the lowest temperature that can be achieved in this environment, even before
aninstrumentis attached. The diminishing thermal contact between the sensor and
cold surface at low temperatures exaggerate the problem. In general, the Model 350
was designed for measurements down to 100 mK.

There are many different cryogenic cooling systems used in laboratories today and it
would be impossible to describe them all in this manual. This section briefly illus-
trates the three most common cooling systems capable of reaching temperatures
below 1 K. Thisis an attempt to demonstrate how the Model 350 can be integrated
into these systems for resistance measurement, temperature measurementand tem-
perature control. It is hoped that from these examples, those knowledgeable in cryo-
genic techniques will become familiar with the terminology used throughout this
manual and the intended operation of many of the instrument features.

Dilution refrigerators remain the workhorse of low temperature research down to
approximately 5 mK to 10 mK. So many variations of factory and home built units
existthatitis unlikely that any two are identical. FIGURE 2-1 illustrates only the
most basic features.

‘LakeShore | www.lakeshore.com
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Model 350 Temperature Controller

ANV EACENA!

<« Helium Dewar
7 2 - 2
i+ Vacuum insulation

L—t— “*He Reservoir

1 Vacuum space

l— IHe < | |—1Kpot
| | Vacuumchamber

E 3He dilute [« Stl
] | +—Heatexchangers
— T ]
B <« | | | —Mixing chamber

3He dilute

[ < Sample holder
- J

FIGURE 2-1 Dilution refrigerator

Helium Dewar: vacuum insulated Dewar large enough to contain the following compo-
nents. Sometimesincludes a nitrogen outer jacket to improve efficiency or supercon-
ducting magnet coil when needed.

4He reservoir: reservoir of liquid 4He at atmospheric pressure that provides bulk cooling
down to 4.2 K. Pre-cools gas entering the vacuum space and acts as a radiation shield
for refrigeration components.

Vacuum space: insulates refrigeration components and provides a clear workspace.

1K pot (4He evaporator): pumped reservoir of 4He maintained at 1 K. Used in the process
of condensing 3He rich gas returning from pumping system. Also used as a heat sink
for measurement leads. Good location for a temperature sensor for cool down moni-
toring and troubleshooting.

Still heat exchanger: chamber used to evaporate 3He out of a dilute 3He mix (liquid 4He
containing some 3He-sometimes called mash). Itis the first stage below 1 Kand is
also used to liquefy returning 3He. The still requires a few milliwatts of heat from a
resistive heater to sustain evaporation. The still output can drive the still heater. This
is a good location for a diagnostic temperature sensor.



2.3.23He Cryostat

2.3.2 3HeCryostat 17

Heat exchangers: one or more heat exchangers serve to cool returning 3He rich
liquid to near the temperature of the mixing chamber. Also used to heat sink mea-
surement leads.

Mixing chamber: chamber where cooling action takes place. Holds both 3He rich liquid
and dilute 3He separated by a phase boundary. When 3He is depleted from the mix by
the still, more crosses the phase boundary to maintain equilibrium. In doing so it is
expanded into (diluted by) the 4He creating cooling of the chamber. Best location for
temperature control sensor and resistive heater. The heater output can control tem-
perature by driving the heater under closed loop PID control or open loop control.

Load (sample holder): end of the mixing chamber where experiments can take place.
May either be part of or attached to the mixing chamber and it is often designed fora
unique purpose. Requires a separate temperature sensor if its temperature is differ-
ent from the mixing chamber.

3He cryostats are the least complex systems capable of reaching temperatures down
to 300 mK. Even at such relatively warm temperatures the benefits of a well designed
resistance bridge must be considered when selecting instrumentation. FIGURE 2-2
illustrates the basic features.

e N N N
— H < Helium Dewar
_
= T . :
l— Vacuumiinsulation
L—{+— Hereservoir
B _l_ T [ | | Vacuum space
Z_’/—'
— —4 1 1Kpot
| He | ___Radiation shield
<« |
N H " 1|—Heatexchangers
I: He <« 1| 3He evaporator
| |<'\\
[ Sample holder
‘\\
\_ ) | Vacuum chamber

FIGURE 2-2 3He cryostat

Helium Dewar: vacuum insulated Dewar large enough to contain the following compo-
nents. Sometimesincludes a nitrogen outer jacket to improve efficiency.
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2.4 Model 350
Theory of
Operation

2.4.1Sensor Resistance
Measurement

Model 350 Temperature Controller

4He reservoir: reservoir of liquid 4He at atmospheric pressure that provides bulk cooling
down to 4.2 K. Pre-cools gasses entering the vacuum space and acts as a radiation
shield for refrigeration components.

Vacuum space: insulates refrigeration components and provides a clear workspace.

1K pot (*He evaporator): pumped reservoir of 4He maintained at 1 K. Used in the process
of condensing 3He gas returning from pumping system. Also used as a heat sink for
measurement leads. Good location for a temperature sensor for cool down monitor-
ing and troubleshooting.

Heat exchangers: one or more heat exchangers serve to cool returning 3He liquid to
near the temperature of the 3He evaporator. Also used to heat sink measurement
leads.

3He Evaporator: chamber where cooling action takes place. Liquid 3He is pumped under
vacuum to reduce its boiling point to approximately 300 mK. This is the best location
for temperature control sensor and resistive heater. The heater output can control

temperature by driving the heater under closed loop PID control or open loop control.

Load (sample holder): end of the 3He evaporator where experiments can take place. May
either be part of or attached to the evaporator and is often designed for a unique pur-
pose. Requires a separate temperature sensor if its temperature is different from the
3He evaporator.

This section explains sensor resistance measurements, excitation modes, resistance
ranges and measurement circuits. It also explains measurement speed and filtering
for the Model 350.

The Model 350 uses a four lead, AC square wave measurement technique to achieve
its accuracy with current excitations down to 10 nA.

The Model 350 uses current excitation because controlled current is very stable and
predictable. Current can also be scaled easily, which is necessary to achieve low exci-
tation. The Model 350 has 11 current settings from 1 mA down to 10 nA. These cur-
rents have low noise and almost no DC component to self-heat the sensor.

Precision sensor measurements use a four lead method to eliminate the effect of
nominal lead resistance. Excitation current is driven on one pair of leads while the
resulting signal voltage is measured on the second pair. Measurement errors from
lead resistance are proportional to current flowing in the voltage leads. Instrument
voltage inputs are expected to have high impedance to prevent the unwanted current
from flowing. The Model 350 has high input impedance to both normal mode volt-
ages (created by current source excitation) and common mode voltages (created by
induced noise on the leads).

Offset voltages occurin every electronic circuit both in signal amplifiers and in lead
wire connections that create thermal EMF voltages. Offset voltages affect accuracy
more when the excitation is small because they are a larger percentage of the mea-
sured voltage. Square wave reversing measurements allow higher amplifier gain and
greater sensitivity than DC techniques.



2.4.2 Excitation Modes

2.4.3 Resistance
Ranges

2.4.4 Measurement
Circuit

2.4.2 ExcitationModes 19

The Model 350 uses a low noise current source excitation for sensor measurements.
Theinstrument firmware is also able to simulate voltage excitation of the measured
sensor to create an autorange mode. The autorange mode is usually preferred
because it conveniently limits the excitation power of NTC sensors as the tempera-
ture decreases. There are two autorange modes available (1 mV and 10 mV). Resis-
tancerange selection is different for these two voltages. Autorange is available for
both voltage excitations.

2.4.2.1 Autorange Excitation Mode

The user specifies an input voltage range that is a “not-to-exceed” setting for the
instrument. The instrument selects the appropriate current setting that keeps the
voltage across the sensor as high as possible without exceeding the voltage range set-
ting. Currentis changed when the resistance range changes to maintain the voltage
limit. The autorange mode is preferred when measuring negative temperature coeffi-
cient materials common in cryogenic temperature sensors. With voltage limited,
excitation power in the sensor reduces with lowering temperature (P = V2/R) limiting
the effect of self-heating. In autorange mode the sensor excitation setting is the max-
imum not the actual voltage.

The autorange algorithm includes a hysteresis band to prevent instability when the
sensor resistance is at a range boundary. It is possible for the instrument to choose a
different excitation current when approaching a value from below than it chooses
when approaching from above. Autorange should not be used when a specific exci-
tation currentis critical.

2.4.2.2 Manual Excitation Mode

The user specifies a fixed resistance range, which defines the excitation current. The
instrument selects the appropriate voltage gain for the selected resistance range. The
instrument keeps the current and resistance range constant when a manual range is
selected. Inthis mode itis easierto calculate the actual powerin the sensor (P =12 x R)
because the true currentis displayed alongside the resistance range in the menu.

The Model 350 has full-scale resistance ranges from 10 Q to 300 kQ. Most ranges are
available with eithera 10 mV or 1 mV excitation. The goal is to use enough excitation
to maintain reasonable accuracy, resolution and settling time without putting too
much heatinto the sensor. Usually the 10 mV autorange excitation mode results in
the best performance, but as temperatures decrease, the 1 mV autorange excitation
mode may result in better performance by limiting the self-heating of the sensor. As
temperatures further decrease, the manual excitation mode may be required to
achieve the optimal performance.

The autorange feature of the Model 350 will increase the resistance range any time
the sensor resistance is greater than full scale for the range, and it will decrease the
range any time the measured resistance is below 20% of full scale. The manual exci-
tation mode allows the user to choose the excitation current, and the instrument
does not change ranges automatically.

Small signal measurement instruments require special consideration during installa-
tion. The following sections illustrate how to treat the instrument and its environ-
ment as a measurement circuit and in general how to integrate instruments like the
Model 350. The circuit analogy is appropriate because almost anything electrical or
electronicin alaboratory has the potential to induce electric field (E-field) or mag-
netic field (H-field) noise on the measurement.
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Model 350 Temperature Controller

Since electrical noise is everywhere it is better to begin each installation with a good
instrumentation strategy than itis to deal with noise after measurements are com-
promised. Most parts of a good strategy are obvious, some are not and even the best
plansdo notworkall the time. The Model 350 offers several features that help control
noise and maintain signal integrity. Specific recommendations on installation and
lead wiring are given in Chapter 3.

2.4.4.1 Shielding and Grounding Theory

Begin any installation by separating noise sources from their targets. Sources of E-
field and H-field noise can be just about anything, but the targets are most often sig-
nal leads and other wires and cables. H-field coupling can be dramatically reduced
with aninch orless of separation. E-field noise requires more separation butis also
more easily shielded.

The best defense against E-field noise is a conductive shield around the measure-
ment. The more complete the shield the better. Ideally it should extend from the
instrument measurement circuits through the cables and down to the sensor. This
ideal approach isimpractical in all but a few cryogenic systems. The practical
approach isto connect the shield from the measurement circuits, through the room
temperature cables, to the conductive Dewar or vacuum chamber. This creates a fara-
day shield around the entire measurement circuit.

If the shield or any other part of the measurement circuit is connected to Earth
ground itis necessary to prevent ground loops that couple line frequency noise into
the measurement. Aground loop is created when measurement common is tied to
Earth ground at more than one point. The isolation of the instrument breaks the loop
between the instrument power cord and the measurement common. No loop is
formed if measurement common is tied to Earth ground at only one point.

Loops are also the primary means of coupling H-field noise. Conductive shields do not
reduce the effects of H-fields. Two ways to minimize H-field coupling are to reduce
the loop area or break the loop (as described with ground loops). Loop area can be
minimized by tightly twisting lead pairs, both voltage and current, within the
shielded cables. This reduces loop area and exposes both leads to the same common
mode effects which are rejected by the measurement input.

2.4.4.2 Shields

Shields provide a low impedance path to measurement common to block E-field
noise from getting to the signal leads. Shield pins are provided in the input connectors
as attachment points for the shield conductors in lead cables. Shielding individual
leads inside a cryostat is difficult because of limited space and the potential for heat
leak. Cable shields are usually connected to the experimental Dewar to create a fara-
day shield around the measurement.

2.4.4.3 Electrical Isolation

The precision analog frontend is electrically isolated from digital circuitry and chassis
of the instrument by optocouplers. This can improve measurements in two ways.
First, isolation makes it more difficult for digital noise from control circuits and com-
puterinterfaces to affect the measurement leads. Second, isolation separates the
instrument measurement from Earth ground to break potential ground loops.
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2.4.4.4 Active Common Mode Reduction

Itis common for precision measurement equipment to use a differential input as the
first stage of signal conditioning. The differential input offers high impedance on both
input voltage terminals to reduce the effect of common mode voltage (voltage that
actson both leads at the same time). Common mode voltage can come from many
sources including external noise coupling into the lead wires and the instrument’s
own current source. To reduce the effect of common mode voltage further the

Model 350 includes an active common mode reduction circuit. This circuit dynami-
cally adjusts the operation point of the current source output to minimize the com-
mon mode voltage seen at the measurementinput.

2.4.4.5 Matched Impedance Current Source

The two current source output terminals on the Model 350 have the same source
impedance, similar to the voltage input terminals of a differential input that have the
same inputimpedance. The sensor being measured and all noise sources in the envi-
ronment “see” the same impedance on both current source leads when looking back
into the instrument. Traditional current sources with different impedance on each
lead (one lead grounded) can lessen the common mode rejection of a differential
input especially when measuring sensors with large resistances. The common mode
noise sources have the same effect on both sides of the sensor being measured ensur-
ing that common mode voltages are not turned into normal mode voltages (voltages
are present between measurement leads).

The Model 350 has a builtin hardware low-pass filter with a-3dB frequency of 16 Hz.
Additional filtering is done in the instrument firmware as a linear average.

The input hardware settles about 100 milliseconds after a temperature (sensor resis-
tance) change if no range change is required. When the firmware filter is turned on,
that filter settling time must be added to the hardware settling time to approximate
overall settling. The firmware filter can be set from 2 point to 64 points. See section
4.4.10 for more details.

Range change requires additional settling because the internal circuits need time to
reestablish their operating point.

The instruments A/D sampling (update) rate is 10 readings per second and all read-
ings are available over the computerinterface. This rate allows the A/D to capture any
sensor changes that are able to pass through the input hardware. The temperature
control loop, analog voltage outputs and max/min capture are updated with each A/D
reading.

The effect of electrical noise is usually small and can be ignored when making routine
measurements but noise can become important when measuring low temperatures.
The following paragraphs describe the most common noise source encountered with
small signal measurements and some techniques that can help reduce their effect.
More specificinstallation instructions are given in Chapter 3.

Noise from the environment is typically classified as either electric field (E-field) or
magnetic field (H-field). E-field noise capacitively couples into measurement leads or
the sensor being measured. Voltage is induced on the leads as if the noise source and
lead are two halves of a capacitor. The amount of coupling is related to the voltage
change at the source, the common area between source and receiver (length of lead)
and dielectricO between them (distance in air). A cable shield is the first line of
defense against E-field noise.
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No measurement cable of any length should be run from the Model 350 without a shield.
The shield provides a low impedance path to measurement common that prevents the
voltage change at the source from being seen at the measurement leads.

H-field noise inductively couples into measurement leads or other conductive loops.
Currentisinduced in the lead as if the noise source and lead are two halves of a trans-
former. The amount of coupling is related to the field change from the source and the
loop area. Tightly twisted leads inside the shielded cable reduce the total loop area
and minimize the effect of H-field noise. It is also effective to move the instrument
and leads away from noise sources because field strength reduces by the inverse cube
of distance.

Even with properinstallationitis impossible to eliminate induced noise. High resis-
tance ranges are affected more because the leads create a more efficient antenna
when they are terminated at a high resistance.

Ground loops produce noise that acts similar to induced noise but the cause of the
noise is different. Current is generated in any conductive circuit or loop when that
loop contains changing current or magnetic field. In measurements this problem is
commonly referred to as a ground loop and generally results when improperly
grounded instruments are exposed to AC line current. Isolation reduces ground loop
noise by breaking the loop or circuit. The Model 350 has a well-designed power sup-
ply and uses optical isolation between the instrument chassis and measurementcir-
cuits. Careful installation is necessary to take advantage of the isolation.

The current source and amplifiersinside the Model 350 make a contribution to mea-
surement noise. Circuits were carefully chosen to maintain good noise performance
over a wide resistance range without generating high leakage currents that could
self-heat sensors. Instrument noise, specified in TABLE 1-3, is dominated by amplifier
noise. When high resistance sensors (>10 kQ) are measured the noise measured
becomes dominated by the thermal noise of the resistance. The thermal noise of a
sensor drops as the temperature isreduced, and at low temperatures the sensor ther-
mal noise becomes negligible, so high resistance sensors at low temperatures are not
impacted by the sensor thermal noise. The instrument noise (measurement resolu-
tion) listed in TABLE 1-3 was verified with a sensor cooled to 4.2 K, so that the result-
ing instrument noise best fits what will be seen in an actual measurement. Noise
measurements of high value resistances at room temperature will be significantly
higher than the noise measured at low temperatures.

All digitally controlled instruments emit some high-frequency noise both through the
airand on their leads. Emission from a Model 350 is very low and will not affect sen-
sor measurements if the instrument is installed properly. The high frequency noise
can interfere with very sensitive measurements being made in the same Dewar. Inter-
ference can be minimized by separating the instruments and their leads outside the
Dewar and placing ferrite beads on the Model 350 measurement leads, near the
Dewar, to stop the noise from getting inside. Wrapping leads through the large beads
more than one time improves their attenuation of unwanted signals. Lake Shore sells
aclamp on ferrite bead as part number 2071.

A more common source of digital noise than the instrument itselfis digital computers
used for data acquisition. Computers with their high clock speeds generate a wide
spectrum of noise and transmit it through line cords and interface cables. Isolation in
the Model 350 separates the measurement circuits from interface circuits but com-
puters must still be treated carefully during installation of a system.
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Thermal noise or Johnson noise is the most common noise associated with resistors.
This noise is presentin all resistors, isindependent of excitation and has a flat fre-
quency spectrum. The equation for Johnson noise is often expressed as

Vnoise = (4kTRAf)1/2

where Vnoise is the RMS noise voltage, kis Boltzmann's constant (1.38 x 10-23 J/K), T
istemperature in Kelvin and Af is the noise bandwidth in Hz. Some considerations
when using the equation, peak to peak noise will be within 5 times RMS noise more
than 99% of the time, Af can be calculated several ways and a common method is
(1t/2) f34p where f34p, is the 3 dB bandwidth of the dominant low-pass filter in the
measuring circuit. As a practical example, the noise voltage of a 100 kQ resistor at
room temperature using a 1 second filter is approximately 16 nV RMS or 80 nV PP.
When the resistor is cooled the thermal noise drops accordingly.

Thermal noise is normally the biggest noise source in higher value resistors being mea-
sured at room temperature.

Noise can be generated in lead cables when they are moved or vibrated. This noise
can berelated to the triboelectric effect or changes in capacitance between conduc-
torsin the cable. Cables carrying small signals should be fastened down without put-
ting strain on the connections.

This section explains warm up and temperature drift, sensor installation and sensor
self-heating and thermal resistance.

When the Model 350 is first turned on, it should be allowed to warm up for at least
30 mins before use to allow its internal temperature to stabilize. Warm up is an exag-
gerated form of temperature drift because the temperature change inside the enclo-
sure is larger and faster than would be experienced in a laboratory setting.

Temperature drift,changein reading with change in ambient temperature, is small in
the Model 350 and seldom a significant factor in absolute accuracy. Measurement
repeatability is often dominated by temperature drift and temperature change
should be considered if the instrument is being installed in a rack. If possible, preci-
sion measurement instruments should not be placed in the same rack with large
power supplies or other equipment that can change the rack temperature quickly.
Instrument racks should be well ventilated to prevent the buildup of heat.

Installation is an important part of measurements at cryogenic temperatures. The
measured sensor must be at the temperature of its surroundings for the measure-
ment to be valid. Some installation suggestions for temperature sensors are given in
section 3.5.

Asensor self-heats when the electrical power being put into the measured sensor
resistance is large enough to warm the sensor above the temperature of its surround-
ings. Electrical power gets into the sensor from both the necessary excitation current
and undesirable noise. Errors from self-heating are dangerous because they can eas-
ily go undetected. One strategy for detecting these errors is to understand the ther-
mal resistance of the sensor and predict its reaction to excitation and noise.

Self-heating (ATs,) is a product of the sensor thermal resistance (R;) expressed in kel-
vin per watt (K/W) and excitation power (P,) expressed in watts. ATgy, = R; Pg; Pscan be
calculated as excitation current squared times measured resistance (R,) P = I2R,.
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Section 1.5 includes typical sensor characteristics for Cernox™, Germanium, Ruthe-
nium Oxide RTD’s at 100 mK. Estimates of the thermal resistance of typical sensors
are used to demonstrate how excitation current must be reduced to compensate for
the increase in thermal resistance at lower temperature. Otherwise self-heating
could become a significant part of the overall accuracy. Calculations like this are diffi-
cultto dofortwo reasons, first, manufactures do not always publish specifications on
thermal resistance and second, the actual thermal resistance is very dependent on
installation. An explanation of how to calculate thermal resistance of a temperature
sensoris given in the Lake Shore Temperature Measurement and Control Catalog,
Appendix A.

With an estimate of thermal resistance, the effect of increased excitation current can
be predicted. If self-heating behavior does not match the prediction, noise power may
be high enough to heat the sensor.

Measurement leads in cryogenic systems routinely have resistance of tens or even
hundreds of ohms. Lead wire is chosen for its thermal properties first and electrical
resistance is a secondary consideration. The Model 350 measurement circuits can
tolerate significant lead resistance without measurement error. This lead resistance
will give a measurement error thatis small compared to the specified accuracy on the
sensorrange and in most cases the error is not measurable.

Any measurement must be optimized to provide the best practical result and trade-
offs must be made to favor the most important measurement characteristics. Some
of the common trade-offs of low temperature measurement are described below.

Even afterleadsare properly heat sunkand noise is effectively shielded, therecanbea
temperature error in sensor measurements that comes from within. Self-heating will
occurwhen the power from excitation currentis large enough to warm the sensor
above the temperature of its surroundings. The effect is most noticeable at low tem-
peratures because the thermal conduction becomes very poor. The self-heating error
can be determined by either calculating the error using the thermal resistance of the
sensor or by lowering the excitation current until self-heating does not cause change
in measured resistance.

To measure the effect of self-heating use the current ranges available in the Model
350. Begin by cooling the sensor to the desired temperature and measure its value
using the highest current excitation available for the sensor being measured. Step up
one resistance range (dropping the current by about 2/3) and measure the sensor
resistance again. A change in measured value indicates self-heating was present on
the higher current range. Continue increasing the resistance range (decreasing the
current) until the change is no longer significant. If there is still a measured change at
the lowest current setting, then a different sensor may need to be chosen. Avariety of
sensor packages and typical resistances are available, so a sensor with a lower typical
resistance or more thermal resistance at the desired temperature may be required.
Thermal resistance changes with temperature so this process must be repeated at
several temperatures.

Not everyone uses the lowest excitation range available. This is due to noise, or more
appropriately signal to noise. Noise from a variety of sources affects the small signals
used to make measurements. Lowering excitation makes the signals even smaller but
unfortunately doesn't decrease the noise. Even with careful installation noise effects
cannot be eliminated. The goal of most low temperature measurements is to choose

an excitation that is the best compromise between self-heating and signal to noise.
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Temperature measurement becomes more difficult as temperatures approach the
bottom of the Model 350’s measurement range. When measuring temperatures
down to about 300 mK, the 1 mV autorange setting usually results in excellent per-
formance. At even lower temperatures you may have to manually select a current
range to minimize measurementerrors. Measurement errors come from self-heating,
instrument resolution (noise), instrument uncertainty, and sensor calibration
uncertainty.

When measuring a sensor, a user should choose the highest excitation current possi-
ble without causing significant self-heating in the sensor. Higher current results in
the largest signal which creates the best signal to noise ratio and gives the highest
instrument accuracy. As the temperature approaches 100 mK, self-heating, via I2*R
Joule heating, begins to dominate overall measurement uncertainty.

There are several ways to decrease self-heating such asincreasing the sensor's ther-
mal transfer, selecting a sensor with lower resistance (lower power dissipation), and
reducing the excitation current (by changing the instrument range). Many times, the
sensor thermal characteristics are defined by the type of sensor selected and cannot
be changed. Magnetic fields, sensitivity requirements, noise performance, mounting
considerations, cost, and availability may drive a sensor selection. Once a sensor is
selected, the excitation current should be chosen to balance errors from self-heating
and other sources of resolution, and uncertainty.

Self-heating calculations are explained in section 2.x.x. For a typical CX-1010 at
100 mK with electronic resistance (R,) equal to 21,389Q, the thermal resistance (Ry)

is 2E+9Q (see Appendix E: Temperature Measurement System in the Temperature
Control Catolog). At 10 nA excitation current, the typical self-heating error would be

ATgy, = 12R.R, = 10 NA2 * 21,389 * 2E+9 = +4.3mK.

Instrument electronic accuracy can be calculated from the specifications listed in
TABLE 1-3.The accuracy depends on the range selected and the sensor reading,
TABLE 1-3 lists this as a reading and range error (such as £100 Q+0.04% rdg for NTC
RTD 1mV,0 Q to 100 kQ input range, 10nA excitation current). The accuracy in ohms
can then be converted to temperature using the sensitivity of the sensor being used.
Forinstance, ifa typical Cernox™ CX-1010 is used at 100 mK and 10 nA drive, the
instrument electronic accuracy would be +100 Q +0.04% * 21,389 Q or +108.6 Q.
This can then be converted to temperature by using the typical sensitivity at 2100 mK
(-558,110 Q/K), £108.6 Q +-558,110 Q/K = +£0.2 mK.

The sensor calibration uncertainty is usually listed on the sensor’s data sheet. For the
CX-1010 at 100 mK, the uncertainty is 4 mK. Contact Lake Shore for more informa-
tion concerning the uncertainties surrounding calibration, drift, and other sources of
error that determine the uncertainties associated with the sensor.

The total measurement uncertainty is the sum of the self-heating offset error =
instrument accuracy + sensor calibration uncertainty. For a typical CX-1010 sensor
driven with 10 nA current at 100 mK, the total uncertainty is

+4.3mK £0.2 mK £4 mK=+4.3 mK (0.2 mK + 4 mK).

This total uncertainty can be calculated for other excitation currents and other sen-
sors, which may resultin different uncertainties. Note that in this analysis, these
uncertainties are simply added together; another common method of adding uncer-
tainties is to add the sum of squares method. Either method of combining uncertain-
ties will illustrate the errors used to evaluate the various sensors and excitation
currents.

‘LakeShore | www.lakeshore.com



26 CHAPTER 2: Cooling System Design and Temperature Control

Model 350 Temperature Controller

Once the total uncertainty is calculated, the noise or instrument measurement reso-
lution can be factored in. The instrument noise is calculated using the measurement
resolution listed in TABLE 1-3. The temperature equivalent noise is calculated by
dividing the measurementresolution by the sensor’s sensitivity at the temperature of
interest. For a typical CX-1010 at 100 mK the measurement resolution from

TABLE 1-3 islisted at 10 Q. This resultsin 18 pK of noise (10 Q + 558,110 Q/K = 18 pK).

Knowing the noise and uncertainties of the sensors at different excitations can help
in the selection and design of the overall measurement.

Note thatin TABLE 2-1, the self-heating is only a rough estimate as the thermal resis-
tance, electrical resistance, and sensitivity are all strong, nonlinear functions of tem-
perature and will change rapidly as you self-heat away from the zero power
resistance. Conversely, self-heating is a reproducible error; so, if self-heating can be
accurately calculated or measured, the self-heating offset can be calibrated out.

The optimum excitation is a balance between minimizing self-heating errors (low
excitation) and maximizing resolution and accuracy (large excitation). TABLE 2-1
illustrates the tradeoffs that need to be made when selecting a sensor and excitation
current. Lowering excitation current can dramatically decrease the error due to self-
heating, but sometimes reducing the current can actually increase the overall uncer-
tainty of the measurement.

As seen in TABLE 2-1, the best uncertainty varies among the three sensors and their
corresponding excitation ranges. The best values are shaded to guide the eye. The CX-
1010 has a high self-heating error at 30 nA, so it is likely that a lower current will be
preferable. The GR-50 sensor can be driven with up to 300 nA, but lower currents sig-
nificantly reduce the self-heating. The GR-50’s total uncertainty drops to its lowest
level at 30 nA, but if the excitation is further reduced to 10 nA the total uncertainty
increases due to the contribution of the instrument accuracy. The RX-102Biillustrates
the tradeoff even clearer; the total uncertainty almost doubles from 30 nAto 10 nA.
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1. Temperature Control Catalog, Appendix G: Sensor Temperature Response Data Tables
2.Temperature Control Catalog, Appendix E: Temperature Measurement System
3. Ty = 12RRy, Typical Self-Heating Error = Excitation Current2 * Sensor Resistance * Thermal Resistance

4. Temperature Equivalent Noise = Instrument Measurement Resolution = Sensitivity
5. TABLE 1-3: Input Specifications
6. Temperature Equivalent Instrument Accuracy = (Instrument Gain Accuracy + Instrument Offset Accuracy) + Sensitivity
7. Temperature Control Catalog, Appendix D: Sensor Calibration Accuracies

8. Total Uncertainty = Instrument Accuracy + Sensor Uncertainty + Self-Heating Error

TABLE 2-1 Ultra-low temperature considerations

To determine the optimal excitation current, consider that self-heating can be cali-
brated out. An estimate of the self-heating can be attained either through analysis or
by experimentation. The sensor’s calibration uncertainty remains constant at a par-
ticular temperature; therefore, as excitation currents are reduced, the change in
reading is due to self-heating and instrument accuracy (which isrange dependent). If
the self-heating is accurately known, then higher excitations (with the reading
adjusted for self-heating) may be better.

As previously stated, another important trade-off is instrument measurement noise.
InTABLE 2-1, instrument noise is not a dominate factorin the total uncertainty, but is
afactorintemperature stability. Many times the speed of measurementisimportant,
and long averages are impractical; therefore, if keeping the temperature constant is
more important than knowing the exact temperature then higher excitation currents
may be best for a particular experiment. Increasing signal to noise can also be import-
ant when dealing with other sources of noise such as, cooling system noise, sensor
thermal noise, vibration noise, and induced electrical noise.
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This section attempts to answer some of the basic questions concerning temperature
sensor selection. Additional useful information on temperature sensor selection is
available in the Lake Shore Temperature Measurement and Control Catalog. The cat-
alog has a large reference section that includes sensor characteristics and sensor
selection criteria.

You must consider several important sensor parameters when choosing a sensor. The
firstis experimental temperature range. Some sensors can be damaged by tempera-
tures that are either too high or too low. Manufacturer recommendations should
always be followed.

Sensor sensitivity changes with temperature and can limit the useful range of a sen-
sor. Itisimportant not to specify a range larger than necessary. If you perform an
experiment at liquid helium temperature, a very high sensitivity is needed for good
measurement resolution at that temperature. That same resolution may not be
required to monitor warm up to room temperature. Two different sensors may be
required to tightly cover the range from base temperature to room temperature, but
lowering the resolution requirement on warm up may allow a less expensive,
1sensorsolution.

Another thing to consider when choosing a temperature sensor is thatinstruments
like the Model 350 are not able to read some sensors over their entire temperature
range. Lake Shore sells calibrated sensors that operate down to 20 millikelvin (mK),
but the Model 350 is limited to above 100 mK in its standard configuration.

Temperature sensor sensitivity is a measure of how much a sensor signal changes
when the temperature changes. It isan important sensor characteristic because so
many measurement parameters are related to it. Resolution, accuracy, noise floor,
and even control stability depend on sensitivity. Many sensors have different sensitiv-
ities at different temperatures. For example, a platinum sensor has good sensitivity at
higher temperatures, but it has limited use below 30 K because its sensitivity drops
sharply. It is difficult to determine if a sensor has adequate sensitivity over the experi-
mental temperature range. This manual has specifications (section 1.3) thatinclude
sensor sensitivity translated into temperature resolution and accuracy at different
points. This is typical sensor response and can be used as a guide when choosing a
sensor to be used with the Model 350.

The experimental environmentis also important when choosing a sensor. Environ-
mental factors such as high vacuum, magnetic field, corrosive chemicals, or even
radiation can limit the use of some types of sensors. Lake Shore has devoted much
time to developing sensor packages that withstand the temperatures, vacuum levels,
and bonding materials found in typical cryogenic cooling systems.

Experiments done in magnetic fields are very common. Field dependence of tempera-
ture sensors is an important selection criteria for sensors used in these experiments.
This manual briefly qualifies the field dependence of most common sensors in the
specifications (section 1.6). Detailed field dependence tables are included in the

Lake Shore Temperature Measurement and Control Catalog. When available, specific
data on other environmental factorsis also included in the catalog.

Temperature measurements have several sources of uncertainty that reduce accu-
racy. Be sure to account for errors induced by both the sensor and the instrumenta-
tion when computing accuracy. The instrument has measurement errorin reading
the sensorsignal, and errorin calculating a temperature using a temperature
response curve. Error results when the sensoris compared to a calibration standard
and the temperature response of a sensor will shift with time and with repeated



2.8.5 Sensor Package

2.9 Sensor
Calibrations

2.9.1 Precision
Calibration

2.8.5 SensorPackage 29

thermal cycling (from very cold temperatures to room temperature). Instrument and
sensor manufacturers specify these errors, but there are things you can do to main-
tain good accuracy. For example, choose a sensor that has good sensitivity in the most
critical temperature range, as sensitivity can minimize the effect of most error
sources. Install the sensor properly following guidelines in section 2.10. Calibrate the
sensor and instrument periodically, orin some other way null the time dependent
errors. Use a sensor calibration that is appropriate for the accuracy requirement.

There are different packages for the various types of sensors. Some types of sensors
can even be purchased as bare chips without any package. A sensor package generally
determines its size, thermal and electrical contact to the outside, and sometimes lim-
its temperature range. When different packages are available for a sensor, you should
consider the mounting surface for the sensor and how the leads will be thermally
anchored when choosing.

It can sometimes be confusing to choose the right sensor, get it calibrated, translate
the calibration data into a temperature response curve that the Model 350 can
understand, and then load the curve into the instrument. Lake Shore provides a vari-
ety of calibration services to fit different accuracy requirements and budgets.

Best Precision calibration All sensors can be calibrated over various temperature ranges.
Lake Shore has defined calibration ranges available
for each sensor type.

Better  SoftCal™ An abbreviated calibration (2-point: 77 K and 305 K; 3-point: 4.2 K,

77 K, and 305 K; or 3-point: 77 K, 305 K, and 480 K), which is avail-
able for 400 Series silicon diodes and platinum sensors

Good Sensors using standard curves Silicon diodes follow standard curves
Platinum resistors follow standard curves
Ruthenium oxide (Rox™) resistors follow standard curves
Thermocouples follow standard curves

GaAlAs diode, carbon-glass, Cernox™, germanium, and rhodium-
iron sensors can be purchased uncalibrated, but must be calibrated
to accurately read in temperature units

TABLE 2-2 Sensor diode sensor calibrations

To calibrate, Lake Shore compares a sensor with an unknown temperature response
to an accepted standard. Lake Shore temperature standards are traceable to the

U.S. National Institute of Standards and Testing (NIST) or the National Physical Labo-
ratory in Great Britain. These standards allow Lake Shore to calibrate sensors from
20 mK to above room temperature. Calibrated sensors are more expensive than
uncalibrated sensors of the same type because of the labor, cryogen use, and capitol
equipment used in the process.

Precision calibration provides the most accurate temperature sensors available from
Lake Shore. Uncertainty from sensor calibration is almost always smaller than the
error contributed by the Model 350. The Lake Shore Temperature Measurement and
Control Catalog has complete accuracy specifications for calibrated sensors.

Calibrated sensors include the measured test data printed and plotted, the coeffi-
cients of a Chebychev polynomial that have been fitted to the data, and two tables of
data pointsto be used as interpolation tables. Both interpolation tables are opti-
mized to allow accurate temperature conversion. The smaller table, called a break-
pointinterpolation table, is sized to fitinto instruments like the Model 350 whereiitis
called atemperature response curve.
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Itisimportantto look atinstrument specifications before ordering calibrated sen-
sors. A calibrated sensoris required when a sensor does not follow a standard curve if
you wish to display in temperature. Otherwise the Model 350 will operate in sensor
units like ohms orvolts. The Model 350 may not work over the full temperature range
of some sensors. The standard inputs are limited to operation above 100 mK even
with sensors that can be calibrated to 20 mK.

SoftCal™ is a good solution for applications that do not require the accuracy of a pre-
cision calibration. The SoftCal™ algorithm uses the well-behaved nature of sensors
that follow a standard curve to improve the accuracy of individual sensors. A few
known temperature points are required to perform SoftCal™ The Model 350 can also
perform a SoftCal™ calibration. You need to provide one, two, or three known tem-
perature reference points. The range and accuracy of the calibration is based on these
points (section 5.10).

Lake Shore offers two or three point SoftCal™ calibrated sensors that include both
the large interpolation table and the smaller breakpoint interpolation table for 400
series diode and Platinum sensors.

Some types of sensors behave in a very predictable mannerand a standard tempera-
ture response curve can be created for them. Standard curves are a convenient and
inexpensive way to get reasonable temperature accuracy. Sensors that have a stan-
dard curve are often used when interchangeability is important. Some individual sen-
sors are selected for their ability to match a published standard curve, but in general
these sensors do not provide the accuracy of a calibrated sensor. For convenience, the
Model 350 has several standard curvesincluded in firmware.

Lake Shore provides a software application, called Curve Handler™ which makes
loading temperature curves into the Model 350 a very simple process. The program
can copy curves from properly formatted files into the Model 350 user curve loca-
tions. You can also use it to read curves from the Model 350 and save them to files.
Lake Shore calibrated sensors are provided with a CD containing all the proper for-
mats to load curves using the Curve Handler™ software program.

There are two versions of the Curve Handler™ application. The fully featured version
isa 32-bit Microsoft Windows™ application that must be installed on a Windows™
PC.This version works with the IEEE-488 and USB computer interfaces on the
Model 350, and allows you to manipulate the temperature curves directly in the pro-
gram window. This version will also work with all existing Lake Shore temperature
controller and temperature monitor instruments. The Windows™ version of the
Curve Handler™ application is available, free of charge, from the Lake Shore website
at www.lakeshore.com.

The second version of Curve Handler™ iswrittenin the Java™ programming language
andis available through the Ethernet web interface on the Model 350. This version
allows you to copy curves from files to the Model 350, and vice versa, but it does not
allow manipulation of curve data and only works using the Ethernet interface. Refer
to section 6.4.4 for details on connecting to the web interface and opening the
embedded Curve Handler™ application.

This section highlights some of the important elements of proper sensor installation.
For more detailed information, Lake Shore sensors are shipped with installation
instructions that cover that specific sensor type and package. The Lake Shore Tem-
perature Measurement and Control Catalog includes an installation section as well.
To further help you properly install sensors, Lake Shore offers a line of cryogenic
accessories. Many of the materials discussed are available through Lake Shore and
can be ordered with sensors or instruments.
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Choosing appropriate mounting materials is very important in a cryogenic environ-
ment. The high vacuum used to insulate cryostats is one consideration. Materials
used in these applications should have a low vapor pressure so they do not evaporate
orout-gas and spoil the vacuum insulation. Metals and ceramics do not have this
problem, but greases and varnishes must be checked. Another consideration is the
wide extremes in temperature most sensors are exposed to. The linear expansion
coefficient of materials becomes important when temperature changes are large.
Never try to permanently bond materials with linear expansion coefficients that dif-
fer by more than three. Use a flexible mounting scheme or the parts will break apart,
potentially damaging them. The thermal expansion or contraction of rigid clamps or
holders could crush fragile samples or sensors that do not have the same coefficient.
Thermal conductivity is a property of materials that can change with temperature. Do
not assume that a thermal anchor grease that works well at room temperature and
above will do the same job at low temperatures.

Finding a good place to mount a sensorin an already crowded cryostat is never easy.
There are fewer problems if the entire load and sample holder are at the same tem-
perature. Unfortunately, this not the case in many systems. Temperature gradients
(differences in temperature) exist because there is seldom perfect balance between
the cooling source and heat sources. Evenin a well-controlled system, unwanted heat
sources like thermal radiation and heat conducting through mounting structures can
cause gradients. For best accuracy, position sensors near the sample, so that little or
no heat flows between the sample and sensor. This may not, however, be the best
location for temperature control as discussed below.

The ability of heat to flow through a material is called thermal conductivity. Good
thermal conductivity is important in any part of a cryogenic system that is intended
to be the same temperature. Copper and aluminum are examples of metals that have
good thermal conductivity, while stainless steel does not. Non-metallic, electrically-
insulating materials like alumina oxide and similar ceramics have good thermal con-
ductivity, while G-10 epoxy-impregnated fiberglass does not. Sensor packages, cool-
ing loads, and sample holders should have good thermal conductivity to reduce
temperature gradients. Surprisingly, the connections between thermally conductive
mounting surfaces often have very poor thermal conductivity (refer to section 2.10.4
and section 2.10.5).

Thermal contact area greatly affects thermal conduction because a larger area has
more opportunity to transfer heat. Even when the size of a sensor package is fixed,
thermal contact area can be improved with the use of a gasket material like indium
foil and cryogenic grease. A soft gasket material formsinto the rough mating surface
toincrease the area of the two surfaces that are in contact. Good gasket materials are
soft, thin, and have good thermal conductivity. They must also withstand the environ-
mental extremes. Indium foil and cryogenic grease are good examples.

When sensors are permanently mounted, the solder or epoxy used to hold the sensor
act as both gasket and adhesive. Permanent mounting is not a good solution for
everyone because it limits flexibility and can potentially damage sensors. Much care
should be taken not to over heat or mechanically stress sensor packages. Less perma-
nent mountings require some pressure to hold the sensor to its mounting surface.
Pressure greatly improves the action of gasket material to increase thermal conduc-
tivity and reduce thermal gradients. Aspring clamp is recommended so that different
rates of thermal expansion do notincrease or decrease pressure with temperature
change.
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2.10.6 Lead Wire
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Vacuum space
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(bobbin)

Cryogenic wire

Second stage and
sample holder

Different types of sensors come with different types and lengths of electrical leads. In
general asignificant length of lead wire must be added to the sensor for proper ther-
mal anchoring and connecting to a bulk head connector at the vacuum boundary. The
lead wire must be a good electrical conductor, but should not be a good thermal con-
ductor, or heat will transfer down the leads and change the temperature reading of
the sensor. Small 30 AWG to 40 AWG wire made of an alloy like phosphor bronze is
much better than copper wire. Thin wire insulation is preferred, and twisted wire
should be used to reduce the effect of RF noise if it is present. The wire used on the
room temperature side of the vacuum boundary is not critical, so copper cable is
normally used.
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FIGURE 2-3 Typical sensor installation in a mechanical refrigerator

When you solder additional wire to short sensor leads, be careful not to overheat the
sensor. Athermal anchor such as a metal wire clamp or alligator clip will anchor the
leads and protect the sensor. Leads should be tinned before bonding to reduce the
time that heatis applied to the sensor lead. Clean the solder flux after soldering to
prevent corrosion or outgassingin vacuum.
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Sensor leads can be a significant source of error if they are not properly anchored.
Heat will transfer down even small leads and alter the sensor reading. The goal of
thermal anchoringis to cool the leads to a temperature as close to the sensor as possi-
ble. This can be accomplished by putting a significant length of lead wire in thermal
contact with every cooled surface between room temperature and the sensor. You
can adhere lead wires to cold surfaces with varnish over a thin electrical insulator like
cigarette paper. They can also be wound onto a bobbin thatis firmly attached to the
cold surface. Some sensor packagesinclude a thermal anchor bobbin and wrapped
lead wires to simplify thermal anchoring.

Thermal (black body) radiation is one of the ways heat is transferred. Warm surfaces
radiate heat to cold surfaces even through a vacuum. The difference in temperature
between the surfaces is one thing that determines how much heat is transferred.
Thermal radiation causes thermal gradients and reduces measurement accuracy.
Many cooling systems include a radiation shield. The purpose of the shield is to sur-
round the sample stage, sample, and sensorwith a surface thatis at or neartheir tem-
perature to minimize radiation. The shield is exposed to the room temperature
surface of the vacuum shroud on its outer surface, so some cooling power must be
directed to the shield to keep it near the load temperature. If the cooling system does
notinclude an integrated radiation shield (or one cannot be easily made), one
alternative is to wrap several layers of super-insulation (aluminized mylar) loosely
between the vacuum shroud and load. This reduces radiation transfer to the

sample space.

Even afterleads are properly heat sunkand noise is effectively shielded, there canbe a
temperature errorin resistance measurements that comes from within. Self-heating
will occur when the power from excitation currentis large enough to warm the resis-
tor above the temperature of its surroundings. The effect is most noticeable at low
temperatures because the thermal conduction becomes very poor. The self-heating
error can be determined by either calculating the error using the thermal resistance
of the sensor or by lowering the excitation current until self-heating does not cause
change in measured resistance.

To calculate the self-heating first determine the thermal resistance of the sensor and
package at the desired temperature (contact Lake Shore for typical thermal resis-
tances of common sensors). Second, calculate the self-heating according to the equa-
tion ATgy=12R.R;, Where ATy, is the error due to self-heating, | is the excitation

current, R, is the electrical resistance, and Ry is the thermal resistance.

To measure the effect of self-heating use the current ranges available in the

Model 350. Begin by cooling the resistor to the desired temperature and measure its
value using the highest current excitation available for the resistor being measured.
Step up one resistance range (dropping the current by about 2/3) and measure resis-
tance again. Achange in measured value indicates self-heating was present on the
higher range. Continue increasing the resistance range until the change is no longer
significant to the measurement. If there is still a measured change at the lowest cur-
rent setting, then a different sensor may need to be chosen. A variety of sensor pack-
ages and typical resistances are available, so a sensor with a lower typical resistance
or more thermal resistance at the desired temperature may be required. Thermal
resistance changes with temperature so this process must be repeated at several
temperatures.
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2.11 Heater
Selection and
Installation

2.11.1 Heater
Resistance and Power
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Not everyone uses the lowest excitation range available. Thisis due to noise, or more
appropriately signal to noise. Noise from a variety of sources affects the small signals
used to make resistance measurements. Lowering excitation makes the signals even
smaller but unfortunately doesn’t decrease the noise. Even with careful installation
noise effects cannot be eliminated. The goal of most low temperature measurements
is to choose an excitation thatis the best compromise between self-heating and sig-
nal to noise.

Thereisavariety of resistive heaters that can be used as the controlled heating source
fortemperature control. The mostly metal alloys like nichrome are usually wire or foil.
Shapes and sizes vary to permit installation into different systems.

Cryogenic cooling systems have a wide range of cooling power. The resistive heater
must be able to provide sufficient heating power to warm the system.

2.11.1.1 Main Heater Warmup: Output 1

The Model 350 can provide up to 75 W of power from Output 1. Output 1 is designed
to provide large amounts of heat for controlling at higher temperatures, or for war-
mup. TABLE 2-3 provides the current and voltage limits for Output 1, as well as the
resulting maximum power for Output 1 for the 25 Q and 50 Q settings, using nominal
heaterload values.

25Q setting (25 Q heater) 50 Q setting (50 Q heater)
Current limit 1.732A 1A
Output 1 Voltage limit 50V 50V
Max power 75W 50w

TABLE 2-3 Output 1 current and voltage limits with resulting max power

2.11.1.2 Sample Heater: Output 2

The Model 350 can provide up to 1 W of power from Output 2. Output 2 isdesigned to
provide small amounts of heat for fine control of a sample stage at very low tempera-
tures.

Current limit 100 mA
Output 2 Voltage limit w0V
Max power 1w

TABLE 2-4 Output 2 current and voltage limits
with resulting max power

2.11.1.3 Calculating Power Limits

Even though the Model 350 heater outputs are current sources, they are limited in
voltage by the voltage compliance limit. This compliance voltage also limits maxi-
mum power. So for heater values other than 25 Q or 50 Q, and for values other than
100 Q on Output 2, calculate the maximum power using the following equations: P =
I2R and P = V2/R, where P is maximum power, | is max current, V is max voltage, and R
is the heater resistance. The current and voltage limits are in place at the same time,
so the smaller of the two computations gives the maximum power available to the
heater
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Example 1: A20 Q heateris connected to Output 1, and the heater resistance setting
issetto 25 Q,which can provide up to 2 Aof current,and up to 50 V.

Current Limit Voltage Limit:
P=I2R P=V2/R
P=(1.732A)2x(20Q) P=(50V)2/(20Q)
P=60W P=125W

The power limitis the smaller of the two, or 60 W, limited by current.

Example 2: A120 Q heateris connected to Output 2, which is designed to provide
maximum power of 1 W at 100 Q by sourcing 100 mA of current.

Current Limit Voltage Limit:
P=12R P=V2/R
P=(0.1A)2x(120Q) P=(10V)2/(120Q)
P=12W P=0.83W

The power limitis the smaller of the two, or 0.83 W, limited by voltage.

Itis possible to choose a heater value that results in a maximum power greater than the
power rating of 75 W for output 1, but doing so can cause the Model 350 to work improp-
erly. In this situation the max user current setting should be used to limit the power. Refer
to section 4.5.1.1.1 for details on using the max user current setting.

The resistor chosen as a heater must be able to withstand the power being dissipated
init. Pre-packaged resistors have a power specification that is usually given for the
resistorin free air. This power may need to be derated if used in a vacuum where con-
vection cooling cannot take place and itis not adequately anchored to a cooled sur-
face. The Model 350 has a current limit feature which allows you to specify the
maximum output current for Output 1 (section 4.5.1.1), which when set appropri-
ately will help protect the heater from being over heated.

2.11.1.4 Outputs 3and 4

Outputs 3 and 4 are analog voltage outputs that can be used for various purposes,
including closed loop PID control, and still heater applications. For more information
on these outputs, refer to section 3.6.

For best temperature measurement accuracy, position the heater so that tempera-
ture gradients across the sample is minimized. For best control the heater should be
in close thermal contact with the cooling power. Geometry of the load can make one
or both of these difficult to achieve. That is why there are several heater shapes and
sizes.

Resistive wire like nichrome is the most flexible type of heater available. The wire can
be purchased with electrical insulation and has a predictable resistance per given
length. This type of heater wire can be wrapped around a load to give balanced, even
heating of the area. Similar to sensor lead wire, the entire length of the heater wire
should be in good thermal contact with the load to allow for thermal transfer. Ther-
mal anchoring also protects the wire from over heating and burning out.

Resistive heater wire is also wound into cartridge heaters. Cartridge heaters are more
convenient, but are bulky and more difficult to place on small loads. A typical car-
tridgeis 6.35 mm (0.25in) in diameter and 25.4 mm (1 in) long. The cartridge should
be snugly heldinaholeintheload or clamped to a flat surface. Thermal anchoring for
good thermal contact is again important.
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Foil heaters are thin layers of resistive material adhered to, or screened onto, electri-
callyinsulating sheets. There are a variety of shapes and sizes. The proper size heater
canevenly heat aflat surface oraround a round load. The entire active area should be
in good thermal contact with the load, not only for maximum heating effect, but to
keep spotsin the heater from over heating and burning out.

When wiring inside a vacuum shroud, we recommend using 30 AWG copper wire for
heater leads. Too much heat can transferin when larger wire is used. Thermal anchor-
ing, similar to that used for the sensor leads, should be included so that any heat
transfer does not warm the load when the heater is not running. The lead wires
should be twisted to minimize noise coupling between the heater and otherleadsin
the system. When wiring outside the vacuum shroud, you can use larger gage copper,
and twisting is still recommended.

Most of the techniques discussed in section 2.10 and section 2.11 to improve cryo-
genic temperature accuracy apply to control as well. There is an obvious exception in
sensor location. Acompromise is suggested below in section 2.12.3.

Good thermal conductivity is important in any part of a cryogenic system that is
intended to be at the same temperature. Most systems begin with materials that
have good conductivity themselves, but as sensors, heaters, sample holders, etc., are
added to an ever more crowded space, the junctions between parts are often over-
looked. In order for control to work well, junctions between the elements of the con-
trol loop must be in close thermal contact and have good thermal conductivity.
Gasket materials should always be used along with reasonable pressure (section
2.10.4 and section 2.10.5).

Poor thermal conductivity causes thermal gradients that reduce accuracy and also
cause thermal lag that make it difficult for controllers to do their job. Thermal lag is
the time it takes for a change in heating or cooling power to propagate through the
load and get to the feedback sensor. Because the feedback sensor is the only thing
that lets the controller know what is happening in the system, slow information to
the sensor slows the response time. Forexample, if the temperature at the load drops
slightly below the setpoint, the controller gradually increases heating power. If the
feedback information is slow, the controller puts too much heat into the system
before itis told to reduce heat. The excess heat causes a temperature overshoot,
which degrades control stability. The best way to improve thermal lag is to pay close
attention to thermal conductivity both in the parts used and their junctions.

There is a conflict between the best sensor location for measurement accuracy and
the best sensor location for control. For measurement accuracy the sensor should be
very near the sample being measured, which is away from the heating and cooling
sources to reduce heat flow across the sample and thermal gradients. The best con-
trol stability is achieved when the feedback sensoris near both the heater and cooling
source to reduce thermal lag. If both control stability and measurement accuracy are
critical it may be necessary to use two sensors, one for each function. Many tempera-
ture controllers including the Model 350 have multiple sensor inputs for this reason.

Cryogenic designers understandably want to keep the thermal mass of the load as
small as possible so the system can cool quickly and improve cycle time. Small mass
can also have the advantage of reduced thermal gradients. Controlling a very small
mass is difficult because there is no buffer to adsorb small changes in the system.
Without buffering, small disturbances can very quickly create large temperature
changes. In some systems it is necessary to add a small amount of thermal mass such
asacopperblockinorder toimprove control stability.
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Because of nonlinearities, a system controlling well at one temperature may not con-
trol well atanothertemperature. While nonlinearities exist in all temperature control
systems, they are most evident at cryogenic temperatures. When the operating tem-
perature changes the behavior of the control loop, the controller must be retuned. As
an example, a thermal mass acts differently at different temperatures. The specific
heat of the load material is a major factor in thermal mass. The specific heat of
materials like copper change as much as three orders of magnitude when cooled from
100 Kto 10 K. Changesin cooling power and sensor sensitivity are also sources

of nonlinearity.

The cooling power of most cooling sources also changes with load temperature. This
isvery important when operating at temperatures near the highest or lowest tem-
perature that a system can reach. Nonlinearities within a few degrees of these high
and low temperatures make it very difficult to configure them for stable control. If dif-
ficulty is encountered, it is recommended to gain experience with the system at tem-
peratures several degrees away from the limit and gradually approach it in small
steps.

Keep an eye on temperature sensitivity. Sensitivity not only affects control stability,

butitalso contributes to the overall control system gain. The large changes in sensi-
tivity that make some sensors so useful may make it necessary to retune the control
loop more often.

For closed-loop operation, the Model 350 temperature controller uses an algorithm
called PID control. The control equation for the PID algorithm has three variable
terms: proportional (P), integral (1), and derivative (D). See FIGURE 2-4. Changing
these variables for best control of a system is called tuning. The PID equationin the
Model 350 is:

Heater Output = P[e + [j(e) dt+ D Ccli_ﬂ

where the error (e) is defined as: e = Setpoint — Feedback Reading.

Proportional is discussed in section 2.13.1. Integral is discussed in section 2.13.2.
Derivative is discussed in section 2.13.3. Finally, the manual heater outputis dis-
cussed in section 2.13.4.

The Proportional term, also called gain, must have a value greater than 0 for the con-
trol loop to operate. The value of the proportional term is multiplied by the error (e)
which is defined as the difference between the setpoint and feedback temperatures,
to generate the proportional contribution to the output: Output (P) = Pe. If propor-
tional is acting alone, with no integral, there must always be an error or the output
will go to 0. Agreat deal must be known about the load, sensor, and controller to com-
pute a proportional setting (P). Most often, the proportional setting is determined by
trial and error. The proportional setting is part of the overall control loop gain, and so
are the heater range and cooling power. The proportional setting will need to change
if either of these change.

Inthe control loop, the integral term, also called reset, looks at error over time to build
the integral contribution to the output:

Output (1) = Plj (e)dt
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By adding the integral to proportional contributions, the error thatis necessaryina
proportional only system can be eliminated. When the erroris at 0, controlling at the
setpoint, the outputis held constant by the integral contribution. The integral setting
(1) is more predictable than the gain setting. It is related to the dominant time con-
stant of the load. As discussed in section 2.14.3, measuring this time constant allows
areasonable calculation of the integral setting. In the Model 350, the integral term is
not setin seconds like some other systems. The integral setting can be derived by
dividing 1000 by the integral seconds: lsetting = 1000/ lseconds-

The derivative term, also called rate, acts on the change in error with time to make its
contribution to the output:

de
=PD—
Output (D) 7

By reacting to a fast changing error signal the derivative can work to boost the output
when the setpoint changes quickly, reducing the time it takes for temperature to
reach the setpoint. It can also see the error decreasing rapidly when the temperature
nears the setpoint and reduce the output for less overshoot. The derivative term can
be useful in fast changing systems, but it is often turned off during steady state con-
trol because it reacts too strongly to small disturbances. The derivative setting (D) is
related to the dominant time constant of the load similar to the I-setting and is there-
fore set relative to I-setting when used.

The Model 350 has a control setting that is not a normal part of a PID control loop.
Manual Output can be used for open loop control, meaning feedback is ignored and
the heater output stays at the user's manual setting. This is a good way to put con-
stant heating powerinto a load when needed. The Manual Output term can also be
added to the PID output. Some users prefer to set a power near that necessary to con-
trol ata setpointand let the closed loop make up the small difference. Manual Output
is setin percent of full scale current or power for a given heater range

(section 4.5.1.5.5).

Manual Output should be set to 0% when not in use.
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FIGURE 2-4 Examples of PID control
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There has been a lot written about tuning closed loop control systems and specifically
PID control loops. This section does not attempt to compete with control theory
experts. It describes a few basic rules of thumb to help less experienced users get
started. This technique will not solve every problem, but it has worked for many oth-
ersinthe field. This section assumes you have worked through the operation sections
of this manual, have a good temperature reading from the sensor chosen as a control
sensor, and are operating Loop 1. It is also a good idea to begin at the center of the
temperature range of the cooling system (not close to its highest or lowest tempera-
ture). Autotune (section 2.15) is another good place to begin, and do not forget the
power of trial and error.

Setting an appropriate heater output range is an important first part of the tuning
process. The heater range should allow enough heater power to comfortably over-
come the cooling power of the cooling system. If the heater range will not provide
enough power, the load will not be able to reach the setpoint temperature. Con-
versely, if the range is set too high, the load may have very large temperature changes
that take a long time to settle out. Delicate loads can even be damaged by too

much power.

Often there is little information on the cooling power of the cooling system at the
desired setpoint. If thisis the case, try the following: allow the load to cool completely
with the heater off. Set Manual Output to 50% while in Open Loop control mode. Turn
the heater to the lowest range and write down the temperature rise (if any). Select
the next highest heater range and continue the process until the load warms up to
room temperature. Do not leave the system unattended; the heater may have to be
turned off manually to prevent overheating. If the load never reaches room tempera-
ture, some adjustment may be needed in heater resistance or load.

The list of heater range versus load temperature is a good reference for selecting the
proper heater range. It is common for systems to require two or more heater ranges
for good control over their full temperature. Lower heater ranges are normally
needed for lower temperature. The Model 350 is of no use controlling at or below the
temperature reached when the heater was off. Many systems can be tuned to control
within a degree or two above that temperature.

The proportional setting is so closely tied to heater range that they can be thought of
asfineand course adjustments of the same setting. An appropriate heater range must
be known before moving on to the proportional setting.

1. Allow the cooling system to cool and stabilize with the heater off.

2. Placethe Model 350 in closed loop PID mode tuning,

3. Turnintegral, derivative and manual output settingsto 0.

4. Enterasetpointseveral degrees above the cooling system’s lowest temperature.

5. Enteralow proportional setting of approximately 5 or 10, and enter the appro-
priate heater range as described in section 2.14.1.

6. Theloadtemperature should stabilize at a temperature below the setpoint. The

heater display should show a value greater than 0% and less than 100%. If the
load temperature does not stabilize below the setpoint, do one of the following:

a. Iftheloadtemperature and heaterdisplay reading swing rapidly, the
proportional setting or possibly the heater range may be set too high.
Reduce the proportional setting or the heater range, and go back
to step 6.

b. Iftheload temperature and heater display reading change very slowly, a
condition described as drift, itis an indication of a proportional setting
thatis too low. Increase the proportional setting and go back to step 6.
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7. Graduallyincrease the proportional setting by doubling it each time. At each new
setting, allow time for the temperature of the load to stabilize.

8. Repeatstep 7 until you reach a setting in which the load temperature begins a
sustained and predictable oscillation, rising and falling in a consistent period of
time. See FIGURE 2-4(a).

The goal is to find the proportional value in which the oscillation begins, do not turn the
setting so high that temperature and heater output changes become extreme.

9. Ifstep 8isachieved, complete steps 10 and 11, if not skip to step 12.

10. Record the proportional setting and the amount of time it takes for the load to
change from one temperature peak to the next. The time is called the oscillation
period of the load. It helps describe the dominant time constant of the load,
which is used in setting integral.

11. Reduce the proportional setting by half. The appropriate proportional setting is
one half of the value required for sustained oscillation in step 8. See
FIGURE 2-4(b). Continue to Tuning Integral section 2.14.3.

12. There are a few systems that will stabilize and not oscillate with a very high pro-
portional setting and a proper heater range setting. For these systems, setting a
proportional setting of one half of the highest setting is a good starting point.
Continue to the Tuning Integral section 2.14.3.

When the proportional setting is chosen and the integral is set to 0 (off), the

Model 350 controls the load temperature below the setpoint. Setting the integral
allows the Model 350 control algorithm to gradually eliminate the difference in tem-
perature by integrating the error over time. See FIGURE 2-4(d). An integral setting
thatistoo low causes the load to take too long to reach the setpoint. An integral
setting thatis too high creates instability and can cause the load temperature

to oscillate.

1. Beginthis partofthe tuning process with the system controlling in proportional
only mode.

2. Usethe oscillation period of the load that was measured in section 2.14.2 in sec-
onds. Divide 1000 by the oscillation period to get the integral setting.

3. Entertheintegral settinginto the Model 350 and watch the load temperature
approach the setpoint.

4. Adjusttheintegral setting if necessary:

a. |Ifthetemperature does not stabilize and begins to oscillate around the
setpoint, the integral setting is too high and should be reduced by
one half.

b. Ifthetemperatureisstable but neverreaches the setpoint, the integral
setting is too low and should be doubled.

5. Verify the integral setting by making a few small (2 Kto 5 K) changes in setpoint,
and watch the load temperature react.

Trial and error can help improve the integral setting by optimizing for experimental
needs. Fasterintegrals, for example, get to the setpoint more quickly at the expense
of greater overshoot. In most systems, setpoint changes that raise the temperature
act differently than changes that lower the temperature.

Ifit was not possible to measure the oscillation period of the load during proportional
setting, start with an integral setting of 20. If the load becomes unstable, reduce the
setting by half. If the load is stable, make a series of small, two to five degree changes
inthe setpoint and watch the load react. Continue to increase the integral setting
until the desired response is achieved.
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2.14.4 Tuning
Derivative

2.15 Autotuning

Model 350 Temperature Controller

If an experiment requires frequent changes in setpoint, derivative should be consid-
ered. See FIGURE 2-4(e). Aderivative setting of 0, off, is recommended when the con-
trol system is seldom changed and data is taken when the load is at steady state.

The derivative setting is entered into the Model 350 as a percentage of the integral
time constant. The setting range is 0-200% where 100% = V/4 | seconds. Start with a
setting of 50% to 100%.

Again, do not be afraid to make some small setpoint changes; halving or doubling this
setting to watch the affect. Expect positive setpoint changes to react differently from
negative setpoint changes.

Choosing appropriate PID control settings can be tedious. Systems can take several
minutes to complete a setpoint change, making it difficult to watch the display for
oscillation periods and signs of instability. With the Autotune feature, the Model 350
automates the tuning process by measuring system characteristics and, along with
some assumptions about typical cryogenic systems, computes setting values for P, I,
and D. Autotune works only with one control loop at a time and does not set the man-
ual output or heater range. Setting an inappropriate heater range is potentially dan-
gerous to some loads, so the Model 350 does not automate that step of the tuning
process.

When Autotune is initiated, step changes are applied to the setpoint and the system
response is observed to determine the best tuning parameters.

The Autotuning message appears when autotuning, and the display is configured to
show the output of the control loop being tuned. The message blinks to indicate that
the algorithm is still processing, and displays the current stage of the process, such as
Stage 3 of 7. If the tuning process completes successfully, then the message is
removed and the new PID parameters are configured. If the algorithm fails, the mes-
sage stops blinking to indicate thatitis no longer processing, and a failure message
appears to indicate which stage of the process failed.

There are situations where Autotune is not the answer. The algorithm can be fooled
when cooling systems are very fast, very slow, have a large thermal lag, or have a non-
linearrelationship between heater power and load temperature. Ifaload canreach a
new setpointin under 10 sec (with an appropriate I-setting >500), the cooling system
is too fast for Autotuning. Systems with a very small thermal mass can be this fast.
Adding mass is a solution, but is unappealing to users who need the speed for fast
cycle times. Manual tuning is not difficult on these systems because new settings can
be tested very quickly. Some systems are too slow for the Autotune algorithm. Any
system that takes more than 15 min to stabilize at a new setpoint is too slow (with an
appropriate I-setting <5).

Thermal lag can be improved by using the sensor and heater installation techniques
discussed in section 2.10 to section 2.12. Lag times up to a few seconds should be
expected; much larger lags can be a problem. System nonlinearity is a problem for
both autotune and manual tuning. It is most commonly noticed when controlling
near the maximum or minimum temperature of a temperature control system. It is
not uncommon; however, for a user to buy a cryogenic cooling system specifically to
operate near its minimum temperature. If this is the case, try to tune the system at 5
degrees above the minimum temperature and gradually reduce the setpoint, manu-
ally adjusting the control settings with each step. Any time the mechanical cooling
action of a cryogenic refrigerator can be seen as periodic temperature fluctuations,
the massistoo small or temperature too low to autotune.
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Once the PID tuning parameters have been chosen for a given setpoint, the whole
process may have to be done again for other setpoints significantly far away that
have different tuning needs. Trying to remember when to use which set of tuning
parameters can be difficult. The Model 350 has a Zone feature as one of its tuning
modes that can help.

To usethe Zone feature, you must determine the best tuning parameters foreach part
of the temperature range of interest. Then enter the parameters into the Model 350
where up to 10 zones can be defined with different P, I, D, heater range, manual out-
put, ramp rate, and control input settings. An upper boundary setting is assigned as
the maximum temperature for that zone. The minimum temperature fora zone is the
upper boundary for the previous zone, and 0 K is the starting point for the first zone.
When Zone tuning is on, each time the setpoint changes, appropriate control param-
eters are chosen automatically. Zone tuning works best when used in conjunction
with setpoint ramping (section 4.5.1.5.7).

You can determine control parameters manually oryou can use the Autotune feature.
Autotune is a good way to determine a set of tuning parameters for the control sys-
tem that can then be entered as zones (section 2.15).

Athermoelectric device, sometimes referred to as a Peltier device, or a solid state heat
pump, is a device that takes advantage of the Peltier effect. When a DC current is
appliedtothe device, heatis transferred from one side of the device to the other. Heat
can be transferred in either direction by reversing the polarity of the current. Thermo-
electric devices are well suited for controlling temperatures near room temperature
since they have both heating and cooling capabilities. Since thermoelectric devices
are solid state, they are free of the mechanical vibrations associated with mechanical
coolers. Some thermoelectric coolers, in a stacked configuration, are capable of cool-
ing devices down to cryogenic temperatures (about 100 K). These are often used to
cool and maintain the temperatures of charge-coupled device (CCD) sensors.

Since thermoelectric devices are capable of both heating and cooling, they require a
controller that has a bipolar output to take full advantage of this. The Model 350 can
be configured for bipolar control on Outputs 3 and 4. Closed loop PID control works
the same in bipolar mode as it does in unipolar mode except that the output can go
negative instead of stopping at zero. Refer to section 5.4 to setup Output 3and 4 in
bipolar mode.

The Model 350 cannot drive a thermoelectric device directly. Most thermoelectric
devices require high current (approximately 3 A) and low voltage (typically < 10 V).
Output 3and 4 are capable of £10Vand £100 mA. An external power amplifieris nec-
essary to boost the power up to a level that will effectively control the thermoelectric
device. Refer to section 3.6.5 for more information on using an external power ampli-
fier with Outputs 3 and 4.
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@Chapter 3: Installation

3.1 General

3.2 Inspection and
Unpacking

3.3 Rear Panel
Definition

This chapter provides general installation instructions for the Model 350 tempera-
ture controller. Please read this entire chapter before installing the instrument and
poweringiton toensure the best possible performance and maintain operator safety.
Forinstrument operatinginstructions referto Chapter4 and Chapter 5. For computer
interface installation and operation refer to Chapter 6.

Inspect shipping containers for external damage before opening them. Photograph
any container that has significant damage before opening it. Inspect all items for
both visible and hidden damage that occurred during shipment. If there is visible
damage to the contents of the container, contact the shipping company and

Lake Shore immediately, preferably within five days of receipt of goods, for instruc-
tionson how to file a properinsurance claim. Lake Shore products are insured against
damage during shipment, but a timely claim must be filed before Lake Shore will take
further action. Procedures vary slightly with shipping companies. Keep all damaged
shipping materials and contents until instructed to either return or discard them.

Open the shipping container and keep the container and shipping materials until all
contents have been accounted for. Check off each item on the packing listasitis
unpacked. Instruments themselves may be shipped as several parts. The items
included with the Model 350 are listed below. Contact Lake Shore immediately if
there is a shortage of parts or accessories. Lake Shore is not responsible for any miss-
ing items if not notified within 60 days of shipment.

If the instrument must be returned for recalibration, replacement or repair, a Return
Authorization (RMA) number must be obtained from a factory representative before
itis returned. Refer to section 8.14.2 for the Lake Shore RMA procedure.

Items Included with Model 350 temperature controller:

B 1 Model 350instrument

1 Model 350 user's manual

4 sensor input mating connector, 6-pin DIN (G-106-233)

2 heater output connectors, dual banana, for heater Outputs 1 and 2
1terminal block mating connector, 10-pin terminal block, for Outputs 3 and 4,
andrelaysland2

1line power cord

B 1line power cord for alternative voltage*

*Included only when purchased with VAC-120-ALL power option.

This section provides a description of the Model 350 rear panel connections. The rear
panel consists of the InputA, B, C,and D sensorinput connectors (#1 in FIGURE 3-1),
Output 3 and 4 analog voltage output and relays 1 and 2 terminal block connector
(2), RJ-45 ethernet connector (3), USB B-type connector (4), IEEE-488 interface con-
nector (5), lineinput assembly (6), Output 1 and 2 heater output connectors (7 and 8),
and the thermocouple option card inputs (9) . Referto section 8.10 for rear panel con-
nector pin-out details.
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Always turn off the instrument before making any rear panel connections. This is espe-
cially critical when making sensor to instrument connections.

OUTPUT 1 HEATER)
W o W CEB AA
Y] 9 — &
somor
) O ;@& 00

3.4 Line Input
Assembly

OUTPUTS 30VDC 3A
(ANALOG) ~ RELAY1 RELAY2

+3- +4- w oo w ok oo W

ETHERNET

@LakeShore.
LT T
3500005

FIGURE 3-1 Model 350 rear panel

This section describes how to properly connect the Model 350 to line power. Please
follow these instructions carefully to ensure proper operation of the instrument and
the safety of operators.

V]
100/120/220/240V
1+10% Voltage
50/60 Hz 220 VA MAX

—— |
3.15AT 250V
5x20mm

3.4.1Line Voltage

3.4.2 Line Fuse and
Fuse Holder

Model 350 Temperature Controller

FIGURE 3-2 Line input assembly

The Model 350 has four different AC line voltage configurations so that it can be oper-
ated from line power anywhere in the world. The nominal voltage and voltage range
of each configuration is shown below. (The recommended setting for 230 V operation
is240V.)

Maximum
110V
132V
242V
264V

Minimum
90V
108V
198V
216V

TABLE 3-1 Line voltage

Nominal
100V
120V
220V
240V

ACline voltage is set at Lake Shore, but it is good to verify that the AC line voltage indica-
torin the fuse drawer window is appropriate before turning the instrument on. The
instrument may be damaged if turned on with the wrong voltage selected. Also remove
and verify that the proper fuse is installed before plugging in and turning on the instru-
ment. Refer to section 8.5 for instructions on changing the line voltage configuration.

The line fuse is an important safety feature of the Model 350. If a fuse ever fails, it is
importantto replace it with the value and type indicated on the rear panel for the line
voltage setting. The letter T on the fuse rating indicates that the instrument requires
atime-delay or slow-blow fuse. Fuse values should be verified any time line voltage
configuration is changed. Refer to section 8.6 for instructions for changing and verify-
ing aline fuse.




3.4.3 Power Cord

AWARNING
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3.4.4 Power Switch

3.5 Diode/Resistor
Sensor Inputs

3.5.1Sensor Input
Connector and Pinout
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The Model 350 includes a 3-conductor power cord that mates with the IEC 320-C14
line cord receptacle. Line voltage is present on the two outside conductors and the
center conductor is a safety ground. The safety ground attaches to the instrument
chassis and protects the userin case of a component failure. A CE approved power
cordisincluded with instruments shipped to Europe; a domestic power cord is
included with all other instruments (unless otherwise specified when ordered).

Always plug the power cord into a properly grounded receptacle to ensure safe instru-
ment operation. Do not use a detachable mains supply cord with inadequate rating.

Position the Model 350 in such a way to enable easy access to the disconnecting device.
Failure to comply could resultin death or injury to personnel.

If the power supply cord is damaged or lost, it must be replaced. Contact Lake Shore fora
replacement to ensure proper voltage, current and type of cord. The power supply cord
must not exceed 3 min length.

The delicate nature of measurements being taken with this instrument may necessi-
tate additional grounding including ground strapping of the instrument chassis. In
these cases the operators safety should remain the highest priority and low imped-
ance from the instrument chassis to safety ground should always be maintained.

The power switch is part of the line input assembly on the rear panel of the Model 350
and turns line power to the instrument on and off. When the circle is depressed,
power is off. When the line is depressed, poweris on.

This section details how to connect diode and resistive sensors to the Model 350
inputs. Refer to section 4.4 to configure the inputs. Refer to section 3.5.8 through sec-
tion 3.5.9 for a description of the optional capacitance input and thermocouple input.

The input connectors are 6-pin DIN 45322 sockets. The sensor connector pins are
defined in FIGURE 3-3 and TABLE 3-2. Four mating connectors (6-pin DIN plugs) are
included in the connector kit shipped with the instrument. These are common con-
nectors, so additional mating connectors can be purchased from local electronics
suppliers. They can also be ordered from Lake Shore as G-106-233.

FIGURE 3-3 Sensor input connector
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3.5.2 Sensor Lead Cable

3.5.3 Grounding and
Shielding Sensor Leads

3.5.4 Four-Lead Sensor
Measurement

Model 350 Temperature Controller

1 I- —Current
2 V- —Voltage
3 None Shield
4 V+ +Voltage
5 I+ +Current
6 None Shield

TABLE 3-2 Standard input connector details

The sensor lead cable used outside the cooling system can be much different from
what is used inside. Between the instrument and vacuum shroud, heat leak is not a
concern. In this case, choose cabling to minimize error and noise pick up. Larger con-
ductor, 22 AWG to 28 AWG stranded copper wire is recommended because it has low
resistance yet remains flexible when several wires are bundled in a cable. The
arrangement of wires in a cable is also important. For best results, voltage leads, V+
and V- should be twisted together and current leads I+ and I- should be twisted
together. The twisted pairs of voltage and current leads should then be covered with a
braided or foil shield that is connected to the shield pin of the instrument. This type of
cableis available through local electronics suppliers. Instrument specifications are
given assuming 3 m (10 ft) of sensor cable. Longer cables, 30 m (100 ft) or more, can
be used, but environmental conditions may degrade accuracy and noise specifica-
tions. Refer to section 2.10.6 forinformation about wiring inside the cryostat.

The sensor inputs are isolated from earth ground to reduce the amount of earth
ground referenced noise that is present on the measurement leads. Connecting sen-
sor leads to earth ground on the chassis of the instrument or in the cooling system
will defeat thatisolation. Grounding leads on more than one sensor prevents the sen-
sor excitation current sources from operating.

Shielding the sensor lead cable is important to keep external noise from entering the
measurement. Ashield is most effective when itis near the measurement potential so
the Model 350 offers a shield at measurement common. The shield of the sensor
cableshould be connected to the shield pin of the input connector. The shields should
not be connected to earth ground on the instrument chassis. One shield should be
connected to the cryostat’s ground as long as it is near earth ground. Connecting at
more than one point will cause a ground loop, which adds noise to the measurement.

The shells of the input connectors are at the same potential as the shield pin on the
Model 350. Older Lake Shore controllers are not configured this way.

All sensors, including both two-lead and four-lead can be measured with a four-lead
technique. The purpose of a four-lead measurement is to eliminate the effect of lead
resistance on the measurement. If itis not taken out, lead resistance is a direct error
when measuring a sensor.

In afour-lead measurement, current leads and voltage leads are run separately up to
the sensor. With separate leads there is little current in the voltage leads, so their
resistance does not enter into the measurement. Resistance in the current leads will
not change the measurement as long as the voltage compliance of the current source
is notreached. When two-lead sensors are used in four-lead measurements, the short
leads on the sensor have an insignificant resistance.
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Diode
(option only)

Resistive sensor

[ + |+
v+ + V+

V- V-
- B

FIGURE 3-4 4-lead measurement

There are times when crowding in a cryogenic system forces users to read sensorsina
two-lead configuration because there are not enough feedthroughs or room for lead
wires. If this is the case, plus voltage to plus current and minus voltage to minus cur-
rent leads are attached at the back of the instrument or at the vacuum feedthrough.

The errorin a resistive measurement is the resistance of the lead wire run with cur-
rent and voltage together. If the leads contribute 2 Q or 3 Q toa 10 kQ reading, the
error can probably be tolerated.

Connectors are also a big source of error when making two-lead measurements. Con-
nector contact resistance is unpredictable and changes with time and temperature.

Minimize interconnections when making two-lead measurements. Refer to FIGURE
3-5 foran image of a two-lead sensor measurement.

Lead

resistance E |+
AMA
wyy
V+
V_
AAAA
vyvy
Lead ‘ | —

resistance

Sensor §

FIGURE 3-5 2-lead sensor measurement

Good instrument hardware setup technique is one of the least expensive ways to
reduce measurement noise. The suggestions fall into two categories: (1) do not let
noise from the outside enterinto the measurement, and (2) let the instrument
isolation and other hardware features work to their best advantage. Here are some
further suggestions:

Use four-lead measurement whenever possible

Do not connect sensor leads to chassis or earth ground

Use twisted shielded cable outside the cooling system

Attach the shield pin on the sensor connector to the cable shield

Do not attach more than one cable shield at the other end of the cable
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3.5.7 Sensor Polarity

3.5.8 Capacitance
Sensor Inputs
(Model 3061)

Model 350 Temperature Controller

Run different inputs and outputs in their own shielded cable
Use twisted wire inside the cooling system

Use similartechnique for heater leads

Use a grounded receptacle for the instrument power cord

Consider ground strapping the instrument chassis to other
instruments or computers

This section describes the diode/resistor sensor inputs.

Lake Shore sensors are shipped with instructions that indicate which sensor leads are
which. Itisimportant to follow these instructions for plus and minus leads (polarity)
aswell asvoltage and current when applicable. Two-lead resistors can operate with
any lead arrangement and the sensorinstructions may not specify. Four-lead resis-
tors can be more dependent on lead arrangement. Follow any specified lead assign-
ment for four-lead resistors. Mixing leads could give a reading that appears correct
butis not the most accurate.

S @

Cathode / \ Anode

FIGURE 3-6 DT-670-SD Diode sensor leads

This section provides information for a Model 350 configured with the capacitance
sensorinput option card. Capacitance inputs are not installed on the standard Model
350, butit can be added by purchasing the Model 3061 capacitance input option.
Refer to section 7.4 for installation of the Model 3061.

The Model 3061 adds a capacitance input to the Model 350, appearing on the display
as input D. The card has separate voltage feedback and current excitation for the sen-
sor. The Model 3061 is intended to control temperature in strong magnetic fields
using a Lake Shore Model CS-501 capacitance temperature sensor. The standard
inputs remain in the instrument and are fully functional.

Upon changing control to the capacitive sensor, the PID values will need to be optimized.

The Model 350 does not support temperature conversion for the capacitance input.
The temperature response of capacitance sensors shifts with thermal cycling, making
calibration unpredictable. All Model 3061 option measurement and control must be
donein sensor units. With this option, two sensors should be installed at the control
point. Use a resistive sensorin one of the standard inputs to establish a control tem-
perature and stabilize the system in a low magnetic field. Before increasing the field
strength, shift control to the capacitance sensor to maintain the current
temperature.
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3.5.8.1 Wiring, Guarding and Shielding

The capacitance input uses the same 6-pin din connector as the standard inputs, and
the same pins for current excitation and voltage feedback. Cable capacitance in lon-
ger cables can cause large sensor reading errors if proper guarding and shielding
methods are not applied. To address this problem, a driven guard is provided on pin 6,
and ashield pinis provided on pin 3. The guard pin should be connected to a foil shield
that surrounds a single twisted pair of wires used for I+ and V+. The shield pin on pin 3
should be connected to a foil shield that surrounds a single twisted pair of wires used
forl-and V-.See FIGURE 3-7. This wiring scheme must be applied to ensure proper
sensor readings using the Model 3061 capacitance option

? Guard

V+ -

Cs

<|> Shield

FIGURE 3-7 Capacitance Input shield and gard

The 3.496 kHz excitation of the option card can interfere with the sensitive DC measure-
ments of the standard inputs. Tightly twist the lead wires of each sensor and separate
them from the leads from the other sensor. Test any system for sensor interference before
itis permanently sealed.

The information in this section is for a Model 350 configured with thermocouple sen-
sorinputs. Thermocouple inputs are notinstalled on the standard Model 350, but can
be added by purchasing the Model 3060 dual thermocouple input option. Refer to
section 17. for installation of the Model 3060.

Do not leave thermocouple inputs unconnected. Short inputs when not in use.

3.5.9.1 Sensor Input Terminals

Attach sensor leads to the screws on the off-white ceramic terminal blocks. Sensor
connection isimportant when using thermocouples because the measured signal is
small. Many measurement errors can be avoided with proper sensor installation. The
block has two thermocouple inputs and each input has two screw terminals; one pos-
itive, one negative. See FIGURE 3-8.
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3.6 Heater Output
Setup

3.6.1 Heater Output
Description

Model 350 Temperature Controller

Remove all insulation, then tighten the screws on the thermocouple wires. Keep the
ceramic terminal blocks away from heat sources including sunlight and shield them
from fans or room drafts.

INPUT C INPUTD

FIGURE 3-8 Thermocouple input definition and
common connector polarities (inputs shown shorted)

3.5.9.2 Thermocouple Installation

Thermocouples are commonly used in high-temperature applications. Cryogenic use
of thermocouples offers some unique challenges. A general installation guideline is
provided in section 2.10. Consider the following when using thermocouples at low
temperatures:

B Thermocouple wire is generally more thermally conductive than other sensor
lead wire. Smaller gauge wire and more thermal anchoring may be needed to
prevent leads from heating the sample.

B Attachinglead wires and passing them through vacuum tight connectors is often
necessary in cryogenic systems. Remember, the thermocouple wire is the sensor;
any time itjoins or contacts other metal, there is potential for error.

B Temperature verification and calibration of room temperature compensation is
difficult after the sensoris installed. When possible, keep a piece of scrap wire
from each installation for future use.

B Thermocouplescanbespot-welded to the cryostat for good thermal anchoring as
long as the cryostat has a potential close to earth ground.

3.5.9.3 Grounding and Shielding

Care must be taken to minimize the amount of noise contributed by ground loops,
when grounding thermocouple inputs. For lowest measurement noise, do not ground
thermocouple sensors. The instrument operates with slightly more noise if one of the
thermocouples is grounded. Be sure to minimize loop area when grounding both
thermocouples. The instrument does not offer a shield connection on the terminal
block. Twisting the thermocouple wires helps reject noise. If shielding is necessary,
extend the shield from the oven or cryostat to cover the thermocouple wire, but do
not attach the shield to the instrument.

The following section covers the heater wiring from the vacuum shroud to the instru-
ment for both heater outputs. Specifications are detailed in section 1.6. For help on
choosing and installing an appropriate resistive heater, refer to section 2.11.

This section describes Output 1 and Output 2.



Outputrange

3.6.2 Heater Output
Connectors

3.6.2 HeaterOutputConnectors 53

3.6.1.10utput 1

Output 1is atraditional control output for a cryogenic temperature controller. Itisa
DC current source with software settable ranges and limits. It is designed for high
power (up to 75 W), providing control at higher temperatures, and fast warmup capa-
bility. Output 1 is configurable for optimization using eithera 25 Q ora 50 Q heater
resistance.Atthe 50 Q setting, itis limited to a maximum outputcurrentof 1 A,and at
the 25 Q setting, the maximum heater output currentis 1.73 A. The compliance volt-
ageis 50 Vminimum, but can reach as high as 58 V if the heater resistance is higher
than the nominal setting. Heater power is applied in one of five ranges. Each range is
one decade lower in power. Refer to TABLE 3-3 for maximum current and power rat-
ings into different heater resistances.

3.6.1.2 Output 2

Output 2 isalsoa DC currentsource, butis designed for low power (up to 1 W), provid-
ing stable control at very low temperatures. Itis limited to a maximum output current
of 100 mA, and a compliance voltage of at least 10 V, but can be as high as approxi-
mately 13 V. Output 2 also has five ranges, each one decade lower in power than the
last. Refer to TABLE 3-3 for maximum current and power ratings into different heater

resistances.
Heater Resistance

10Q 100Q 1000 Q 5000 Q
Range 5 100 mA 100 mw 1w* 100 mW 20mw
Range 4 31.6mA 10mw 100 mW 100 mW 20mw
Range 3 10mA 1mwW 10mw 100 mW 20mw
Range 2 3.16 mA 100 pwW 1mwW 10mw 20mw
Range 1 1mA 10pwW 100 pwW 1mwW 5mwW

TABLE 3-3 Heater resistance

Dual bananajacks on the rear panel of the instrument are used for connecting wires
to the heater outputs. Two standard dual banana plug mating connectors are
included in the connector kit shipped with the instrument. Thisisa common jack, and
additional mating connectors can be purchased from local electronic suppliers, or
from Lake Shore as P/N 106-009. The heater is connected between the HI

and LO terminals.

OUTPUT 1 (HEATER) GND OUTPUT 2 (HEATER)
HI LO HI LO
O C T O O

75 W MAX 1 W MAX

FIGURE 3-9 Rear panel showing heater output connectors
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3.6.3 Heater Output
Wiring

3.6.4 Heater Output
Noise

3.6.5 Powering Outputs
3and 4 Usingan
External Power Supply

Model 350 Temperature Controller

Heater output current is what determines the size (gauge) of wire needed to connect
the heater. The maximum current that can be sourced from heater Output 1 is

1.732 A.When less currentis needed to power a cooling system, it can be limited with
range settings.

When setting up a temperature control system, the lead wire for the heater must be
capable of carrying a continuous current that is greater than the maximum current.
Wire manufacturers recommend 26 AWG or larger wire to carry 1.732 A of current,
butthereislittle advantagein using wire smallerthan 20 AWG to 22 AWG outside the
cryostat. Inside the cryostat, smaller gauge wire is often desirable.

Itis recommended to use twisted heater leads. Large changes in heater current can

induce noise in measurement leads and twisting reduces the effect. It is also recom-
mended to run heater leads in a separate cable from the measurement leads to fur-

therreduce interaction.

There is a chassis ground point at the rear panel of the instrument for shielding the
heater cable if necessary. The cable shield can be tied to this point usinga 3.18 mm
(#4) spade terminal, or ring connector. The shield should not be connected at the
opposite end of the cable and should never be tied to the heater output leads.

For best noise performance, do not connect the resistive heater orits leads to ground.
Also avoid connecting heater leads to sensor leads or any other instrument inputs or
outputs.

The heater output circuitry in the Model 350 is capable of sourcing 75 W of power.
This type of circuitry can generate some electrical noise. The Model 350 was designed
to generate as little noise as possible, but even noise that is a small percentage of the
outputvoltage or current can be too much when sensitive measurements are being
made near by. Heater output noise can be most detrimental when controlling at very
low temperatures. Heater Output 2 uses a fully linear power supply to minimize
heater noise. The switching power supply used for Output 1 is turned completely off
when Output 1 is off. For best results use Output 2 for control, and ensure Output 1 is
off when controlling at very low temperatures. If the Model 350 heater leads are too
noisy and the above wiring techniques do not help, Lake Shore offers the Model 3003
Heater Output Conditioner that may help (section 17.).

Outputs 3 and 4 cannot power heaters directly when used in warm up control mode.
These unpowered outputs must be used to program an external power supply which
inturn powers the heater. This section describes choosing and installing an external
supply. Section 5.5 describes operation of warm up control mode.

3.6.5.1 Choosing a Power Supply

B \Voltage Programmable: the power supply must be voltage programmable so that
Outputs 3 or 4 (control output) can control it. Ideally the supply’s programming
input should have a range of 0 to 10V that corresponds to 0 to 10 V range of the
control output. This guarantees that 0 to 100% of the control output scales to
0to 100% power out of the supply. Supplies with different programming input
ranges can be used as described in section 3.6.5.4.

Be aware that if the input voltage is not within the range of the power supply, damage
may result.

B DCOutput Capable: the power supply must be capable of continuous DC output.
Most commercial audio amplifiers are not suitable because they are AC coupled
and cannot provide a DC output.
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B Output Type: most available voltage programmable power supplies are configured
forvoltage output. This is different than Outputs 1 and 2 on the 350 which are
configured for current output. The differences between the two are not signifi-
cantwhen used in warm up mode.

B Output Voltage: Lake Shore recommends supplies with a working output voltage
between 10V and 50 V. Voltage higher than 50V poses a shock hazard and
should only be used if operator safety can be assured by the installer. Voltage
lowerthan 10V becomes impractical because the current necessary provide any
meaningful power is too high for most cryogenic wiring.

B Output Power: there is no limit to the maximum power of the supply. Typical warm
up applications normally range between 25 W and 200 W.

3.6.5.2 Power Supply Setup

Follow all operation and safety instruction in the power supply manual during setup.
Consider the following suggestions for protecting the power supply and heater load.

B Shortcircuits are common in cryogenic lead wiring. If the power supply does not
specify thatitis shortcircuit protected the power output should be wired with a
fuse in series to prevent damage.

B Unipolar powersupplies are designed to use a positive programming voltage and
some can be damaged if the programming voltage is negative. Be careful when
wiring the system to maintain the correct polarity. Also, never set the control
output of the Model350 to bipolar mode.

B Some power supplies can be damaged if there is a programming voltage present
attheirinput when they are turned off. This can happen if the Model 350 and
power supply use a different source of line power or are turned on and off individ-
ually. It can be avoided if the two instruments share a switched power strip.

B Theheaterand wiringin the system must be rated for both the maximum current
and maximum voltage provided by the power supply. The Model 350 can be set
towarm up using less than full power if the load will not tolerate the full power of
the supply.

3.6.5.3 Connecting to the Model 350

The voltage programming cable attaches to the removable terminal block on the rear
panel of the Model 350 (FIGURE 3-10). Output number and polarity of the output
leads are indicated on the silk screen. The negative (-) terminals are connected inter-
nally to the instrument chassis to provide a ground reference.

OUTPUTS 30VDC 3A
(ANALOG)  RELAY1 RELAY2

FIGURE 3-10 Output terminal block

In the most basic configuration, a two-conductor cable connects directly from the
output terminals to the power supply programming input. Copper wire size
20 AWG to 26 AWG is recommended.

‘LakeShO"e | www.lakeshore.com
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3.6.5.4 Programming Voltages Under 10V

Avoltage divider FIGURE 3-11 can be used to reduce the control output voltage if the
programming input of the power supply has a range of lessthan 0V to 10 Vto ensure
full output resolution, and protection against overloading the external supply pro-
gramming inputs. The output voltage is proportional to the ratio of resistors
R1toR2:Vout =10V x R1/(R1+R2). Itis alsoimportant to keep the sum of R1+R2 >
1000 Q or the Model 350 output may not reach the output voltage setting due to
internal overload protection. For a programming input range of 0Vto 5V, recom-
mended values are: R1 =R2 =2000 Q. Fora programming input range ofOVto 1V,
recommended values are: R1 =500 Q, R2 =4500 Q. Exact resistor value, type and tol-
erance are generally not important for this application.

Model 350 Power supply
Output 3+

Program input+

Output 3— Program input—

FIGURE 3-11 Voltage divider circuit for Output 3
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@Chapter4: Operation

This chapter provides instructions for the general operating features of the
Model 350 temperature controller. Advanced operation isin Chapter 5. Computer
interface instructions are in Chapter 6.

Direct Menu/ LED
operation number pad annunciators
1 1
| || el

Ethernet

OutputSetup ZoneSettings  Interface

InputSetup  CurveEntry  Remote/Local Exit Menu
{
|

5 6
DisplaySetup  Autotune Relays
B (D2

ax/Min Re! larm

|
LED annunciators

FIGURE 4-1 Model 350 front panel

Each feature thatis discussed in this chapter will include a menu navigation section.
This section is intended to be a quick guide through the necessary key presses to
arrive atand set the desired features. See FIGURE 4-2 and TABLE 4-1 for an explana-
tion of the conventions used in the menu navigation.

A B C D E

IR :

Input Setup—> Input (A, B, C or D) [Enter |- Room Compensation (Off or On)

FIGURE 4-2 Menu navigation example

Item Convention Explanation

Typically, the first word in the menu navigation is in bold type, which indicates the first

A Bold .
key you will need to press.
The arrow indicates that the screen is advancing to the next screen. In the menu navi-
B -> gation, the item that follows the arrow is the next item you would see on the screen or
the next action that you will need to perform.

Often, the words that follow the arrow are in italic type. The italic type indicates that

¢ Italic type thereis a setting that needs to be selected.

D (Parentheses) The items Fhat follow‘the italicized word anq which are in parentheses, are the avail-
able selections to which you can set the desired feature.

E Enter Press Enter on the keypad

TABLE 4-1 Menu navigation key

‘LakeShore | www.lakeshore.com
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4.2 Front Panel
Description

4.2.1 Keypad
Definitions

Key

Press these keys for quick access to the display screens for the associated sensor input, or Input

This section provides a description of the front panel controls and indicators for the
Model 350.

The keypad is divided into two sections. The Direct Operation section includes all keys
to the left of the number-pad, and the Menu/Number Pad section includes the
standard 12 number-pad keys and the Up, Down, Escape, and Enter keys

(FIGURE 4-1). The Direct Operation keys provide one touch access to the most often
used functions of the Model 350. The Number Pad keys, with the exception of the dec-
imal point key, are dual function keys. If the instrument is in the number entry mode,
the keys are used to enter numbers. Ifitisin normal operating mode, the number keys
provide menu entry points. An abbreviated description of each key is provided as fol-
lows. Amore detailed description of each function is provided in section 4.3

to section 4.5.

4.2.1.1 Direct Operation Keys

Function Refer to section:

Display mode. Press once for a temporary display that will time-out in 10 s, at which point the dis-
play returns to the assigned Display Mode setting. Press the same key again, or press Escapebe-

fore the timeout period, to return the display to the previous Display Mode setting. Pressing and

A,B D X . . 43.1.
ol HEET holding one of these keys for 3 s causes the associated Input Display to become the new perma- 313

nent Display Mode setting, indicated by an audible beep.
When the Model 3062 4-channel scanner option is installed, pressing the D button cycles the dis-
play through the display screens for each of the 5 input D channels.

Setpoint Press this key to enter the control setpoint for the currently displayed loop, if applicable. 45.15.6

Proportional (P) Press.thls kgy to manually adjust the Proportional control parameter for the currently displayed 45152
loop, if applicable.

Integral (1) Pres'sthls key to manually adjust the Integral control parameter for the currently displayed loop, if 45153
applicable.

Derivative (D) Presslth|s kgy to manually adjust the Derivative control parameter for the currently displayed 45154
loop, if applicable.
For Outputs 1 and 2, this key allows selection of heater range 1 through 5. For Outputs 3 and 4, this

Heater Range key allows selection of Output On/Off (except when in Monitor Out mode). 45158

Manual Out Press this key to adjust the Manual Output setting of the currently displayed output, if applicable. 45155

All Off Press this key to set the range for all Outputs to Off (not applicable for Monitor Out mode). 45

Model 350 Temperature Controller

TABLE 4-2 Direct operation keys



Key

Input setup

Output setup

Display setup
Max/Min reset

Curve entry

Zone settings
Autotune
Remote/local

Interface

Relays
Alarm
A
v

Escape (exit
menu)

Enter

0-9,+/-,.

4.2.2 Annunciators

Remote

Ethernet
Alarm

Control outputs

4.2.1.2 Menu/Number Pad Keys

Function

Press this key to configure features related to the inputs.

Press this key to configure features related to the outputs, including configuration of
control loops.

Press this key to configure the display.
Press this key to reset the maximum and minimum readings for all inputs.

Press this key to view, edit, copy, and erase temperature curves, and to generate SoftCal
curves.

Press this key to enter user-specified control parameters for up to ten temperature zones.
Press this key to configure and execute the Autotune algorithm.
Press this key to toggle the IEEE-488 Remote mode.

Press this key to configure the USB, Ethernet, and IEEE-488 interfaces.

Press this key to configure the two rear-panel relays.

Press this key to configure the Alarm feature.

Press this key to navigate menus, and to select parameters.
Press this key to navigate menus, and to select parameters.

Press this key to cancel a number entry, or parameter selection. You can also use this key to
navigate up one level in a setting menu, which exits the menu if at the top level. Press and
hold for 3 s to reset instrument parameters to factory default values.

Press this key to accept a number entry, or a parameter selection. You can also use it to navi-

gate deeper into a menu setting screen. Press and hold for 3 s to lock or unlock the keypad.

Press this key to enter numeric data. This includes a key to toggle plus (+) or minus (-), and a

key for entry of a decimal point.
TABLE 4-3 Menu/number pad keys

feedback of the following operation.

Function

On steady when the instrument is in Remote mode (may be controlled via the IEEE-488 Interface).

Ifthe LED is not illuminated, the instrument is in Local mode.

On steady when Ethernet is connected and properly configured. Blinks at a slow pace when
attempting to acquire an IP address. Blinks rapidly when in an error state.
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Refer to section

4.4 for sensor input setup
4.4.8 for curve selection.

4.5

4.3
4413

Section 5.2 Front Panel Curve Entry
Operations.

5.3.
5.2.
46.3.1

4.6.1for USB; 4.6.2 for Ethernet; 4.6.3
for IEEE-488

5.7.2.
5.7.1.
N/A
N/A

N/A

N/A

LED annunciators: three blue four red LED annunciators are included to provide visual

Refer to section

4631

4.6.2

On steady when the alarm feature for any sensor input is turned on and the input’s Visual parame-

teris set to On. Blinks when any input sensor alarms are in the alarming state and the alarming

input's Visual parameter is set to On.

On steady when the corresponding output is in the On state (does not apply to Monitor Out mode).

Off when corresponding output is in the Off state, or when it is set to Monitor Out mode.

TABLE 4-4 LED annunciators

4514
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Display annunciators: include symbols for sensor inputs and their respective tempera-
tures and units.

A Sensorinput A

B Sensorinput B

C Sensorinput C

D Sensorinput D

D1 Sensorinput D, channel 1
D2 Sensorinput D, channel 2
D3 Sensorinput D, channel 3
D4 Sensorinput D, channel 4
D5 Sensorinput D, channel 5
K Temperature in kelvin

(o Temperature in degrees Celsius
Vv Sensor units of volts

Q Sensor units of ohms

kQ Sensor units of kilohms
mv Sensor units of millivolts
nF Sensor units of nanofarads

TABLE 4-5 Display annunciators

4.2.3 General Keypad There are five basic keypad operations: direct operation, menu navigation, number
Operation entry, alpha-numeric entry and setting selection.

m Direct Operation: the key function occurs as soon as you press the key; these
include the Setpoint, P, I, D, Manual Out, and All Off keys.

m  Menu Navigation: each menu has a list of configurable parameters. Menus that
apply to multiple entities (forexample, Input Setup could apply to InputA, B, C, or
D) have afirst level selection to determine which entity to configure (for instance,
Input C). Once the first level selection is made, the list of menu parameters is dis-
played. The parameter labels are displayed on the left, and the current value of
each parameteris displayed on the right. In this screen, use the A and ¥ keys to
move the highlight up or down, respectively. Press Enter to enter the setting
mode for the highlighted parameter. The type of setting mode depends on the
type of parameter highlighted. The possible setting modes are: Number Entry,
Alpha-Numeric Entry, and Setting Selection. Refer to the respective entry mode
descriptions below. During menu navigation, press Escape (Exit Menu) to per-
form the Exit Menu function; this will not cancel any setting changes.

m  Number Entry: allows you to enter number data using the number pad keys. Num-
ber pad keys include the numbers 0-9, +/-, and the decimal point. The propor-
tional control parameteris an example of a parameter that requires number
entry. During a number entry sequence use the number entry keys to enter the
number value, press Enter to accept the new data. Press Escape once to clear the
entry, and twice to return to the Menu Navigation mode.

m  Alpha-Numeric Entry: allows you to enter character data using the number pad
keys, and the A and¥keys. The input sensor name is an example of a parameter
that requires Alpha-Numeric Entry. Press A or ¥to cycle through the upperand
lower case English alphabet, numerals O through 9, and a small selection of com-
mon symbols. Press Enter toadvance the cursor to the next position, or to save
the string and return from Alpha-Numeric Entry mode if in the last position. Press
Escape to move the cursor back one position, or tocancel all changes and return
from Alpha-Numeric Entry mode if at the first position. Press any of the number
pad keys, except for +/-, to enter that character into the string and advance the
cursor to the next position automatically, or to save the string and return to
Menu Navigation mode if in the last position. Use the +/- key to enter the
whitespace character.

Model 350 Temperature Controller
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m  Setting Selection: allows you to select from a list of values. During a selection
sequence, use the A or ¥ keys to select a parameter value. To select the high-
lighted parameter as the new setting, press Ente;. the setting is saved and the
mode returns to Menu Navigation. Press Escape at any time while the parameter
listis displayed tocancel any changes and return to Menu Navigation mode.

The intuitive front panel layout and keypad logic, bright, graphic display, and LED
indicators enhance the user-friendly front panel interface of the Model 350. The
Model 350 offers a bright, graphic, liquid, crystal display, with an LED backlight that
simultaneously displays up to eight readings.

The Model 350 provides several display modes designed to accommodate different
instrument configurations and user preferences. The Four Loop display mode offers
large format sensor readings of each of the four sensor inputs, as well as setpoint and
heateroutputinformation for associated outputs, all on one screen. The Input display
modes provide detailed information about the relevant sensor input, and the associ-
ated output. The Custom display mode provides a means for you to assign different
types of information to specific sections of the display.

Menu Navigation:

Display Setup—> Display Mode —>(Four Loop, All Inputs Mode, Custom, Input A, Input B,
Input C, Input D)

Default: Custom

Interface Command: DISPLAY

4.3.1.1 FourLoop Mode

Four Loop mode provides a limited amount of information about each of the four sen-
sorinputs, and the associated control loops. Each quadrant of the display is dedicated
to one sensorinput and the associated loop, if applicable. The top line of each quad-
rant contains the input letter (A, B, C, or D) followed by the user-assignable sensor
name. The sensor readings are presented just below the sensor name in the large
character format for easier viewing from a distance. The sensor reading is displayed in
the units assigned to the respective sensor input's Preferred Units setting, which can
be found under the Input Setup menu (section 4.4). If the input is assigned as the Con-
trol Input of a control loop, then the control Setpoint and Heater Output parameters
are displayed under the sensor reading. If the outputis in Open Loop mode, then the
Setpoint parameteris not shown.

Menu Navigation:
Display Setup—>Display Mode—>Four Loop Mode
Interface Command: DISPLAY

4.3.1.2 All Inputs Mode

All Inputs mode provides a limited amount of information about each of the sensor
inputs. Similar to the Four Loop mode, each quadrant of the display is dedicated to
one sensor input with the input letter being displayed, followed by the user-assign-
ableinput name. The sensor reading is displayed in large character format, using the
units assigned to the respective input’s Input Units parameter. When a Model 3062
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optionisinstalled, all eight sensorinputs and channels are displayed, and the display
mode can be configured as large or small. When it is configured as large, the input
name is not shown and the sensor reading is displayed in large character format.
When it is configured as small, the input name is shown and the sensor reading is dis-
played in the normal smaller character format.

Menu Navigation:

Display Setup—>Display Mode—All Inputs Mode
Interface Command: DISPLAY

4.3.1.3 Input Display Modes

An Input Display mode exists for each of the four sensor inputs on the Model 350.
These modes are referenced as Input A, Input B, Input C, and Input D in the Display
Mode parameter list. Each of these modes provides detailed information relevant to
the respective sensorinput.

FIGURE 4-4 Input display mode

The top half of the display provides information related to the sensorinput. The input
letteris displayed, followed by the user-assignable input name. The sensor reading is
displayed in large character format, using the units assigned to the respective input’s
Input Units parameter. The top half of the display also shows the maximum and the
minimum sensor reading since the last Max/Min reset.

The bottom half of the display contains information related to the control loop that is
using the sensorinput (provided in the top half of the display) as its Control Input
parameter. Only the items applicable to the control loop will be displayed. Specifi-
cally, the number of the control loop output, followed by the Output Mode setting is
displayed. The P, 1, D, Manual Output, Setpoint, and Heater Output information of the
control loop are also displayed. If no control loop uses the sensor input, then no infor-
mation is applicable.

The input display modes are unique in that they can be set temporarily by pressing
the A, B, C, or D front panel keys. After the key is pressed, the respective input display
mode becomes active for approximately 10 s before returning to the configured dis-
play mode. This provides quick access to each input and each associated control loop
forgathering information, or changing control loop parameters. Press any active keys
while the temporary display mode is active to reset the timeout period of the tempo-
rary display. Press Escape, or the same temporary display key again, to manually
return the display to the configured display mode. Press and hold a temporary display
key until an audible beep is heard (about 3 s) to cause the configured display mode to
change to the input display mode associated with that key.

Menu Navigation:

Display Setup—>Display Mode—>Input (A, B, C, D)

(Each input can also be accessed by pressing and holding A, B, C, orD.)
Interface Command: DISPLAY
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4.3.1.4 Custom Display Mode

The custom display mode provides the ability to customize the displayed front panel
information to your preference. As with the input display modes, the custom display
mode shows sensor input information in the top half of the screen, and control loop
information in the bottom half. The sensor input information can be customized to
display two large character sensor readings with names, four large character sensor
readings without names, or eight small character format sensor readings without
names. Each displayed reading can use any sensor as the input, and can be displayed
in units of kelvin, Celsius, sensor, min, or max.

Menu Navigation:
Display Setup—>Display Mode—»Custom
Interface Command: DISPLAY

m locations: depending on the Number of Displays parameter, there can be any-
where from two to eight display locations for displaying sensor readings. The
placement of a given display location on the front panel LCD depends on the
Number of Displays setting (FIGURE 4-5).

FIGURE 4-5 Top to bottom: Model 35U screen images showing 2, 4 and ¥ display locations

m  Number of Custom display locations: the Number of Displays parameter determines
how many sensor readings are displayed, as well as the character size of the dis-
played readings. If“2 (Large)” is selected, then two large character readings are
displayed, along with sensor names. If “4 (Large)” is selected, then four large
characterreadings are displayed, without sensor names. If“8 (Small)” is selected,
then eight small character readings are displayed, without
sensor names.

Menu Navigation:
Display Setup—>Number of Locations—>(2 Large, 4 Large, 8 Small)
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Input and Units: each available display location has an associated Input and Units
setting. The Input parameter determines which sensor will be used as the input
of the displayed data. The Input can be any of the four sensor inputs, or None. If
None is selected, then the display location will be blank. The Units parameter
determines which units to display the reading in.

Menu Navigation:

Display Setup—>Location (1, 2, 3,4, 5, 6, 7, 8) Input—>(None, Input A, Input B,
Input C, Input D)

Display Setup—>Location (1, 2, 3,4, 5, 6, 7, 8) Units—>(Kelvin, Celsius, Sensor,
Min, Max, Sensor Name)

Interface Command: DISPFLD

ocion e

W N O B A WN R

InputA
Input B
Input C

Kelvin

Input D
InputA
Input B
Input C

Sensor

Input D
TABLE 4-6 Defaults

Displayed Output: in the Custom Display mode the bottom half of the display is
dedicated for output and control loop information for one of the four outputs.
The source of this information depends on the output selected for the Displayed
Output parameter. If the selected output is configured as a control loop output,
then all associated control loop parameters will be displayed.

When viewing the Custom Display screen, the configured Displayed Output is
signified by L1, L2, L3 or L4, followed by the control loop input, ifapplicable. The L
characterstands for Loop, but will be displayed even for outputs that are not con-
figured as control loop outputs.

Menu Navigation:
Display Setup —Displayed Output—>Output (1, 2, 3, 4)

Default: Output 1
Interface Command: DISPLAY
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43.2 Display Contrast The front panel LCD display contrast can be adjusted for optimal viewing. The default
value should work well in most standard room temperature environments, but devia-
tions from room temperature, and extreme viewing angles can cause the display con-
trast to require adjustment for optimal viewing.

Menu Navigation:
Display Setup—>Display Contrast—>(1 to 32)

Default: 28
Interface Command: BRIGT

4.4 Input setup The Model 350 supports a variety of temperature sensors manufactured by
Lake Shore and other manufacturers. An appropriate sensor type must be selected for
each input. If the exact sensor model is not shown, use the sensor input performance
chartin TABLE 4-7 to choose an input type with similar range and excitation. For
additional details on sensors, refer to the Lake Shore Temperature Measurement and
Control Catalog or visit our website at www.lakeshore.com.

Any unused input should be set to disabled.

Display Curve o~
Sensor Type Input Range Coefficient Format Lake Shore Sensors

10nA to 1mA
(decade stepsin
™
Negative Temperature NTCRTD 0Q to300kQ povyer, gutorange . log Cernox™, (;arbon Glass,
Coefficient (NTC) RTD (Cernox™) (10 Ranges) maintains <10 mvV Negative QK Germanium, Rox™,
or<1mVdepending and Thermox™

0N sensor exci-

tation setting;

100nAto1mA . .
Platinum RTD, i PT-100 Series Platinum,
Rhodium-Iron RTD PTC.RTD 001010k (decade stepsin Positive Q/K RF-800 Rhodium-Iron,

(Platinum) (7 ranges) power, autorange

(Option 3062 only) RF-100 Rhodium-Iron

maintains <10 mV

Chromel-AuFe (0.07%),

Thermocouple Type E (Chromel-Constantan),

+ .

(Option 3060 only) Thermocouple £0my NA Positive mv/k Type K (Chromel-Alumel),
Type T (Copper-Constantan)

Capacitance . 0nFto150nF(2 3.496 kHz; Positive or

(Option 3061 only) Capacitance ranges 1 mA/10 mAsquare negative N/A 5501

Silicon Diode . . DT-400 Series, DT-500 Series,

(Option 3062 only)** Diode 0v-25V 10pA, 1 mA Negative V/K DT-600 Series

Gallium Aluminum

Arsenide Diode (Option Diode ov-10V 10 pA, 1 mA Negative VIK TG-120 Series

3062 only)

*Refer to the Lake Shore Temperature Measurement and Control Catalog for details on Lake Shore temperature sensors.
**This option will be available soon

TABLE 4-7 Sensor input types

Menu Navigation:
Input Setup—>Input (A, B, C, or D)—>Sensor Type —(Disabled, PTC RTD [Platinum], NTC
RTD [Cernox], Thermocouple, Capacitance)

Default: NTCRTD
Interface Command: INTYPE
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4.4.1 Negative
Temperature
Coefficient (NTC)
Resistor Sensor Input
Setup

4.4.2 Positive
Temperature
Coefficient (PTC)
Resistor Sensor Input
Setup

4.4.3 Range Selection

Model 350 Temperature Controller

NTC resistor sensors include Cernox™ Rox, Thermox and others detailed in TABLE 4-7.
More detailed specifications are provided in TABLE 1-2. When configured for NTC RTD,
the Sensor Excitation setting becomes available in the Input Setup menu. This setting
allows a choice of 1 mV or 10 mV sensor excitation voltage. This setting determines
the sensorvoltage at the full scale of any given resistance range. The 1 mV voltage
level is designed to minimize self-heating effects at the sensor when used at very low
temperatures (below approximately 300 mK). The 1 mV voltage level, however,
results in approximately 10 times more noise in the sensor reading than the
corresponding resistance range at the 10 mV level, reducing measurement
resolution. Therefore it isrecommended that the 10 mV level be used for applications
that do not require temperature measurement below about 300 mK.

The excitation current for the NTC RTD sensor type can vary between 10 nAand 1 mA,
depending on resistance range and sensor excitation level chosen. When autoranging
isenabled, the range will be automatically selected so that the excitation voltage is at
orbelow the sensor excitation setting. This keeps the power dissipated in the sensor
ataminimum,while still providing enough signal to provide accurate measurements.
In very low temperature applications, it isrecommended to turn autorange off and
use a higher resistance range (lower current) to minimize the power dissipated in the
sensor, and therefore reduce self-heating effects.

Forexample, for a Cernox resistor that reads 10 kQ at 150 mK, the autorange
algorithm would select the 10 kQ range, but manually selecting the 100 kQ range
provides 10 times less current, and therefore, 100 times less power into the sensor,
which may be required to significantly reduce the effects of self-heating. Current
Reversal is also enabled by defaultin order to compensate for thermal EMF voltages.

Refer to section 4.4.4 for details on the Thermal EMF Compensation (Current
Reversal) feature. Refer to section 2.7 for details on self-heating effects.

Menu Navigation:

Input Setup—>Input (A, B, C, or D) —>Sensor Type—>NTC RTD (Cernox)
Input Setup—>Input (A, B, C, or D) —>Sensor Type—>NTC RTD (Rox)
Interface Command: INTYPE

PTC resistor sensors include the platinum and rhodium-iron sensors detailed in
TABLE 4-7. More detailed specifications are provided in TABLE 1-2. The excitation cur-
rent for the PTC RTD sensor type can vary between 1 uAand 1 mA, depending on resis-
tancerange. Aresistance range selection is available in order to achieve better
reading resolution. When autoranging is enabled, the range will be automatically
selected so that the excitation voltage is below 10 mV. Refer to section 4.4.3 for
details on manually selecting the range. Current Reversal is also enabled by defaultin
order to compensate for thermal EMF voltages. Refer to section 4.4.4 for details on
the Thermal EMF Compensation (Current Reversal) feature.

Menu Navigation:
Input Setup—>input (A, B, C, or D)—>Sensor Type—>PTC RTD (Platinum)
Interface Command: INTYPE

The Model 350 is equipped with an autoranging feature that will automatically
select the appropriate resistance range for the connected resistive temperature
device. In some cases it may be desirable to manually select the resistance range. To
manually select a resistance range, set the Autorange parameter to Off, then use the
Range parameter to select the desired range. Autorange will be On by default when-
ever the Sensor Type parameteris set to PTC RTD or NTC RTD. Autorange is not avail-
able for the Diode sensor type.
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Menu Navigation:
Input Setup—>Input (A, B, C, or D)—>Autorange—>(Off or On)

Input Setup—>Input (A, B, C, or D)—>Range—>(See table below)
Default: On

Interface Command: INTYPE

Sensor BiallShE A ]
Sensor Type Excitation Rar!ge Maximum Sensor Power Current Excitation
Settings
10 Q 10pW 1mA
300 EVIN 300 pA
100 Q 100 pW 100 pA
PTC RTD (Platinum) n/a 300 Q 300 pW 30 pA
1kQ 1mWw 10 pA
3kQ 3mw 3pA
10kQ 10mwW 1pA
10Q 10pW 1mA
300 2.7uW 300 pA
100Q 1pw 100 pA
300Q 270nW 30pA
1kQ 100 nW 10 pA
10mv
3kQ 27 nW 3pA
10kQ 10nW 1pA
30kQ 2.7nW 300nA
NTC RTD (Cernox)
100kQ 1nW 100 nA
300 kQ 270 fw 30nA
10Q 100 nW 100 pA
300 27 nW 30 pA
100 Q 10nW 10 pA
1mv
300Q 2.7nW 3pA
1kQ 1nw 1pA
3kQ 270fw 300nA
TABLE 4-8 Range and sensor power
4.4.4 Thermal To keep power low and avoid sensor self heating, the sensor excitation is kept low.
Electromotive Force There are two major problems that occur when measuring the resulting small DC

voltages. The first is external noise entering the measurement through the sensor
leads, which is discussed with sensor setup. The second is the presence of thermal
EMF voltages, or thermocouple voltages, in the lead wiring. Thermal EMF voltages
appearwhen there is a temperature gradient across a piece of voltage lead. Thermal
EMF voltages must exist because the sensoris almost never the same temperature as
the instrument. To minimize them, use careful wiring, make sure the voltage leads are
symmetrical in the type of metal used and how they are joined, and keep unnecessary
heat sources away from the leads. Even in a well-designed system thermal EMF volt-
ages can be an appreciable part of a low voltage sensor measurement.

(EMF) Compensation

The Model 350 can help with a thermal compensation algorithm. The instrument will
automatically reverse the polarity of the current source every other reading. The
average of the positive and negative sensor readings will cancel the thermal EMF
voltage thatis presentin the same polarity, regardless of current direction. This cor-
rection algorithm is enabled by default for RTD sensor types, but can be turned off
using the Current Reversal parameter.
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4.4.5 Thermocouple
Sensor Input Setup
(Model 3060 Only)

Model 350 Temperature Controller

The Current Reversal parameter defaults to On anytime the Sensor Type parameter is
changed to PTCRTD or NTC RTD.

Menu Navigation:

Input Setup—>Input (A, B, C, or D)—>Current Reversal—>(Off or On)
Default: On

Interface Command: INTYPE

When a Model 3060 Thermocouple option isinstalled in the Model 350, a setting of
Thermocouple becomes available under the Sensor Type parameterin the Input
Setup menu. The standard RTD sensor inputs can still be used when the Thermocou-
ple optionisinstalled, but the Thermocouple and standard inputs cannot be used
simultaneously. Refer to section 7.4.2 to install the Model 30603060.

Thermocouplesinclude a variety of commercial (such as E, K, T) and specialty types
such ascryogenic (Chromel-AuFe). Standard curves areincluded in the Model 350 for
the types listed in TABLE 4-7. Other types can be used as long as an appropriate tem-
perature response curve is loaded as a user curve. Representative thermocouple
specifications are given in TABLE 1-3. The Model 350 provides one thermocouple
range and no excitation because thermocouples do not require it. Internal room tem-
perature compensation isincluded for convenience (section 4.4.5.2) and should be
calibrated before use. Room temperature compensation is enabled by default, but
can be turned off if external compensation is being used.

Menu Navigation:
Input Setup—>Input (C or D)—>Sensor Type—>Thermocouple
Interface Command: INTYPE

4.4.5.1 Internal Room Temperature Compensation

Room-temperature compensation is required to give accurate temperature measure-
ments with thermocouple sensors. It corrects for the temperature difference
between the instrument thermal block and the curve normalization temperature of
0 °C.An external ice bath is the most accurate form of compensation, but is often
inconvenient. The Model 350 has internal room-temperature compensation thatis
adequate for most applications. You can turn internal compensation on or off. It oper-
ates with any thermocouple type that has an appropriate temperature response
curve loaded. Room-temperature compensation is not meaningful for sensor units
measurements.

Room temperature compensation should be calibrated as part of every installation
(section 4.4.5.2)

Menu Navigation:

Input Setup—>Input (C or D)—>Room Compensation—>(Off or On)
Default: On

Interface Command: INTYPE

4.4.5.2 Internal Room Temperature Compensation Calibration Procedure

Factory calibration of the instrumentis accurate to within approximately +1 K. Differ-
encesinthermocouple wire and installation technique create errors greater than the
instrument errors. To achieve the best accuracy, calibrate with the thermocouple
actually being used, because it eliminates most sources of error. If that is not possible,
use a thermocouple made from the same wire.

Itis best practice to use the same material for thermocouple wires; ifitis at all possible, it
is also best to avoid splices. When splices are necessary, continue the splice with the same
type of material.
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Forless demanding applications, a short across the input terminals will suffice. Both
thermocouple inputs should be calibrated, even if they use the same type of thermo-
couple. An appropriate curve must be selected and room temperature compensation
must be turned on before calibration can be started.

Follow this procedure to calibrate room temperature compensation:

For best results, the calibration temperature should be close to the measurement tem-
perature that requires best accuracy.

1. Attach athermocouple sensorordirect shortacross the input terminals of the
thermocouple input. See FIGURE 3-8 for polarity.

2. Placetheinstrument away from drafts. If calibrating using a short, place an accu-
rate room-temperature thermometer near the terminal block.

3. Allow the instrument to warm up for at least 12 hr without moving or handling
the sensor.

4. |Ifcalibrating with a short, skip to step 6, otherwise insert the thermocouple into
the ice-bath, liquid nitrogen, helium Dewar, or other known, fixed temperature.

5. Readthedisplayed temperature. If the temperature display is not as expected,
check to be sure that the thermocouple is making good thermal contact. If possi-
ble, add a thermal mass to the end of the thermocouple.

6. PressInput Setupand select the corresponding sensorinput. Scroll down to the
Room Calibration parameter and press Enter.

7. Thecurrenttemperature readingis displayed in kelvin. Press Enter to enter Num-
ber Entry mode. Enter the true temperature that the thermocouple should read.
Ifinputis shorted, then enter the actual room temperature measured by the
thermometer. Press Enter to save the value.

8. Toverify calibration, check that the temperature reading for the calibrated input
matches the room temperature calibration setting value.

Any previous calibration can be cleared using the Clear Calibration submenu.

Menu Navigation:
Input Setup—>Room Calibration—>Clear Calibration
Default: Room calibration cleared

When a Model 3061 capacitance optionisinstalled in the Model 350, a setting of
Capacitance becomes available under the Sensor Type parameter in the Input Setup
menu. The standard sensor inputs can still be used when the capacitance option is
installed, but the capacitance and standard inputs cannot be used simultaneously.
Refer to section 7.4.2 to install the Model 3061.

Capacitive sensors in the Model 350 do not support temperature conversion; there-
fore temperature response curves cannot be selected. Any feature of the Model 350
that requires temperature to operate is not supported with the option card. Refer to
section 3.5.8 for more information on using the Model 3061.

4.4.6.1 Range Selection

The capacitance option input has two input voltage ranges, 15 nF and 150 nF. The
lower range is specified to 15 nF, but can read up to 25 nF, and is recommended for
CS-401 series sensors. The higher range is specified to 150 nF, but can read up to
250 nF, and isrecommended for CS-510 series sensors.

Menu Navigation:

Input Setup—>/nput (D)—>Sensor Type—>Capacitance
Interface Command: INTYPE
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4.4.7 4-Channel
Scanner Input Setup
(Model 3062 Only)

Model 350 Temperature Controller

4.4.6.2 Temperature Coefficient Selection

Capacitance sensors can have both a positive and negative temperature coefficient
(slope). They have a positive temperature coefficient at very low temperatures and a
negative temperature coefficient at warmer temperature. Sensor data sheets detail
where the coefficient changes. There is often a temperature range where the sensor is
not usable. Temperature control is impossible if the Model 350 does not know which
slope the sensoris on. System overheating can result if the wrong coefficient is cho-
sen. The user must select a temperature coefficient before control is switched to the
capacitance input.

Menu Navigation:
Input Setup—>Input (D)—>Temp Coefficient —>(Negative or Positive)
Interface Command: INTYPE

4.4.6.3 Control Channel Changes

The capacitance input continues control at a stable temperature established with
another sensor. Allow temperature to stabilize for one hour after large temperature
changes to allow capacitance sensor recovery.

When the control channel is changed to the capacitance input, the Model 350 auto-
matically changes the control setpoint to the present capacitance reading. It is not
necessary for the userto write down the capacitance value and en-ter a new setpoint.
Control parameters, P and I, may need to be changed for stable control.

When a Model 3062 4-Channel Scanner option isinstalled in the Model 350, 4 addi-
tional channels, D2, D3, D4, and D5, become available for use. The channels are
scanned with the Model 350's Input D at a reduced update rate. The scanner option
channels can be configured for diode, negative temperature coefficient resistor, or
positive temperature coefficient resistor sensors. Specifications for the 4-channel
scanneroption are given in TABLE 4-9.

Menu Navigation:

Input Setup—>Input (D2, D3, D4, or D5)—>Sensor Type —> (Disabled, Diode, PTC RTD
(Platinum), NTC RTD (Cernox)

Default: Diode

Interface Command: INTYPE

4.4.7.1 Type and Range Selection

The 4-channel scanneroption can be configured as either diode, PTC RTD, or NTC RTD.
Autorange will be on by default whenever the Sensor Type parameteris setto PTCRTD
or NTC RTD. To manually select the resistance range, set the Autorange parameter to
Off, then use the Range parameter to select the desired range.

Menu Navigation:

Input Setup—> Input (D2, D3, D4, or D5) = Autorange = (Off or On)
Input Setup—> Input (D2, D3, D4, or D5) = Range — (See TABLE 4-9)
Default: On

Interface Command: INTYPE
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Available
Sensor Type Range Maximum Sensor Power
Settings

Sensor

Excitation

Diode 2.5V (Silicon) 25 pW (at 10 pA excitation) 10 pA, ImA
10V (GaAlAs) 100 pW (at 10 p excitation) 10 pA, ImA
10 Q 10 pw
300 30w
100 Q 100 pW
(:I-;Si::z) 300 Q 300 W 1mA
1kQ ImWw
3kQ 3mwW
10kQ 10mwW
100 10 pw 1mA
300 2.7uW 300 pA
100Q 1uw 100 pA
300Q 270nW 30 pA
Tc D 1o 100r 104
3kQ 27 W 3pA
10kQ 10nW 1pA
30kQ 2.7nW 300nA
100 kQ 1nW 100 nA

TABLE 4-9 Model 3062 4-channel scanner option range and sensor power

4.4.7.2 Update Rate

The update rate for the scanned input channels is dependent on the number of chan-
nelsenabled and how many enabled channels are configured for 100 kQ NTCRTD. The
scanned input channels are scanned at a rate of 10 rdg/s (100 ms/rdg), with the
exception of any channel that is configured for 100 kQ NTC RTD. Channels configured
for 100 kQ NTC RTD are scanned at a rate of 5 rdg/s (200 ms/rdg) when other channels
are enabled, orifitis reversing. See TABLE 4-10.

Number of scanner

channels enabled LRLEEREE

1 10 rdg/s (100 ms/rdg)
2 5 rdg/s (200 ms/rdg)
3 3 3/3rdg/s (300 ms/rdg)
4 2 14 rdg/s (400 ms/rdg)
5 2 rdg/s (500 ms/rdg)

TABLE 4-10 Model 3062 4-channel scanner
option reading update rate

System control performance may be affected by a decreased update rate. Filtering is
affected by a decreased update rate. Refer to section 4.4.9 for more information.

The Model 350 supports a variety of temperature sensors manufactured by

Lake Shore and other manufacturers. After the appropriate sensor type is selected
(section 2.2),an appropriate curve may be selected. The Model 350 can use curves
from several sources. Standard curves are preloaded with every instrument and num-
bered 1 to 20. User curves, numbered 21 to 59, can be used when a sensor does not
match a standard curve. SoftCal™ calibrations are stored as user curves, or you can
enter your own curves from the front panel (section 5.8) or computer interface (sec-

tion 6.2). The complete list of sensor curves preloaded in the Model 350 is provided in
TABLE 4-11.
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During normal operation, only the curves that share the input type you have selected
are displayed. If the curve you wish to select does not appearin the selection
sequence make sure the curve format matches the recommended format for the
input type selected. Refer to TABLE 4-7.

The sensor reading of the instrument can always be displayed in sensor units. If a tem-
perature response curve is selected for an input, its readings may also be displayed in

temperature.

DT-470 Diode DT-470 1.4-475K Table D-1
02 DT-670 Diode DT-670 1.4-500K Table D-2
03 DT-500-D* Diode DT-500-D 1.4-365K Table D-3
04 DT-500-E1* Diode DT-500-E1 1.1-330K Table D-3
05 Reserved —_ —_ —_ —_
06 PT-100 PTCRTD PT-100 30-800K Table D-4
07 PT-1000* PTCRTD PT-1000 30-800K Table D-4
08 RX-102A-AA NTCRTD Rox RX-102A 0.05-40K Table D-5
09 RX-202A-AA NTCRTD Rox RX-202A 0.05-40K Table D-6
10 Reserved —_ —_ —_ —_
11 Reserved —_ —_ —_ —_
12 Type K Thermocouple Type K 3-1645K Table D-7
13 Type E Thermocouple Type E 3-1274K Table D-8
14 Type T Thermocouple Type T 3-670K Table D-9
15 AuFe 0.03%* Thermocouple AuFe 0.03%* 3.5-500K Table D-10
16 AuFe 0.07% Thermocouple AuFe 0.07% 3.15-610K Table D-11
17 Reserved —_ —_ —_ —_
18 Reserved —_ —_ —_ —_
19 Reserved —_ —_ —_ —_
20 Reserved —_ —_ —_ —_
21-59 User Curves — — — —

*No longer offered by Lake Shore
**Instrument may not support the sensor over its entire range

TABLE4-11 Sensor curves

Oncetheinputis configured (section 4.4), you may choose a temperature curve. Any
standard or user curve that matches the format of the sensor type configured for a
given input will be available under the Curve parameterin the Input Setup menu for
thatinput. You are also given the choice of None. When set to None, front panel read-
ings configured for kelvin or Celsius will display the NOCURV message and the inter-
face will report 0 Kand —273.15 °C for KRDG and CRDG queries, respectively. Data
points for standard curves are detailed in Appendix C.

Menu Navigation:
Input Setup—>/nput (A, B, C or D)—>Curve—>(Any curve of matching type)

4.4.9 Filter Thereading filter applies exponential smoothing to the sensorinput readings. If the
filteris turned on for a sensorinput, all reading values for that input are filtered. The
filterisarunning average so it does not change the update rate of an input. Filtered
readings are not used for control functions but they are used for all input features
including Max/Min.

The number of filter points determines filter bandwidth. One filter point corresponds
toone new reading on that input. Alarger number of points does more smoothing,
but also slows the instruments response to real changes in temperature. The default
number of filter points is 8, which settles to within six time constants of a step
changevaluein 45 readings, or4.5s.

Model 350 Temperature Controller
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The time constant (time it takes to settle to within 36.8% of the step value after a step
change) fora given number of filter points can be derived using the following formula:
TC=0.1/(In(N/(N-1)),where TCis one time constant,and N is the number of filter
points. Areading is usually considered settled after six time constants. TABLE 4-12
shows a sampling of filter settings and the resulting time constant, settle time, and
equivalent noise bandwidth.

Filter points Time constant S SEOERD Equivajlent noise
(6 time constants) bandwidth (/2 TC)

2 0.14s 0.9s 1.733 Hz

4 0.35s 2.1s 0.719Hz

8 0.75s 45s 0.334Hz

16 1.55s 9.3s 0.161Hz

32 3.15s 189s 0.079 Hz

64 6.35s 38.1s 0.039 Hz

TABLE 4-12 Filter settle time and bandwidth

The filter window is a limit for restarting the filter. If a single reading is different from
the filter value by more than the limit, the instrument will assume the change was
intentional and restart the filter. Filter window is set in percent of full scale range.

When the Model 3062 4-channel scanner option card is installed, the time it takes to
geta new readingisincreased if more than one scanner channel is enabled ora
channelis configured for a range that requires a reduced update rate. This reduction
in update rate modifies the time constant of the filter. The time constant of the filter
can be derived using the formula TC = T/(In(N/(N-1)), where TC is one time constant, T
is the update rate of the channel in seconds per reading, and N is the number of filter
points. Refer to section 4.4.7.2 for information on update rates of the Model 3062.
TABLE 4-13 shows a sampling of enabled scanner channels with the number of filter
points set to 8 and resulting time constant, settle time, and equivalent noise band-
width.

Scanner channels Time constant with 8 Settle time (6 time Equivalent noise
[ ELI filter points constants) bandwidth (/2 TC)

1 0.75s 45s 0.334Hz

2 1.50s 9s 0.167 Hz

3 2.25s 13.5s 0.111Hz

4 3.00s 18.0s 0.083 Hz

5 3.74s 22.5s 0.067 Hz

TABLE 4-13 Example of a filter settle time and bandwidth for a
Model 3062 4-channel scanner option card

Menu Navigation:

Input Setup—>Input (A, B, C or D)—>Filter—>(Off or On)

Input Setup—>Input (A, B, C or D)—>Filter Points—>(2 to 64)
Input Setup—>Input (A, B, C or D)—>Filter Window—>(1% to 10%)

Default: Filter—(Off)

Filter Points—>8
Filter Window—>10%
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4.410 Input Name

4.4.11 Temperature
Limit

4.4.12 Preferred Units

4.4.13 Max/Min

4.5 Output and
Control Setup

Model 350 Temperature Controller

To increase usability and reduce confusion, the Model 350 provides a means of
assigning a name to each of the foursensorinputs. The designated input name is used
on the front panel display whenever possible to indicate which sensor reading is
being displayed. Itis also used in the output section of the custom display mode to
denote which sensorinputis associated with the displayed output to form a control
loop. Refer to section 4.2.3 for Alpha-Numeric entry.

Menu Navigation:
Input Setup—>Input (A, B, C or D)—>Input Name—>(15 Character String)

Default: Input (A, B, C, D)
Interface Command: INNAME

The Temperature Limit parameter provides a means of protecting your equipment
from damage by shutting down all control outputs when the assigned temperature
limitis exceeded on any sensor input. The parameter is available for each of the four
sensorinputs. Atemperature limit of O K (default value) turns this feature off.

Menu Navigation:
Input Setup—>Input (A, B, C or D)—>Temperature Limit—>(0K to 2999K)

Default: 0.0000 K
Interface Command: TLIMIT

The Preferred Units parameter setting determines which units are used to display
setpoint and max/min parameters whenever these parameters are displayed in any
display mode. The sensor reading is also displayed in Preferred Units in all display
modes except for the Custom display mode, where each sensor location can be
assigned specific display units.

Menu Navigation:
Input Setup—>Input (A, B, C or D)—>Preferred Units—>(K, C, or Sensor)

The Max/Min feature captures and stores the highest (Max) and lowest (Min) reading
taken since the last reset. The Preferred Units parameter, under the Input Setup
menu, determines the units used for capturing Max and Min.

Max and Min are always being captured, so there is no need to turn the feature on or
off. The readings are reset when the instrument is turned off, sensorinput parameters
are changed, or the Max/Min Reset key is pressed.

Menu Navigation:
Max/Min Reset

Once the sensorinputs have been configured (section 4.4), the outputs can be config-
ured. The Output Setup menu is used to create control loops for controlling tempera-
ture, whether using feedback (closed loop) or manually setting the output (open
loop). This section describes how to operate the output and control features, and how
to set control parameters. Each control parameter should be considered before turn-
ing on a control loop output or the instrument may not be able to perform the most
simple control functions. Agood starting pointis deciding which control loop to use,
whetherto operate in open or closed control mode and which tuning mode is best for
the application. Other parameters fall into place once these have been chosen.
Section 2.13 of this manual describes the principals of closed loop proportional, inte-
gral, and derivative (PID) control.
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Heater Outputs 1 and 2 are traditional control loop heater outputs for a cryogenic
temperature controller. Output 1 is designed for bulk heating and control at higher
temperatures, and can provide up to 75 W. Output 2 is designed for control at very
low temperatures, and can provide up to 1 W. They each include a large set of hard-
ware and software features making them very flexible and easy to use. The heater
outputs are well-regulated DC outputs. This provides quiet, stable control for a broad
range of temperature control systemsin a fully integrated package. The power ranges
foreach output provide decade stepsin power.

4.5.1.1 Max Current and Heater Resistance (Output 1 Only)

The Model 350 heater outputis designed to work optimallyintoa 25Qor50Q
heater. The Heater Resistance and Max Current parameters work togetherto limitthe
maximum available power into the heater. This is useful for preventing heater dam-
age or limiting the maximum heater power into the system. When usinga 25 Q or
50 Q heater, set the Heater Resistance parameter accordingly. The Max Current set-
ting will then provide multiple discrete current limit values that correspond to com-
mon heater power ratings. The available current limits keep the output operating
within the voltage compliance limit to ensure the best possible resolution. These
parameters work with the Heater Range parameter (section 4.5.1.5.8) to provide
safety and flexibility.

If you are not using a standard heater resistance, set the Heater Resistance setting to
25 Qforany resistancelessthan 50 Q, orto 50 Q for any higher heater resistance. The
user max current setting is useful when using a non-standard heater resistance value.
Refer to section 4.5.1.1.1 for more information on User Max Current. TABLE 4-14 pro-
vides examples of different heater resistances and max current settings, and the
resulting maximum heater power. The maximum heater powersin bold represent the
discrete current limits available under the Max Current setting for 25 Q and 50 Q
heaters.

Menu Navigation:
Output Setup—>0utput (1)—>Heater Resistance—>(25 Q or 50 Q)
Output Setup—>0utput (1)—>Max Current—>(User, 0.707 A, 1A, 1.414 A,or 2 A)

Default:

Heater Resistance—>25 Q

Output 1 —>Max Current—>2 A
Output 2—>Max Current—>1.414 A
Interface Command: HTRSET

4.5.1.1.1 User Max Current

When using a heaterthatisnot 25 Q, 100 W or 50 Q, 50 W the provided discrete cur-
rent limits may not be appropriate. The User Max Current setting is available for this
case.The optimal maximum current value should be calculated based on the heater’s
power rating, or the maximum desired heater output power, whicheveris lower. The
heater output compliance voltage (50 V for both heater outputs) should also be taken
into accountin order to maximize heater setting resolution. This calculated current
limit can then be entered using the User Max Current setting.

To calculate the Max Current setting based on a heater or load power limit, calculate
current, I, using both of the following equations: 1 = Sqrt(P/R) and =50 V/R wherePis
the maximum allowable power, Ris the heater resistance. The load power limitand
voltage compliance limit of the heater output (50 V) are in place at the same time, so
the lower calculated currentis the correct Max Current setting.
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Max Current 10Q

1.732A 430 W
1.667 A (User) 28 W
1.414A 20W
1.25A(User) 15w
1A now
0.707A 5W

0.5A (User) 25W

Example 1: A50 Q, 30 W heateris connected to Output 1.

Power Limit Voltage Compliance Limit
| = Squrt(P/R) I=50V/R

I =Squrt(30 W/50Q) I=50V/50Q

[=0.77A I=1A

User Max Current should be set to the smaller of the two or 0.77 A. In this example,
the desired 30 W of power is available to the heater.

Example 2: A75 Q, 50 W heateris connected to Output 1.

Power Limit Voltage Compliance Limit
I = Squrt(P/R) I=50V/R

| = Squrt(50 W/75Q) |=50V/75Q)

I=0.81A 1=0.66A

User Max Current should be set to the smaller of the two or 0.66 A. In this example,
only 33 W of the desired 50 W of power is available to the heater.

To enter a User Max Current, first set the Heater Resistance setting to 25 Q for any
resistance lessthan 50 Q, orto 50 Q for any higher heater resistance. Set the Max Cur-
rent setting to User. The User Max Current setting now becomes available in the Out-
put Setup menu. Enter the calculated current limit value in the User Max Current
parameter.

Heater Resistance

250 30Q

75W X X X X
69.5W 83 W X X X

50w 60 W X X X

39W 46 W 62.5W X X

25W 30w 40W 50w
12.5W 15w 20W 25W -

6W 75W wow 125W 25W

Shaded black: Max current too high for these resistances due to voltage compliance limit
Bold: Discrete options available for 25 Q and 50 Q heaters under the Max Current setting

Model 350 Temperature Controller

TABLE 4-14 User Max Current

Menu Navigation:
Output Setup—>0utput (1)—>User Max Current—>(0.1 Ato 1.732 A)

Default:
User Max Current—>1.732 A

4.5.1.2 Power Up Enable

All configuration parameters of the Model 350 can be retained through a power cycle.
Some systems require that the Heater Range is turned off when poweris restored. The
power up enable feature allows you to choose whether or not the heater range is
turned off each time the instrument power is cycled. Set the Power Up Enable param-
eter to Off to ensure that the heater range is turned off on power up. SetittoOn to
return the Heater Range to its previous setting when power is restored.

Menu Navigation:
Output Setup—>0utput (1, 2, 3, or 4)—>Power Up Enable—>(Off or On)

Default: Off
Interface Command: OUTMODE
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4.5.1.3 Heater Out Display

The heater output can be displayed in units of percent of full scale current or percent
of full scale power. The heater output display on the front panel is displayed in these
units, and the Manual Output parameteris set in these units. Available full scale cur-
rent and power are determined by the heater resistance, max current setting, and
heater range.

The heater output display is a calculated value intended to aid in system setup and tun-
ing. Itis not a measured value, and may not accurately represent actual power in the
heater.

Menu Navigation:
Output Setup—>0utput (1, 2)—>Heater Out Display—>(Current or Power)

Default: Current
Interface Command: HTRSET

4.,5.1.4 Output Modes

The heater outputs can be configured in one of four output modes: Off, Closed Loop
PID, Zone, or Open Loop. The Off mode prevents current from being sourced to the
given output. Closed Loop PID is the mode most often used for controlling tempera-
ture. Zone mode builds on the Closed Loop mode by providing automatic changing of
control parameters at up to ten different temperature zones. Open Loop mode pro-
vides a means of applying a constant current (or voltage for outoputs 3 and 4)to the
output.

Menu Navigation:
Output Setup—>0utput (1, 2, 3, or 4)—>0utput Mode—>(0Off, Closed Loop PID, Zone,
Open Loop)

Default: Off
Interface Command: OUTMODE

4.5.1.4.1 Closed Loop PID Mode

The Closed Loop PID mode is the most commonly used closed loop control mode for
tightly controlling temperature using the heater outputs of the Model 350. In this
mode the controller attempts to keep the load at exactly the user-entered setpoint
temperature. To do this, it uses feedback from the control input sensor to calculate
and actively adjust the control output setting. The Model 350 uses a control algo-
rithm called PID that refers to the three terms used to tune the control. Refer to sec-
tion 4.4.10 for details on assigning a Control Input for the closed loop feedback. Refer
to section 2.13 and section 2.14 for a detailed discussion of PID control and

manual tuning.

In Closed Loop PID mode, the controller will accept user-entered Proportional, Inte-
gral, and Derivative parameters to provide 3-term PID control. Manual output can be
used during closed loop control to add to the calculated PID control output.

Menu Navigation:
Output Setup—>Output (1, 2, 3, or 4)—>0utput Mode—>Closed Loop PID

4.5.1.4.2 Zone Mode

Optimal control parameter values are often different at different temperatures
within a system. Once control parameter values have been chosen for each tempera-
ture range (or zone), the instrument will update the control settings each time the
setpoint crosses into a new zone.
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If desired, the control parameters can be changed manually, just like Closed Loop PID
mode, but they will be automatically updated once the setpoint crosses a zone boundary.

The control algorithm used for each zone is identical to that used in Closed Loop PID
mode. The Zone feature is useful by itself, but it is even more powerful when used
with other features. We recommend using zone mode with setpoint ramping (section
4.5.1.5.7). Refer to section 5.3 for details on setting up zones. Refer to section 2.13 for
a detailed discussion of PID control.

Menu Navigation:
Output Setup—>O0utput (1, 2, 3, or 4)—>0utput Mode—>Zone

4.5.1.4.3 Open Loop Mode

Open Loop output mode allows you to directly set the output using only the

Manual Output and Range parameters. This guarantees constant current to the load,
butitdoes not actively control temperature. Any change in the characteristics of the
load will cause a change in temperature.

You can configure any output to Open Loop mode. When an outputis configured in
this mode, the Manual Output and Heater Range parameters become available in the
Output Setup menu for setting the output. For convenience, the Control Input param-
eter can be used to assign a sensor input, which then allows the output to be dis-
played on the front panel when using that sensor input’s display mode. When
displayed on the front panel, the Manual Output and Heater Range direct operation
keys can be used for one touch access to these settings. Refer to section 4.3.1 for
details on configuring display modes.

Since there is no sensor feedback in open loop mode, there is nothing to prevent the sys-
tem from being overheated. We recommend using the Temperature Limit feature to help
protect the system from overheating. Refer to section 4.4.11 for temperature limits.

Menu Navigation:
Output Setup—>0utput (1, 2, 3, or 4)—>0utput Mode—>Open Loop

4.5.1.5 Control Parameters

Once the output mode is chosen, the control parameters can be used to begin con-
trolling temperature. Control Inputis used to create a control loop. The P,I,and D
parameters provide fine tuning of the control algorithm. Manual Output provides a
baseline output power about which to control. Setpointis used to set the desired tar-
get temperature, and Heater Range is used to turn on the control output, as well as to
set the powerrange of the output. These parameters are described in detail in section
4.5.1.5.1 to section 4.5.1.5.8.

4.5.1.5.1 Control Input

For closed loop control (Closed Loop PID, Zone, Warm Up Supply) a control loop must
be created. A control loop consists of a control output for controlling the temperature,
and an input for feedback into the control algorithm. Use the Control Input parame-
ter to assign the control input sensor to the desired output.

In the Monitor Out mode the Control Input parameteris used to determine the source
of the output voltage. In the Open Loop mode, the Control Input parameter can be set
simply for convenience in order to easily access the associated output’s Manual Out-
put and Heater Range parameters using the Direct Operation keys. Refer to

section 4.2.1.1 for details on Direct Operation keys.
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Menu Navigation:
Output Setup—>0utput (1, 2, 3, or 4)—>Control Input—>(None, Input A, Input B,
Input C, Input D)

Default: Output 1—>Control Input—>(Input A)
Output 2—>Control Input—>(Input B)

Output (3, 4)—>0ff

Interface Command: HTRSET

4.5.1.5.2 Proportional (P)

The proportional parameter (also called gain) is the P part of the PID control equation.
It has a range of 0 to 1000 with a resolution of 0.1. The default value is 50. Entera
value greater than O for P when using closed loop control.

To set P, first configure the front panel display to show the desired control loop infor-
mation, then use the P key on the front panel. A quick way to access the setting if the
control loop information is not already being displayed, is to press A, B, C,or D on the
front panel to temporarily display the control loop information while the new setting
is entered. Refer to section 4.3 for details on configuring the front panel display.

Menu Navigation:

P->(0 t0 9999)

Default: 50

Interface Command: PID

4.5.1.5.3 Integral (I)

The integral parameter (also called reset) is the | part of the PID control equation. It
has a range of 0 to 1000 with a resolution of 0.1. The default value is 20. Setting 1to O
turns the reset function off. The | setting is related to seconds by:

Isetting =1000/lseconds

For example, a reset number setting of 20 corresponds to a time constant of 50 s. A
system will normally take several time constants to settle into the setpoint. The 50 s
time constant, if correct for the system being controlled, would result in a system that
stabilizes at a new setpointin between 5 minand 10 min.

To set |, first configure the front panel display to show the desired control loop infor-
mation, then use the | key on the front panel. A quick way to access the setting if the
control loop information is not already being displayed is to press A, B, C,or D on the
front panel to temporarily display the control loop information while the new setting
is entered. Refer to section 4.3 for details on configuring the front panel display.

Menu Navigation:

I->(0 to 1000)

Default: 20

Interface Command: PID

4.5.1.5.4 Derivative (D)

The derivative parameter (sometimes called rate) is the D part of the PID control
equation. The derivative time constant should normally be somewhere between Y4
and s the integral time in seconds, if used at all. As a convenience to the operator,
the Model 350 derivative time constant is expressed in percent of 14 the integral
time. The range is between 0% and 200%. Start with settings of 0%, 50%, or 100%,
and determine which setting gives you the type of control you desire. Do not be sur-
prised if the setting you preferis 0%. Note that by using a percent of integral time,
derivative scales automatically with changesin the integral value and does not have
to be revisited frequently.

‘LakeShore | www.lakeshore.com



80 CHAPTER 4: Operation

Model 350 Temperature Controller

To set D, first configure the front panel display to show the desired control loop infor-
mation, then use the D key on the front panel. A quick way to access the setting if the
control loop information is not already being displayed is to press A, B, C,or D on the
front panel to temporarily display the control loop information while the new setting
is entered. Refer to the section 4.3 for details on configuring the front panel display.

Menu Navigation:
D->(0% to 200%)
Default: 0%

Interface Command: PID

4.5.1.5.5 Manual Output

Manual Outputis a manual setting of the control output. It can function in two differ-
ent ways depending on control mode. In open loop control mode, the Manual Output
isthe only output to the load. You can directly set the control output from the front
panel or over the computerinterface. In closed loop control mode, Manual Output is
added directly to the output of the PID control equation. In effect, the control equa-
tion operates about the Manual Output setting.

The Manual Output setting is in percent of full scale. Percent of full scale is defined as
percent of full-scale current or power on the selected heater range. Refer to

section 4.5.1.3 to set the Heater Out display. Available full scale current and power
are determined by the heater resistance, Max Current setting, and Heater Range.
Manual Output setting range is 0% to 100% with a resolution of 0.01%.

To set Manual Output, first configure the front panel display to show the desired con-
trol loop information, and then press Manual Output on the front panel. A quick way
to access the setting if the control loop information is not already being displayed is
to press A, B, C,or D on the front panel to temporarily display the control loop infor-
mation while the new setting is entered. Refer to section 4.3 for details on configuring
the front panel display.

When an outputis configured for Open Loop mode, the Manual Output setting is
available in the Output Setup menu. This is because in the Open Loop mode no Con-
trol Input (feedback sensor) is required, and if none is set then there would be no way
to use the Manual Output front panel key to set the output unless using the Custom
Display mode. The Control Input parameter can be assigned to a sensor input (that is
not being used for control) as a means of quickly accessing the Manual Output setting
using the Manual Output front panel key.

Menu Navigation:

Manual Output—>(0% to 100%)
Default: 0%

Interface Command: MOUT

4.5.1.5.6 Setpoint

Use the Setpoint parameter to set the desired load temperature for a control loop.
Before entering a setpoint, a control loop must be created by configuring an input
sensorand assigning it to a control output using the Control Input parameter. The
Setpoint can be entered in either temperature units or sensor units, based on the sen-
sorinput’s Preferred Units setting. The Setpoint Ramping feature is available when
controlling in temperature units to provide smooth, continuous control from one
temperature to the next. Refer to section 4.4 for details on Input Setup. Refer to sec-
tion 4.5.1.5.1 for details on assigning a Control Input. Refer to section 4.5.1.5.7 for
details on the Setpoint Ramping feature.
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Most applications require control in units of temperature. To control in units of tem-
perature, set the Preferred Units parameter of the control input sensor to either kel-
vin or Celsius. When controlling in temperature, the available setting range of the
setpointis limited by the Setpoint Limit parameter of the assigned temperature
curve. Referto section 4.4.12 for details on setting the Preferred Units parameter.
Refer to section 5.8.1 for details on setting a curve Setpoint Limit.

The Setpoint Limit feature only limits the Setpoint entry. For even greater protection, the
Temperature Limit feature can be used to turn off all heater outputs if a sensor reading
above the specified temperature is observed. Refer to section 4.4.11 for details on the
Temperature Limit feature.

There are some instances when temperature control in sensor units may be desired,
for example when a temperature curve is not available. For these applications the
Model 350 can control temperature in sensor units. To control in sensor units, set the
Preferred Units parameter to Sensor. When controlling in sensor units, the Setpoint
resolution matches the display resolution for the sensor input type given in the speci-
fications (section 1.6.1).

Temperature control in sensor units can be unpredictable since most sensors do not have
alinear response to temperature, and therefore have can have different sensitivity in dif-
ferent temperature ranges.

If you change the Preferred Units from Sensor to temperature (Kelvin or Celsius), or
from temperature to Sensor, the Model 350 uses the assigned temperature curve to
convert the Setpoint to the new control units. This provides minimal disruptionin the
control output if you change the Preferred Units parameter while the control loop is
active.

Menu Navigation:
Setpoint—>(See note below)

Default: 0.0000 K
Interface Command: SETP

When controlling in temperature, setpoint is limited by the control input temperature
curve’s Setpoint Limit. When controlling in sensor units, setpointis limited by the limits of
the configured control sensor.

4.5.1.5.7 Setpoint Ramping

The Model 350 can generate a smooth setpoint ramp when the setpoint units are
expressed in temperature. You can seta ramp rate in degrees per minute with a range
of 0to 100 and a resolution of 0.1. Once the ramping feature is turned on, its action is
initiated by a setpoint change. When you enter a new setpoint the instrument
changes the setpoint temperature from the old value to the new value at the ramp
rate. A positive ramp rate is always entered; it is used by the instrument to ramp
either up ordown in temperature.

Always use the ramping feature to minimize temperature overshoot and undershoot.
When ramping is not used, a setpoint change can cause the error used by the PID
equation to become very large, which causes the | contribution of the control output
equation to become larger the longer the error exists. This will result in a large over-
shoot or undershoot once the setpoint temperature is reached, since the | contribu-
tion will only decrease when the error polarity is reversed. Use a ramp rate that keeps
the control output from reaching the extremes of 100% or 0% while ramping for
optimal results.
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The ramping feature is useful by itself, but it is even more powerful when used with
other features. Setpoint ramps are often used with zone control mode. As tempera-
ture is ramped through different temperature zones, control parameters are auto-
matically selected for best control. Ramps can be initiated and status read back using
acomputerinterface. During computer-controlled experiments, the instrument gen-
erates the setpoint ramp while the computeris busy taking necessary data.

When anincomplete ramp is shut off, the setpoint will remain on the most current setting
(the reading will not jump to the end of the ramp).

If the input type orinput curve is changed while a ramp is in progress, both ramping and
the heater are turned off.

If Ramp is on and the setpoint is set to sensor units, the ramping function will remain on
but when another setpoint is entered, the setpoint goes directly to the new setpoint
value.

To bypass ramping and load the setpoint with the current temperature, with the control
loop displayed, press and hold the Setpoint button for 3 s.

Menu Navigation:
Output Setup—>0utput (1, 2, 3, or 4)—>Setpoint Ramping—>(Off or On)

Default: Off
Interface Command: RAMP

To stop a ramp, when the desired control loop is displayed, press Setpoint, then
immediately press Enter. This stops the ramp at the current setpoint, but leaves the
ramping function activated. To continue the ramp, enter a new setpoint. Refer to sec-
tion 4.5.1.5.6 for details on setting the Setpoint parameter.

4.5.1.5.8 Heater Range

The Heater Range setting is used for turning a control output on, as well as setting the
output power range for the heater outputs. All four outputs provide an Off setting for
turning the output off. The heater outputs, 1 and 2, provide five ranges of settings
which provide decade steps in power, based on the maximum output power available
tothe connected heater. Range 5 provides the maximum power, and each successive
lower range provides 10 times less power than the last. Refer to section 2.14.1 for
details on how to calculate the maximum output power. The analog outputs, 3 and 4,
do not have multiple output ranges, and only provide an On setting for enabling the
output.

While controlling tempertature, the following will cause the heater range to automati-
cally turn off:

B Exceeding the Temperature Limit setting

m Setup changes to the control input

m  Powerloss with Power Up Enable feature turned off

m InputerrorssuchasT.Over,T. Under, S. Over, and S. Under

Available full scale current and power for output 1 are determined by the heater resis-
tance, Max Current setting, and Heater Range.

Specifications of the heater outputs are provided in section 1.6. Heater theory of
operation is provided in section 2.4. Various heater installation considerations are
provided in section 3.6.
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To set Heater Range, first configure the front panel display to show the desired control
loop information, then use the Heater Range key on the front panel. A quick way to
access the setting if the control loop information is not already being displayed is to
press A, B, C,or D on the front panel to temporarily display the control loop informa-
tion while the new setting is entered. Refer to section 4.2 for details on configuring
the front panel display.

Menu Navigation:

Heater Range—>(Off, On, Range 1, Range 2, Range 3, Range 4, Range 5)
Default: Off

Interface Command: RANGE

4.5.1.5.9 ALLOFF

The ALL OFF key is provided as a means of shutting down all control outputs with one
key. It is equivalent to setting the Heater Range parameter of all outputs to Off.

This function is always active even if the keypad is locked or when it is in remote mode.

The analog outputs, 3 and 4, are variable DC voltage sources that have a range from
—10Vto +10V.The voltage is generated by a 16-bit D/A converter with resolution of
0.3 mV or 0.003% of full scale. This output can be configured to a Closed Loop PID,
Zone, Open Loop, Warm Up Supply, or Monitor Out mode. The Closed Loop PID mode
can be used to control temperature. It can also be set up for bipolar PID control, which
is useful when controlling a thermoelectric device. Refer to section 5.4 for more infor-
mation on setting up thermoelectric devices. The Open Loop mode can be used to set
the output to a specific, constant value. Refer to section 4.5.1.4.3 for details on Open
Loop Mode. The Warm Up Supply mode uses the output to drive the programming
input for an external power supply for the purpose of rapidly warming a system to a
user-specified temperature. The Monitor Out mode uses the output to provide a volt-
age proportional toaninput sensor reading to be used by an external device such asa
data logger.

The voltage output is designed to provide up to 1 Winto a 100 Q heater. The outputis cur-
rent limited to slightly over 100 mA, and therefore, a heater value less than 100 Q can
drive the output into current limit. This condition will not damage the output, but it can
resultin discontinuous temperature control.

4.,5.2.1 Warm Up Supply

Warm Up Supply mode is designed for controlling an external power supply used for
rapidly increasing the temperature in the controlled system, for example, to bring a
system to room temperature in order to change samples. Refer to section 5.5 for more
information on warm up supply operation. Refer to section 3.6.5 for the procedure to
install an external power supply for warm up supply mode.

4.5.2.2 Monitor Out
Refer to section 5.6 for more information on Monitor Out mode.

The Model 350 has three computerinterfaces: IEEE-488, USB, and Ethernet. Only one
of these interfaces can be active at one time. Use the Interface menu to configure
which interface is active, and to configure the parameters related to the selected
interface.

Menu Navigation:

Interface—> Enabled—> (USB, Ethernet, IEEE-488)
Default: USB
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4.6.1USB

4.6.2 Ethernet

4.6.3 IEEE-488

4.7 Locking and
Unlocking the
Keypad

Model 350 Temperature Controller

The USB interface is provided as a convenient way to connect to most modern com-
puters, as a USB interface is provided on nearly all new PCs as of the writing of this
manual. The Model 350 USB driver, which must be installed before using the inter-
face (section 6.3.3), creates a virtual serial com port, which can be used in the same
way as a traditional serial com port. Refer to Chapter 6 for details on computerinter-
face operation.

Menu Navigation:
Interface—>Enabled—USB

The Ethernetinterface is provided to allow the Model 350 to connect to a computer
network. A direct connection to a PC can also be achieved using a cross-over Ethernet
cable. The advantages of using the Ethernet interface include the ability to communi-
cate directly with the Model 350 from any PC on the same local network, and even
from around the world via the Internet. Refer to section 6.4.1 for details on Ethernet
configuration.

Menu Navigation:
Interface—>Enabled—>Ethernet

An IEEE 488 (GPIB) interface is provided for compatibility with legacy systems. Refer
to Chapter 6 for details on computer interface operation.

Menu Navigation:
Interface—>Enabled—>I|EEE-488

4.6.3.1 Remote/Local

Local refers to operating the Model 350 from the front panel. Remote refers to oper-
ating the controllervia the IEEE 488 Interface. The keypad is disabled during remote
operation, except for the Remote/Local key and the All Off key. When in remote mode,
the Remote front panel LED will be illuminated. When in local mode, the Remote LED
will not be illuminated.

Menu Navigation:
Remote/Local (LED On = Remote mode, LED Off = Local mode)

The keypad lock feature prevents accidental changes to parameter values. When the
keypad islocked, some parametervalues may be viewed, but most cannot be changed
from the front panel. All Off is the only keypad function that remains active when the
keypad is locked.

Athree-digit keypad lock code locks and unlocks the keypad. The factory default code
is123.The code can be changed only through the computerinterface. If instrument
parameters are reset to default values, the lock code resets also. The instrument can-
not reset from the front panel with the keypad locked.

To lock the keypad, press and hold Enter for 5 s. Use the numeric keypad to enter the
three-digitlock code. If the lock code is accepted, *** Keypad Locked *** will be dis-
played for 3 s,and the display will return to normal. Changes attempted to any
parametersresultin a brief display of the *** Keypad Locked *** message.

To unlock the keypad, press and hold Enter for 5 s. Use the numeric keypad to enter
the three-digit lock code. If the lock code is accepted, *** Keypad Unlocked *** will be
displayed for 3 s and the display will return to normal. All Model 350 parameters are
now accessible.
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Chapter 5: Advanced Operation

5.1 General

5.2 Autotune

This chapter provides information on the advanced operation of the Model 350 tem-
perature controller.

The Model 350 can automate the tuning process of typical cryogenic systems with
the Autotune feature. For additional information about the algorithm refer
to section 2.15.

Before initiating the Autotune process, properly configure the cooling system with
control input sensor and heater output to make it capable of closed-loop control.
Assign the control sensor with a valid temperature response curve. Also determine an
appropriate heaterrange as described in section 2.14.1. The system must be coarsely
maintaining temperature within 5 K of the setpoint where new tuning parameters
are desired in order for the Autotuning process to initiate. Autotune works only with
one control loop at a time and does not set the manual output or heater range. For
autotuning to work properly on a control loop with a scannerinput assigned (Model
3062 4-channel scanner option), only that scanner input channel can be enabled; all
other scannerinput channels must be disabled.

Toinitiate the Autotune process, press Autotune, then select an Autotune mode.
There are three Autotune modes available. They result in slightly different system
characteristics. Autotune Pl is recommended for most applications.

m Autotune P:setsonly the P parametervalue.land D are set to O no matter what
the initial values are. This mode is recommended for systems that have very long
lag times or nonlinearity that prevents stable Pl control. Expect some overshoot
orundershoot of the setpoint and stable temperature control below the setpoint
value.

m  Autotune Pl: sets values for both Pand | parameters. D is set to 0. This mode is
recommended for stable control at a constant temperature. It may take slightly
longerto stabilize after setpoint change than Auto PID. Expect some overshoot or
undershoot of the setpoint and stable temperature control at the setpoint value.

m  Autotune PID: setsvaluesfor P,1 and D parameters. D is always set to 100%. This
mode isrecommended when setpoint changes are frequent, but temperature is
allowed to stabilize between changes. Stability at setpoint may be worse than
Autotune Plin noisy systems. Expect slightly less overshoot or undershoot than
the other modes and control at the setpoint value.

When the Autotune processisinitiated, the P, I, D,and Manual Output parameters are
removed from the display and the “Autotuning” message appears in the lower right
corner. Below the Autotuning message, the current status of the processis displayed.
The status message blinks to indicate that the algorithm is still processing. If an error
occurs, the status message stops blinking and displays an error message containing
the stage in which Autotune failed. See TABLE 5-1 for a description of the Autotune
stages, reasons for failure, and possible solutions. When the process completes suc-
cessfully, the previous P, I, and D parameters are replaced by the newly acquired val-
ues. To cancel the Autotune process, press Autotune, and choos Yes to the “cancel
Autotune” prompt.
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Purpose for Stage Reason for Failure Possible Solution

Curve not assigned to Input, heater not

Ensure curve is assigned to
input, heaterison, and

0 Testing initial conditions Determine if Autotuning can be initiated ' on, or temperature not within o
5K of setpoint temperature is within
5 K of setpoint
Ensures that temperature is not still . Allow the temperature to
. . : o Temperature was moving too much to S
1 Waiting for temperature to settle | settling toward the setpoint, or drifting settle more before initiating
. properly Autotune
away from the setpoint Autotune
Ensures that there is no temperature s A .
. . o . . p. May indicate that the initial P value is too o
2 Testing for temperature stability  oscillation, or excessive noise in the Use a smallerinitial P value

Observing system response to
setpoint change

Waiting for temperature to settle

4 after returning setpoint to
original value

5 Testing for temperature stability

Observing system response to

6 setpointchange using new control

parameters

Waiting for temperature to settle
7 after returning setpoint to original

value

8 Testing for temperature stability

First of 2 stages of observing
system response to setpoint
change using new control
parameters

Second of 2 stages of observing
system response to setpoint
change using new

control parameters

10

Model 350 Temperature Controller

temperature reading

Control parameters are changed based
on observation

Provides a baseline for
subsequent stages

Ensures that there is no temperature
oscillation or excessive noise in the
temperature reading after control
parameter adjustment

Control parameters are changed again
based on observation. This is the final
stage of P only Autotuning

Provides a baseline for subsequent stages

Ensures that there is no temperature
oscillation, or excessive noise in the tem-
perature reading after control parameter
adjustment

Compiles data for characterizing
the system

Control parameters are changed again
based on observation. This is the final
stage of Pl and PID Autotuning

high

System response is too slow, or the heater
is too underpowered for the system to
Autotune

System response is too slow to Autotune,
or the new control parameters are caus-
ing instability in the control

System response is too slow to Autotune,
or the new control parameters are
causing instability in the control

System response is too slow to Autotune,
or the heater is too underpowered for the
system to Autotune

System response is too slow to Autotune,
or the new control parameters are caus-
ing instability in the control

System response is too slow to Autotune,
or the new control parameters are caus-
ing instability in the control

Will not fail in this stage

System response is too slow, or the heater
is too underpowered for the system to
Autotune

TABLE5-1 Autotune stages

Menu Navigation:
Autotune—input (A, B, C, D)—>(Autotune P, Autotune PI, Autotune PID)

If not already using High
range, increase initial
heater range

Use a smallerinitial P value

Use a smallerinitial Pvalue

If not already using High
range, increase initial
heater range

Use a smallerinitial Pvalue

Use a smallerinitial P value

Not applicable

If not already using High
range, increase initial
heater range
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5.3 Zone Settings The Model 350 allows you to establish up to ten custom contiguous temperature
zones where the controller will automatically use pre-programmed values for PID,
heaterrange, manual output, ramp rate,and control input. Zone control can be active
for both control loops at the same time. Configure the zones using 1 as the lowest to
10 asthe highest zone. Zone boundaries are always specified in kelvin (K). The bottom
of the first zone is always 0 K; therefore, only the upper limit is required for all subse-
quent zones. Make a copy of FIGURE 5-1 to plan your zones.

To use the programmed zones, the output mode must be set to Zone (refer to section
4.5.1.4.2 to set up Zone mode). In Zone mode, the instrument will update the control
settings each time the setpoint crosses into a new zone. If you change the settings
manually, the controller will use the new setting while itis in the same zone, and will
update to the programmed zone table settings when the setpoint crosses into a

new zone.

The zone settings include a Control Input parameter for each temperature zone. This
allows a different feedback sensor to be used for each temperature zone. For exam-
ple,a diode sensor can be used while cooling down from room temperature to 10 K, at
which point the Control Input could be switched to a Cernox™ sensor for tempera-
turesunder 10 K.

Toillustrate how the control parameters are updated in Zone mode, consider the
zone settings from the table below. Starting from room temperature (about 300 K),
and setting a setpoint of 2 K (with Setpoint Ramping turned On), the setpoint will
begin ramping at the current setpoint Ramp Rate, then once the setpoint crosses
100 K, the control parameters from Zone 8 will be used. The setpoint ramp will then
continue toward 2 K at a rate of 20 K/min until crossing 50 K, when the control
parameters from Zone 7 are loaded. This pattern will continue until the final setpoint
value of 2 Kisreached, oranothersetpointis entered. Note that Input Bwill be usedin
all zones greater than 10 K (zones 4 to 8), and Input Awill be used in all zones below
10K (zones 1-3).

Lower Boundary Upper Manual
“ (Implled) Output Range Ramp Rate Control Input

10 0 0.1K/Min Default
9 n/a 0K 50 20 0 0.0% off 0.1K/Min Default
8 100.001 K 500K 200 20 0 0.0% High 30 K/Min InputB
7 50.001K 100K 185 25 0 0.0% Med 20 K/Min Input B
6 25.001K 50K 150 30 0 0.0% Med 10 K/Min Input B
5 15.001K 25K 100 30 0 0.0% Med 5 K/Min Input B
4 10.001K 15K 85 35 0 0.0% Med 2 K/Min InputB
3 7.001K 10K 85 35 0 0.0% Med 0.9 K/Min InputA
2 4.001K 7K 70.0 40.0 0 0.0% Low 0.7 K/Min InputA
1 0K 4K 50.0 50.0 0 0.0% Low 0.5 K/Min InputA

TABLE 5-2 Zone settings example

Sensor accuracy and placement will affect how smoothly the transition from one feed-
back sensor to another is performed. A large difference between the temperature read-
ings of each sensor at the time of transition could cause a temporary instability in the
temperature control due to the sudden large error introduced into the control equation.

Itis highly recommended to use the Setpoint Ramping feature when using the Control
Input zone parameter to change sensor inputs. Otherwise a setpoint change may cause a
control input sensor to be used outside of its usable range, which will cause an overload
condition to shut down the control loop.
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Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) OJoff  OMed

Zone 10 Olow [OHigh
Proportional Integral Derivative ~ MHPOutput Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) Ooff  OMed

Zone 09 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) doff  OMed

Zone 08 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) Ooff  OMed

Zone 07 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) OOff  CIMed

Zone 06 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) goff  OMed

Zone 05 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) Ooff  OMed

Zone 04 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) Ooff  CMed

Zone 03 Olow OHigh
Proportional Integral Derivative ~ MHPOutput  Heater Range

Zone 02 (0.1-1000) (0.1-1000) (0-200) (0-100%) OOff  CMed
Olow OHigh

Proportional Integral Derivative ~ MHPOutput  Heater Range

(0.1-1000) (0.1-1000) (0-200) (0-100%) OOff  OMed

Zone 01 Olow [OHigh

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1~100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1~100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1~100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Upper boundary:

Ramp Rate
(0.1-100 K/min)

Control Input
O Default
OA OB OC OD

Model 350 Temperature Controller

FIGURE 5-1 Record of Zone settings

Menu Navigation:

Zones—0utput (1 or 2)—>Zones—>(1 to 10)
Interface Command: ZONE

0K
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5.5 Warm Up
Supply

5.5.1Warm Up
Percentage

5.4 BipolarControl 89

The most common type of temperature control output device is a resistive heater,
which requires only unipolar output, since they will add heat regardless of the polar-
ity of the excitation voltage. There are, however, temperature control devices that are
bipolar. These devices, such as thermoelectric devices, can work in both polarities,
moving heat from one side of the device to the otherwhen a currentis applied. There-
fore,a surface can be heated or cooled using a bipolar temperature control device. For
these types of bipolar devices, the Model 350 features a bipolar control mode. In this
mode, the Model 350 is configured to drive these devices to control temperature
using Outputs 3 and 4. Refer to section 2.17 for more information about thermoelec-
tric devices.

To use Outputs 3 and 4 for bipolar control, set the polarity to Bipolar. The Closed Loop
PID control mode can then be used to control a thermoelectric device, providing a
control output of -10 Vto +10 V. Refer to section 2.11 for information on thermoelec-
tric devices. Refer to section 3.6.5.4 forinformation on scaling the output for voltages
lessthan 10 V.

Menu Navigation:
Output Setup—>Output (3 or 4)—> Polarity (Bipolar)
Interface Command: ANALOG

Warm Up Supply mode is designed for controlling an external power supply used for
rapidly increasing the temperature in the controlled system, for example, to bring a
system to room temperature in order to change samples. Refer to section 3.6.5 for
information on using an external power supply for warm up supply mode.

The Control Input parameter determines which sensor is used for feedback in the
Warm Up Supply mode. Refer to section 4.5.1.5 for details on the
Control Input parameter.

Once Warm Up Supply Mode is configured, press Setpoint and set the desired tem-
perature, then press Heater Range and set the range to On to activate the output. The
front panel display must be configured to show the Warm Up control loop for the Set-
point and Heater Range keys to be used. Refer to section 4.2 and section 4.3 for
details on front panel keypad operation and display setup.

The Power Up Enable feature determines if the output will remain on after power is
cycled. Refer to section 4.5.1.2 for details on the Power Up Enable feature.

Menu Navigation:
Output Setup—>0utput (3 or 4)—>0utput Mode—>Warm Up Supply
Interface Command: OUTMODE

The Warm Up Percentage parameter is used to determine the amount of voltage to
apply to the unpowered output (3 or 4) when using Warm Up mode to control an
external power supply. The voltage applied will be the full scale output (+10 V) times
the Warm Up Percentage. For example, if the Warm Up Percentage is set to 50%, the
control output voltage for the given unpowered output will be 50% of 10V, or 5V,
when the outputis on.

Menu Navigation:
Output Setup—>0utput (3, or 4)—>Warm Up Percentage—>(0% to 100%)

Default: 100%
Interface Command: WARMUP
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5.5.2 Warm Up Control

5.6 Monitor Out

5.6.1 Monitor Units

Model 350 Temperature Controller

The Warm Up Control parameter determines what happens when the control set-
pointisreached. The options are:

m  Auto-Off:once the Heater Range is set to on, the Warm Up Percentage voltage is
applied to the output (section 5.5.1) and the output stays on until the control
input temperature reaches the control setpoint. The output will then be turned
off (0 V), and the Heater Range setting will automatically be set to Off, effectively
turning off all temperature control for the control loop. If the Heater Range is
again manually set to On, the cycle will begin again, and the output will turn on
and stay on until the control input temperature reaches the setpoint again.
Menu Navigation:

Output Setup—>0utput (3 or 4)—>Warmup Mode—>Auto-Off

m Continuous: this mode implements what is often referred to as On/Off control.
Once the Heater Range is set to on, the Warm Up Percentage voltage is applied to
the output until the control input temperature reaches the setpoint. Then the
output will turn off (0 V) until the temperature falls 1 K below the setpoint, at
which point the the Warm Up Percentage voltage is again applied to the output.
The Heater Range will never be automatically set to Off in this mode.

Menu Navigation:

Output Setup—>0utput (3 or 4—>Warm Up Control—>(Auto-Off, Continuous)
Default: Continuous

Interface Command: WARMUP

In Monitor Out mode, the unpowered analog output (3 or 4) will track the assigned
control input according to the scaling parameters you enter. Acommon use for this
function would be to send a voltage proportional to temperature to a data acquisition
system.

The Control Input parameter setting determines which sensor input is tracked by the
output. The remaining parameters detailed in this section dictate how the output
value is determined.

An output configured to Monitor Out mode is not affected by the ALL OFF key, as it does
not have a Heater Range setting, and by design is always enabled.

Menu Navigation:

Output Setup—>0utput (3 or 4)—0utput Mode—>Monitor Out

Output Setup—>0utput (3 or 4—>Control Input —>(None, Input A, Input B,
Input C, Input D)

Default: Control Input—>None
Interface Command: OUTMODE

The Monitor Units parameter determines the units of the Control Input sensor to use
for creating the proportional voltage output. The Monitor Out scaling parameter set-
tings are entered using the units chosen for this parameter.

Menu Navigation:

Output Setup—>0utput (3 or 4)—>Monitor Units—>(K, C, or Sensor)
Default: K

Interface Command: ANALOG
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5.6.1.1 Polarity and Monitor Out Scaling Parameters

In the Monitor Out and Open Loop modes, the unpowered analog outputs can be con-
figured as either unipolar (0 Vto +10 V) or bipolar (-10 V to +10 V) outputs. In bipolar
mode, the Monitor Out-10V setting determines the temperature or sensor value at
which the output should be—10 V. In unipolar mode, the Monitor Out O V setting
determines the temperature or sensor value at which the output should be 0 V. The
Monitor Out +10 V setting determines the temperature or sensor value at which the
output should be +10Vin either unipolar or bipolar modes.

. Lowest Middle Highest
Bipolar : j :

-10V ov +10V

. Lowest Middle Highest
Unipolar : | :

oV +5V +10V

FIGURE 5-2 Unipolar and bipolar mode

Forexample, if Polarity is set to Bipolar, then setting the Monitor Out—-10V parameter
to 0 Kand the Monitor Out +10V parameter to 100 K will cause the analog output to
correspond to the inputtemperature as shown in FIGURE 5-3.In this case if the actual
reading was 50 K, then the output would be at 0 V (middle of the scale).

. 0K 50K 100K
Bipolar : | |
=10V oV +10V

FIGURE 5-3 Analog output with polarity set to bipolar

If we set the Polarity parameter to Unipolar, the output would be as shown in
FIGURE 5-4. In this case if the actual reading was 50 K, the analog output would be
+5V (middle of the scale).

o 0K 50K 100K
Unipolar | : :
ov +5V +10V

FIGURE 5-4 Output with polarity parameter set to unipolar

Menu Navigation:

Output Setup—>0utput (3 or 4)—>Polarity—>(Unipolar or Bipolar)
Output Setup—>0utput (3 or 4—>Monitor Out —10 V—>(See note below)
Output Setup—>0utput (3 or 4—>Monitor Out 0 V—>(See note below)
Output Setup—> Output (3 or 4—>Monitor Out +10 V—>(See note below)

Monitor Out-10V, 0V, and +10 V settings depend on the Monitor Units selected, and are
limited to the acceptable values of the selected units.

Default: Polarity—>Unipolar
Monitor Out -10 V—>0.0000 K
Monitor Out 0 V—>0.0000 K
Monitor Out +10 V—>1000 K
Interface Command: ANALOG
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5.7 Alarms and
Relays

5.7.1Alarms

Model 350 Temperature Controller

Each input of the Model 350 has high and low alarm capability. Input reading data
from any source can be compared to the alarm setpoint values. Areading higher than
the high alarm setpoint triggers the high alarm for that input. A reading lower than
the low alarm setpoint triggers the low alarm for that input.

Menu Navigation:

Alarm—>Input (A, B, C, D)—>Alarm—>(Off, On)

Alarm—>Input (A, B, C, D)—>Low Setpoint—>(see note below)
Alarm—>Input (A, B, C, D)—>High Setpoint—>(see note below)

Low and High Setpoint limits are determined by the Preferred Units of the associated sen-
sorinput.

Defaults: Alarm—>0ff

Low Setpoint—0.0000 K

High Setpoint—>1000 K
Interface Command: ALARM

5.7.1.1 Alarm Annunciators

The Alarm LED annunciator steadily displays when any alarm that is enabled also has
the Visible parameter enabled. The annunciator flashes when any alarm that has the
Visible parameter enabled activates. An input need not be displayed for the system
Alarm annunciator toindicate input alarm status, but if the input is displayed on the
front panel, then the reading will alternate between the alarm status message and
the actual reading. If the Audible parameteris set to On for an enabled alarm, then
the beeperinside the instrument will sound when the alarm activates. The two relays
on the Model 350 can also be tied to alarm functions as described in section 5.7.2.

You may want to set the Visible parameter to Off if there is no need for showing the
alarm state on the front panel, for instance, if you are using the alarm function to trig-
gerarelay. The Audible parameter can be set to Off as well to keep the audible alarm
from sounding when an alarm is triggered.

Menu Navigation:
Alarm—>Input (A, B, C, D)—Visible—(Off, On)
Alarm—>Input (A, B, C, D)—>Audible—>(0ff, On)

Default: Visible—>0n
Audible—>0n
Interface Command: ALARM

5.7.1.2 Alarm Latching

m Latching Alarms: often used to detect faults in a system or experiment that
requires operatorintervention. The alarm state remains visible to the operator
fordiagnostics even if the alarm condition is removed. Relays often signal remote
monitors, or for added safety take critical equipment off line. You can clear a
latched alarm by pressing Alarm and selecting Yes to the Reset Alarm prompt.
Select No to the Reset Alarm prompt to enter the Alarm Setup menu.

m  Non-Latching Alarms: often tied to relay operation to control part of a system or
experiment. The alarm state follows the reading value. The dead band parameter
can prevent relays from turning on and off repeatedly when the sensorinput
readingis nearan alarm setpoint.
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FIGURE 5-5 illustrates the interaction between alarm setpoint and dead band in
non-latching operation. With the high alarm setpointat 100 Kand the dead band
at5 K, the high alarm triggers when sensorinput temperature increases to 100 K,
and it will not deactivate until temperature drops to 95 K. In addition, the same
5 Kdead band is applied to the low alarm setpoint as well.

High alarm activated \ High alarm deactivated
High alarm setpoint /A / 100K
S S L 95K

Temperature reading

Alarm latching off
Deadband=5k — ———+——/—— 55K
Low alarm setpoint — \ 50K

Low alarm activated / Low alarm deactivated

FIGURE 5-5 Dead band example

Tosetup analarm, enterthe Alarm Setup menu by pressing the Alarm key. If a latching
alarm has been activated, you will be prompted with a Reset Alarm? message. Select
No to enter the Alarm Setup menu.

Menu Navigation:
Alarm—>Input (A, B, C, D)—>Latching—>(Off, On)
Alarm—>Input (A, B, C, D)—>Deadband—>(see note below)

Low and High Setpoint limits are determined by the Preferred Units of the associated
sensor input.

Default: Latching—>Off
Deadband—>1.0000 K

Interface Command: ALARM
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5.7.2 Relays There are two relays on the Model 350 numbered 1 and 2. They are most commonly

thought of as alarm relays, but they may be manually controlled also. Relay assign-
ments are configurable as shown in FIGURE 5-6. Two relays can be used with one sen-
sorinput forindependent high and low operation, or each can be assigned to a
different input.

I T
On AAlarm||BAlarm| |C Alarm | D Alarm off On AAlarm||BAlarm||CAlarm| |D Alarm

off
Manual off | | Manualon | | Follows Follows Follows Follows Manual off | | Manualon || Follows Follows Follows Follows
“genanet | | “yerenn || InputA || InputB | | InputC || InputD | | “eyemaneh | | elyenane || inputA || InputB || InputC || InputD
I : ] I : ]
I | 1 I 1 1
Both Low High Both Low High
Alarms Alarm Alarm Alarms Alarm Alarm
off Manual off—relay remains in the normal state
On Manual on—relay remains in the active state
AAlarm  Relay will follow Input A alarms
BAlarm  Relay will follow Input B alarms Both Alarms Relay active when either the High or Low Alarm is active
) Low Alarms Relay active only when the Low Alarm is active
CAlarm  Relay will follow Input C alarms High Alarms Relay active only when the High Alarm is active
DAlarm  Relay will follow Input D alarms
FIGURE 5-6 Relay settings
When using relays with alarm operation, set up alarms first. The relays are rated for
30VDCand 3 A.Theirterminals are in the detachable terminal block on the
Model 350 rear panel.
In the Off mode, the relay is un-energized, leaving the normally open (NO) contacts
open and the normally closed (NC) contacts closed. In the On mode, the relay is ener-
gized, so the NO contacts will be closed and the NC contacts will be open. In the Alarm
mode the relay will activate based on the state of the configured Alarm Input sensor.
When the Alarm to Follow parameter is set to Low, the relay will energize if the con-
figured Alarm Input sensor goesinto a low alarm state. Ifitis set to High, the relay will
energize if the configured Alarm Input sensor goes into a high alarm state. If the
Alarm to Follow parameter is set to Both, the relay will energize if the configured
Alarm Input sensor goes into either a low alarm or a high alarm state.
Menu Navigation:
Relays—>(Relay 1, Relay 2)—>Mode—>(Off, On, Alarm)
Relays—>(Relay 1, Relay 2)—>Alarm Input—>Input (A, B, C, D)
Relays—>(Relay 1, Relay 2)—>Alarm to Follow—>(Low, High, Both)
Default: Mode—>Off
Alarm Input—>Input A
Alarm to Follow—>Both
Interface Command: RELAY
5.8 Curve The Model 350 has 20 standard curve locations, numbered 1 through 20. At present,
Numbers and not all locations are occupied by curves; the others are reserved for future updates. If
S astandard curve location isin use, the curve can be viewed using the view operation.
torage Standard curves cannot be changed by the user, and reserved locations are not avail-

able for user curves.

Model 350 Temperature Controller
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The Model 350 has 39 user curve locations, numbered 21 through 59. Each location
can hold from 2 to 200 data pairs (breakpoints), including a value in sensor units and
acorresponding value in kelvin. Using fewer than 200 breakpoints will not increase
the number of available curve locations. SoftCal™-generated curves are stored in
user curve locations.

Each curve has parameters that are used for identification and to allow the instru-
ment to use the curve effectively. The parameters must be set correctly before a curve
can be used for temperature conversion or temperature control.

m  Curve Number:1to 59.

m  Name: defaults tothe name User Curve for front panel entry. A curve name of up to
fifteen characters can be entered from either the front panel or from the com-
puterinterface. Refer to section 4.2.3 for Alpha-Numeric entry.

m  Serial Number: a sensor serial number of up to ten characters (letters or numbers)
can be entered from either the front panel or from the computer interface. Refer
to section 4.2.3 for Alpha-Numeric entry. The default is blank.

m  Format: the format parameter tells the instrument what breakpoint data format
to expect. Different sensor types require different formats. Formats for
Lake Shore sensors are described in TABLE 5-3.

R— Description Sensor Units Sensor Units
P Full Scale Range Maximum Resolution
V/K Volts vs. kelvin 10V 0.00001V
Resistance vs. kelvin for
2 platinum RTD sensors 10KkQ 0.0010
Log /K Log resistance vs. kelvin for 4logQ 0.00001 log 0

NTC resistive sensors

mv/K Millivolts vs. kelvin for £100 MV 0.0001mV
thermocouple sensors

TABLE 5-3 Curve header parameter

m  Setpoint Limit: limits the control setpoint to values less than or equal to this set-
ting. A setpoint limit can be included with every curve. Defaultis 375 K. Enter a
setting of 9999 K if no limit is needed.

m  Temperature Coefficient: the temperature coefficient is derived by the Model 350
from the first two breakpoints. The user does not enter this setting. If it is not cor-
rect, check for proper entry of the first two breakpoints. A positive coefficient
indicates that the sensor signal increases with increasing temperature. A
negative coefficientindicates that the sensor signal decreases with increasing
temperature.

Temperature response data of a calibrated sensor must be reduced to a table of
breakpoints before entering it into the instrument. A curve consists of 2 to 200 break-
points and each breakpoint consists of one value in sensor units and one temperature
value in kelvin. The Model 350 uses linear interpolation to calculate temperature
between breakpoints. The instrument will show T.OVER or TUNDER on the display if
the sensorreadingis outside the range of the breakpoints. Sensor units are defined by
the format setting in TABLE 5-3.

Breakpoint setting resolution is six digits in temperature. Most temperature values
are entered with 0.001 resolution. Temperature values of 1000 K and greater can be
entered to 0.01 resolution. Temperature values below 10 K can be entered with
0.0001 resolution. Temperature range for curve entry is OK t0 9999.99 K.
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5.9 Front Panel
Curve Entry
Operations

5.9.1 Edit Curve

Model 350 Temperature Controller

Typical Lake Shore Temperature i
Sensor Type Limit (K) Coefficient Resolution

Silicon Diode DT-670 Negative 0.00001V
GaAlAs Diode TG-120 V/K 325 Negative 0.00001V
Platinum 100 PT-100 Q/K 800 Positive 0.001 Q
Platinum 1000 —* Q/K 800 Positive 0.01 Q
Rhodium-Iron RF-800 Q/K 325 Positive 0.001Q
Carbon-Glass CGR-1-1000 log Q/K 325 Negative 0.00001log Q
Cernox™ CX-1050 log Q/K 325 Negative 0.00001log Q
Germanium GR-200A-100 log Q/K 325 Negative 0.00001log Q
Rox™ RX-102A log Q/K 40 Negative 0.00001log Q
Type K 9006-005 mV/K 1500 Positive 0.0001 mv
Type E 9006-003 mV/K 930 Positive 0.0001 mv
Type T 9006-007 mV/K 673 Positive 0.0001 mv
Au-Fe 0.03% —* mV/K 500 Positive 0.0001 mV
Au-Fe 0.07% 9006-001 mV/K 610 Positive 0.0001 (mV)

*Not offered by Lake Shore
TABLE 5-4 Typical curve parameters

Setting resolution is also six digits in sensor units. The curve format parameter
defines the range and resolution in sensor units as shown in TABLE 5-3. The sensor
type determines the practical setting resolution. TABLE 5-4 lists recommended sen-
sor units resolutions.

Enter the breakpoints with the sensor units value increasing as point number
increases. There should not be any breakpoint locations left blank in the middle of a
curve. The search routine inthe Model 350 interprets a blank breakpoint as the end of
the curve.

There are five operations associated with front panel curve entry: Edit curve, View
Curve, Erase Curve, Copy Curve, and SoftCal; as detailed below.

Edit Curve allows you to edit curves at any user curve location. Stan-

Edit Curve 5.9.1

dard curves cannot be changed.
) View Curve allows you to view any curve at any curve location. No

View Curve y y y 5.9.2
curves can be changed.
Erase Curve allows you to delete a curve from any user curve location.

Erase Curve 5.9.3
Standard curves cannot be erased.
Copy Curve allows you to copy a curve from any location to any user

Copy Curve Py . y Py s y y R 594
curve location. Curves cannot be copied into standard curve locations.
SoftCal allows you to create a new temperature curve from a standard

SoftCal y P 5.10

curve and known data points entered by the user.
TABLE 5-5 Front panel curve entry operations

Menu Navigation:
Curve Entry—>(Edit Curve, View Curve, Erase Curve, Copy Curve, SoftCal)

Use the Edit Curve operation to enter a new curve or edit an existing user curve. Only
user curves (21 to 59) can be edited. Entering the identification parameters associ-
ated with the curve is asimportant as entering the breakpoints. Curve header param-
eters are listed in TABLE 5-3. Typical curve parameters for common sensors are listed
in TABLE 5-4. Read this section completely and gather all necessary data before
beginning the process.

If the curve you wish to enter has similar parameters as an existing curve, first copy the
similar curve (as described in Section 5.2.4) to a new location, then edit the curve to the
desired parameters.
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To perform the Edit Curve operation, follow this procedure.

1. PressCurve Entry.

2. Scroll to Edit Curve, and press Enter.

3. Scroll to the desired curve and press Enter again.

4. Editthe curve header parameters using the standard keypad operation methods
described in section 4.2.3. The curve breakpoints are entered in a slightly differ-
ent way than other menu parameters.

5. Toaccessthe breakpointdata, highlight Curve Points in the Curve Edit menu
screen and press Enter to enter the Curve Point entry screen.

The Curve Point entry screen contains a scrollable list of all curve breakpoint pairsin
the selected curve. There are three columns in the list. From left to right the columns
are: breakpoint number, breakpoint sensor value, breakpoint temperature value. Ini-
tially the highlightis on the first breakpoint number.

Menu Navigation:
Curve Entry —Edit Curve
Interface Command: CRVHDR

5.9.1.1 Edit a Breakpoint Pair
To edit a breakpoint pair, follow this procedure.

1. Selectabreakpoint pairto edit. Do this by scrolling to the desired breakpoint
number and press Enter. The highlight moves to the sensor value of the selected
pair.

2. Usethe Number Entry method to edit the value. Refer to section 4.2.1.2 for
details on the Number Entry method.

3. Oncethe new sensorvalue is entered, press Enter to highlight the temperature
value.

4, Usethe Number Entry method to enter the new temperature value.

Press Enter at this point to store the new breakpoint pair.

6. Press Escape atanytime when a sensorortemperature value is highlighted to
cancel any changes to either of the values and return the highlight to the break-
point number.

v

If the sensor value entered is not between the previous breakpoint sensor value and
the following breakpoint sensor value, then the new breakpoint pair will be moved to
the position in the curve that bounds the sensor value of the new breakpoint pair. If
the pairis moved, a message will be displayed to indicate to the location to which the
breakpoint pair was moved.

Curwve Entry: Edi . X 4 Curve Entry: Edit -

FioG.14985 U ;
FIGURE 5-7 Left: Scroll to highlight a breakpoint number; Middle: Press the enter key to highlight the sensor value of the selected pair ;
Right: Press the enter key again, and the temperature value is highlighted

Menu Navigation:
Curve Entry —Edit Curve—> (21-59)—>Curve Points —>(1-200)
Interface Command: CRVPT
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5.9.1.2 Add a New Breakpoint Pair

The last breakpoint of a curve is signified by the first pair that contains a 0 value for
both the temperature and sensor portions. Curves are limited to 200 breakpoint
pairs, so if 200 pairs already exist, then the 200th pair will be the last pairin the list.
To add a new breakpoint pair to a curve that has less than 200 pairs, scroll to the end
of the listand edit the O value pair by following the procedure for editing a breakpoint
pairinsection 5.9.1.1. If the curve still contains less than 200 pairs, a new 0 value
breakpoint will be added to the end of the list for entering another new

breakpoint pair.

Menu Navigation:
Curve Entry >Edit Curve = (21-59)—>Curve Points—> (1-200)
Interface Command: CRVPT

5.9.1.3 Delete a Breakpoint Pair

To delete a breakpoint pair, scroll to the desired breakpoint number, then entera 0
value for both the sensor and temperature values by following the procedure for edit-
ing a breakpoint pairin section 5.9.1.1.

If you are not entering O for both sensor and temperature values, then entering new val-
ues over an existing breakpoint pair will replace that pair with the new value when you
press Enter.

After editing, adding, or deleting all desired breakpoint pairs, press Escape (Exit
Menu) while the highlight is on a breakpoint number. All breakpoint pair changes,
additions, and deletions will be saved when exiting the menu.

When curve entry is complete, you must assign the new curve to an input. The
Model 350 does not automatically assign the new curve to any input. Refer to section
4.4.8 for details on assigning a curve to a sensor input.

Menu Navigation:
Curve Entry—>Edit Curve—» (21-59)—>Curve Points—>(1—-200)
Interface Command: CRVPT

5.9.1.4 Thermocouple Curve Considerations
The following are things to consider when generating thermocouple curves.

m  You may entertemperature response curves for all types of thermocouples. Enter
curve data in mV/K format with thermocouple voltage in millivolts and tempera-
turein kelvin.

m Thecurve mustbenormalized to 0 mVat273.15 K (0 °C). Thermocouple voltages
in millivolts are positive when temperature is above 273.15 K, and negative
when temperature is below that point.

m  Toconvertcurves publishedin Celsius to kelvin,add 273.15 to the temperature in
Celsius.

m Theinputvoltage of the Model 350 is limited to £50 mV, so any part of the curve
that extends beyond £50 mV is not usable by the instrument.

m Amessage of S.SOVER or SSUNDER on the display indicates that the measured ther-
mocouple inputis over or under the £50 mV range.
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The View Curve operation provides read-only access to all standard and user curves.

To perform the View Curve operation follow this procedure.

1. Press Curve Entry, scroll to View Curve, then press Enter.

2. Scroll to the desired curve and press Enter again to view the curve header infor-
mation.

3. Toview the curve breakpoints, highlight the Curve Points parameter and press
Enter. The list of breakpoint pairs is scrollable, but data cannot be edited.

4. PressEscape (Exit Menu) to return to the curve header parameter list.

5. Press Escape (Exit Menu) again to exit the Curve Entry menu and return to nor-
mal operation.

Menu Navigation:
Curve Entry—View Curve
Interface Command: CRVHDR, CRVPT

You can erase user curves that are no longer needed. Erase Curve sets all identifica-
tion parameters to default and blanks all breakpoint values.

To perform the Erase Curve operation follow this procedure.

1. Press Curve Entry, scroll to Erase Curve, then press Enter.

2. Scroll to the desired curve and press Enter.

3. Choose Yes at the confirmation message to finalize the operation.

4. To cancel the operation, either choose No to the confirmation message, or press
Escape.

Menu Navigation:
Curve Entry—>Erase Curve —» (21-59)
Interface Command: CRDEL

Temperature curves can be copied from one location inside the Model 350 to another.
Thisis a good way to make small changes to an existing curve. Curve copy may also be
necessary if you need the same curve with two different temperature limits or if you
need to extend the range of a standard curve. The curve that is copied from is always
preserved.

The copy routine allows you to overwrite an existing user curve. Please ensure the curve
number you are writing to is correct before proceeding with the copy curve operation.

1. To perform the Copy Curve operation press Curve Entry, scroll to Copy Curve,
then press Enter.

2. Scroll to the desired curve to copy, and press Enter. A list of user curves is dis-
played.

3. Scrollto the desired user curve location to copy to, and press Enter.

Choose Yes at the confirmation message to finalize the operation.

5. Tocancel the operation, either choose No to the confirmation message, or press
Escape.

A

Menu Navigation:

Curve Entry —>Copy Curve —> (1-59) = (21-59)

Interface Command: (No interface command directly corresponds to the copy curve
operation. You can use the CRVHDR and CRVPT commands to read curve information
from one curve location and write that information to another curve location.)
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5.10 SoftCal™

5.10.1 SoftCal™ With
Silicon Diode Sensors

Model 350 Temperature Controller

The Model 350 allows you to perform inexpensive sensor calibrations with a set of
algorithms called SoftCal™ The two SoftCal™ algorithmsin the Model 350 work with
DT-400 Series silicon diode sensors and platinum sensors. They create a new tem-
perature response curve from the standard curve and known data points that you
entered. The new curve loads into one of the user curve locations (21 to 59) in the
instrument. The following sections describe the data points you need to supply and
the expected accuracy of the resulting curves.

A feature similar to SoftCal™ is available for compensating thermocouples using the
Curve Handler® program.

Both DT-400 Series and platinum SoftCal™ algorithms require a standard curve that
is already presentin the Model 350. When you enter the type of sensor being cali-
brated, the correct standard curve must be selected. When calibration is complete,
you must assign the new curve to an input. The Model 350 does not automatically
assign the newly generated curve to eitherinput.

Calibration data points must be entered into the Model 350. These calibration points
are normally measured at easily obtained temperatures like the boiling point of cryo-
gens. Each algorithm operates with 1, 2, or 3 calibration points. The range of
improved accuracy increases with more points.

There are two ways to get SoftCal™ calibration data points: you can record the
response of an unknown sensor at well controlled temperatures, or you can purchase
a SoftCal™ calibrated sensor from Lake Shore. There are advantages to both methods.

m  User: whenyou can provide stable calibration temperatures with the sensor
installed, SoftCal™ calibration eliminates errors in the sensor measurement as
well as the sensor. Thermal gradients, instrument accuracy, and other measure-
ment errors can be significant to some users. Calibration can be no better than
user-supplied data.

m  Purchased: Lake Shore sensors with SoftCal™ calibration include a set of calibra-
tion pointsin the calibration report. The SoftCal™ calibration points are gener-
ated in a controlled calibration facility at Lake Shore for best accuracy. The
calibration points can be entered into the Model 350 so it can generate a curve. If
the CalCurve™ service is purchased with the calibrated sensor, the curve is also
generated at the factory and can be entered like any other curve.

Lake Shore silicon diode sensors incorporate remarkably uniform sensing elements
that exhibit precise, monotonic, and repeatable temperature response. For example,
the Lake Shore DT-400 Series of silicon diode sensors have a repeatable temperature
response from 2 Kto 475 K. These sensors closely follow a standard curve. SoftCal™ is
an inexpensive way to improve the accuracy of an already predictable sensor.

A unique characteristic of DT-400 Series diodes is that their temperature responses
pass through 28 K at almost exactly the same voltage. This improves SoftCal™ algo-
rithm operation by providing an extra calibration data point. It also explains why
SoftCal™ calibration specifications are divided into two temperature ranges, above
and below 28 K. See FIGURE 5-8.

m  Point 1: calibration data point at or near the boiling point of helium, 4.2 K. Accept-
able temperature entries are 2 Kto 10 K. This data point improves between the
calibration data pointand 28 K. Points 2 and 3 improve temperatures above 28 K.

m  Point 2: calibration data point at or near the boiling point of nitrogen (77.35 K).
Temperatures outside 50 K to 100 K are not allowed. This data point improves
accuracy between 28 Kand 100 K. Points 2 and 3 together improve accuracy to
room temperature and above.

m  Point 3: calibration data point near room temperature (305 K). Temperatures out-
side the range of 200 K to 350 K are not allowed.
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SoftCal Point One SoftCal Point Two SoftCal Point Three
Liquid helium Liquid nitrogen Room temperature
boiling point boiling point point

4.2K 77.35K 305K
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350
2-10K 50-100K 200-325K

FIGURE 5-8 Acceptable temperature range for DT-400 series silicon diode SoftCal™ sensors

A SoftCal™ calibration is only as good as the accuracy of the calibration points. The
accuracies listed for SoftCal™ assume +0.01 K for 4.2 K (liquid helium), £0.05 K for
77.35 K (liquid nitrogen), and 305 K (room temperature) points. Users performing the
SoftCal™ with Lake Shore instruments should note that the boiling point of liquid
cryogen, though accurate, is affected by atmospheric pressure. Use calibrated stan-
dard sensors if possible.

One-point SoftCal™ calibrations for applications under 30 K are performed at liquid
helium (4.2 K) temperature. Accuracy for the DT-470-SD-13 diode is £0.5 K from 2 K
to <30 Kwith no accuracy change above 30 K.

Two-point SoftCal™ calibrations for applications above 30 K are performed at liquid
nitrogen (77.35 K) and room temperature (305 K). Accuracy for the DT-470-SD-13
diode sensor is as follows:

+1.0K 2 Kto<30K (no change below 30 K)
10.25K 30Kto<60K

10.15K 60Kto<345K

10.25K 345Kto<375K

+1.0K 375t0475K

TABLE 5-6 2-point SoftCal™ calibration
accuracy for DT-470-SD-13 diode sensors

Three-point SoftCal™ calibrations are performed at liquid helium (4.2 K), liquid nitro-
gen (77.35 K), and room temperature (305 K). Accuracy for the DT-470-SD-13 diode
sensor is as follows:

10.5K 2Kto<30K
10.25K 30Kto<60K
10.15K 60 Kto<345K
10.25K 345Kto<375K
11.0K 375t0475K

TABLE 5-7 3-point SoftCal™ calibration
accuracy for DT-470-SD-13 diode sensors
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5.10.3 SoftCal™ With
Platinum Sensors

5.10.4 SoftCal™
Accuracy With
Platinum Sensors

Model 350 Temperature Controller

The platinum sensor is a well-accepted temperature standard because of its consis-
tentand repeatable temperature response above 30 K. SoftCal™ gives platinum sen-
sors better accuracy than their nominal matching to the DIN 43760 curve.

SoftCal Point One SoftCal Point Two SoftCal Point Three
Liquid nitrogen Room temperature High temperature
boiling point point point
77.35K 305K 480K
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500 550 600 650
50-100K 200-325K 400-600K

FIGURE 5-9 Acceptable temperature range for platinum SoftCal™ sensors

One, two, or three calibration data points can be used. If you are using one point, the
algorithm shifts the entire curve up or down to meet the single point. If you are using
two points, the algorithm has enough information to tilt the curve, achieving good
accuracy between the data points. The third point extends the improved accuracy to
span all three points.

m  Point 1: calibration data point at or near the boiling point of nitrogen (77.35 K).
Acceptable temperature entriesare 50 Kto 100 K.

m  Point 2: calibration data point near room temperature (305 K). Acceptable tem-
perature entries are 200 Kto 300 K.

m  Point 3: calibration data point at a higher temperature (480 K). Acceptable tem-
perature entries are 400 Kto 600 K.

A SoftCal™ calibration is only as good as the accuracy of the calibration points. The
accuracies listed for SoftCal™ assume +£0.05 K for 77.35 K (liquid nitrogen) and 305 K
(room temperature) points. If you are performing the SoftCal™ with Lake Shore
instruments, note that the boiling point of liquid cryogen, though accurate, is
affected by atmospheric pressure. Use calibrated standard sensors if possible.

One-point SoftCal™ calibrations with platinum sensors have no specified accuracy.

Two-point SoftCal™ calibrations for applications above 70 K are performed at liquid
nitrogen (77.35 K) and room temperature (305 K). Accuracy for the PT-102, PT-103, or
PT-111 platinum sensor is as follows:

1250 mK 70Kto325K
1500 mK 325K to 1400 mK at 480 K
(DIN class Aor class B tolerance

TABLE 5-8 Three-point SoftCal™ calibration
accuracy for DT-470-SD-13 diode sensors

Three-point SoftCal™ calibrations are performed at liquid nitrogen (77.35 K), room
temperature (305 K), and high temperature (480 K). Accuracy for the PT-102, PT-103,
or PT-111 platinum sensoris 250 mK from 70 Kto 325 K, and £250 mK from
325Kto480K.
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Once the calibration data points have been obtained, you may create a SoftCal™ cali-
bration. Press Curve Entry, then scroll to Softcal and press Enter. A list of sensor types
isdisplayed containing DT-470, PT-100, and PT 1000. Scroll to the desired sensor type
and press Enter. A list of SoftCal™ parameters is displayed.

Use the Store Location parameter to choose the user curve location in which to store
the newly generated curve. If desired, use the Serial Number parameter to entera
serial numberforthe newly generated curve. Use the Point X Temp and Point X Sensor
parameters to enter calibration data point X, where X can be point1,2,or 3.Ifonly 1
or 2 data points were acquired, only enter those data points and leave the others at
their default values. Note the acceptable temperature ranges for each calibration
data pointin FIGURE 5-8 and FIGURE 5-9. If a temperature value outside of the
acceptable range is entered, the value will be limited to the closest acceptable value.

Once the data points are entered, highlight Generate Softcal and press Enter. Choose
Yes at the confirmation message to finalize the operation. To cancel the operation,
either choose No to the confirmation message, or press Escape. When the Softcal™
curve has been generated, the following message will appear on the display:

*** SoftCal curve has been generated ***

The Generate Softcal operation will overwrite an existing user curve. Please ensure the
curve number you are writing to is correct before generating the calibrated curve.

You can check the new curve using the View Curve instructions in section 5.9.2. The
curve is not automatically assigned to any input, so you will need to assign it to an
input. Refer to section 4.4.8 for details on assigning a curve to a sensor input.

Menu Navigation:

Curve Entry =>Softcal—>(DT-470, Platinum 100, Platinum 1000)—>Data Entry (see note
below)—>(Generate Softcal)—> (Yes)

Interface Command: SCAL

Data entry includes new curve serial number and calibration points.
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@Chapter 6: Computer Interface

6.1 General

6.2 |IEEE-488
Interface

Operation

This chapter provides operational instructions for the computer interface for the
Lake Shore Model 350 temperature controller. Each of the three computerinterfaces
provided with the Model 350 permit remote operation. The firstis the IEEE-488
interface described in section 6.2. The second is the USB interface described in
section 6.3. The third is the Ethernet interface described in section 6.4. The three
interfaces share acommon set of commands detailed in section 6.6. Only one of the
interfaces can be used at a time.

The IEEE-488 interface is an instrumentation bus with hardware and programming
standards that simplify instrument interfacing. The Model 350 IEEE-488 interface
complies with the IEEE-488.2 standard and incorporates its functional, electrical,
and mechanical specifications unless otherwise specified in this manual.

Allinstruments on the interface bus perform one or more of the interface functions of
Talker, Listener, or Bus Controller. A Talker transmits data onto the bus to other
devices. A Listener receives data from other devices through the bus. The Bus Control-
ler designates to the devices on the bus which function to perform. The Model 350
performs the functions of Talker and Listener, but it cannot be a Bus Controller. The
Bus Controlleris the digital computer that tells the Model 350 which functions to
perform.

TABLE 6-1 defines the IEEE-488 capabilities and subsets for the Model 350:

o e

SH1: Source handshake capability

RL1: Complete remote/local capability

DC1: Full device clear capability

DTO: No device trigger capability

Co: No system controller capability

Ts: Basic Talker, serial po!l capability, tallfonly,
unaddressed to talk if addressed to listen

L4: Basic Listener, unaddressed to listen if

addressed to talk

SR1: Service request capability

AH1: Acceptor handshake capability

PPO: No parallel poll capability

E1: Open collector electronics

TABLE6-1 Model 350 IEEE-488 interface capabilities
and their subsets

Instruments are connected to the IEEE-488 bus by a 24-conductor connector cable
as specified by the standard (section 8.10.1). Cables can be ordered from Lake Shore
as |EEE-488 Cable Kit 4005, or they can be purchased from other electronic suppliers.

Cable lengths are limited to 2 m (6.6 ft) for each device and 20 m (65.6 ft) for the

entire bus. The Model 350 can drive a bus with up to ten loads. If more instruments or
cable length isrequired, a bus expander must be used.
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6.2.1 Changing
IEEE-488 Interface
Parameters

6.2.2 Remote/Local
Operation

6.2.3 |IEEE-488.2
Command Structure

Model 350 Temperature Controller

The IEEE-488 address must be set from the front panel before communication with
the instrument can be established.

Menu Navigation:
Interface—>Enabled—>IEEE-488
Interface—>|EEE-488 Address —>(1to 31)
Default: IEEE-488

Normal operations from the keypad are referred to as local operations. The

Model 350 can also be configured for remote operations via the IEEE-488 interface or
the Remote/Local key. The Remote/Local key will toggle between remote and local
operation. During remote operations, the remote annunciator LED will be illumi-
nated, and operations from the keypad will be disabled.

The Model 350 supports several command types. These commands are divided
into four groups.

1. BusControl (section 6.2.3.1).

a. Universal
m Uniline
m Multiline
b. Addressed bus control

2. Common (section 6.2.3.2).
3. Device Specific (section 6.2.3.3).
4. Message Strings (section 6.2.3.4).

6.2.3.1 Bus Control Commands

Abus control command can either be a universal or an addressed bus control. A uni-
versal command addresses all devices on the bus. Universal commands include uni-
line and multiline commands. A uniline command (message) asserts only a single
signal line. The Model 350 recognizes two of these messages from the Bus Controller:
Remote (REN) and Interface Clear (IFC). The Model 350 sends one uniline command:
Service Request (SRQ).

m  REN (Remote): puts the Model 350 into remote mode

m IFC(Interface Clear): stops current operation on the bus

m  SRQ (Service Request): tells the bus controller that the Model 350 needs interface
service

A multiline command asserts a group of signal lines. All devices equipped to imple-
ment such commands do so simultaneously upon command transmission. These
commands transmit with the Attention (ATN) line asserted low. The Model 350 recog-
nizes two multiline commands:

m  LLO (Local Lockout): prevents the use of instrument front panel controls
m DCL(Device Clear): clears Model 350 interface activity and putsitinto a busidle
state

Finally, addressed bus control commands are multiline commands that must include
the Model 350 listen address before the instrument responds. Only the addressed
device responds to these commands. The Model 350 recognizes three of the
addressed bus control commands:

m SDC (Selective Device Clear): the SDC command performs essentially the same
function as the DCL command, except that only the addressed device responds

m GTL(GoTo Local): the GTLcommand is used to remove instruments from the
remote mode. With some instruments, GTL also unlocks front panel controls if
they were previously locked out with the LLO command.
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m  SPE (Serial Poll Enable) and SPD (Serial Poll Disable): serial polling accesses the
Service Request Status Byte Register. This status register contains important
operational information from the unit requesting service. The SPD command
ends the polling sequence.

6.2.3.2 Common Commands

Common commands are addressed commands that create commonality between
instruments on the bus. All instruments that comply with the IEEE-488 standard
share these commands and their format. Common commands all begin with an aster-
isk. They generally relate to bus and instrument status and identification. Common
query commands end with a question mark (?). Model 350 common commands are
detailed in section 6.6.1 and summarized in TABLE 6-6.

6.2.3.3 Device Specific Commands

Device specific commands are addressed commands. The Model 350 supports a vari-
ety of device specific commands to program instruments remotely from a digital
computer and to transfer measurements to the computer. Most device specific com-
mands also work if performed from the front panel. Model 350 device specific com-
mands are detailed in section 6.6.1 and summarized in TABLE 6-6.

6.2.3.4 Message Strings

A message string is a group of characters assembled to perform an interface function.
There are three types of message strings: commands, queries and responses. The
computerissues command and query strings through user programs, and the instru-
ment issues responses. Two or more command strings or queries can be chained
togetherin one communication, but they must be separated by a semi-colon (;). The
total communication string must not exceed 255 characters in length.

A command string is issued by the computer and instructs the instrument to perform
afunction or change a parameter setting. When a command is issued, the computer
is acting as talker and the instrument as listener. The format is:

<command mnemonic><space><parameter data><terminators.

Command mnemonics and parameter data necessary for each one is described in
section 6.6.1. A terminator must be sent with every message string.

Aquery string is issued by the computer and instructs the instrument which response
to send. Queries are issued similar to commands with the computer acting as talker
and the instrument as listener. The query format is:

<guery mnemonic><?><space><parameter data><terminators>.

Query mnemonics are often the same as commands with the addition of a question
mark. Parameter data is often unnecessary when sending queries. Query mnemonics
and parameter data if necessary is described in section 6.6.1. A terminator must be
sent with every message string. Issuing a query does not initiate a response from the
instrument.

Aresponse string is sent by the instrument only when it is addressed as a talker and
the computer becomesthelistener. Theinstrumentwill respond only to the last query
itreceives. The response can be areading value, status report or the presentvalue ofa
parameter. Response data formats are listed along with the associated queries

in section 6.6.1.
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6.2.4 Status System
Overview

Model 350 Temperature Controller

The Model 350 implements a status system compliant with the IEEE-488.2 standard.
The status system provides a method of recording and reporting instrument informa-
tion and is typically used to control the Service Request (SRQ) interrupt line. Adia-
gram of the status system is shown in FIGURE 6-1. The status system is made up of
status register sets, the Status Byte register, and the Service Request Enable register.
Each register set consists of three types of registers: condition, event, and enable.

6.2.4.1 Condition Registers

Each register set (except the Standard Event Register set) includes a condition regis-
terasshownin FIGURE 6-1. The condition register constantly monitors the instru-
ment status. The data bits are real-time and are not latched or buffered. The register
isread-only.

6.2.4.2 Event Registers

Each register setincludes an event register as shown in FIGURE 6-1. Bits in the event
register correspond to various system events and latch when the event occurs. When
an event bitis set, subsequent events corresponding to that bit are ignored. Set bits
remain latched until the registeris cleared by a query command (such as *ESR?) ora
*CLS command. The registeris read-only.

6.2.4.3 Enable Registers

Eachregister setincludes an enable register as shown in FIGURE 6-1. An enable regis-
ter determines which bits in the corresponding event register will set the summary
bit for the register set in the Status Byte. You may write to or read from an enable reg-
ister. Each event register bit is logically ANDed to the corresponding enable bit of the
enable register. When you set an enable register bit, and the corresponding bit is set
in the event register, the output (summary) of the register will be set, which in turn
sets the summary bit of the Status Byte register.
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Standardevent [ 7 [ 6 [ s [ 24 3] 2] 1] o |-Bit

Status register
Not Not Not
*ESR? | PON [ ysed | ME | EXE | ysed | QYE | ysed | OPC | —Name

AND m
AND
0

Standardevent| 7 | 6 [ 5 | 2 | 3 2 11| o|-Bit

Status enable register Not o
*ESE, *ESE? | PO | used | “ME| FXE [ used | AF [ used [ O°C | —Name

Output
buffer

PON = Power on
CME = Command error
EXE = Execution error A

QYE = Query error . =
OPC = Operation complete ~ Status byte ri%'.?%;
? | os8 | RQs

514]|3 2| 1| 0 |-Bit

Not | Not | Not | Not
used | used | used | used —Name

MSS| ESB | MAV

— o) |—

RQS |Generateservice |
request—reset by
serial poll

AND, m
MSS |Read by *STB? i:

Servicerequest [ 7 6 5|1 413|211 o]-Bit

enable register
Not | Not | Not | Not
*SRE,*SRE? 0SB | Notused | ESB [ MAV | o [ ysed | used [ used | —~Name

] . 0SB = Operation summary bit
_ Operation| 7 | 6 | 5] 4[3]2]1]|o0]|-Bit RQS = Service request
condition register MSS = Master summary status bit
OPST? ESB = Event status summary bit
Y Y VY VY OV VOV Y MAV = Message available summary bit

Operation| 7 [ 6 [ 5| 4|3 [ 2] 1] 0 [-Bit

eventregister
OPSTR? COM | CAL |ATUNE[NRDG [RAMP1[RAMP2| OVLD [ALARM| — Name

COM | CAL |[ATUNE|NRDG |RAMP1|RAMP2| OVLD |ALARM| — Name

AND
\

Operationevent| 7 | 6 | 5 | 4| 3| 2] 2| o [|-Bit

enable register
OPSTE, OPSTE? COM | CAL |ATUNE|NRDG|RAMP1|RAMP2| OVLD |ALARM| —Name
, ?

COM = Processor communication error
CAL = Calibration error

ATUNE = Autotune process completed
NRDG = New sensor reading

RAMP1 =Loop 1 ramp done

RAMP2 = Loop 2 ramp done

OVLD = Sensor overload

ALARM = Sensor alarming

FIGURE 6-1 Model 350 status system
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6.2.4.4 Status Byte Register

The Status Byte register, typically referred to as the Status Byte, is a non-latching,
read-only register that contains all of the summary bits from the register sets. The
status of the summary bits are controlled from the register sets as explained in sec-
tion 6.2.4.1 to section 6.2.4.3. The Status Byte also contains the Request for Service
(RQS)/Master Summary Status (MSS) bit. This bit is used to control the Service
Request hardware line on the bus and to report if any of the summary bits are set via
the *STB? command. The status of the RQS/MSS bit is controlled by the summary bits
and the Service Request Enable Register.

6.2.4.5 Service Request Enable Register

The Service Request Enable Register determines which summary bits in the Status
Byte will set the RQS/MSS bit of the Status Byte. You may write to or read from the Ser-
vice Request Enable Register. Each Status Byte summary bit is logically ANDed to the
corresponding enable bit of the Service Request Enable Register. When you set a Ser-
vice Request Enable Register bit, and the corresponding summary bitis setin the Sta-
tus Byte, the RQS/MSS bit of the Status Byte will be set, which in turn sets the Service
Request hardware line on the bus.

6.2.4.6 Reading Registers

You can read any register in the status system using the appropriate query command.
Some registers clear when read, others do not (section 6.2.4.8). The response to a
query will be a decimal value that corresponds to the binary-weighted sum of all bits
in the register (TABLE 6-2). The actual query commands are described later through-
outsection 6.2.4.

Position B7 B6 B5 B4 B3 B2 B1 BO
Decimal 128 64 32 16 8 4 2 1
Weighting 27 26 25 24 23 22 21 20

Example: If bits 0, 2, and 4 are set, a query of the register will return a decimal value of 21 (1+4+16).

TABLE 6-2 Binary weighting of an 8-bit register

6.2.4.7 Programming Registers

The only registers that may be programmed by the user are the enable registers. All
otherregisters in the status system are read-only registers. To program an enable
register, send a decimal value that corresponds to the desired binary-weighted sum
of all bits in the register (TABLE 6-2). The actual commands are described throughout
(section 6.2.4).
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6.2.4.8 Clearing Registers
The methods to clear each register are detailed in TABLE 6-3.

I - R

Condition registers None. Registers are not latched —

Eventregisters: *ESR? (clears Standard Event

q h ntregister .
Standard event status register Query the event registe Status Register

Operation event register Send *CLS *CLS (clears both registers)
Power on instrument —

Enable registers Write 0 to the *ESE O (clears Standard Event

Standard Event Status Enable Register enable register Status Enable register)

Operation Event Enable Register

Service Request Enable Register Power on instrument -

Status byte There are no commands that directly clear the status byte as the bits are Ifbit 5 (ESB) of the status byte is
non-latching; to clearindividual summary bits clear the event register that set, send *ESR? to read the
corresponds to the summary bit—sending *CLS will clear all event standard event status register
registers which in turn clears the status byte and bit 5 will clear

Power on instrument —

TABLE 6-3 Register clear methods

6.2.5 Status System As shown in FIGURE 6-1, there are two register sets in the status system of the
Detail: Status Register Model 350: Standard Event Status Register and Operation Event Register.

Sets .
6.2.5.1 Standard Event Status Register Set

The Standard Event Status Register reports the following interface related instru-
mentevents: power on detected, command syntax errors,command execution errors,
query errors, operation complete. Any or all of these events may be reported in the
standard event summary bit through the enable register (FIGURE 6-2). The Standard
Event Status Enable command (*ESE) programs the enable register and the query
command (*ESE?) reads it. *ESR? reads and clears the Standard Event Status Register.
The used bits of the Standard Event Register are described as follows:

m  Power On (PON), Bit (7): this bitis set to indicate an instrument off-on
transition.

m Command Error (CME), Bit (5): this bitis setifa command error has been detected
since the last reading. This means that the instrument could not interpret the
command due to a syntax error, an unrecognized header, unrecognized termina-
tors, oran unsupported command.

m  Execution Error (EXE), Bit (4): this bit is set if an execution error has been
detected. This occurs when the instrument is instructed to do something not
within its capabilities.

m  Query Error (QYE), Bit (2): this bit indicates a query error. It occurs rarely and
involves loss of data because the output queue is full.

m Operation Complete (OPC), Bit (0): when *OPC is sent, this bit will be set when the
instrument has completed all pending operations. The operation of this bit is not
related to the *OPC? command, which is a separate interface feature
(section 6.2.6.6).
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-Bit

Standardevent 15864 [32 [16 [ 8 [ 4 | 2 [ 1 |-Decimal
Status register Not

Not Not
*ESR? PON used CME | EXE used QYE OPC | —Name

(*ESR? reads and AND
clears the register) AND

To event summary

Stangjlard event| 7 16| 5| 4|3 2|1 o]-Bit bit (ESB) of status

Status enable register ) byte register

*ESE, *ESE? [ 128 51 32116 Nit 4 Nzot L [ -Decimal (see FIGURE 6-1)
PON | joq| CME| EXE [ 00 | QYE | yooq | OPC| _ Name

FIGURE 6-2 Standard event status register

6.2.5.2 Operation Event Register Set

The Operation Event Register reports the interface related instrument events listed
below. Any or all of these events may be reported in the operation event summary bit
through the enable register (FIGURE 6-3). The Operation Event Enable command
(OPSTE) programs the enable register and the query command (OPSTE?) reads it.
OPSTR? reads and clears the Operation Event Register. OPST? reads the Operation
Condition register. The used bits of the Operation Event Register are described as fol-
lows:

Processor Communication Error (COM), Bit (7): this bit is set when the main pro-
cessor cannot communicate with the sensorinput processor

Calibration Error (CAL), Bit (6): this bit is set if the instrument is not calibrated or
the calibration data has been corrupted

Autotune Done (ATUNE), Bit (5): this bit is set when the Autotuning algorithm is
NOT active

New Sensor Reading (NRDG), Bit (4): this bit is set when there is a new

sensor reading

Loop 1 Ramp Done (RAMP1), Bit (3): this bit is set when a loop 1 setpoint ramp
iscompleted

Loop 2 Ramp Done (RAMP2), Bit (2)—: this bit is set when a loop 2 setpoint ramp
iscompleted

SensorOverload (OVLD), Bit (1): this bit is set when a sensor reading isin the over-
load condition

Alarming (ALARM), Bit (0): this bitis set when aninputisin an alarming state, and
the Alarm Visible parameteris on
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—Bit
Operation 7161514312110 ]
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7165 4]3 2| 1| 0 |-Bit

Operation
eventregister | 128 64 | 32 [ 16 | 8 412 1 | —Decimal
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[
(OPSTR? reads and AND

clears the register)

To operation
Bit event summary
Operation event 7161514131 21110 ! E;;ESSSE)S’:
enableregister | 128| 64 | 32| 16 | 8 | 4 | 2 | 1 [ -Decimal registgr
OPSTE, OPSTE? [ o, [ car [arune|nroc|ravea|wamez] ovio | ausem —Name (see FIGURE 6-1)
FIGURE 6-3 Operation event register
.2.6 Status System sshown in -1,the Status Byte Register receives the summary bits from the
6.2.6 Status Syst As sh FIGURE 6-1, the Status Byte Regist th ry bits fi th
Detail: Status Byte two status register sets and the message available summary bit from the output

Regist dServi buffer. The status byte is used to generate a service request (SRQ). The selection of
egisterand service summary bits that will generate an SRQ is controlled by the Service Request Enable
Request Register.

6.2.6.1 Status Byte Register

The summary messages from the event registers and output buffer set or clear the
summary bits of the Status Byte Register (FIGURE 6-4). These summary bits are not
latched. Clearing an event register will clear the corresponding summary bitin the
Status Byte Register. Reading all messages in the output buffer, including any pending
queries, will clear the message available bit. The bits of the Status Byte Register are
described as follows:

m  Operation Summary (OSB), Bit (7): this bitis setwhen an enabled operation event
has occurred

m RequestService (RQS)/Master Summary Status (MSS), Bit (6): this bitis setwhen a
summary bit and the summary bit’s corresponding enable bit in the Service
Request Enable Register are set. Once set, the user may read and clear the bitin
two different ways, which is why it is referred to as both the RQS and the MSS bit.
When this bit goes from low to high, the Service Request hardware line on the bus
is set; thisis the RQS function of the bit (section 6.2.6.3). In addition, the status of
the bit may be read with the *STB? query, which returns the binary weighted sum
of all bits in the Status Byte; this is the MSS function of the bit.

Performing a serial poll will automatically clear the RQS function, but it will not clear
the MSS function. A*STB? will read the status of the MSS bit (along with all of the
summary bits), but also will not clear it. To clear the MSS bit, either clear the event
register that set the summary bit or disable the summary bitin the

Service Request Enable Register.

m  Event Summary (ESB), Bit (5): this bitis set when an enabled standard event has
occurred
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m  Message Available (MAV), Bit (4): this bit is set when a message is available in the
output buffer

6.2.6.2 Service Request Enable Register

The Service Request Enable Register is programmed by the user and determines
which summary bits of the Status Byte may set bit 6 (RQS/MSS) to generate a Service
Request. Enable bits are logically ANDed with the corresponding summary bits
(FIGURE 6-4). Whenever a summary bit is set by an event register and its correspond-
ing enable bitis set by the user, bit 6 will set to generate a service request. The Service
Request Enable command (*SRE) programs the Service Request Enable Register and
the query command (*SRE?) reads it.

From operation event register

From standard event status register

J From operation event register
\ \ i ;

. . 71 6 [s5]a[3[2[1]o0]-Bi
Status yterigsl_f_g%; 128| 64 [32f16]| 8| 4| 2| 1 |-Decimal

0s8 RQS|MSS Ess | may | Not | Not | Not | Not

used | used | used | used —Name

RQS | Generateservice |« | |

request—reset by
serial poll AND \ OR
AND

MSS |Read by *STB? i:

. —-Bit
Service request / 6 > 1413121110

enable register | 128 64 32116 8| 4| 2 1 |-Name
*SRE, *SRE? [ o5 [ Notused | ess | mav | Not | Not T Not | Not

FIGURE 6-4 Status byte register and service request enable register

6.2.6.3 Using Service Request (SRQ) and Serial Poll

When a Status Byte summary bit (or MAV bit) is enabled by the Service Request
Enable Register and goes from 0 to 1, bit 6 (RQS/MSS) of the status byte will be set.
This will send a service request (SRQ) interrupt message to the bus controller. The
user program may then direct the bus controller to serial poll the instruments on the
bus to identify which one requested service (the one with bit 6 setin its status byte).

Serial polling will automatically clear RQS of the Status Byte Register. This allows sub-
sequent serial polls to monitor bit 6 for an SRQ occurrence generated by other event
types. After a serial poll, the same event or any event that uses the same Status Byte
summary bit, will not cause another SRQ unless the event register that caused the
first SRQ has been cleared, typically by a query of the event register.

The serial poll does not clear MSS. The MSS bit stays set until all enabled Status Byte
summary bits are cleared, typically by a query of the associated event register
(section 6.2.6.4).

The programming example in TABLE 6-4 initiates an SRQ when a command error is
detected by the instrument.
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Command or Operation Description

*ESR? Read and clear the Standard Event Status Register
*ESE 32 Enable the Command Error (CME) bit in the Standard Event Status Register
*SRE 32 Enable the Event Summary Bit (ESB) to set the RQS
*ABC Send improper command to instrument to generate a command error
Monitor bus Monitor the bus until the Service Request interrupt (SRQ) is sent.
Initiate serial poll Serial poll the bus to determine which instrument sent the interrupt
and clear the RQS bit in the Status Byte.
*ESR? Read and clear the Standard Event Status Register allowing

an SRQ to be generated on another command error.

TABLE 6-4 Programming example to generate an SRQ

6.2.6.4 Using Status Byte Query (*STB?)

The Status Byte Query (*STB?) command is similar to a serial poll exceptitis pro-
cessed like any other instrument command. The *STB? command returns the same
result as a serial poll except that the Status Byte bit 6 (RQS/MSS) is not cleared. In this
case, bit 6 is considered the MSS bit. Using the *STB? command does not clear any bits
in the Status Byte Register.

6.2.6.5 Using the Message Available (MAV) Bit

Status Byte summary bit 4 (MAV) indicates that data is available to read into the bus
controller. This message may be used to synchronize information exchange with the
bus controller. The bus controller can, for example, send a query command to the
Model 350 and then wait for MAV to set. If the MAV bit has been enabled to initiate an
SRQ, the user’s program can direct the bus controller to look for the SRQ leaving the
bus available for other use. The MAV bit will be clear whenever the output bufferis
empty.

6.2.6.6 Using Operation Complete (*OPC) and Operation Complete Query (*OPC?)

The Operation Complete (*OPC) and Operation Complete Query (*OPC?) are both
used to indicate when pending device operations complete. However, the commands
operate with two distinct methods.

The *OPC command is used in conjunction with bit 0 (OPC) of the Standard Event Sta-
tus Register. If *OPC is sent as the last command in acommand sequence, bit O will be
setwhen the instrument completes the operation that was initiated by the command
sequence. Additional commands may be sent between the instrument and the bus
controller while waiting for the initial pending operation to complete. A typical use of
this function would be to enable the OPC bit to generate an SRQ and include the *OPC
command when programming the instrument. The bus controller could then be
instructed to look for an SRQ allowing additional communication with the instru-
ment while the initial process executes.

The *OPC? query has no interaction with bit 0 (OPC) of the Standard Event Status Reg-
ister. If the *OPC? query is sent at the end of a command sequence, the bus will be
held until the instrument completes the operation that was initiated by the com-
mand sequence. Additional commands (except *RST) should not be sent until the
operation is complete, as erratic operation will occur. Once the sequence is complete
a 1 will be placed in the output buffer. This function is typically used to signal a com-
pleted operation without monitoring the SRQ. It is also used when it isimportant to
prevent any additional communication on the bus during a pending operation.
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The Model 350 USB interface provides a convenient way to connect to most modern
computers, as a USB interface is provided on nearly all new PCs as of the writing of
this manual. The USB interface is implemented as a virtual serial com port connec-
tion. Thisimplementation provides a simple migration path for modifying existing
RS-232 based remote interface software. It also provides a simpler means of commu-
nicating than a standard USB implementation.

The Model 350 has a B-type USB connector on the rear panel. Thisis the standard
connector used on USB peripheral devices, and it allows the common USB A-type to
B-type cable to be used to connect the Model 350 to a host PC. The pin assignments
for A-type and B-type connectors are shown in section 8.10. The maximum length of a
USB cable, as defined by the USB 2.0 standard, is 5 m (16.4 ft). This length can be
extended using USB hubs every 5 m (16.4 ft) up to five times, for a maximum total
length of 30 m (98.4 ft).

The USB interface emulates an RS-232 serial port at a fixed 57,600 baud rate, but
with the physical connections of a USB. This programming interface requires a cer-
tain configuration to communicate properly with the Model 350. The proper configu-
ration parameters are listed in TABLE 6-5.

Baud rate 57,600
Data bits 7
Start bits 1
Stop bits 1
Parity 0dd
Flow control None
Handshaking None

TABLE 6-5 Host com port
configuration

The USB hardware connection uses the full speed (12,000,000 bits/sec) profile of the
USB 2.0 standard; however, since the interface uses a virtual serial com port at a fixed
data rate, the data throughput is still limited to a baud rate of 57,600 bits/s.

The Model 350 USB driver has been made available through Windows® Update. This
isthe recommended method forinstalling the driver, as it will ensure that you always
have the latest version of the driver installed. If you are unable to install the driver
from Windows® Update, refer to section 6.3.3.3 to install the driver from the web or
from the disc provided with the Model 350.

These procedures assume that you are logged into a user account that has adminis-
trator privileges.

6.3.3.1Installing the Driver From Windows® Update in Windows 7 and Vista®

1. Connectthe USB cable from the Model 350 to the computer.

2. Turnonthe Model 350.

3. Whenthe Found New Hardware wizard appears, select Locate and install driver
software (recommended).

4. If User Account Control(UAC) is enabled, a UAC dialog box may appear asking if
you want to continue. Click Continue.

5. The Found New Hardware wizard should automatically connect to Windows®
Update and install the drivers.
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If the Found New Hardware wizard is unable to connect to Windows® Update or find the
drivers, a message to “Insert the disc that came with your Lake Shore Model 350” will be
displayed. Click Cancel and refer to section 6.3.3.3 to install the driver from the web.

6. Whenthe Found New Hardware wizard finishes installing the driver, a confirma-
tion message stating “the software for this device has been successfully
installed” will appear. Click Close to complete the installation.

6.3.3.2 Installing the Driver From Windows® Update in Windows® XP

1. Connectthe USB cable from the Model 350 to the computer.

2. Turnonthe Model 350.

3. Whenthe Found New Hardware wizard appears, select Yes, this time only and
click Next.

4. SelectInstall the software automatically (Recommended) and click Next.

5. The Found New Hardware wizard should automatically connect to Windows®
Update and install the drivers.

If the Found New Hardware wizard is unable to connect to Windows® Update or find the
drivers, a message saying Cannot Install this Hardware will be displayed. Click the Cancel
button and refer to section 6.3.3.3 to install the driver from the web.

6. When the Found New Hardware wizard finishes installing the driver a confirma-
tion message stating “the wizard has finished installing the software for
Lake Shore Model 350 Temperature Controller” will appear. Click Finish to com-
plete the installation.

6.3.3.3 Installing the Driver From the Web

The Model 350 USB driver is available on the Lake Shore website. To install the driver
it must be downloaded from the website and extracted. Use the procedure in section
6.3.3.1 through section 6.3.3.4 to download, extract, and install the driver using
Windows 7, Vista® and XP.

6.3.3.3.1 Download the driver:

1. Locatethe Model 350 USB driver on the downloads page on the Lake Shore
website.

2. Right-click on the USB driver download link, and select save target/link as.

3. Savethedrivertoaconvenient place, and take note as to where the driver was
downloaded.

6.3.3.3.2 Extract thedriver:

The downloaded driverisin a ZIP compressed archive. The driver must be extracted
from this file. Windows® provides built-in support for ZIP archives. If this supportis
disabled, a third-party application, such as WinZip™ or 7-Zip, must be used.

For Windows 7 and Vista®:

1. Rightclickonthe file and click extract all.

2. AnExtract Compressed (Zipped) Folders dialog box will appear. It is recom-
mended the default folder is not changed. Take note of this folder location.

3. Clickto clearthe Show extracted files when complete checkbox, and click
Extract.

For Windows® XP

1. Right-click on the file and click extract all.
2. The Extraction wizard will appear. Click Next.
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3. Itisrecommended to keep the same default folder. Take note of this folder loca-
tion and click Next.

4. An“Extraction complete” message will be displayed. Click to clear the Show
extracted files checkbox, and click Finish.

6.3.3.3.3 Manually install the driver

Manually installing drivers differ between versions of Windows® The following
sections describe how to manually install the driver using Windows Vista® and XP.
To install the driver you must be logged into a user account that has
administrator privileges.

For Windows 7 and Vista®

1. Connectthe USB cable from the Model 350 to the computer.

2. Turnonthe Model 350.

3. Ifthe Found New Hardware wizard appears, click Ask me again later.
4. Open Device Manager. Use this procedure to open Device Manager.

a. Clickthe Windows® Start button and type Device Manager in the
Start Search box.

b. Clickonthe Device Manager linkin the Search Results Under Programs
dialog box.

c. IfUserAccount Control is enabled click Continue on the User Account
Control prompt.

v

Click View and ensure the Devices by Type check box is selected.

In the main window of Device Manager, locate Other Devices in the list of device
types. In many instances this will be between Network adapters and Ports (COM
& LPT). If the Other Devices item is not already expanded, click the + icon.

Lake Shore Model 350 should appear indented underneath Other Devices. If it is
not displayed as Lake Shore Model 350, it might be displayed as USB Device. If
neither are displayed, click Action and then Scan for hardware changes, which
may open the Found New Hardware wizard automatically. If the Found New
Hardware wizard opens, click Cancel.

7. Right-click on Lake Shore Model 350 and click Update Driver Software.

8. Click Browse my computer for driver software.

9. Click Browse and select the location of the extracted driver.

10. Ensure the Include subfolders check box is selected and click Next.

11. When the driver finishesinstalling a confirmation message stating “Windows has
successfully updated your driver software” should appear. Click Close to com-
plete the installation.

o

For Windows® XP

1. Connectthe USB cable from the Model 350 to the computer.

2. Turnonthe Model 350.

3. The Found New Hardware wizard should appear. If the Found New Hardware
wizard does not appear, the following procedure can be used to open the Hard-
ware Update wizard which can be used instead:

a. Open Device Manager. Use this procedure to open the Device Manager:

m Right-clickon My Computer and then click Properties. This will open
the System Properties dialog.
m Clickthe Hardware tab and then click Device Manager.

b. ClickView and ensure the Devices by Type check box is selected.



6.3.4 Communication

N

6.3.4 Communication 119

¢. Inthe mainwindow of Device Manager, locate the Ports (COM & LPT)
device type. In many instances this will be between the Network adapt-
ers and Processors items. If the Ports (COM & LPT) item is not already
expanded, click the + icon. Lake Shore Model 350 should appear
indented underneath Ports (COM & LPT). Ifit is not displayed as
Lake Shore Model 350, it might be displayed as USB Device. If neither are
displayed, click Action and then select Scan for hardware changes,
which may open the Found New Hardware wizard automatically. If the
Found New Hardware wizard opens, continue to step 4.

d. Right-clickon Lake Shore Model 350 and click Update Driver.

Select No, not at this time and click Next.

Select Search for the best driver in these locations, click to clear the Search
removable media (floppy, CD-ROM...) check box, and click the Include this loca-
tionin the search check box.

Click Browse and open the location of the extracted driver.

Click Next.

When the driver finishes installing a confirmation message stating “The wizard
has finished installing the software for Lake Shore Model 350 Temperature Con-
troller” should appear. Click Finish to complete the installation.

6.3.3.4 Installing the USB Driver from the Included CD

The Model 350 USB driver is available on the included CD. The following section
describes the process of installing the driver from the CD. To install the driver you
must be logged into a user account that has administrator privileges.

For Windows 7 and Vista®

uhwnpeE

Insert the CD into the computer.

Follow steps 1-9 of the Windows Vista® procedure in section 6.3.3.3.3.

Click Browse and select the drive containing the included CD.

Ensure the Include subfolders check box is selected and click Next.

When the driver finishes installing a confirmation message stating “Windows has
successfully updated your driver software” should appear. Click Close to com-
plete the installation.

For Windows® XP

1.

2.
3.
4

o u

Insert the CD into the computer.

Connect the USB cable from the Model 350 to the computer.

Turn on the Model 350.

When the Found New Hardware wizard appears select No, not at this time and
click Next.

Select Install the software automatically (recommended) and click Next.

The Found New Hardware wizard should automatically search the CD and install
the drivers.

When the Found New Hardware Wizard finishes installing the drivers a message
stating “the wizard has finished installing the software for Lake Shore Model 350
Temperature Controller” should appear. Click Finish to complete the installation.

Communicating via the USB interface is done using message strings. The message
strings should be carefully formulated by the user program according to some simple
rules to establish effective message flow control.
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6.3.5 Message Flow
Control
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6.3.4.1 Character Format

A characteris the smallest piece of information that can be transmitted by the inter-
face. Each characteris ten bits long and contains data bits, bits for character timing,
and an error detection bit. The instrument uses seven bits for data in the American
Standard Code for Information Interchange (ASCII) format. One start bit and one stop
bit are necessary to synchronize consecutive characters. Parity is a method of error
detection. One parity bit configured for odd parity isincluded in each character.

ASCIlI letter and number characters are used most often as character data. Punctua-
tion characters are used as delimiters to separate different commands or pieces of
data. Aspecial ASCll character, line feed (LF OAH), is used to indicate the end of a mes-
sage string. This is called the message terminator. The Model 350 will accept either
the line feed character alone, or a carriage return (CR ODH) followed by a line feed as
the message terminator. The instrument query response terminator will include both
carriage return and line feed.

6.3.4.2 Message Strings

A message string is a group of characters assembled to perform an interface function.
There are three types of message strings: commands, queries, and responses. The
computerissues command and query strings through user programs, the instrument
issues responses. Two or more command or query strings can be chained togetherin
one communication, but they must be separated by a semi-colon (;). The total com-
munication string must not exceed 255 characters in length.

A command string is issued by the computer and instructs the instrument to perform
afunction or change a parameter setting. The format is:

<command mnemonic><space><parameter data><terminatorss>.

Command mnemonics and parameter data necessary foreach oneis described in
section 6.6. Terminators must be sent with every message string.

A querystringisissued by the computer and instructs the instrument to send a
response. The query formatis:

<guery mnemonic><?><space><parameter data><terminators>.

Query mnemonics are often the same as commands with the addition of a question
mark. Parameter data is often unnecessary when sending queries. Query mnemonics
and parameter data if necessary is described in section 6.6. Terminators must be sent
with every message string. The computer should expect a response very soon aftera
query is sent.

Aresponse string is the instrument’s response or answer to a query string. The
response can be a reading value, status report or the present value of a parameter.
Response data formats are listed along with the associated queriesin section 6.6. The
response is sent as soon as possible after the instrument receives the query.

Itisimportant to remember that the user program is in charge of the USB communi-
cation atall times. The instrument cannot initiate communication, determine which
device should be transmitting at a given time, or guarantee timing between mes-
sages. All of this is the responsibility of the user program.

When issuing commands the user program alone should:

m  Properly format and transmit the command including the terminator as 1 string

m  Guarantee that noother communication is started for 50 ms after the last char-
acteristransmitted

m Notinitiate communication more than 20 times per second
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When issuing queries or queries and commands together, the user program should:

m  Properly format and transmit the query including the terminator as 1 string

m Preparetoreceive a response immediately

m Receive the entire response from the instrument including the terminator

m Guarantee that no other communication is started during the response or for
50 ms afterit completes

m Notinitiate communication more than 20 times per second

Failure to follow these simple rules will resultin inability to establish communication
with the instrument or intermittent failures in communication.

The Ethernet interface provides a means of connecting the Model 350 to an Ethernet
based computer network. Ethernet networks provide the ability to communicate
across large distances, often using existing equipment (the internet, pre-existing
local networks). The Ethernet interface of the Model 350 provides the ability to use
TCP socket connections (section 6.4.3) to send commands and queries to the instru-
ment using the common command set detailed in section 6.6. The Model 350 has an
embedded web interface that provides status information and

additional utilities (section 6.5).

Menu Navigation:
Interface—>Enabled—>Ethernet

There are several parameters for configuring the Model 350 Ethernet interface and
three methods for configuring these parameters. This section contains a brief expla-
nation of each of these. A comprehensive discussion of computer networking is
beyond the scope of this manual. These settings may depend on your network config-
uration; contact your network administrator for assistance.

6.4.1.1 Network Address Parameters

Network address parameters include the IP address, the subnet mask, and the gate-
way address. The network address parameters of the Model 350 can be configured
using one of three methods: DHCP, Auto-IP, or Static-IP. See section 6.4.1.2 for details
on each of these configuration methods.

m /PAddress: an IP address is required for a device to communicate using TCP/IP,
which is the protocol generally used for Ethernet devices and the Model 350. The
IP version used by the Model 350 is IPv4. The IPv6 standard is not supported. All
references to the IP protocol from this point forward will be referring to IPv4.

An IP addressis a 32-bit logical address used to differentiate devices on a net-
work. It is most often given in dotted decimal notation, such as nnn.nnn.nnn.nnn
where nnnis a decimal number from 0 to 255.

m  Subnet Mask: a sub network, or subnet, is a group of devices within a network that
have a common, designated IP address routing prefix. Asubnet mask is a 32-bit
“bit mask” that signifies which part of the IP address represents the subnet rout-
ing prefix,and which part represents the device’s address on the subnet. Asubnet
mask is most often given in dotted decimal notation, such as nnn.nnn.nnn.nnn
where nnnis a decimal number from 0 to 255. When converted to a binary nota-
tion, the 32-bit subnet mask should consist of a contiguous group of ones, fol-
lowed by a contiguous group of zeros. The ones represent which bits in the IP
address refer to the subnet, and the zeros represent which bits refer to the device
address. For example, the default Static-IP Address of the Model 350 is
192.168.0.12, and the default Static Subnet Maskis 255.255.255.0. Converting
this subnet mask to binary shows that the first 24 bits are ones, and the last 8 bits
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are zeros. This means that the first 24 bits of the Static-IP Address (192.168.0)
represent the subnet, and the last 8 bits (12) represent the device.

m  GatewayAddress: a gateway is a network traffic routing device thatis used to route
communication between networks. If a gateway is not used, then devices on a
network can only communicate with other devices on that same network. A
Gateway Address is the IP address of the gateway on a network. Contact the net-
work administrator for the gateway address for your network.

6.4.1.2 Network Address Configuration Methods

The network address parameters of the Model 350 can be configured using one of
three methods: DHCP, Auto-IP, or Static-IP. DHCP and Auto-IP are automatic configu-
ration methods, and Static-IP requires manual configuration. If supported by the
server, DHCP can also be used to automatically configure DNS server addresses, as
well as IP address parameters.

An order of precedence is followed when the Model 350 attempts to acquire IP
address parameters. If enabled, the DHCP method will be used first. If DHCP is dis-
abled, orifthe attempt to acquire parameters from the DHCP server fails, the

Model 350 then checks if Auto-IP is enabled. If Auto-IP is enabled, this method will be
used. If disabled, or if this attempt fails, the Static-IP method will be used. If the
Static-IP method fails, the IP address parameters will not be configured and the
Ethernetstatus will enteran error state. Referto section 6.4.2.1 ifyou receive an error
message.

Dynamic Host Configuration Protocol (DHCP): DHCP is a method of automatically configur-
ing the IP address, subnet mask, and gateway of Ethernet devices on a network. This
method provides simple automatic configuration for users connecting to a network
that provides a DHCP server. The network DHCP server will provide an IP address, sub-
net mask, and gateway address. Depending on the DHCP server configuration, it may
also provide primary DNS and secondary DNS addresses as well. DHCP is the simplest
method of IP configuration. DHCP does have the disadvantage of not necessarily pre-
serving the IP address through a device reconfiguration, as well as the possibility of
being automatically reconfigured when the DHCP “lease” expires. Contact your net-
work administrator to find out the DHCP lease policy on your network.

To use DHCP to automatically configure the IP address, subnet mask, and gateway of
the Model 350, simply connect the Model 350 to a network that provides a DHCP
server, and set the DHCP parameter to On. By default, the DHCP feature of the

Model 350 is On.

Menu Navigation:
Interface —>Modify IP Config—>DHCP—>(Off or On)

Auto-IP: Auto-1P is a method of automatically configuring the IP address and subnet
mask parameters of Ethernet devices on a link-local network. This configuration is
performed by the Model 350 and does not require any external device. Auto-IP is
defined in RFC 3927 “Dynamic Configuration of IPv4 Link-Local Addresses” and can
be found at The Internet Engineering Task Force website at www.ietf.org. The auto-
matically configured address will be in the link-local address group of 169.254.1.0 to
169.254.254.255. This group is reserved for independent, local networks that do not
connect to other networks. This method chooses an IP address that is not already
active on the network, which eliminates IP address conflicts. A gateway address is not
applicable when using Auto-IP, since the purpose of a gateway address is to
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communicate with outside networks, and by definition Auto-IP only works on link-
local networks. A disadvantage of Auto-IP is the limitation of only working with a link-
local network, which cannot connect to other networks, including the internet.
Anotherdisadvantage lies in the fact that an Auto-IP assigned address will not be pre-
served through a device reconfiguration, such as a power cycle.

To use Auto-IP to automatically configure a link-local IP address and subnet mask, set
the DHCP parameter to Off, then set the Auto-IP parameter to On. By default, the
Auto-IP feature of the Model 350 is Off.

Menu Navigation:
Interface —>Modify IP Config—>Auto-1P —(Off or On)

Static-IP: Static-1P is a method of manually configuring the IP address, subnet mask,
and gateway of Ethernet enabled devices. When using the Static-IP method, the IP
address, subnet mask, and gateway must be configured appropriately for the con-
nected network, or for the connected PC, in order to establish connection to the net-
work. A major advantage to the Static-IP method is that the IP address will not
change during device reconfiguration (power cycle). Disadvantages of using the
Static-IP method include the requirement of knowing how your network is config-
ured in order to choose the correct configuration parameters.

The Static-IP method is always enabled, and therefore will default to this method
when both automatic configuration methods (DHCP and Auto-IP) are disabled, or if
all enabled automatic configuration methods fail. To use Static-IP to manually config-
ure the IP address, subnet mask, and gateway of the Model 350, set the DHCP and the
Auto-IP parameters to Off. Refer to the paragraphs above for details on turning off
DHCP and Auto-IP. The Model 350 will now use the Static-IP Address, Static Subnet
Mask, Static Gateway, Static Primary DNS, and Static Secondary DNS parameters to
attempt to configure the Ethernet interface connection. Referto section 6.4.1.3 for
details on DNS parameters. Contact your network administrator for the appropriate
Static-IP parameters for your network.

Menu Navigation:

Interface—>Modify IP Config—>Static-IP—>(Valid IP Address)
Interface—>Modify IP Config— Static Subnet Mask—> (Valid Subnet Mask)
Interface—>Modify IP Config—>Static Gateway—>(Valid IP Address)
Interface—>Modify IP Config—>Static Pri DNS—>(Valid IP Address)
Interface—>Modify IP Config—>Static Sec DNS—> (Valid IP Address)

6.4.1.3 DNS Parameters

The parameters discussed in this section exist to facilitate the use of the Domain
Name System (DNS) to connect to the Model 350 using assignable names rather than
cryptic IP addresses. This functionality is provided for convenience only, and is not
critical to the connectivity of the Ethernet interface.

DNS Address: ADomain Name System (DNS) is a service that translates names into IP
addresses. This service allows for using human readable names for devices on a net-
work. As an example, when a web browser attempts to retrieve the web page at
www.lakeshore.com, the browser first performs a forward-lookup on the assigned
DNS server to attempt to retrieve the IP address that is represented by the name
www.lakeshore.com. If successful, the web browser then uses the retrieved IP address
to communicate with the web server that hosts the website at www.lakeshore.com.

‘LakeShore | www.lakeshore.com
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The Model 350 can be configured to communicate with a primary and a secondary
DNS server using the Primary DNS Address and the Secondary DNS Address parame-
ters. Multiple DNS servers are sometimes used for redundancy, but multiple servers
are not required, and not all networks provide a DNS server. DNS addresses can be
configured automatically using the DHCP method if the network DHCP server is con-
figured to do so.

Your DHCP server must be configured appropriately to provide DNS server addresses. Not
all DHCP servers provide this functionality on your network.

Hostname: A hostname is a name that is assigned to a device on a network.On a
Domain Name System (DNS) enabled network, a hostname can be used alone when
connecting from another device on the same domain, orit can be combined with a
domain name to connect to devices outside of the local domain. Forexample,
www.lakeshore.com refers to the Lake Shore web server on the Internet, whichisa
DNS enabled network. The web server hostname is “www”, and it resides on the
domain “lakeshore.com”. To connect to the web server from another device on the
lakeshore.com domain, only the hostname “www” must be used. To connect from any
otherdomain on the Internet, the entire fully-qualified name, consisting of the host-
name and the domain name (www.lakeshore.com) must be used. Hostnames can
only contain alpha-numeric characters and hyphens, but cannot begin or end with a
hyphen.

Ahostname can be assigned by a network administrator, or if the Model 350 is con-
nected to a network with Dynamic DNS (DDNS) capability, a DNS entry is automati-
cally created for it using the Preferred Hostname and Preferred Domain Name
parameters and the assigned IP address.

Menu Navigation:
Interface—>Modiify IP Config—>Preferred Hostname—>(Valid Hostname String)

If DNS reverse-lookup is enabled on the network DNS server, and the DNS address
parameters are correctly configured, the Model 350 will perform a reverse-lookup to
determine if a hostname is assigned for the Model 350’s configured IP address. This
will occur regardless of whether the hostname was configured dynamically using
DDNS, or manually by the network administrator. The returned hostname will appear
in the Actual Hostname parameter, in the View IP Config submenu of the Interface
Setup menu.

Menu Navigation (Read Only):
Interface —View IP Config —>Actual Hostname

When using naming systems other than DNS, the Model 350 cannot assign the Preferred
Hostname or retrieve the Actual Hostname.

Domain Name: Adomain is a collection of network devices that are managed according
to some common characteristic of its members. Domains can contain subdomains
which are subsets within the domain. The hierarchy can contain several dot sepa-
rated levels which flow from right to left. For example, lakeshore.com contains the
top-level-domain “com” and the subdomain “lakeshore”. When using the Domain
Name System (DNS) to connect to a specific host device on a network, the device's
hostname is tacked onto the left of the domain name. For example, the “www” in
www.lakeshore.com refers to the Lake Shore web server, located within the internet
domain “lakeshore.com.”
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If the Model 350 is connected to a network with Dynamic DNS (DDNS) capability, a
DNS entry is automatically created using the Preferred Hostname and Preferred
Domain Name parameters and the assigned IP address. The Preferred Domain Name
parameter can only be accessed using the NET interface command (section 6.6.1), or
by using the Ethernet configuration page (section 6.4.2) of the embedded website on
the Model 350.

If DNS reverse-lookup is enabled on the network DNS server, and the DNS address
parameters are correctly configured, the Model 350 will perform a reverse-lookup to
determine ifa domain name is assigned for the Model 350’s configured IP address.
This will occur regardless of whether the domain name was configured dynamically
using DDNS, or manually by the network administrator. The returned domain name
will appearin the Actual Hostname parameter, in the View IP Config submenu of the
Interface Setup menu.

When using naming systems other than DNS, the Model 350 cannot assign the Preferred
Domain Name or retrieve the Actual Domain Name.

Menu Navigation:

The Preferred Domain name can only be entered using a computer interface NET
command, and viewed using the NET? query. Refer to section 6.6.1 for details on the
NET command and query.

When the Ethernet interface is enabled, two submenus become available: Modify IP
Config, and View IP Config. All configurable settings are available under the Modify IP
Config submenu, and the current state of the Ethernet configuration is detailed in the
View IP Config submenu. This is designed to eliminate confusion as to which are the
configurable Static-IP settings, and which are the currently configured settings that
could have been configured using any of the three configuration methods (DHCP,
Auto-IP, or Static-IP). The method used for the currently established connection is
shown in the LAN Status parameter of the View IP Confi submenu (section 6.4.2.1).

6.4.2.1 LAN Status

The LAN Status parameter indicates the current status of the Ethernet configuration.
This read-only parameter can be accessed using the View IP Config menu.

The possible LAN Status states are:

m Connected-Static: the IP address parameters have been successfully configured
using the Static-IP method

m Connected-DHCP: the IP address parameters have been successfully configured
using the DHCP method

m Connected-AutolP: the IP address parameters have been successfully configured
using the AutolP method

m  Addr NotAcquired: the IP address parameters were not successfully configured.

m Duplicate Init IP: when initially attempting to connect to the network, the Static-
IP address was found to be in use by another device already configured on the
network. The Model 350 interface will remain unconfigured until an available
Static-IP address is entered.

m Duplicate OngIP: an ongoing conflict occurred after being successfully con-
nected to the network, because another device on the network was configured
using the same IP address. The Model 350 will automatically unconfigure and
remain unconfigured until an available IP address is entered.

m Cable Unplugged: the Ethernet cable is either unplugged at one end, or has been
damaged

‘LakeShore | www.lakeshore.com
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m  ModuleError:the Model 350 has lost contact with the Ethernet module; this may
indicate a damaged Ethernet module

m  Acquiring Address: the Model 350 is attempting to configure the IP address
parameters using the enabled methods

6.4.2.2 MAC Address

The Media Access Controller (MAC) Address is a physical hardware address assigned
to all Ethernet devices. MAC addresses are 48-bits and are generally written as six
groups of two hexidecimal digits separated by colons, for example
“01:23:45:67:89:AB”. Unlike IP addresses, MAC addresses are tied to the device hard-
ware and cannot be changed.

Menu Navigation (Read-Only):
Interface—>View IP Config—>MAC Address

6.4.2.3 Viewing Network Configuration Parameters and DNS Parameters

The currently configured network parameters are displayed individually in the View
IP Config submenu. These parameters could have been configured using either DHCP,
Auto-IP, or Static-IP. The LAN Status parameter shows which method was used for the
current configuration. When in an error state, or in the intermediate Acquiring
Address state, the network configuration parameters will all be displayed as 0.0.0.0.
Refer to section 6.4.1.1 through section 6.4.1.3 for details on network configuration
parameters and DNS parameters.

Menu Navigation (Read-Only):
Interface—>View IP Config —>IP
Interface—>View IP Config —>Subnet Mask
Interface—>View IP Config—>Gateway |P
Interface—>View IP Config—>Primary DNS IP
Interface—>View IP Config —>Secondary DNS IP
Interface—>View IP Config—>Actual Hostname
Interface—>View IP Config—>TCP Socket Port

ATCP socket connection interface is provided as the communication medium for the
Ethernetinterface of the Model 350. A TCP socket connection, or simply “socket con-
nection”, isa common connection protocol used by Ethernet devices. The Transmis-
sion Control Protocol (TCP) is commonly used for creating a communication channel
between one program on one computer and one program on another computer, for
example a web browser on a PC and a web server on the Internet. In the case of the
Model 350, the protocol is used to create a communication channel between one
program on one computer and the command line interface of the Model 350. TCP
uses error correction and collision avoidance schemes that make it a very reliable
form of Ethernet communication, but has drawbacks of having nondeterministic tim-
ing, and can encounter relatively large delays depending on network conditions.
These delays can be on the order of seconds. Sockets use port numbers to identify
sending and receiving endpoints on network devices. This allows for multiple sepa-
rate communication links to exist on each device. The port number used for TCP socket
connections on the Model 350is 7777.

A maximum of two simultaneous socket connections can be made to the Model 350. Any
attempts to open a new socket while two socket connections are already open on a
Model 350 will fail.
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The Model 350 provides a web interface via an embedded web serverthatrunsonthe
instrument. Once the Model 350 is properly connected, and the IP parameters prop-
erly configured, the web interface can be opened using a web browser. The web inter-
face should be accessible using any modern web browser, but has only been tested
with Microsoft™ Internet Explorer version 6.0 and 7.0.

6.4.4.1 Connecting to the Web Interface

To connect to the web interface, type “http://” followed by the IP address assigned to
the Model 350 that you are attempting to connect to. If connecting from a device on
the same local network, and a hostname is properly assigned to the Model 350 via a
naming service on the network (section 6.4.1.3), then the IP address can be replaced
by the hostname. If connecting from a device not on the same local network, buton a
network which is connected to the local network of the Model 350, and a hostname
and a domain name are properly assigned, the IP address can be replaced by the host-
name followed by the domain name, with a dot separator between them. For exam-
ple if the hostname LSCI-3500001, and the domain name yourdomain.com were
assigned via a naming service, then typing “http://LSCI-3500001.yourdomain.com”
would open the home web page of the Model 350 embedded website.

6.4.4.2 Web Pages

Each web page contains detailed help information in the form of tool-tips. You can
access these tool-tips by hovering the mouse pointer over the various help icons
(show help icon image here) located throughout the embedded website.

Home Page: provides a summary of information specific to the Model 350.

£75 MCCORKLE ELVD WESTERVILLE, O UF0SZ (S1M3531-2200 INFOELAKESHOREECOM
Model 350 Temperature Controller
Temperature Products |
SonE Model 350 Temperature Controller
Ethernet
Configuration
Ak rracl idatns Lake Shore Model 350 4-channel variable heater cutput temperature controller.
Utilities
—
5::;:;: Instrument Model 350
Contact Us
Description LSCI 350 Temp Controller 35000A
Instrument Serial Number 35000A
Option Serial Number Not Present
Instrument Firmware Rev 1.1
Ethernet Firmware Rev 21
Hostname 192.168.0.12
1P Address 192.168.0.12
MAC Address 00:40:9D:4E:68:B5

FIGURE 6-5 Model 350 home page

‘LakeShore | www.lakeshore.com
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Ethernet Configuration Page: provides a means of reconfiguring the Ethernet config-
uration parameters of the Model 350.

LakeShore

ETE MOCORKLE BLWD WESTERVILLE, OH 3082 (S14)331-2Z44 IMFOSLAKESHORE.COM

Model 350 Temperature Controller

Temperature Products |

Home Ethernet Configuration for Model 350 Temperature

Ethernet Controller
Configuration

Ethernet Status

Utilities ) DHCP ?

Security Settings

Contact Us *

© staticIP !
1p nddress: [192768.072 | ?

Subnet Mask: 255.255255.0 !

Default Gateway: 192.168.0.1 ?
Primary DNs:  0.0.0.0 7

Secondary DNS:  0.0.0.0 !

Preferred Hostname: L SCI-350

Preferred Domain:

Description:  LSCI 350 Temp Controller 350004

 Em

FIGURE 6-6 Ethernet configuration page

Ethernet Status Page: provides status and statistics related to the current Ethernet
connection.

LakeShore
Model 350 Temperature Controller

Temperature Products |

i Ethernet Status for Model 350 Temperature Controller
Ethernet
Configuration
Ethernet Status 5 13 minutes 9 2>
Ethernet Uptime s 7
Utilities
Ethernet Speed 100Mbps
Security Settings
Contact Us Ethernet Duplex Mode Full Duplex
Total Packets Received Since Power-on 1910
Total Packets Sent Since Power-on 156

FIGURE 6 7  Ethernet status page
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Utilities Page: provides links to launch the embedded curve handler application, the
embedded Ethernet firmware updater, and the instrument configurator backup
utilities

LakeShore

575 MCCORKLE ELVD WESTERWILLE, OM U3082 (S1M3831-2208 INFOSLAKESHORECOM

Model 350 Temperature Controller

Temperature Products |

Home Utilities for Model 350 Temperature Controller

Ethernet
Configuration

Ethernet Status Chart Recorder Launch chart

—r Java utility used for charting and logging data i
Utilities i e Al afl recorderutility

i

Security

Settings

Curve Handler

Contacts Java utility used for reading temperature curves k Launch cm:v:e
from a file to the Model 350, or from the Model handler utility

350 to a file.

Ethernet Firmware Updater

Java utility used for updating the firmware that

implements the Model 350 Ethernet interface, E Launch Ethernet
including the embedded website and the Java 3

utility applications. Note that this application i firmware updater
does not update the Model 350 instrument
firmware.

Instrument Configuration Backup Utility

Java utility used for exporting the current Export Import
configuration of the Model 350 to a file, or = S
importing a saved configuration to the Model config config

350 from a file.

FIGURE 6-8 Utilities page

Security Settings: provides a means of changing the website security settings by
allowing the user to enter a new username and password for the website, or to
remove password protection from the website. The username and password parame-
ters are available for viewing and editing from the front panel under the Modify IP
Config submenu of the Interface menu.

Password protection only protects access to the embedded web pages and does not pro-
vide any kind of security for TCP Socket access (section 6.4.3).

The website username and password are available from the front panel menu, and there-
fore can easily be obtained by anyone with access to the Model 350 front panel.

Contact Us: provides information regarding how to contact representatives of
Lake Shore Cryotronics, Inc.

The utilities embedded on the Model 350 are written using the Java™ programming
language. This theoretically allows the applications to run properly on many different
platforms (Windows® Mac® Linux™, etc.), although the applications are only sup-
ported on Microsoft Windows® XP or Windows Vista® and have been designed to
work with the Java™ Runtime Environment (JRE) version 1.6. To download Java ™ JRE
please visit www.java.com.

Please note that without the proper JRE installed the utilities will not run properly.

‘LakeShore | www.lakeshore.com
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The applications are launched from the Utilities web page using Java™ Web Start
technology. This allows the application to run outside of the web browser in a stand-
alone window. The application can only be launched using the link in the embedded
web page, and cannot be permanently installed. When launching the application,
multiple security warning messages may appear. These messages are meant to pro-
tect youfrom malicious software that can cause harm to, or compromise the security
of, your computer or your data. The applications have been thoroughly tested and are
considered by Lake Shore to be safe.

All software is imperfect and any software may be used by a malicious user for malicious
purposes.

The Embedded Curve Handler™ utility is provided for uploading temperature curve
files to the Model 350. The utility is also capable of reading curves from the

Model 350 and writing them to a file for storage, or manipulation in a third party pro-
gram. The Embedded Curve Handler™ supports standard Lake Shore temperature
curve filesin the “340” file format, and the Microsoft Excel® "XLS" (Excel® 97 - 2003)
file format. Curve files are provided with calibrated sensors purchased from

Lake Shore in the “340” file format.

Toread a temperature curve from a file:click Read from File. Select a properly format-
ted temperature curve (*340 or *XLS) file using the Open Browser dialog box. The
curve will be loaded into the program and the curve points and graph will be dis-
played.

To read a temperature curve from the Mode/ 350:click Read from Instrument. The
Read Curve from Instrument dialog box appears. Select a curve from the drop-down
box and click OK. The curve will be loaded into the program and the curve points and
graph will be displayed.

Once acurveisloaded into the Embedded Curve Handler™ using either the Read
from File or Read from Instrument buttons, the loaded curve can be stored either to a
user curve location (21 to 59) in the Model 350, or to afile.

To store the curve to a user curve location in the Model 350:click Write to Instru-
ment. The Write Curve to Instrument dialog box appears. Select a user curve location
to write the loaded temperature curve to, and click OK.

To write the currently loaded curve to a file: click Write to File. A Save Browser dialog
box appears. First use the Files of Type drop-down box to select the file formatin
which to save the curve. Then choose a directory and a file name, and click Save.

The.340 file formatis an ASCII text file which can be read and altered using a stan-
dard ASCII text editor. Care must be taken when altering the .340 text files to ensure
that all of the values are stored in the same position in the file as the original values,
using the same number of digits. To alter curve files, it is recommended to use the .XLS
file format, which can be altered using Microsoft Excel® If using formulas to alter
curves, you must copy the results of the formulas and paste them back into the origi-
nal cells of the breakpoint values. The Embedded Curve Handler™ cannot interpret
formulasin cells. In most versions of Excel® this can be done by copying the formula
results, then pasting them in the appropriate cells using the Paste Special command,
and selecting Paste Values. Refer to the appropriate Microsoft Excel® documentation
for details on the Paste Special operation.
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The Embedded Curve Handler™ cannot read files in the Microsoft Excel® ".XLSX" (Excel®
2007 or newer) format. When saving files from Excel® be sure to save them in the ".XLS"
(Excel® 97 - 2003) format so that the file can be read using the

Embedded Curve Handler™ utility.

2 Loke Shore Embecded Care Handle Uty e
([ Read fominstument ] (__wit=mfle ] (_WiieTolnstument | (_Delete From instrament ]
i ame PT-1000
LakeShore Q.
e Curve Handler 55
UN S
Fomat[ohms ek STANDARD

FIGURE 6-9 Screen shot of the Curve Handler

The Ethernet Firmware Updater utility provides a means of updating the firmware
that controls the Ethernet functionality of the Model 350. It also updates the embed-
ded website and the Java™ utilities found on the Utilities web page. Please visit
www.lakeshore.com for the latest firmware updates.

2 ake Shore Etermet Frmware Updoter Uty (o B E

Upload New Ethernet Firmware ...

Uploading firmware fies...
-
EthernetFirmwareUpdater jar

FIGURE 6-10 Screenshot of
the Ethernet Firmware
Updater

This utility only updates the Ethernet firmware and not the instrument firmware.
Another utility is provided at the Lake Shore website (www.lakeshore .com) for updating
the instrument firmware.

7o use the Ethernet Firmware Updater utility:first ensure that your Java™ Runtime
Environmentis atversion 1.6.0 or higher and then use this procedure to download
the Ethernet firmware Updater utility.

1. Download the latest Model 350 Ethernet Firmware file from
www.lakeshore.com.

2. Oncethe firmware files have been downloaded, connect to the embedded web-
site (section 6.4.4), and navigate to the Utilities page.

3. Click Launch Ethernet Firmware Updater.

4. Acceptany security warning messages that are presented (refer to section 6.5 for

an explanation of these security warnings). The Ethernet Firmware Updater

application window should now be open.

Click Upload New Ethernet Firmware, and a file browser window will open.

6. Navigate to the directory where the Model 350 Ethernet firmware is stored.
Select the file and click Open.

v

At this pointthe application should check to see if the firmware you are attempting to
update to is newer than whatis already installed on the Model 350. If it is, then the
firmware should immediately begin uploading, and the progress of the firmware
update operation should be displayed using the two progress bars in the application
window.

‘LakeShO"e | www.lakeshore.com
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Theinstrument configuration backup utility provides the means to export the current
configuration of the Model 350 to a file, or to import a saved configuration from afile
tothe Model 350. The utility is useful in situations where the instrument is shared
with users who require different configurations, or when the instrument is often
moved between systems requiring different configurations. All instrument configura-
tion settings are exported or imported by the utility except for the setpoint and
heater range, network settings, and web login settings. These settings are ignored to
prevent the outputs from unintentionally turning on and to prevent interrupting
communication with the instrument.

To export the current configuration of the Model 350 to a file:

1. Onthe Utilities page in the Model 350 embedded website, click Export config
(FIGURE 6-8).

2. Inthe Save File dialog box, select the location and file name to which you want to
export the current instrument configuration. Click Save.

The utility will export the current configuration from the Model 350 and save it to the
specified file.

To import a saved configuration from a file to the Model 350:

1. Onthe Utilities page in the Model 350 embedded website, click Import config
(FIGURE 6-8).

2. Inthe Save File dialog box, select the file name from which you want to import
the saved instrument configuration settings. Click Open.

3. ClickYes, import settings in the confirmation box that appears.

The utility will read the configuration from the specified file and importit to the
Model 350.
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6.5.4 Embedded Chart The embedded chart recorder utility is provided to allow users to easily acquire and

Recorder chart data from the Model 350. The chart recorder utility can simultaneously chart
and log any combination of sensor readings, control setpoints, and heater output
data from the Model 350. A basic user interface is also provided for changing control
parameters on the fly while acquiring data, allowing many basic experiments to be
performed without ever having to write any custom software. Log files are stored in
the Microsoft Excel® .xls format for easy data manipulation. Free utilities are avail-
able online for converting .xIs files to comma separated plain text files (.csv) if Micro-
soft Excel is not available.
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FIGURE 6-11 Embedded chart recorder interface

6.5.4.1 Configuration Panel

The configuration panel is located to the right of the chart and consists of items 12
through 17 in the screenshot above. It is used to configure the charting and logging
functionality for the next data acquisition task. When Start is pressed, the parame-
tersin the configuration panel are used to determine:

m  Sample period (13): the rate at which to acquire readings from the instrumentin
milli-seconds.

Number of data points to log (14): the number of data points to log if logging to a file.
Log file (15): the path of the file to use for logging data, if logging to afile.
Chartonly (16): if selected, acquired data is only charted, and is not logged to a file.
Readings (17): the readings, and units (where applicable) to take during data
acquisition.
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The configuration panel can be collapsed to increase the size of the chart. To collapse
the configuration panel, simply click on Collapse configuration panel (12). When col-
lapsed, the same button becomes an Expand Configuration Panel button that can be
used to restore the configuration panel on the form. When data acquisition isin prog-
ress, the configuration panel controls are disabled, but the current settings can still
be seen.

6.5.4.2 Starting Data Acquisition

Once the parameters in the configuration panel are set as desired, simply click Start
to begin data acquisition. If you are logging data to a file, the Number of Data Points
to Log parameteris used to determine how many data points to take before terminat-
ing data acquisition. However, once data acquisition has begun, the Start button
becomes a Stop button, and data acquisition can be terminated by pressing Stop but-
ton. Ifyou are not logging to a file, data acquisition will continue until you press Stop.

6.5.4.3 Chart Functionality

By default, the chart (6), will autoscale in both the x and y-axis. The time scale slider
(7) is provided to adjust the time scale window (x-axis scaling). When less than one
hour of data has been logged, the slider will allow a time window between 1 and 60
min, in increments of 1 min. As the total elapsed time increases, the values on the
time scale slider will also increase to allow time windows proportional to the elapsed
time. Ay-axis is added for each unique measurement unit of the selected readings.
Each y-axis will be autoscaled, so if more than one reading is being taken in the same
unit, the scale for the associated axis will be set such that the largest values of all
readings are at the extremes. Data that is charted on the same axis, but that is far
apartin magnitude, will result in low resolution for each data series.

Manual zooming of the chart can be achieved either by using the mouse wheel, or by
clicking and dragging a box around the area of the chart to zoom to. Manual panning
can be achieved by holding the Ctrl key, then clicking and dragging the chart. After
manually zooming or panning, autoscaling in both axes is turned off and Reset Zoom/
Pan becomes active. To return to autoscale mode, click Reset Zoom/Pan.

Ascreenshot of the currently displayed chart can be copied to the clipboard, saved in
the PNG image format, or printed directly to a printer using the context menu that
appears when right clicking on the chart. Other chart properties, such as colors and
fonts can be customized through this context menu by clicking Properties. Note that
changes to these chart properties are not saved when the application is closed, so the
default values will be restored when reopening the chart recorder utility.

6.5.4.4 Utilities Panel

The utilities panel (11) provides added functionality to assist the userin various com-
mon tasks associated with user applications. Three tabs provide a means of selecting
between the three utili-ties.

Command Line: provides command line access for sending commands and queries to
the instrument. To send a command or query, type the command or query into the
Command text boxand click Send. Query responses are displayed in the Response box
below. Click Command Summary to pull up the list of command line commands and
queries supported by the instrument.
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Notes: provides a means of adding notes to the log file while logging data. The note
will be added to the notes column of the log file at the row associated with the most
recently acquired data point. To add a note, simply add text to the text box next to the
Save Note button, then click Save Note. Notes will be appended to the note history
text box, along with a time stamp. If a note is saved while not currently logging data
to afile, the note will only appearin the note history text box, and will only be avail-
able while the applicationis running.

Control: provides easy access to the control functions of the instrument. The P, I, D,
Manual Output, Setpoint, and Heater Range settings can be configured here for each
control loop on the instrument. The current configuration of the given control loop is
displayed when the Loop radio button is selected. To update these parameters on the
instrument, first select the loop to update by choosing a Loop radio button. Then
update the valuesin the Control panel and click Send. Each control loop must be
updated independently, so once the values in the Control panel are updated, click
Send before clicking another Loop radio button.

The utilities panel can be collapsed to increase the size of the chart. To collapse the
utilities panel, click Collapse Utilities Panel (10). When collapsed, the same button
becomes an Expand Utilities Panel button that can be used to restore the utilities
panel on the form.

6.5.4.5 Menu
The standard dropdown menu includes the following sections:

File (1):

m Interface Configuration—can be used to configure the remote interface connec-
tion to the instrument.

m Exit—closes the Chart Recorder application.

Log/Chart (2):
m Configure Log/Chart—simply expands the configuration panel if collapsed.
m Hide Legend—hidesthe legend in the chart to expand the data plot.

Help (3):

m Getting Started—launches a web page with basic chart recorder instructions.

m  About—providesinformation about the application, including the software revi-
sion level.

6.5.4.6 Information

The information panel consists of the following two bits of information:

m Datapoint (4)—the currentdatapoint number. If logging data, this also shows the
total number of data points to be taken in the current data acquisition (i.e. 522 of
1000).

m LogFile (5)—thefile path of the file that is currently being used to log data.
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6.6 Command This section provides a listing of the interface commands. Asummary of all the com-

Summary are presented in alphabetical order.

Command name

mands is provided in TABLE 6-6. All the commands are detailed in section 6.6.1, and

Brief description of command

Form of the command input —_[* INCRV

Syntax of user parameter input \: Input: )
see key below w?

Definition of first parameter //

Definition of second parameter —

»
Input Curve Number Command
INCRV <input>, <curve number>[term]
a, nn
<input> Specify input: A-D
<curve number> Specify input curve:
0 = none, 1-20 = std curves,
21-59 = user curves

FIGURE 6-12 Sample command format

Query name

Brief description of query

Form of the query input \*lNCRV? Input Curve Number Query

™ Input:

H *
Syntax of user parameter input* — | | Format:

see key below

INCRV? <input>[term]
a
<input> Specify input: A-D

Definition of returned parameter —> Returned: <curve number>[term]

Syntax of returned parameter — > Format:

nn

FIGURE 6-13 Sample query format

Model 350 Temperature Controller




*CLS
XESE
XESE?
XESR?
*IDN?
*OPC
*0PC?
%RST

% SRE

% SRE?
*STB?
XTST?

X WAI
ALARM
ALARM?
ALARMST?
ALMRST
ANALOG
ANALOG?
AOUT?
ATUNE
BRIGT
BRIGT?
CRDG?
CRVDEL
CRVHDR
CRVHDR?
CRVPT
CRVPT?
DFLT
DISPFLD
DISPFLD?
DISPLAY
DISPLAY?
FILTER
FILTER?
HTR?
HTRSET
HTRSET?
HTRST?
IEEE
IEEE?
INCRV
INCRV?
INNAME

Clear Interface Cmd
Event Status Enable Register Cmd
Event Status Enable Register Query

Standard Event Status Register Query

Identification Query
Operation Complete Cmd
Operation Complete Query
Reset Instrument Cmd

Service Request Enable Register Cmd
Service Request Enable Register Query

Status Byte Query

Self-Test Query
Wait-to-Continue Cmd

Input Alarm Parameter Cmd
Input Alarm Parameter Query
Input Alarm Status Query
Reset Alarm Status Cmd
Monitor Out Parameter Cmd
Monitor Out Parameter Query
Analog Output Data Query
Autotune Cmd

Display Contrast Cmd

Display Contrast Query
Celsius Reading Query

Curve Delete Cmd

Curve Header Cmd

Curve Header Query

Curve Data Point Cmd

Curve Data Point Query
Factory Defaults Cmd
Custom ModeDisplay Field Cmd
Custom Mode Display Field Query
Display Setup Cmd

Display Setup Query

Input Filter Parameter Cmd
Input Filter Parameter Query
Heater Output Query

Heater Setup Cmd

Heater Setup Query

Heater Status Query
|IEEE-488 Parameter Cmd
IEEE-488 Interface Parameter Query
Input Curve Number Cmd
Input Curve Number Query
Sensor Input Name Cmd

138
138
138
138
139
139
139
139
139
139
140
140
140
140
141
141
141
141
142
142
142
142
142
142
143
143
143
143
143
144
144
144
145
145
145
145
145
146
146
146
146
146
147
147
147

INNAME?
INTSEL
INTSEL?
INTYPE
INTYPE?
KRDG?
LEDS
LEDS?
LOCK
LOCK?
MDAT?
MNMXRST
MODE
MODE?
MouT
MouT?
NET

NET?
NETID?
OUTMODE
OUTMODE?
PID

PID?
RAMP
RAMP?
RAMPST?
RANGE
RANGE?
RDGST?
RELAY
RELAY?
RELAYST?
SCAL
SETP
SETP?
SRDG?
TEMP?
TLMIT
TLIMIT?
TUNEST?
WARMUP
WARMUP?
WEBLOG
WEBLOG?
ZONE
ZONE?
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Sensor Input Name Query

Interface Select Cmd

Interface Select Query

Input Type Parameter Cmd

Input Type Parameter Query

Kelvin Reading Query

Front Panel LEDS Cmd

Front Panel LEDS Query

Front Panel Keyboard Lock Cmd

Front Panel Keyboard Lock Query
Minimum/Maximum Data Query
Minimum and Maximum Function Reset Cmd
Remote Interface Mode Cmd

Remote Interface Mode Query

Manual Output Cmd

Output Manual Heater Power (MHP) Output Query
Network Settings Cmd

Network Settings Query

Network Configuration Query

Output Mode Command

Output Mode Query

Control Loop PID Values Cmd

Control Loop PID Values Query

Control Setpoint Ramp Parameter Cmd
Control Setpoint Ramp Parameter Query
Control Setpoint Ramp Status Query
Heater Range Cmd

Heater Range Query

Input Reading Status Query

Relay Control Parameter Cmd

Relay Control Parameter Query

Relay Status Query

Generate SoftCal Curve Cmd

Control Setpoint Cmd

Control Setpoint Query

Sensor Units Input Reading Query
Thermocouple Junction Temperature Query
Temperature Limit Cmd

Temperature Limit Query

Control Tuning Status Query

Warmup Supply Parameter Cmd
Warmup Supply Parameter Query
Website Login Parameters

Website Login Parameter Query

Control Loop Zone Table Parameter Cmd
Output Zone Table Parameter Query

TABLE 6-6 Command summary

Page
-
147
147
148
149
149
149
149
149
149
150
150
150
150
150
150
150
151
151
152
152
153
153
153
153
153
154
154
154
154
154
155
155
155
155
156
156
156
156
156
157
157
157
157
158
158
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6.6.1 Interface
Commands

%k CLS
Input
Remarks

X ESE
Input
Format
Remarks

Example

X ESE?
Input
Returned
Format

ESR?
Input
Returned
Format
Remarks

Model 350 Temperature Controller

This section lists the interface commands in alphabetical order.

E 3 Begins common interface command

? Required to identify queries

String of alphanumeric characters with length “n.” Send these strings
using surrounding quotes. Quotes enable characters such as commas
and spaces to be used without the instrument interpreting them as
delimiters.

nn... String of number characters that may include a decimal point.

Dotted decimal format, common with IP addresses. Always contains 4
dot separated 3-digit decimal numbers, such as 192.168.000.012.

[term] Terminatorcharacters
Cuusd Indicated a parameter field, many are command specific.
<state>  Parameter field with only On/Off or Enable/Disable states.

Floating point values have varying resolution depending on the type of
command or query issued.

s[n]

dd

<value»

TABLE 6-7 Interface commands key

Clear Interface Command

XCLS [term]

Clears the bits in the Status Byte Register, Standard Event Status Register, and Opera-
tion Event Register, and terminates all pending operations. Clears the interface, but
not the controller. The related controller command is *RST.

Event Status Enable Register Command

*XESE <bit weighting>[term]

nnn

Each bitis assigned a bit weighting and represents the enable/disable mask of the
corresponding event flag bit in the Standard Event Status Register. To enable an event
flag bit, send the command *k ESE with the sum of the bit weighting for each desired
bit. Refer to section 6.2.5 for a list of event flags.

Toenableeventflags0,4,and 7,send the command *ESE 145[term]. 145 isthe sum of
the bit weighting for each bit.

Bit Bit Weighting Event Name

0 1 OPC

2 4 QXE

4 16 EXE

5 32 CME

7 128 PON
Total: 181

Event Status Enable Register Query

X ESE? [term]

<bit weighting>[term]

nnn (Referto section 6.2.5 for a list of event flags)

Standard Event Status Register Query

XESR? [term]

<bit weighting>

nnn

Theinteger returned represents the sum of the bit weighting of the event flag bits in
the Standard Event Status Register. Refer to section 6.2.5 for a list of event flags.



% IDN?

Input
Returned

Format

Example

%k 0PC

Input
Remarks

%k 0PC?

Returned
Remarks

%kRST

Input
Remarks

% SRE

Input
Format
Remarks

Example

% SRE?

Input
Returned
Format
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Identification Query

K IDN? [term]
<manufacturer><models<instrument serial>/<option serial>,
<firmware version>[term]

s[4],s[81,s[71/s[7],n.n

<manufacturery Manufacturer ID

<model> Instrument model number
<instrumentserial> Instrument serial number
<option card serial> Option card serial number
<firmware version> Instrument firmware version
LSCI,MODEL350,1234567/1234567,1.0

Operation Complete Command

*kOoPC[term]

Generates an Operation Complete event in the Event Status Register upon comple-
tion of all pending selected device operations. Send it as the last command ina com-
mand string.

Operation Complete Query

*0PC? [term]

1[term]

Placesa 1inthe controller output queue upon completion of all pending selected
device operations. Send as the last command in a command string.

Not the same as *OPC.

Reset Instrument Command
Xk RST [term]
Sets controller parameters to power-up settings.

Service Request Enable Register Command

X SRE <bit weighting> [term]

nnn

Each bit has a bit weighting and represents the enable/disable mask of the corre-
sponding status flag bit in the Status Byte Register. To enable a status flag bit, send
the command *SRE with the sum of the bit weighting for each desired bit. Refer to
section 6.2.6 for a list of status flags.

To enable status flags 4, 5,and 7, send the command *SRE 208[term]. 208 is the sum

of the bit weighting for each bit.

Bit Bit Weighting Event Name

4 16 MAV

5 64 ESB

7 128 0SB
Total: 208

Service Request Enable Register Query
Xk SRE? [term]

<bit weighting>[term]

nnn (Referto section 6.2.6 for a list of status flags)
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% STB?
Input
Returned
Format
Remarks

XkTST?
Input
Returned
Format

Remarks

Sk WAI
Input
Remarks

ALARM
Input

Format

Remarks
Example

Model 350 Temperature Controller

Status Byte Query

Xk STB? [term]

<bit weighting>[term]

nnn

Acts like a serial poll, but does not reset the register to all zeros. The integer returned
represents the sum of the bit weighting of the status flag bits that are setin the Status
Byte Register. Refer to section 6.2.6 for a list of status flags.

Self-Test Query

XKTST? [term]

<status>[term]

n

<status> 0 =noerrors found, 1 = errors found

The Model 350 reports status based on test done at power up.

Wait-to-Continue Command

XWAI[term]

Causes the IEEE-488 interface to hold off until all pending operations have been com-
pleted. This is the same function as the *OPC command, except that it does not set the
Operation Complete event bit in the Event Status Register.

Input Alarm Parameter Command
ALARM <input>,<off/on>,<high value>,<low value>,
<deadband>, <latch enable>,
<audible>,<visible> [term]
a,n, tnnnnnn, tnnnnnn, +nnnnnn,n,n,n
<input> Specifies which input to configure: A- D (D1 - D5 for 3062 option).
<offfon> Determines whether the instrument checks the alarm for this input,
where 0 =offand 1 =on.
<high setpoint> Setsthe value the source is checked against to activate the
high alarm.
<low setpoint> Setsthe value the source is checked against to activate low alarm.
<deadband> Sets the value that the source must change outside of an alarm
condition to deactivate an unlatched alarm.
<latch enable> Specifies a latched alarm (remains active afteralarm
condition correction)
where 0 = off (no latch) and 1 =on.

<audible> Specifies if the internal speaker will beep when an alarm condition
occurs. Valid entries: 0 = off, 1 = on.
visible> Specifies if the Alarm LED on the instrument front panel will blink

when an alarm condition occurs.

Valid entries: 0 = off, 1 =on
Configures the alarm parameters foran input.
ALARM A,0[term]—turns off alarm checking for Input A.
ALARM B,1,270.0,0,0,1,1,1[term]—turns on alarm checking for input B, activates
high alarm if kelvin reading is over 270, and latches the alarm when kelvin reading
falls below 270. Alarm condition will cause instrument to beep and the front panel
Alarm LED to blink.



ALARM?
Input
Format

Returned

Format

ALARMST?
Input
Format

Returned
Format

ALMRST
Input
Remarks

ANALOG
Input

Format

Example

Remarks
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Input Alarm Parameter Query

ALARM? <input>[term]

a

<input> A-D(D1-D5for3062 option)

<off/on»,<high value><low values,<deadbands,<latch enables,<audible>cvisible>
[term]

n,tnnnnnn,tnnnnnn,+nnnnnn,n,n,n (refer to command for description)

Input Alarm Status Query
ALARMST? <input>[term]

a

<input> A-D(D1-DS5for3062 option)
<high state><low state>[term]

n,n

<high state> 0 =0ff,1=0n

<lowstate> 0=0ff,1=0n

Reset Alarm Status Command
ALMRST [term]
Clears both the high and low status of all alarms, including latching alarms.

Monitor Out Parameter Command

ANALOG <output>, <input>, <units>,

<high value>,<low value>,<polarity>[term]
n,n,n,xnnnnn,ktnnnnn,n

<output>  Unpowered analog output to configure: 3 or 4

<input> Specifies which input to monitor. 0 =none, 1 = InputA, 2 =Input B,
3=InputC,4=InputD(5=InputD2,6=Input D3, 7 =Input D4,
8 = Input D5 for 3062 option)

<units> Specifies the units on which to base the output voltage: 1 = kelvin, 2 =

Celsius, 3 = sensor units
<high value> If output mode is Monitor Out, this parameter represents the data at
which the Monitor Out reaches +100% output.Entered in the units
designated by the <units> parmeter. Refer to OUTMODE command.
<lowvalue> If output mode is Monitor Out, this parameter represents the data at
which the analog output reaches -100% output if bipolar, or 0% output
if positive only. Entered in the units designated by the <units> parmeter.
Specifies output voltage is O = unipolar (positive output only) or
1= Dbipolar (positive or negative output)
ANALOG 4,1,1,100.0,0.0,0[term]—sets output 4 to monitor Input A kelvin reading
with 100.0 Kat +100% output (+10.0 V) and 0.0 K at 0% output (0.0 V).
Use the OUTMODE command to set the output mode to Monitor Out. The<input>
parameterin the ANALOG command is the same as the <input> parameterin the OUT-
MODE command. Itisincluded in the ANALOG command for backward compatibility
with previous Lake Shore temperature monitors and controllers. The ANALOG com-
mand name is also named as such for backward compatibility.

<polarity>
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ANALOG?
Input
Format

Returned
Format

AOUT?
Input
Format

Returned
Format
Remarks

ATUNE
Input
Format

Example

Remarks

BRIGT
Input
Format

Remarks

BRIGT?
Input
Returned
Format

CRDQ@?
Input
Format

Returned
Format
Remarks

Model 350 Temperature Controller

Monitor Out Parameter Query

ANALOG? <output>[term]

n

<output>  Specifies which unpowered analog output to query the Monitor Out
parameters for: 3 or 4.

<input>cunitsy>,<high value><low value><polarity>[term]

n,n,tnnnnn,tnnnnn,n (refer to command for definition)

Analog Output Data Query

AOUT? <output>[term]

n

<output> Specifies which unpowered analog output to query: 3 or 4.
<output percentage>[term]

*nnn.n

Returns the output percentage of the unpowered analog output.

Autotune Command
ATUNE <output>,<mode>, [term]

n,n
<output>  Specifies the output associated with the loop to be Autotuned: 1-4.
<mode> Specifies the Autotune mode. Valid entries: 0=P Only,1=Pand |,

2=Pl,andD.
ATUNE 2,1 [term]—initiates Autotuning of control loop associated with output 2,in
P and | mode.
Ifinitial conditions required to Autotune the specified loop are not met, an Autotune
initialization error will occur and the Autotune process will not be performed. The
TUNEST? query can be used to check if an Autotune error occurred.

Display Contrast Command

BRIGT <contrast value>|[term]

nn

<contrastvalue>1-32

Sets the display contrast for the front panel LCD.

Display Contrast Query
BRIGT? [term]

<contrast value>[term]

nn (refer to command for description)

Celsius Reading Query

CRDG? <input>[term]

a

<input> A-D (D1 - D5 for 3062 option)
<temp value>[term]

*nnnnnn

Also see the RDGST? command.



CRVDEL
Input
Format

Example

CRVHDR
Input

Format

Remarks

Example

CRVHDR?
Input
Format

Returned
Format

CRVPT
Input
Format

Remarks
Example

CRVPT?
Input
Format

Returned
Format
Remarks
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Curve Delete Command

CRVDEL <curve>[term]

nn

<curve> Specifies a user curve to delete. Valid entries: 21-59.
CRVDEL 21[term]—deletes User Curve 21.

Curve Header Command

CRVHDR <curve>,<name>,<SN>,<format>,<limit value>,<coeffi-
cient>[term]

nn,s[15],s[10],n,+nnn.nnn,n

<curve> Specifies which curve to configure. Valid entries: 21-59.
<name> Specifies curve name. Limited to 15 characters.
<SN> Specifies the curve serial number. Limited to 10 characters.

<format>  Specifies the curve data format. Valid entries: 1 = mV/K, 2 = V/K,

3= Q/K,4=log Q/K.
<limitvalue>Specifies the curve temperature limit in kelvin.
<coefficient>Specifies the curves temperature coefficient. Valid entries:

1=negative, 2 = positive.
Configures the user curve header. The coefficient parameter will be calculated auto-
matically based on the first 2 curve datapoints. Itis included as a parameter for com-
patability with the CRVHDR? query.
CRVHDR 21,DT-470,00011134,2,325.0,1[term]—configures User Curve 21 with a
name of DT-470, serial number of 00011134, data format of volts versus kelvin, upper
temperature limit of 325 K, and negative coefficient.

Curve Header Query

CRVHDR? <curve>|[term]

nn

<curve> Valid entries: 1-59.
<name><SN><format><limit value><coefficient>[term]
s[15],s[10],n,+nnn.nnn,n (refer to command for description)

Curve Data Point Command

CRVPT <curve>,<index>,<units value>,<temp value>[term]

nn,nnn,Ennnnnn,+nnnnnn

<curve> Specifies which curve to configure. Valid entries: 21-59.

<index> Specifies the points indexin the curve. Valid entries: 1-200.

<units value>Specifies sensor units for this point to 6 digits.

<temp value>Specifies the corresponding temperature in kelvin for this
point to 6 digits.

Configures a user curve data point.

CRVPT 21,2,0.10191,470.000,N[term]—sets User Curve 21 second data point to

0.10191 sensor units and 470.000 K.

Curve Data Point Query
CRVPT? <curve>,<index>[term]

nn,nnn
<curve> Specifies which curve to query: 1-59.
<index> Specifies the pointsindexin the curve: 1-200.

<units value><temp value>[term]
*nnnnnn,+nnnnnn (refer to command for description)
Returns a standard or user curve data point.
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Input
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Example

Remarks
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Input
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CHAPTER 6: Computer Interface Operation

Factory Defaults Command

DFLT 99 [term]

Sets all configuration values to factory defaults and resets the instrument. The “99” is
included to prevent accidentally setting the unit to defaults.

Diode Excitation Current Parameter Command

DIOCUR <input>,<excitation>[term]

a,n

<input> Specifies which input to configure: D2-D5 (only for the 3062 card).
<excitation > Specifies the Diode excitation current: 0 =10 pA, 1 =1 mA.

The 10 pA excitation current is the only calibrated excitation current, and is used in
almost all applications. Therefore the Model 350 will default the 10 pA current set-
ting any time the input sensor type is changed in order to prevent an accidental
change. If using a current that is not 10 pA, the input sensor type must first be config-
ured to Diode (INTYPE command). If the sensor type is not set to Diode when the
DIOCUR command is sent, the command will be ignored.

Custom Mode Display Field Command
DISPFLD <field>,<input>,<units>[term]

n,n,n

<field> Specifies field (display location) to configure: 1-8.

<inputy Specifies item to display in the field: 0 = None, 1 = InputA,
2 =InputB,3=InputC,4=InputD(5=InputD2,6=InputD3,
7 =Input D4, 8 = Input D5 for 3062 option)

<units» Valid entries: 1 = kelvin, 2 = Celsius, 3 = sensor units,

4 =minimum data, and 5 = maximum data.
DISPFLD 2,1,1[term]—displays kelvin reading for Input Ain display field 2 when dis-
play mode is set to Custom.
This command only applies to the readings displayed in the Custom display mode. All
other display modes have predefined readings in predefined locations, and will use
the Preferred Units parameter to determine which units to display for each sensor
input. Refer to section 4.3 for details on display setup

Custom Mode Display Field Query

DISPFLD? <field>[term]

n

<field> Specifies field (display location) to query: 1-8.
<input>cunits>[term]

n,n (refer to command for description)



DISPLAY

Input
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Display Setup Command

DISPLAY <mode>,<num fields>,<output source>[term]

n,n,n

<mode> Specifies display mode: 0 = Input A, 1 =InputB, 2 = InputC,
3 =Input D, 4 = Custom, 5 = Four Loop, 6 = All Inputs,
(7=1nputD2,8 =Input D3, 9 = Input D4, 10 = Input D5 for
3062 option)

<num fields> When mode is set to Custom, specifies number of fields
(display locations) to display: 0 = 2 large, 1 = 4 large, 2 = 8 small.
When mode is set to All Inputs, specifies size of readings:
0 =small with input names, 1 = large withoutinput names

<displayed output> Specifies which output, and associated loop information, to
display in the bottom half of the custom display screen:
1=0utputl, 2 =0utput 2,3 =O0utput 3,4 =Output 4

DISPLAY 4,0,1[term]—set display mode to Custom with 2 large display fields, and set

custom outputdisplay source to Output 1.

The <num fields> and <displayed output> commands are ignored in all display modes

except for Custom.

Display Setup Query

DISPLAY? [term]

<mode><num fields><output source>[term]
n,n,n (refer to command for description)

Input Filter Parameter Command

FILTER <input>,<off/on>,<points>, <window>[term]

a,n,nn,nn

<input> Specifies input to configure: A- D (D1 - D5 for 3062 option).

<off/on> Specifies whether the filter function is 0 = Off or 1 =On.

<points> Specifies how many data points the filtering function uses.
Valid range = 2 to 64.

<window> Specifies what percent of full scale reading limits the filtering function.
Reading changes greater than this percentage reset the filter. Valid
range =1to 10%.

FILTER B,1,10,2[term]—filter input B data through 10 readings with 2% of

full scale window.

Input Filter Parameter Query

FILTER? <input>[term]

a

<input> Specifies input to query: A-D (D1 - D5 for 3062 option).
<off/on ><pointsy,<window>[term]

n,nn,nn (refer to command for description)

Heater Output Query

HTR? <output>[term]

n

output> Heater outputto query: 1 =Output 1,2 = Output 2
<heatervalues[term]

+nnn.n

<heater value>Heater output in percent (%).

HTR? is for the Heater Outputs, 1 and 2, only. Use AOUT? for Outputs 3 and 4.
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Heater Setup Command

HTRSET <output>,<heater resistance>,<max current>,<max user
current>,<current/power> [term]

n,n,n,+n.nnNn,n
<output>
<htrresistance>

Specifies which heater output to configure: 1 or 2.

Heater Resistance Setting (output 1 only):
1=250,2=50Q.

Specifies the maximum heater output current

(output 1 only):

0 = User Specified,1=0.707A,2=1A,3=1.141A,4=2A
Specifies the maximum heater output current if

max currentis set to User Specified (output 1 only).
Specifies whether the heater output displaysin current or
power. Valid entries: 1 = current, 2 = power.

HTRSET 1,1,2,0,1[term]—Heater output 1 will use the 25 Q heater setting, hasa
maximum current of 1 A, the maximum user current is set to O A because it is not
going to be used since a discrete value has been chosen, and the heater output will be
displayed in units of current.

<maxcurrent>

<max user current>

<current/power>

Heater Setup Query

HTRSET? <output>[term]

n

<output> Specifies which heater output to query: 1 or 2.
<htrresistance>,<max current>,<max user current><current/powers[term]
n,n,+n.nnn,n

Heater Status Query
HTRST? <output>[term]
n

<output>

<error code>[term]
n

<error code> Heater error code: 0 = no error, 1 = heater open load, 2 = heater short for
output 1, or heater compliance for output 2.

Error condition is cleared upon querying the heater status, except for the heater com-
pliance error for output 2 which does not latch querying the heater status, will also
clearthe front panel error message for heater open or heater short error messages.

Specifies which heater output to query: 1 or 2.

IEEE-488 Interface Parameter Command

IEEE <address>|[term]

nn

<address> Specifies the IEEE address: 1-30. (Address 0 and 31 are reserved.)
IEEE 4[term]—after receipt of the current terminator, the instrument responds to
address 4.

IEEE-488 Interface Parameter Query
IEEE? [term]

<address>[term]

nn (refer to command for description)
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Input Curve Number Command
INCRV <input>,<curve number>[term]
a,nn
<input> Specifies which input to configure: A- D (D1 - D5 for 3062 option).
<curve number> Specifies which curve the input uses. If specified curve type does not
match the configured input type, the curve number
defaults to 0. Valid entries: 0 = none, 1-20 = standard
curves, 21-59 = user curves.
Specifies the curve an input uses for temperature conversion.
INCRV A,23[term]—Input A uses User Curve 23 for temperature conversion.

Input Curve Number Query

INCRV? <input>[term]

a

<input> Specifies which input to query: A- D (D1 - D5 for 3062 option).
<curve numbery[term]

nn (refer to command for description)

Sensor Input Name Command
INNAME <input>, <name>[term]

a,s[15]
<inputy Specifies input to configure: A- D (D1 - D5 for 3062 option).
<name> Specifies the name to associate with the sensorinput.

INNAME A, “Sample Space”[term]—the string “Sample Space” will appear on the
front panel display when possible to identify the sensor information being displayed.
Be sure to use quotes when sending strings, otherwise characters such as spaces, and
other non alpha-numeric characters, will be interpreted as a delimiter and the full
string will not be accepted. It is not recommended to use commas or semi-colonsin
sensorinput names as these characters are used as delimiters for query responses.

Sensor Input Name Query

INNAME? <input>[term]

a

<input> Specifies inputto query: A- D (D1 - D5 for 3062 option).
<name>[term]

s[15] (refer to command for description)

Interface Select Command
INTSEL <interface>[term]
n
<interface> Specifies the remote interface to enable: 0 = USB, 1 = Ethernet,
2 =|EEE-488.
The Ethernet interface will attempt to configure itself based on the current configu-
ration parameters, which can be set using the NET command. Configuring the Ether-
netinterface parameters prior to enabling the interface is recommended.

Interface Select Query
INTSEL? [term]

<interface>[term]

n (refer to command for description)
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Input Type Parameter Command
INTYPE <input>,<sensor type>,<autorange>,<range>,<compensa-
tion>, <units>, <sensor excitation> [term]

a,n,n,n,n,n
<input> Specifies input to configure: A-D (D1 - D5 for 3062 option)
<sensortype> Specifiesinput sensortype:

0 =Disabled

1=Diode (3062 option only)

2 =Platinum RTD

3=NTCRTD

4 =Thermocouple (3060 option only)

5 = Capacitance (3061 option only)
<autorange» Specifies autoranging: 0 = offand 1 = on.
<range> Specifies input range when autorange is off:

Sensor
excitation

Diode (3062 0=25V
option only) na 1=10V
PTCRTD 0=10Q
1=30Q
2=100Q
10 mv 3=300Q
4=1kQ
5=3kQ
6=10kQ
0=10Q
1=30Q
2=100Q
3=300Q
10mVorlmV | 4=1kQ
5=3kQ
6=10kQ
7=30kQ
8=100kQ
10 mv 9=300kQ
Thermocouple na 0=50mV

Sensor type Range

NTCRTD

Capacitance na 0=15nF
1=150nF

TABLE 6-8 Input range

<compensation» Specifies input compensation where 0 = offand 1 = on. Reversal
for thermal EMF compensation if input is resistive, room com-
pensation ifinputis thermocouple. Also used to set tempera-
ture coefficient for capacitance sensors where 0 = negative and
1= positive. Always O ifinput is a diode. (3062 option only)

<units> Specifies the preferred units parameter for sensor readings and
for the control setpoint: 1 = kelvin, 2 = Celsius, 3 = Sensor

<sensor excitation» Specifies the sensor excitation voltage level to maintain for the
NTC RTD sensortype.0=1mVand1=10mV

INTYPE A,3,1,0,1,1,1[term]—sets Input A sensor type to NTC RTD, autorange on,

thermal compensation on, preferred units to kelvin, and sensor excitation to 1 mV.
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The <autorange> parameter does not apply to diode, thermocouple, or capacitance
sensor types, the <range> parameter does not apply to the thermocouple sensor type,
the <compensation> parameter does not apply to the diode sensor type, and the <sen-
sor excitation> parameter only applies to the NTC RTD sensor type. When configuring
sensorinputs, all parameters must be included, but non-applicable parameters are
ignored. A setting of O for each is recommended in this case.

Input Type Parameter Query

INTYPE? <input>[term]

a

<inputy> Specifies input to query: A-D (D1 - D5 for 3062 option).
<sensor type>,<autoranges<rangey,<compensationycunits»<sensor excitationy [term]
n,n,n,n,n (refer to command for description)

If autorange is on, the returned range parameter is the currently auto-selected range.

Kelvin Reading Query

KRDG? <input>[term]

a

<input> Specifies which input to query:A-D
(D1- D5 for 3062 option).

<kelvin value>[term]

tnnnnnn

Also see the RDGST? command.

Front Panel LEDS Command

LEDS <off/on>[term]

n

<offfon> 0=LEDs Off,1=LEDs On

If set to O, front panel LEDs will not be functional. Function can be used when display
brightnessis a problem.

LED O[term]—turns all front panel LED functionality off.

Front Panel LEDS Query
LEDS? [term]

<offfon> [term]

n (refer to command for description)

Front Panel Keyboard Lock Command
LOCK <state>,<code>[term]

n,nnn
<state> 0 =Unlocked, 1 = Locked
<code> Specifies lock-out code. Valid entries are 000 -999.

Locks out all front panel entries except pressing the All Off key to immediately turn
off all heater outputs. Refer to section 4.7.
LOCK 1,123[term]—enables keypad lock and sets the code to 123.

Front Panel Keyboard Lock Query
LOCK? [term]

<state>,<code>[term]

n,nnn (refer to command for description)
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Minimum/Maximum Data Query
MDAT? <input>[term]

a
<input> Specifies which inputto query:A-D
(D1 - D5 for 3062 option).
<minvalue>,<max value>[term]

*nnnnnn,Xnnnnnn

Returns the minimum and maximum input data. Also see the RDGST? command.

Minimum and Maximum Function Reset Command
MNMXRST [term]
Resets the minimum and maximum data for all inputs.

Remote Interface Mode Command

MODE <mode> [term]

n

<mode> 0 =local, 1 =remote, 2 =remote with local lockout.
MODE 2[term]—places the Model 350 into remote mode with local lockout.

Remote Interface Mode Query
MODE? [term]

<mode>[term]

n (refer to command for description)

Manual Output Command

MOUT <output>, <value>[term]

n,tnnnnnfterm)

<output> Specifies output to configure: 1-4.
<value» Specifies value for manual output.
MOUT 1,22.45[term]—Output 1 manual outputis 22.45%.

Manual output only applies to outputs in Closed Loop PID, Zone, or Open Loop modes.

Manual Output Query
MOUT? <output>[term]
n
<output>
<value>
+nnnnn[term] (refer to command for description)

Specifies which output to query: 1 - 4.

Network Settings Command
NET <DHCP>,<AUTO IP>,<IP>,<Sub Mask>,<Gateway>,
<Pri DNS>,<Sec DNS>,<Pref Host>,<Pref Domain>,

<Description>[term]
n,n,dd,dd,dd,dd,dd,s[15],s[64],s[32],

<DHCP> 0 = DHCP off, 1=DHCP on.

<AUTO IP> 0 = Dynamically configured link-local addressing (Auto IP)
off,1=0n

<IP> IP address for static configuration.

<Sub Mask> Subnet mask for static configuration.
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<Gateway> Gateway address for static configuration.

<Pri DNS> Primary DNS address for static configuration.
<Sec DNS»> Secondary DNS address for static configuration.
<Pref Host> Preferred Hostname (15 character maximum)
<Pref Domain» Preferred Domain name (64 character maximum)
<Description> Instrument description (32 character maximum)

Network Settings Query

NET? [term]

<DHCP><AUTO IP><IP><Sub Mask>,<Gateway>,<Pri DNS»,<Sec DNS><Pref Host>,<Pref
Domain>«Description>[term]

n,n,dd,dd,dd,dd,dd,s[15],s[64],s[32] (refer to command for description)

Network Configuration Query

NETID? [term]

<lan status»><IP><sub mask>,cgateway»,<pri DNS>,<sec DNS><mac addr>,cactual host-

name»<actual domain>[term]

n,dd,dd,dd,dd,dd,hh:hh:hh:hh:hh:hh,s[15],s[32]

<lan status> Current status of Ethernet connection: 0 = Connected Using
Static IP, 1 = Connected Using DHCP, 2 = Connected Using
Auto IP, 3 = Address Not Acquired Error, 4 = Duplicate Initial
IP Address Error, 5 = Duplicate Ongoing IP Address Error,
6 = Cable Unplugged, 7 = Module Error, 8 = Acquiring
Address, 9 = Ethernet Disabled. Refer to section 6.4.2.1 for
details on lan status.

<IP> Configured IP address

<sub mask> Configured subnet mask
<gateway> Configured gateway address

<pri DNS> Configured primary DNS address
<sec DNS> Configured secondary DNS address
<actual hostname> Assigned hostname

<actual domain> Assigned domain

<mac addr> Module MAC address.

This query returns the configured Ethernet parameters. If the Ethernet interface is
not configured then IP, subnet mask, gateway, primary DNS and secondary DNS
parameters will be 0.0.0.0.

Operational Status Query

OPST? [term]

<bit weighting> [term]

nnn

Theinteger returned represents the sum of the bit weighting of the operational sta-
tus bits. Refer to section 6.2.5.2 for a list of operational status bits.
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Operational Status Enable Command

OPSTE <bit weighting> [term]

nnn

Each bit has a bit weighting and represents the enable/disable mask of the corre-
sponding operational status bit in the Operational Status Register. This determines
which status bits can set the corresponding summary bit in the Status Byte Register.
To enable a status bit, send the command OPSTE with the sum of the bit weighting for
each desired bit. Refer to section 6.2.5.2 for a list of operational status bits.

Operational Status Enable Query

OPSTE? [term]

<bit weighting> [term]

nnn (Referto section 6.2.5.2 for a list of operational status bits)

Operational Status Register Query

OPSTR? [term]

<bit weighting> [term]

nnn

The integers returned represent the sum of the bit weighting of the operational sta-
tus bits. These status bits are latched when the condition is detected. This register is
cleared when itis read. Refer to section 6.2.5.2 for a list of operational status bits.

Output Mode Command
OUTMODE <output>, <mode>, <input>, <powerup enable>[term]
n,n,n,n

<output> Specifies which output to configure: 1-4.

<mode> Specifies the control mode. Valid entries: 0 = Off, 1 = Closed
Loop PID, 2 =Zone, 3 = Open Loop, 4 = Monitor out,
5 =Warmup Supply

<input> Specifies which input to use for control: 0 = None, 1 =A,

2=B,3=C,4=D(5=InputD2,6 =Input D3, 7 = Input D4,
8 =Input D5 for 3062 option)

Specifies whether the output remains on or shuts off after
power cycle. Valid entries: 0 = powerup enable off,

1 =powerup enable on.

<powerup enable>

OUTMODE 1,2,1,0[term]—Output 1 configured for Zone control mode, using Input A
for the control input sensor, and will turn the output off when power is cycled.
Modes 4 and 5 are only valid for Analog Outputs (3 and 4).

Output Mode Query

OUTMODE? <output>[term]

n

<output> Specifies which output to query: 1-4.
<mode>inputy,<powerup enables[term]

n,n,n (refer to command for description)
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Control Loop PID Values Command
PID <output>, <P value>,<I value>,<D value>[term]
n,+nnnnn,+nnnnn,+Nnnn

<output> Specifies which output’s control loop to configure: 1 - 4.
<Pvalue> The value for output Proportional (gain): 0.1 to 1000.
<lvalue> The value for output Integral (reset): 0.1 to 1000.
<Dvalue> The value for output Derivative (rate): 0 to 200.

Control settings, (P, I, D, and Setpoint) are assigned to outputs, which results in the
settings being applied to any loop formed by the output and its control input.
PID 1,10,50,0[term]—Output 1 Pis 10, | is 50,and D is 0%.

Control Loop PID Values Query

PID? <output>[term]

n

<output> Specifies which output’s control loop to query: 1 - 4.
<Pvalue><lvalue><D value>[term]

+nnnnn,+nnnnn,+nnnn (refer to command for description)

Control Setpoint Ramp Parameter Command
RAMP <output>,<off/on>,<rate value>[term]

n,n,nnnn

<output> Specifies which output’s control loop to configure: 1 —4.
<offfon> Specifies whether rampingis 0 = Offor 1 =0On.
<ratevalue> Specifies setpoint ramp rate in kelvin per minute from

0.1to 100.The rate is always positive, but will respond to
ramps up or down. Arate of O is interpreted as infinite, and
will therefore respond as if setpoint ramping were off.
RAMP 1,1,10.5[term]—when Output 1 setpointis changed, ramp the current set-
point to the target setpoint at 10.5 K/minute.
Control loop settings are assigned to outputs, which results in the settings being
applied to the control loop formed by the output and its control input.

Control Setpoint Ramp Parameter Query

RAMP? <output>[term]

n

<output> Specifies which output’s control loop to query: 1 -4.
<off/ony<rate value>[term]

n,nnnn (refer to command for description)

Control Setpoint Ramp Status Query
RAMPST? <output>|[term]

n

<output> Specifies which output’s control loop to query: 1 -4.
<ramp status>[term]

n

<ramp status> 0 =Notramping, 1 = Setpointis ramping.
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Heater Range Command
RANGE <output>, <range>|[term]

n,n
<output> Specifies which output to configure: 1-4.
<range> Foroutputs 1 and 2: 0 = Off, 1 = Range 1, 2 = Range 2,

3 =Range 3,4 =Range 4,5 =Range 5

Foroutputs 3and 4:0=0ff,1=0n
The range setting has no effect if an outputis in the Off mode, and does not apply to
an outputin Monitor Out mode. An output in Monitor Out mode is always on.

Heater Range Query
RANGE? <output>[term]
n

<output>
<range>[term]
n (refer to command for description)

Specifies which output to query: 1-4.

Input Reading Status Query
RDGST? <input>|[term]

a
<input> Specifies which input to query:A-D

(D1 - D5 for 3062 option).

<status bit weighting>[term]

nnn

The integer returned represents the sum of the bit weighting of the input status flag

bits. A“000” response indicates a valid reading is present..

Bit Bit Weighting Status Indicator

0 1 invalid reading

4 16 temp underrange

5 32 temp overrange

6 64 Sensor units zero

7 128 sensor units overrange

Relay Control Parameter Command

RELAY <relay number>,<mode>,<input alarm>,<alarm type>[term]
n,n,a,n

<relay number>
<mode>
<inputalarm»

Specifies which relay to configure: 1 or 2.

Specifies relay mode. 0 = Off,1 = On, 2 = Alarms.

Specifies which input alarm activates the relay when the
relayisin alarm mode:A-D (D1 - D5 for 3062 option).
Specifies the input alarm type that activates the relay when
therelayisinalarm mode. 0 = Low alarm, 1 = High Alarm,

2 =Both Alarms.

RELAY 1,2,B,0[term]-relay 1 activates when Input B low alarm activates.

<alarm type>

Relay Control Parameter Query

RELAY? <relay number>[term]

n

<relay number> Specifies which relay to query: 1 or 2.
<mode><input alarm>,<alarm type>[term]

n,a,n (refer to command for description)
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Relay Status Query
RELAYST? <relay number>|[term]

n
<relay number> Specifies which relay to query: 1 or 2.
<status>[term]

n 0=0ff,1=0n.

Generate SoftCal Curve Command
SCAL <std>,<dest>,<SN>,<T1l value>,<Ul value>,<T2 value>,<U2
value>,<T3 value>,<U3 value>[term]
n,nn,S[10],+nnnnnn,tnnnnnn,+nnnnnn,tnnnnnn,+nnnnnn,tnnnnnn
<std> Specifies the standard curve from which to generate

a SoftCal™ curve.

Valid entries: 1, 6, 7.

<dest> Specifies the user curve to store the SoftCal™ curve.
Valid entries: 21-59.
<SN> Specifies the curve serial number. Limited to 10 characters.
<T1value> Specifies first temperature pointin kelvin.
<Ulvalue> Specifies first sensor units point.
<T2value> Specifies second temperature pointin kelvin.
<U2value> Specifies second sensor units point.
<T3value> Specifies third temperature pointin kelvin.
<U3value> Specifies third sensor units point.

Generates a SoftCal™ curve. Refer to Paragraph 5.3.
SCAL1,21,1234567890,4.2,1.6260,77.32,1.0205,300.0,0.5189[term]-generates a
three-point SoftCal™ curve from standard curve 1 and savesitin user curve 21.

Control Setpoint Command
SETP <output>,<value>[term]

n,innnnnn
<output> Specifies which output’s control loop to configure: 1-4.
<value» The value for the setpoint (in the preferred units of the

control loop sensor).
SETP 1,122.5[term]—Output 1 setpointis now 122.5 (based on its units).
Foroutputs 3 and 4, setpointis only valid in Warmup mode. Control settings, that is,
P, 1, D, and Setpoint, are assigned to outputs, which results in the settings being
applied to the control loop formed by the output and its control input.

Control Setpoint Query

SETP? <output>[term]

n

<output> Specifies which output to query: 1-4.
<value>[term]

tnnnnnn (refer to command for description)
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Sensor Units Input Reading Query
SRDG? <input>[term]

a
<input> Specifies which inputto query:A-D
(D1 - D5 for 3062 option).

<sensor units value>[term]

tnnnnnn

Also see the RDGST? command.

Thermocouple Junction Temperature Query

TEMP? [term]

<junction temperature>[term]

+nnnnn

Temperature is in kelvin. This query returns the temperature of the ceramic thermo-
couple block used in the room temperature compensation calculation

Temperature Limit Command
TLIMIT <input>,<limit>[term]

a,+nnnn
<input> Specifies which input to configure: A-D
(D1 - D5 for 3062 option).
<limit> The temperature limitin kelvin for which to shut down all

control outputs when exceeded. Atemperature limit of zero
turns the temperature limit feature off for the given
sensorinput.

TLIMIT B,450[term]—if the temperature of the sensor on Input B exceeds 450 K, all

control outputs will be turned off.

Atemperature limit setting of O K turns the temperature limit feature off.

Temperature Limit Query
TLIMIT? <input>[term]
a
<input> Specifies which input to query:A-D
(D1 - D5 for 3062 option).
<limit>[term]

+nnnn (refer to command for description)

Control Tuning Status Query
TUNEST? [term]
<tuning statusy,coutput>cerror statusy,<stage status>[term]

n,n,n,nn

<tuning status> 0 =noactive tuning, 1 = active tuning.

<output> Heater output of the control loop being tuned (if tuning):
1=outputl, 2 =output 2, 3 =output 3,4 =output 4

<error status» 0 =notuningerror,1 =tuningerror

<stage status> Specifies the current stage in the Autotune process.

If tuning error occurred, stage status represents stage
that failed.

Ifinitial conditions are not met when starting the autotune procedure, causing the
autotuning process to never actually begin, then the error status will be setto 1 and
the stage status will be stage 00.
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Warmup Supply Parameter Command
WARMUP <output>,<control>, <percentage>[term]

n,n,+Nnn.nn

<output> Specifies which analog output to configure: 3 or 4

<control> Specifies the type of control used: 0 = Auto Off,
1=_Continuous

<percentage> Specifies the percentage of full scale (10 V) Monitor Out

voltage to apply to turn on the external power supply.
WARMUP 3,1,50[term]—Output 3 will use the Continuous control mode, witha 5V
(50%) output voltage for activating the external power supply.
The Output Mode parameter and the Control Input parameter must be configured
using the OUTMODE command.

Warmup Supply Parameter Query

WARMUP? <output>[term]

n,+nnn.nn

<output> Specifies which analog output to query: 3 or 4.
<control><percentage>[term]

n,+nnn (refer to command for description)

Website Login Parameters

WEBLOG <username>, <password>[term]

s[15],s[15]

<username> 15 character string representing the website username.
<password> 15 character string representing the website password.
WEBLOG “user”, “pass” —sets the username to user and the password to pass.
Strings can be sent with or without quotation marks, but to send a string that con-
tains spaces, commas, or semi-colons quotation marks must be used to differentiate
the actual parameter separator.

Website Login Parameter Query

WEBLOG? [term]

<username>,<password>[term]

s[15],s[15] (refer to command for description)

Note that all strings returned by the Model 350 will be padded with spaces to main-
tain a constant number of characters.
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ZONE
Input

Format

Remarks
Example

ZONE?
Input
Format

Returned

Format

Model 350 Temperature Controller

Control Loop Zone Table Parameter Command

ZONE <output>, <zone>, <upper bound>,<P value>,<I value>,
<D value>,<mout value>, <range>,<input>,<rate>[term]
n,nn,+nnnnn, +nnnnn,+nnnnn,+nnnn,+nnnnn, n,n, +nnnn [term]

<output> Specifies which heater output to configure: 1 - 4.
<zone> Specifies which zone in the table to configure.
Valid entries are: 1-10.
<upper bound>» Specifies the upper Setpoint boundary of this zone in kelvin.
<Pvalue> Specifies the P for this zone: 0.1 to 1000.
<lvalue> Specifies the | for this zone: 0.1 to 1000.
<Dvalue> Specifies the D for this zone: 0 to 200%.
<moutvalue> Specifies the manual output for this zone: 0 to 100%.
<range> Specifies the heater range for this zone. Valid entries:
0 = Off, 1 = Low, 2 = Med, 3 = High.
<input> Specifies the sensorinput to use for this zone. 0 = Default

(Use previously assigned sensor), 1 = Input A, 2 = Input B,
3=InputC,4=InputD(5=InputD2,6 =InputD3,
7 =Input D4, 8 = Input D5 for 3062 option)
<rate> Specifies the ramp rate for this zone: 0.1 -100 K/min.
Configures the output zone parameters. Refer to Paragraph 2.9.
ZONE 1,1,25.0,10,20,0,0,2,2,10[term]—Output 1 zone 1 isvalid to 25.0 Kwith
P=10,1=20,D=0,aheaterrange of medium, sensorinputB,and a
ramp rate of 10 K/min.

Output Zone Table Parameter Query
ZONE? <output>,<zone>[term]

n,nn
<output> Specifies which heateroutputto query: 1-4
<zone> Specifies which zone in the table to query.

Valid entries: 1-10.
<upper boundary»,<P value»I value><D value>,<mout
value><range><inputy<rate>[term]
+nnnnn,+nnnnn,+nnnnn,+nNnnn, +Nnnnn,n,n, +nnnn
(refer to command for description)



7.1General 159

@Chapter 7: Options and
Accessories

7.1 General This chapter provides information on the models, options, and accessories available
for the Model 350 temperature controller.

7.2 Models The list of Model 350 model numbers is provided as follows:
m Description of Models
350 Standard temperature controller. 4 RTD inputs and 4 control outputs

TABLE 7-1 Model description

Power configurations—the instrument is configured at the factory for customer-
selected power as follows:

100 V-US (NEMA 5-15)
120V-US (NEMA 5-15)
220V-EU (CEE 717)
240V-EU (CEE 717)
240V-UK (BS 1363)
240 V-Swiss (SEV 1011)
220V-China (GB 1002)

TABLE 7-2 Power configurations

N o A WN PR

Options
The Model 350 includes an expansion port forvarious input option cards that provide
additional sensor reading capabilities. Currently the following input option cards are

available.
Description of Options
3060 Dual thermocouple input option card. Adds 2 thermocouple inputs to the Model 350
3061 Capacitance input option card. Adds one capacitive sensor input to the Model 350
3062 Diode/RTD expansion input option card. Adds 4 scanned diode/RTD inputs to the Model 350
TABLE 7-3 Model description
7.3 Accessories Accessories are devices that perform a secondary duty as an aid or refinement to the

primary unit. Refer to the Lake Shore Temperature Measurement and Control Catalog
for details. Alist of accessories available for the Model 350 is as follows:

m Description of Accessories

106-009*t Heater Output Connector. Dual banana jack for heater output.

G-106-233*f Sensor Input Mating Connector. 6-pin DIN plug; 4 included

G-106-755*1 Terminal Block Mating Connector. 10-pin terminal block for relays and Outputs 3 and 4.
115-006*t Detachable 120 VAC Line Cord.

MAN-350*} Model 350 Temperature Controller User's Manual.

Sensor/Heater Cable Assembly—10 Feet. Cable assembly for 2 sensor inputs and 1 heater out-
G-112-325 put. Approximately 3 m (10 ft) long. Requires 2 to use 4 sensors and 2 heaters.
Refer to FIGURE 7-1.

Sensor/Heater Cable Assembly —20 Feet. Cable assembly for 2 sensorinputs and 1 heater out-

G-112-326 put. Approximately 6 m (20 ft) long. Requires 2 to use 4 sensors and 2 heaters.
Referto FIGURE 7-1.
62011 IEEE-488 Cable. 1 m (3 ft) long IEEE-488 computer interface cable.

CAL-350-CERTt*  Instrument calibration/recalibration with certificate.
TABLE 7-4 Accessories
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CAL-350-DATAT*

ES-2-20

1D-10-XX

IF-5

GAH-25

GAN-25

HTR-25

HTR-50

RM-1

VGE-7031

Wire

Description of Accessories

Instrument calibration/recalibration with certificate and data.

Stycast® Epoxy 2850-FT, Catalyst 9 (20 packets, 2 g each). Stycast® is a common, highly versa-
tile, nonconductive epoxy resin system for cryogenic use. The primary use for Stycast® is for
vacuum feedthroughs or permanent thermal anchors. Stycast®is an alternative to
Apiezon®N Grease when permanent sensor mountings are desired.

Indium Solder Disks (Quantity 10). Indium is a semi-precious non-ferrous metal, softer than
lead, and extremely malleable and ductile. It stays soft and workable down to cryogenic tem-
peratures. Indium can be used to create solder "bumps" for microelectronic chip attachments
and also as gaskets for pressure and vacuum sealing purposes.

ID-10-31 Indium Disks are 7.92 mm diameter x 0.13 mm (0.312 in diameter x 0.005 in)
ID-10-56 Indium Disks are 14.27 mm diameter x 0.127 mm (0.562 diameter x 0.005 in)

Indium Foil Sheets (Quantity 5). When used as a washer between DT-470-CU silicon diode or
other temperature sensors and refrigerator cold stages, indium foil increases the thermal con-
tact area and prevents the sensor from detaching due to vibration. It also may be used as a
sealing gasket for covers, flanges, and windows in cryogenic applications. Each sheet is

0.13 mm x 50.8 mm x 50.8 mm (0.005inx 2inx 2 in).

Apiezon®H Grease, 25 g Tube. It is designed for general purposes where operating tempera-
tures necessitate the use of a relatively high melting point grease. Melting pointis 523 K
(250 °C). Can be removed using Xylene with an isopropyl alcohol rinse.

Apiezon®N Grease, 25 g Tube. General purpose grease well-suited for cryogenic use because of
its low viscosity. It is often used as a means of thermally anchoring cryogenic sensors as well as
lubricating joints and o-rings. Contains high molecular weight polymeric hydrocarbon additive
that gives it a tenacious, rubbery consistency allowing the grease to form a cushion between
mating surfaces. Melting pointis 316 K (43 °C). Can be removed using Xylene with anisopropy!
alcohol rinse.

25 Q Cartridge Heater. The heater features precision-wound nickel-chromium resistance wire,
magnesium oxide insulation, 2 solid pins, non-magnetic package, and has UL and CSA compo-
nentrecognition. The heateris 25 Q,6.35 mm (0.25 in) diameter by 25.4 mm (1in) long. The 25
Q ratingis in dead air. With proper heat sinking, the cartridge heater can handle many times
this dead air power rating.

50 Q Cartridge Heater. The heater features precision-wound nickel-chromium resistance wire,
magnesium oxide insulation, 2 solid pins, non-magnetic package, and has UL and CSA compo-
nentrecognition. The heateris 50 Q,6.35 mm (0.25 in) diameter by 25.4 mm (1in) long. The 50
Q rating is in dead air. With proper heat sinking, the cartridge heater can handle many times
this dead air power rating.

Rack Mounting Kit. Mounting brackets, ears, and handles to attach 1 Model 350to a

482.6 mm (19 in) rack mount cabinet. See FIGURE 7-2.

IMI-7031 Varnish (formerly GE 7031 Varnish) (1 pint can). IMI-7031 Insulating Varnish and
Adhesive possesses electrical and bonding properties which, when combined with its chemical
resistance and good saturating properties, make it an excellent material for cryogenic tem-
peratures. As an adhesive, IMI-7031 bonds a variety of materials, has fast tack time, and may
be airdried or baked. It is also an electrically insulating adhesive at cryogenic temperatures
and is often used as a calorimeter cement. When soaked into cigarette paper, it makes a good,
high thermal conductivity, low electrical conductivity heat sinking layer. Maximum operating
temperature: 423 K (150 °C).

Lake Shore Cryogenic Wire. Lake Shore sells the following types of cryogenic wire:

DT = Duo-Twist, MN = Single Strand, MW = Manganin, NC = Nichrome Heater,

ND = Heavy Duty, QL= Quad-Lead, and QT = Quad-Twist.

Lake Shore Coaxial Cable. Lake Shore sells the following types of coaxial cable:

CC = Ultra Miniature Coaxial Cable, SR = Semi-Rigid Coaxial Cable, CRYC = CryoCable.

*Accessories included with a new Model 350

TRoHS compliant

Model 350 Temperature Controller

TABLE 7-4 Accessories
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rear view

FIGURE 7-1 Model 350 sensor and heater cable assembly 10 ft: P/N G-112-325, 20 ft: P/N G-112-326

This section provides procedures for field installing the rack mount and the option
cards.

The Model 350 can be installed into a482.6 mm (19 in) rack mount cabinet using the

optional Lake Shore Model RM-1 Rack Mount Kit. The kit contains mounting ears,
handles and screws that adapt the front of the instrument to fitintoa 88.9 mm
(3.5in) tall, full rack space. Additional support may be required in the rear of the
instrument and to relieve strain on heavy cables. The mounting ears are painted and
do not guarantee good electrical contact between the instrument and cabinet. They
should not be used for ground strapping unless paint is removed from under all
screws.

Ensure that thereis a 25 mm (1in) clearance on both sides of the instrument after
rack mounting.

Description PN Qty
® Rack mount ear 107-440 2
@* Screw, 6-32x3/8, PH, FLHD, MS,SS  0-033 4
® Rack mount handles, 3 in, black 107-433 2
@ Screw, 8-32x3/8, PH, FLHD, MS,SS  0-081 4

*Remove and discard 4 screws from case; replace with 4 screws from kit

FIGURE 7-2 Model RM-1 rack mount kit

The Model 350 input option cards are field-installable. You will need a small Phillips-
head screwdriver and the 5/64-in hex driver. Follow this procedure to install an input
option.

To avoid potentially lethal shocks, turn off controller and disconnect it from AC power
before performing these procedures.
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The components on this board are electrostatic discharge sensitive (ESDS) devices.
Follow ESD procedures in section 8.11 to avoid inducing an electrostatic discharge (ESD)

into the device.

1. Turn Model 350 power switch Off. Unplug power cord from wall outlet, then
instrument.
2. Standtheunitonitsface. Use the hexdriverto remove the 4 screws on both sides
of the top cover. Loosen the 2 rear bottom screws (FIGURE 7-3).
Remove /\ Remove
rear \ rear
plastic bottom
bezel cover
screw
Loosen (unshown)
bottom
rear
side cover Remove top
screws cover screws
(both sides) '
Toremove
Re.move top top cover,
side cover slideitto
screws
(both sides) fhe rear
tracks
\

Rear panel option plate screws

ONORORE

FIGURE 7-3 Cover and option plate screws

3.
bottom screw (FIGURE 7-3).
4,
on the track to remove it.
5.
option plate.
6.
board.
7.

Use a small Phillips screwdriver to remove the 2 top cover screws and 1 rear
Remove the rear plastic bezel. The cover is tracked. Slide the top cover to the rear
Remove the rear panel option plate screws and set aside. Remove the rear panel
With the instrument still standing on its face, turn it to view the inside circuit

Place the option card into its position in the rear panel from inside the instru-

ment. Orient the card so that the text printed on the option card panel is right
side up when you view the Model 350 from the rear (FIGURE 7-4).

@ akeShore

INPUTC INPUT D
Model 3060 Thermocouple Q @1@ G"Q
Input Option ey R

{

| INPUT A INPUT B INPUT C

FIGURE 7-4 Correctly orient the option card

(thermocouple input option card shown)

8. Attach the card by starting both screws in a few threads before tightening either.

9. Fullytighten both screws.



10.

‘. ‘
Attach connector
SO arrow is'on top

s
)

12.
13.
14.

15.

16.
17.
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This step is not applicable to the 3062 option card. Insert the 14-pin ribbon cable con-
nector plug into the socket on the option board. Orient the ribbon cable connec-
tor plug so that the arrow nub slides into the plug slot, and the ribbon cable exits
downward (FIGURE 7-5).

FIGURE 7-5 Proper orientation of the ribbon cable connector plug
11.

Plug the other end of the cable into the main board, option connector )12
(FIGURE 8-11).

Slide the top panel forward in the track provided on each side of the unit.
Replace the rear plastic bezel by sliding it straight into the unit.

Use a small Phillips screwdriver to replace the two top cover screws and the

one bottom cover screw.

Use the hex driver to replace the 4 screws on the sides of the top covers. Tighten
the two rear bottom screws.

Replace the power cord in the rear of the unit and set the power switch to On.
To verify option card installation, check the instrument information by pressing
and holding the Escape key. Refer to section 8.7.2 for more information on instru-
ment information.
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EChapter 8: Service

8.1 General This chapter provides basic service information for the Model 350 temperature con-
troller. Customer service of the product is limited to the information presented in this
chapter. Factory trained service personnel should be consulted if the instrument
requires repair.

8.2 USB This section provides USB interface troubleshooting for issues that arise with new
Troubleshooting installations, existing installations, and intermittent lockups.
8.2.1 New Installation 1. Checkthattheinstrumentsinterfaceissetto USB.

2. Checkthatthe USBdriverisinstalled properly and that the device is functioning.
In Microsoft Windows® the device status can be checked using Device Manager
by right-clicking Lake Shore Model 350 Temperature Controller under Ports
(COM & LPT) or Other Devices and then clicking Properties. Refer to
section 6.3.3 for details on installing the USB driver.

3. Checkthatthe correct com portis being used. In Microsoft Windows® the com
port number can be checked using Device Manager under Ports (COM & LPT).

4. Checkthatthe correct settings are being used for communication. Refer to
section 6.3.3 for details on installing the USB driver.

5. Checkcable connections and length.

Send the message terminator.

7. Send the entire message string at one time including the terminator. (Many ter-
minal emulation programs do not.)

o

8. Send onlyone simple command at a time until communication is established.
9. Besuretospell commands correctly and use proper syntax.
8.2.2 Existing 1. Powerthe instrument off, then on again to see if it is a soft failure.
Installation No Longer 2. Power the computer off, then on again to see if communication portis locked up.
. 3. Checkall cable connections.
Working 4. Checkthatthe com portassignment has not been changed. In
Microsoft Windows® the com port number can be checked using Device Manager
under Ports (COM & LPT).
5. Checkthatthe USB driverisinstalled properly and that the device is functioning.
In Microsoft Windows® the device status can be checked using Device Manager
by right-clicking Lake Shore Model 350 Temperature Controller under Ports
(COM & LPT) or Other Devices and then clicking Properties.
8.2.3 Intermittent 1. Checkcable connections and length.
Lockups 2. Increase the delay between all commands to 100 ms to make sure the instru-

ment is not being overloaded.

3. Ensurethatthe USB cableis not unplugged and that the Model 350 is not pow-
ered down while the com portis open. The USB driver creates a com port when
the USB connection is detected, and removes the com port when the USB connec-
tionis nolonger detected. Removing the com port while in use by software can
cause the software to lock up or crash.
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8.3 IEEE Interface
Troubleshooting

8.3.1 New Installation

8.3.2 Existing
Installation No Longer
Working

8.3.3 Intermittent
Lockups

8.4 Fuse Drawer

8.5 Line Voltage
Selection

AWARNING

Model 350 Temperature Controller

This section provides IEEE interface troubleshooting forissues that arise with new
installations, old installations, and intermittent lockups.

Check the instrument address.

Always send a message terminator.

Send the entire message string at one time including the terminator.

Send only one simple command at a time until communication is established.

Be sure to spell commands correctly and use proper syntax.

Attempt both Talk and Listen functions. If one works but not the other, the hard-
ware connection is working, so look at syntax, terminator, and command format.

oukwnpR

=

Power the instrument off, then on again to see if it is a soft failure.

Power the computer off then on again to see if the IEEE card is locked up.

3. Verifythatthe address has not been changed on the instrument during a memory
reset.

4. Checkall cable connections.

N

1. Checkcable connections and length.
2. Increase the delay between all commands to 50 ms to make sure the instrument
is not being overloaded.

The fuse drawer supplied with the Model 350 holds the instrument line fuses and line
voltage selection module. The drawer holds two 5 mm x 20 mm (0.2 in x.79 in) time
delay fuses. It requires two good fuses of the same rating to operate safely.

Refer to section 8.6 for details.

120
Fuse

-0
@

R
i

FIGURE 8-1 Fuse drawer

Use the following procedure to change the instrument line voltage selector.

To avoid potentially lethal shocks, turn off the controller and disconnect it from AC power
before performing these procedures.

1. Identify thelineinputassembly on the instrument rear panel. See FIGURE 8-2.

2. Turntheline power switch OFF (O).

3. Remove the instrument power cord.

4. With a small screwdriver, release the drawer holding the line voltage selector
and fuse.

5. Slide out the removable plastic fuse holder from the drawer.

6. Rotatethe fuse holder until the proper voltage indicator shows through
the window.

7. Re-assemble the line input assembly in the reverse order.

8. Verify the voltage indicatorin the window of the line input assembly.

9. Connecttheinstrument power cord.

10. Turn the line power switch On (I) Refer to FIGURE 8-2.
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Line cord input

~ — ]
100/120/220/240V
+10% V0|tage 3.15AT 250V
50/60 Hz 220 VA MAX 5x20mm
Power switch Screwdriver
o=off, i=on slot
FIGURE 8-2 Power fuse access
8.6 Fuse Use this procedure to remove and replace a line fuse.
Replacement

AWARNING

8.7 Factory Reset
Menu

To avoid potentially lethal shocks, turn off controller and disconnect it from AC power
before performing these procedures.

For continued protection against fire hazard, replace only with the same fuse type and
rating specified for the line voltage selected.

Test fuse with an ohmmeter. Do not rely on visual inspection of fuse.

1. Locatethelineinputassembly ontheinstrument rear panel. See FIGURE 8-2.

2. Turnthe power switch Off (O).

3. Remove theinstrument power cord.

4. With a small screwdriver, release the drawer holding the line voltage selector
and fuse.

5. Remove existing fuse(s). Replace with proper Slow-Blow (time-delay) fuse ratings
as follows:

100/120/220/240V  3.14AT250V 5x20mm

6. Re-assemble thelineinputassemblyin reverse order.

7. Verify voltage indicatorin the line input assembly window.

8. Connecttheinstrument power cord.

9. Turnthe power switch On (l).

Itis sometimes necessary to reset instrument parameter values or clear the contents
of curve memory. Both are stored in nonvolatile memory called NOVRAM, but they
can be cleared individually. Instrument calibration is not affected except for Room
Temperature Calibration, which should be recalibrated after parameters are set to
default values or any time the thermocouple curve is changed.
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8.7.1 Default Values

CHAPTER 8: Service

The factory defaults can be reset, and the user curves cleared, using the Factory Reset
menu. To access the Factory Reset menu, press and hold the Escape key for 5s. Once
the menu appears, set either Reset to Defaults or Clear Curves, or both, to Yes, then

highlight Execute and press Enter.

Input Setup — General DISET Interface Setup —General DISET
Sensort.ype. NTCRTD Enabled USB
Sensor excitation 1mv
Filter Off Interface Setup - |IEEE Default
Input name InputA(B,C, D) IEEE Address 12
Temperature limit 0K (Off) Interface Setup — Ethernet Default
Input units Kelvin DHCP On
Curve None Auto-IP off
Input Setup - .
Platinum/NTC RTD DISET Static-IP 192.168.0.12
Autorange On Static Subnet Mask 255.255.255.0
Currentreversal On Static Gateway 192.168.0.1
Input Setup — Thermocouple L
Input Option Card Default Static Primary DNS 0.0.0.0
Room comp On Static Secondary DNS 0.0.0.0
Room cal Cleared Preferred hostname LSCI-350
Web username user

Input Setup —
Capacitance Option Card

Temperature coefficient Positive
Output Setup Default

Output mode Closed loop PID (off for Output 3 and 4)

Input A for Output 1; Input B for Output 2

Control input
P none foroutput 3 and 4

Heater resistance 25Q
Power up enable off
Heater out display Current
Setpoint ramping Off
Display mode Custom
Number of locations 2 (large)
Location 1 source InputA
Location 1 units Kelvin
Location 2 source Input B
Location 2 units Kelvin
Location 3 source InputC
Location 3 units Kelvin
Location 4 source Input D
Location 4 units Kelvin
Location 5 source InputA
Location 5 units Sensor
Location 6 source Input B
Location 6 units Sensor
Location 7 source InputC
Location 7 units Sensor
Location 8 source Input D
Location 8 units Sensor
Contrast 28

Web password

Alarm off
Relay Default
Relay off
Keypad Locking DISET
Mode Unlocked
Lock code 123
PID/Manual Heater Power Default
(MHP) Output
Proportional (P) 50.0
Integral (1) 20.0
Derivative (D) 0.0
Manual Output 0.000%

Default

Heater range off

Default

0.000 K
Default
Remote/Local Local

Setpoint value
Remote/Local

Zone Settings —All Zones DISET
Upper boundary 0.000K
Proportional (P) 50.0

Integral (1) 20.0
Derivative (D) 0.00
Manual output 0.000%
Range off
Ramp rate 0.100 K/min

Control input Default

TABLE 8-1 Default values

Model 350 Temperature Controller
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Productinformation for yourinstrumentis also found in the Factory Reset menu.The
following information is provided:

Firmware date
Serial number
Option card type

Ethernetversion

Firmware version

Option card serial number

The following are error messages that may be displayed by the Model 350 during

operation.

Message
DISABL
NOCURV
S.OVER
S.UNDER
T.OVER
T.UNDER

Cannot Communicate with
Input uP

NOVRAM Corrupt

Atemperature limit has
been exceeded

*** Keypad Locked ***

*** Heater Short Circuit
Detected ***

*** Heater Open Circuit
Detected ***

***Heater Compliance***

*** Invalid Calibration ***

*** Invalid Option Card
Calibration ***

*** Firmware Update in
Progress ***

Description
Inputis disabled. Refer to section 4.4.
Input has no curve.Refer to section 4.4.8.
Inputis at or over full-scale sensor units.
Inputis at or under negative full-scale sensor units.
Input at or over the high end of the curve.
Input at or under the low end of the curve.

The main microprocessor has lost communication with the sensor
input microprocessor.

Invalid data or contents in NOVRAM—when this message appears, options are provided
for resetting the instrument to default values, and for clearing all user curve locations
(21-59). To perform the reset, set the desired parameters to “Yes”, then choose the
“Execute” option.

The temperature reading on a sensor input has exceeded the Temperature Limit set-
ting. Adetailed message will follow, which includes a reference to which sensor input's
temperature limit has been exceeded.

An attempt has been made to change a parameter while the keypad is locked.

Referto section 4.7.

Ashort circuit condition has been observed on heater output 1. A detailed message will
follow, which includes a reference to which output caused the condition. The output
will be turned off when this occurs.

An open circuit condition has been observed on heater output 1. Adetailed message will
follow, which includes a reference to which output caused the condition. The output
will be turned off when this occurs.

TBD

The calibration memory is either corrupt, or is at the default, uncalibrated state. This
message appears when the Model 350 is first powered on. To clear the message, and
continue with instrument start-up, press the Escape and Enter keys simultaneously.
The installed option card calibration memory is either corrupt, or is at the default,
uncalibrated state. This message appears when the Model 350 is first powered on. To
clear the message, and continue with instrument start-up, press the Escape and Enter
keys simultaneously.

This indicates that the Model 350 is in firmware update mode.

TABLE 8-2 Error messages

Instrument calibration can be obtained through Lake Shore Service. Refer to
section 8.14 for technical inquiries and contact information.
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8.10 Rear Panel
Connector
Definition

Model 350 Temperature Controller

The sensorinput, heater output, terminal block, USB, Ethernet, and IEEE-488 connec-
tors are defined in FIGURE 8-3 through FIGURE 8-8. For thermocouple connector
details refer to FIGURE 3-8.

FIGURE 8-3 Sensor input A through D

1 - —Current
2 V- —Voltage
3 None Shield

4 V+ +Voltage
5 1+ +Current
6 None Shield

TABLE 8-3 Sensor input A through D
connector details
OUTPUT 1 (HEATER) GND OUTPUT 2 (HEATER)
HI LO HI LO

FIGURE 8-4 Heater output connectors
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Use screwdriver to
lock or unlock wires

Slides into slot at
rear of Model 350

Insert wire
into slot

FIGURE 8-5 Terminal block for relays and Output 3 and 4

Pin Description
Output 3+
Output 3—
Output 4+
Output 4—
Relay 1 normally closed
Relay 1 common
Relay 1 normally open
Relay 2 normally closed

W 0N O U1 & WN =

Relay 2 common

=
o

Relay 2 normally open

TABLE 8-4 Terminal block pin and
connector details

21

[

34

FIGURE 8-6 USB pin and connector details

e | e i

1 vCC +5VDC

2 D- Data—

3 D+ Data+

4 GND Ground

TABLE 8-5 USB pin and connector
details
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8.10.1|EEE-488
Interface Connector

Model 350 Temperature Controller

FIGURE 8-7 Ethernet pin and connector details

R

TXD+
TXD-
RXD+
EPWR+
EPWR+
RXD-
EPWR-
EPWR-

W N O VA WN R

Transmit data+
Transmit data-
Receive data+
Power from switch+ (not used)
Power from switch+ (not used)
Receive data-
Power from switch- (not used)
Power from switch- (not used)

TABLE 8-6 Ethernet pin and connector details

Connecttothe IEEE-488 Interface connector on the Model 350 rear with cables spec-
ified in the IEEE-488 standard. The cable has 24 conductors with an outer shield. The
connectors are 24-way Amphenol 57 Series (or equivalent) with piggyback recepta-
cles to allow daisy chaining in multiple device systems. The connectors are secured in
the receptacles by 2 captive locking screws with metric threads.

The total length of cable allowed in a system is 2 m for each device on the bus,or20 m
maximum. The Model 350 can drive a bus of up to 10 devices. A connector extender is
required to use the IEEE-488 interface and relay terminal block at the same time.

FIGURE 8-8 shows the IEEE-488 interface connector pin location and signal names as

viewed from the Model 350 rear panel.

O

FIGURE 8-8 IEEE-488 interface



8.11 Electrostatic
Discharge

8.11.1 Identification of
Electrostatic Discharge
Sensitive Components

o | e

1 DIO1
2 DIO2
3 DIO3
4 DI04
5 EO

6 DAV

7 NRFD
8 NDAC
9 IFC

10 SRQ

11 ATN

12 SHIELD
13 DIOS
14 DIO6
15 DIO7
16 DIO8
17 REN

18 GND6
19 GND7
20 GND8
21 GND9
22 GND 10
23 GND11
24 GND
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Description
Data input/output line 1
Data input/output line 2
Data input/output line 3
Data input/output line 4
End oridentify
Data valid
Not ready for data
No data accepted
Interface clear
Service request
Attention
Cable shield
Data input/output line 5
Data input/output line 6
Data input/output line 7
Data input/output line 8
Remote enable
Ground wire—twisted pair with DAV
Ground wire—twisted pair with NRFD
Ground wire—twisted pair with NDAC
Ground wire—twisted pair with IFC
Ground wire—twisted pair with SRQ
Ground wire—twisted pair with ATN
Logic ground

TABLE 8-7 IEEE-488 rear panel connector details

Electrostatic Discharge (ESD) may damage electronic parts, assemblies, and equip-
ment. ESD is a transfer of electrostatic charge between bodies at different electro-
static potentials caused by direct contact orinduced by an electrostatic field. The
low-energy source that most commonly destroys Electrostatic Discharge sensitive
devices is the human body, which generates and retains static electricity. Simply
walking across a carpet in low humidity may generate up to 35,000 V of

static electricity.

Current technology trends toward greater complexity, increased packaging density,
and thinner dielectrics between active elements, which results in electronic devices
with even more ESD sensitivity. Some electronic parts are more ESD sensitve than
others. ESD levels of only a few hundred volts may damage electronic components
such as semiconductors, thick and thin film resistors, and piezoelectric crystals
during testing, handling, repair, or assembly. Discharge voltages below 4000V cannot

be seen, felt, or heard.

The following are various industry symbols used to label components as

ESD sensitive.

~~ A CAUTION

FIGURE 8-9 Symbols indicating ESD sensitivity
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8.11.2 Handling
Electrostatic Discharge
Sensitive Components

8.12 Enclosure Top
Remove and
Replace Procedure

AWARNING

Model 350 Temperature Controller

Observe all precautions necessary to prevent damage to ESDS components before
attempting installation. Bring the device and everything that contacts it to ground
potential by providing a conductive surface and discharge paths. Asa minimum,
observe these precautions:

m De-energize ordisconnect all power and signal sources and loads used with unit.

m Placethe unitonagrounded conductive work surface.

m Thetechnician should be grounded through a conductive wrist strap (or other
device) using 1 M series resistor to protect operator.

m  Ground any tools, such as soldering equipment, that will contact the unit. Con-
tact with the operator’s hands provides a sufficient ground for tools that are oth-
erwise electrically isolated.

m Place ESD sensitive devices and assemblies removed from a unit on a conductive
work surface orin a conductive container. An operatorinserting or removing a
device or assembly from a container must maintain contact with a conductive
portion of the container. Use only plastic bags approved for storage of
ESD material.

m Do nothandle ESD sensitive devices unnecessarily or remove them from the
packages until they are actually used or tested.

Follow this procedure to remove the top enclosure. The enclosure top remove and
replace procedure if for installing an input option card.

To avoid potentially lethal shocks, turn off the controller and disconnect it from AC power
before performing these procedures.

The components on this board are electrostatic discharge sensitive (ESDS) devices.
Follow ESD procedures in section 8.11 to avoid inducing an electrostatic discharge (ESD)
into the device.

1. Turnthe Model 350 power switch Off. Unplug the power cord from the wall out-
let, then from the instrument.

2. Standtheunitonitsface.Use a 5/64 in hex driver to remove the four screws on
both sides of the top cover. Loosen the two rear bottom screws (FIGURE 8-10).

Remove \&.\/_\ Remove
rear \ rear
plastic |/ f bottom
bezel cover
screw
Loosen (unshown)
bottom
rear
side cover Remove top
screws cover screws
(both sides) ]
Toremove
Re.move top top cover,
side cover slide it to
. therear
(both sides) on the
tracks

FIGURE 8-10 Cover removal

3. Use asmall Phillips screwdriver to remove the two top cover screws and one rear
bottom screw (FIGURE 8-10).
4. Remove the rear plastic bezel. The coveris tracked. Slide the top cover to the rear

on the track to remove it.
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Follow this procedure to install the top enclosure:

5. Slide the top panel forward in the track provided on each side of the unit.

6. Use asmall Phillips screwdriver to replace the two top cover screws and 1 rear
bottom screw.

7. Usethe hexdriverto replace the two screws on the side of the top covers.

8. Replace therear plastic bezel by sliding it straight into the unit.

9. Tighten the two rear bottom screws.

10. Replace the power cord in the rear of the unit and set the power switch to On.

| J12 (option

/ connector)

— JMP1

JMP2 \L)

FIGURE 8-11 Location of internal components
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8.13 Record of
Updates Made to
the Firmware

8.14 Technical
Inquiries

8.14.1 Contacting
Lake Shore

Model 350 Temperature Controller

TABLE 8-8 and TABLE 8-9 describe the updates made to the temperature controllerin
each version.

Instrument . Features added
firmware version
11 Model 3062 scanner option card support

13 Added sensor name units for custom display mode

TABLE 8-8 Instrument firmware updates

Ethernet . Features added

firmware version

1.1 Instrument configuration backup utility added

20 Chart recorder utility added
’ Support for Model 350 added

21 Chartrecorder and instrument configuration utilities updated to support Model 3062 scanner
’ option card

22 Support for Model 224; increased TCP socket connections to 5; and added available TCP socket

connections to Ethernet status page
TABLE 8-9 Ethernet firmware updates

Refer to the following sections when contacting Lake Shore for application assistance
or product service. Questions regarding product applications, price, availability and
shipments should be directed to sales. Questions regarding instrument calibration or
repairshould be directed to instrument service. Do not return a product to Lake Shore
without a Return Material Authorization (RMA) number (section 8.14.2).

The Lake Shore Service Department is staffed Monday through Friday between the
hours of 8:00 AM and 5:00 PM EST, excluding holidays and company shut down days.

Contact Lake Shore Service through any of the means listed below. However, the most
direct and efficient means of contacting is to complete the online service request
form at http://www.lakeshore.com/Service/Pages/Request-For-Service.aspx. Provide
a detailed description of the problem and the required contact information. You will
receive a response within 24 hours or the next business day in the event of weekends
or holidays.

If you wish to contact Service or Sales by mail or telephone, use the following:

Lake Shore Cryotronics

- Instrument Service Department
Mailing address P

575 McCorkle Blvd.
Westerville, Ohio USA43082-3888
q sales@lakeshore.com Sales
SILEE servic@(:)@lakeshore.com Instrument Service
Telephone 614-891-2244 . . Sales .
614-891-2243 select the option for service Instrument Service
Fax 614-818-1600 Sales '
614-818-1609 Instrument Service

http://www.lakeshore.com/Service/Pages/
Request-For-Service.aspx

TABLE8-10 Contact information

Online request for service Instrument Service



8.14.2 Return of
Equipment

8.14.3 RMA Valid Period

8.14.4 Shipping
Charges

8.14.5 Restocking Fee
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The temperature controlleris packaged to protect it during shipment.

The user should retain any shipping carton(s) in which equipment s originally received, in
the event that any equipment needs to be returned.

If the original packaging is not available, a minimum of 76.2 mm (3 in) of shock
adsorbent packing material should be placed snugly on all sides of the instrumentin a
sturdy corrugated cardboard box. Please use reasonable care when removing the
temperature controller from its protective packaging and inspect it carefully for
damage. If it shows any sign of damage, please file a claim with the carrier
immediately. Do not destroy the shipping container; it will be required by the carrier
asevidence to support claims. Call Lake Shore for return and repairinstructions.

All equipment returns must be approved by a member of the Lake Shore Service
Department. The service engineer will use the information provided in the service
request form and will issue an RMA. This number is necessary for all returned
equipment. It must be clearly indicated on both the shipping carton(s) and any
correspondence relating to the shipment. Once the RMA has been approved, you will
receive appropriate documents and instructions for shipping the equipment to

Lake Shore.

RMAs are valid for 60 days from issuance; however, we suggest that equipment
needing repair be shipped to Lake Shore within 30 days after the RMA has been
issued. You will be contacted if we do not receive the equipment within 30 days after
the RMA is issued. The RMA will be cancelled if we do not receive the equipment after
60 days.

All shipments to Lake Shore are to be made prepaid by the customer. Equipment
serviced under warranty will be returned prepaid by Lake Shore. Equipment serviced
out-of-warranty will be returned FOB Lake Shore.

Lake Shore reserves the right to charge a restocking fee for items returned for
exchange or reimbursement.

‘LakeShore | www.lakeshore.com
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