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CHAPTER 1
INTRODUCTION

1.0 GENERAL

This chapter provides an introduction to the CYC3211/CYC3212/CYC3214 Autotuning Temperature
Controller. The Autotuning Temperature Controller is a microprocessor-based instrument with digital
control of a variable current output. The controller features include the following:

® Three Models available

— Silicon Diode CYC3211
— Platinum Resistor 100 Q  CYC3212
— Thermocouple CYC3214

@® Thermometry
— Single Sensor Input
— Differential Input Allows Four-Lead Sensor Measurement
— Nonvolatile Memory Space to Store One Precision Calibration Option Curve
— Nonvolatile Memory Space to Store One SoftCal Curve

® Five Tuning Modes
~ Autotuning P
Autotuning Pl
Autotuning PID
Manual
Zone (Ten Temperature Zones)

® Control
— Contro! Stability to 0.1 K
— Three Term PID Control Loop
— 25 Watt Heater Power with Two Ranges
— Setpoint Ramping
@ |Interface
— Backlit 2 Row by 16 Character LCD for High Visibility
— Display of Sensor Temperature in K, °C, or sensor units in volts, ohms
— Serial Interface (RS-232C Electrical Format)
— Analog Output Corresponding to Temperature

|

Proceed to Chapter 2 to become familiar with the installation instructions. Operation is described in
Chapter 3. Remote operation is covered in Chapter 4. Service and calibration procedures are provided
in Chapter 5. Options and accessories are detailed in Chapter 6. For reference, various appendices are
included. Finally, an alphabetical index is included at the end of the manual.

1-1



1.1

DESCRIPTION

The microcontroller-based autotuning temperature controller provides a simple answer to basic control
needs. There are three models: the CYC3211 for Silicon Diode Temperature Sensors, the CYC3212 for
Platinum Resistors, and the CYC3214 for Thermocouples.

The controller displays the temperature in K, °C or sensor units in volts (V), millivolts (mV), or ohms (Q).
The 2 x 16 LCD simultaneously displays temperature, setpoint, heater range, and heater % current.

Precision thermometry is the most basic building block of any digital controller and is necessary for
stable, accurate control. Careful analog design provides the controller with stable and repeatable
measurements. A differential input allows for a four-lead measurement of the sensor signal. A high
resolution A/D converter digitizes the signal for use in thermometry, control, and autotuning.

The control software in the controller compares the measured value of the control sensor to the desired
control setpoint and acts with three term (PID) function to minimize the difference. Control parameters
can be entered in any one of five tuning modes: Autotuning P, Autotuning PI, Autotuning PID, Manual,
and Zone.

Autotuning represents the OMEGA's commitment to bringing convenience and performance to the
cryogenic measurement and control market. Autotuning utilizes information gathered during setpoint
changes to automatically optimize the control parameters.

The controller allows the user to program up to 10 custom temperature zones where the controlier will
automatically use pre-programmed PID settings and heater range.

The ramping feature permits the user to set the rate that the setpoint increases or decreases when the
setpoint is changed. If this feature is combined with the zone feature, the user could do a ramp through
all 10 zones from =2 K to room temperature by only changing the setpoint. The controller will change
the PID and heater range settings as the temperature setpoint passes through the different zones.

Two heater ranges, with the high providing 25 watts and the low 2.5 watts, accommodate a variety of
cryogenic cooling systems. The power output of the controller is a quiet, variable dc current to ensure as
little noise coupling as possibie between the heater and experiment.

The Serial Interface provides remote access to data from the controller and allows setting of most front
panel functions.

The thermometry accuracy can be enhanced by using a OMEGA calibrated sensor and ATP-8000
Precision Calibration Option, or by the use of SoftCal.

e N
r Y )
Heater Units Curve Baud
High 7 8 9 Escape
Temperature sm Heater Range N[ Y { Anateg |
P 9 Heater m SohCal out A
Low 4 | 5 6
Heater 4 ! ° v
ot 1 2
Setpoint mawsm Heater %
se | [ (@] (=] (.,
. m9 Enter
Autotuning Polnt o | - +- |
Temperature Controller \ 4
L Y,

Figure 1-1. Temperature Controlier Front Panel




Table 1-1. Electronic Information for Various Sensors and Temperature Ranges

Model No.
Sensor Type

Sensor Temp Coefficient

Sensor Units

Controiler Temp. Range
Input Range

Sensor Excitation

CYC3211
Silicon diode
Negative
Volts (V)
1.4-475K T
0-25V

10 pA +0.05%
constant current

CcYC3212

100 Q Platinum RTD
Positive

Ohms (Q)

14 K—-800K
0-300Q

500 pA +0.01%
constant current

CYC3214*
Thermocouple
Positive

Millivolts (mV)
-273-1000 °C T
+45 mV

N/A

The following specifications reflect operational characteristics with the specified OMEGA Sensor.

Example OMEGA Sensor

Sensor Temp. Range
Standard Sensor Curve

Typical Sensor Sensitivity

Measurement Resolution

Sensor Units

Temperature Equivalence

Sensor Unit Display Resolution

Measurement Accuracy

Measurement Temp. Coefficient
Sensor Units (%RDG/°C)
Temperature Equivalence

Setpoint Display Resolution

in Sensor Units

Silicon Diode
(CY7)

1.4-475K
Curve 10

-30mV/Kat4.2K
-1.9mV/Kat 77 K
—-2.4 mV/K at 300 K
-2.2mV/K at 475K

0.04 mV
1.3mKat4.2K
21 mKat77kK
16 mK at 300 K
18 mK at 475 K
0.1tmVto1mV

+0.2 mV +0.02% RDG

+0.01%

+8 mK/C°at4.2 K
+77 mK/°C at 77 K
+33 mK/°C at 300 K
+9 mK/°C at 475 K

0.1mVto1mV

Pt 100 RTD
(PT 100 R669)

30-800K
DIN 43760
0.19 /K at 30 K
0.42 /K at77 K

0.39 /K at 300 K
0.33 WK at 800 K

5mQ

26 mK at 30 K
12mKat77 K
13 mK at 300 K
15 mK at 800 K
0.01Qt00.1Q

+20 mQ +0.05% RDG

+0.01%

+33 mK/°C at 4.2 K
22 mK/°C at 77 K
+64 mK/°C at 300 K
+171 mK/°C at 800 K

0.01Qt0.1Q

OMEGA Thermocouple
(TFAU.O7FE)

1.4-325K
NBS generated

16 uV/K at 4.2 K
20 pV/K at 300 K

1.5uV

90 mKat4.2 K
75 mK at 300 K

2uV
+4 uV +0.05% RDG

10.018%
+200 mK/°C at 30 K
+110 mK/°C at 300 K

2uVv

* Thermocouple data are for uncompensated inputs.

T Dependent on sensor type.




Table 1-2. Specifications

Thermometry:
Number of Inputs:
Sensor Types:

Accuracy:

Update Rate:

Precision Curve Storage:
SoftCat:

Control:
Control Type:
Automatic Control Mode:
Manual Control Mode:

Control Stability:

Setpoint Resolution:
Heater Output Type:
Heater Setting Resolution:
Heater Ranges:

Max Power To Heater:
Max Current To Heater:
Heater Output Compliance:
Heater Load:

Heater Noise:

Ramp Rate:

Analog Output:

Default Settings:
Range:
Default Output:
Resolution:
Accuracy:

Programmable Settings:
Range:

Front Panel:
Display:
Display Units:

Temperature Resolution:
Sensor Units Resolution:
Keypad:

Interface:
Serial Interface:

1-4

One

CYC3211 - Silicon Diode

CYC3212 — Platinum RTD

CYC3214 - Thermocouple

Based on Model and Sensor Type (Refer to Table 1-1)
1 second

One 97 point curve entered via Serial Interface
Entered in voltage or temperature

Digital, three term PID with Autotuning
P, PI, or PID control, user selectable

Gain (Proportional) 1-999, Reset (Integral) 1-999 sec.,
and Rate (Derivative) 0 - 200%

Better than £0.1 K in a properly designed system for diode and
platinum sensors

0.1 Kor°C

Analog dc Current Source

15 bit

25W,25W

25W

1A

25V

25 ), 25 W required for full power
0.005% of full scale power

0.1 t0 99.9 K/min

0 to 10 volts at 1 mA max
10mV/K,0-10V,0-1000 K

1.22mV, 0.122K

+0.04% of full scale output + measurement accuracy

0 V = user defined minimum temperature in kelvin
10 V = user defined maximum temperature in kelvin
Minimum temperature resolution is 0.1 K

2 row by 16 character LCD

Temperature in K or °C. Sensor units in volts (CYC3211),
ohms (CYC3212), or millivolts (CYC3214)

0.1Kor°C
5 digits
Numeric keypad

300 or 1200 baud, RJ-11 connector (RS-232C electrical
standard)




Table 1-2. Specifications (Continued)

General:
Ambient Temperature Range: 20 to 30 °C (68 °F to 86 °F), or with reduced accuracy in range
15 °C to 35 °C (59 °F to 95 °F)
Power Requirements: 90 — 110, 105 — 125, or 210 — 250 VAC, 50 or 60 Hz; 65 watts
Size: : 217 mm wide x 80 mm high x 317 mm deep (8.5" x 3.5" 12.5"),
half-rack package
Weight: 2.7 kilograms (6 pounds)

1.2

CONTROL FUNDAMENTALS AND AUTOTUNE

The controller has several features which aid in temperature control of a cryogenic system. These
include standard built-in curves along with the ability to store a single 97 point curve, Serial Interface, a
differential input allowing true four-wire sensor readings, 2 row by 16 character LCD for high visibility,

25 Watt DC current output with short circuit protection of the output, and digital filtering. These and other
features are discussed in detail throughout this manual.

The Autotuning algorithm determines the settings of controller gain (Proportional), reset (Integral), and
rate (Derivative) by observing the time response of the system upon changes in setpoint under either P,
PI, or PID control.

Since this is a digital system, there are inherent limitations associated with digital control and
Autotuning. First, there is the limitation that any control system is inherently unstable if the sampling rate
(frequency) is not greater than twice the system bandwidth (inverse of system time constant). This is
known asthe Nyquist criterion. With the current technology used in this controller, i.e., sampling
frequency, etc., digital control is possible for cryogenic system with time constants near or greater than
one second. Fortunately, most cryogenic systems which operate above 1 kelvin will have time constants
that meet this criteria.

The Autotuning function requires that the system time response be measured as a result of a change in
temperature setpoint. In order to get meaningful data for determining the PID parameters, several points
on this response curve must be measured. Consequently, for cryogenic systems where step responses
are less than =5 seconds (where the number of measured points is small), correct determination of the
PID parameters is difficult and better temperature control will normally be achieved by manual selection
of gain and reset (rate will not normally be required). Fortunately, fast cryogenic systems are not difficult
to tune manually.

For slower systems with longer time constants (which can be very difficult to tune manually), Autotuning
can obtain enough information on a step change to characterize the system and determine proper
values of gain, reset, and rate.

There may be other conditions where you will prefer to stay with manual settings. For example, when a
closed cycle refrigerator has very little mass on its second stage and is near its bottom temperature,
attempts at Autotuning may give poor results for control settings due to the large inherent temperature
fluctuations associated with the cooling cycle. Adding mass to the second stage smoothes out these
fluctuations, but lengthens cooldown time.

OMEGA has simplified the input of the rate time constant in this controller to correspond to a
percentage of the reset time constant, i.e., 0 to 200%. Consequently, if you are in the manual mode and
you set RATE at 100%, on any change in RESET, the controller will automatically calculate the RESET
time constant (999/RESET) and set the RATE time constant at 1/8 of the RESET time constant. This is
one-half the conventional Zeigler-Nichols setting for rate and results in a smaller overshoot of a given
setpoint. Therefore, once RATE is set as a percent, you do not have to worry about updating its value
with setpoint changes resulting in new PI settings. Obviously, if you prefer less RATE, set the rate
setting at something less than 100%. Remember, however, in many cryogenic systems, rate will not be
required anyway, and is consequently set at 0%.
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An application note titled Fundamentals for Usage of Cryogenic Temperature Controllers is included
with Appendix D. This application note should be read in detail if you are not familiar with cryogenic
temperature controllers.

PRECISION CALIBRATION OPTIONS

The Precision Calibration Option allows the user to convert calibrated sensor data into breakpoint pairs
readable by the controller program. The Precision Calibration Option is available in two forms:

--- The ATP-8000 loads the breakpoint pairs on a floppy disk in ASCli format for Customer downloading.
--- The ATP-8002-05 is a NOVRAM that is installed in the field.

The Precision Calibration Option improves the specified accuracy to 0.1K or better over a given
calibration range for Silicon Diode Sensors. Accuracy for other sensors depends on the sensor type and
calibration range.

A copy of the break point information containing sensor type, sensor serial number, maximum allowable
error, break point number, voltage (or resistance), temperature and temperature error is supplied. A
second sheet containing only the break point temperatures and voltages is also supplied.

The Precision Calibration Option Table is a piecewise linear interpolation based on the sensor
calibration. Optimum break points are determined by an iterative procedure using weighted linear least
squares defined by either a maximum number of break points allowed or a maximum allowable error.
The break point voltages are the values from the least squares linear equations and will therefore differ
from the calibration data. Differences between voltages from the input table and the break point voltage
are converted to a corresponding error in temperature by dividing the voltage difference by the
sensitivity. Temperature errors by this method will be considerably less than by linear interpolation
between calibration data points.

Power Supply AC Line
Heater | Analog/Digital
2 11
Current
@
| Source
!
| > _ Keypad
Sensor  le— Micro
Input ! Controller e
(4-Lead) T ]
1
! RS-232C
Differential : v Interface
Input ——— A/D
Converter . ¢
16Bits [—® rogram Analog
PROM Qutput
0-10V, 1T mA

Heater c D/An RAM for
Output $2Vl§t 7 | - Calibrated
25 Watts s Sensor Curve

Grounds 1 and 2 represent separate isolated power supplies.
Ground 1 is connected to Earth.

Figure 1-2. Block Diagram
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1.5

SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and
repair of this instrument. Failure to comply with these precautions or with specific warnings elsewhere in
this manual violates safety standards of design, manufacture, and intended use of the instrument.
OMEGA assumes no liability for Customer failure to comply with these requirements.

Ground The instrument

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical
ground. The instrument is equipped with a three-conductor ac power cable. The power cable must
either be plugged into an approved three-contact electrical outlet or used with a three-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.

Do Not Operate In An Explosive Atmosphere
Do not operate the instrument in the presence of flammable gases or fumes. Operation 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. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components with power
clsble connected. To avoid injuries, always disconnect power and discharge circuits before touching
them.

Do Not Substitute Parts Or Modify Instrument

Because of the danger of introducing additional hazards, do not install substitute parts or perform any
unauthorized modification to the instrument. Return the instrument to OMEGA for service and repair to
ensure that safety features are maintained.

SAFETY SYMBOLS
A Product will be marked with this symbol in order to protect against damage to the instrument.
? Indicates dangerous voltage (terminals fed by voltage over 1000 voits must be so marked).

L. or Protective conductor terminal. For protection against electrical shock in case of a fault.
- Used with field wiring terminals to indicate the terminal which must be connected to
ground before operating equipment.

(__D Low-noise or noiseless, clean ground (earth) terminal. Used for a signal common, as well
- as providing protection against electrical shock in case of a fault. A terminal marked with
this symbol must be connected to ground in the manner described in the installation
(operating) manual, and before operating equipment.

,_)7 or L Frame or chassis terminal. A connection to the frame (chassis) of the equipment which
normally includes all exposed metal structures.

v Alternating current (power line).
== Direct current (power line).
N Alternating or direct current (power line).
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2.1

2.2

CHAPTER 2
INSTALLATION

GENERAL
This chapter provides general installation instructions for the Autotuning Temperature Controller.

Inspection and unpacking instructions are provided in Section 2.1.
Repackaging for shipment instructions are provided on the inside back cover.
Rear panel controls are described in Section 2.3.

Environmental requirements are detailed in Section 2.4.

Grounding and shielding requirements are discussed in Section 2.5.

Sensor input settings are detailed in Section 2.6.

Sensor installation recommendations are detailed in Section 2.7.

Sensor curve selection is detailed in Section 2.8.

The Precision Calibration Option is discussed in Section 2.9.

Heater setup is detailed in Section 2.10.

Rack mounting is discussed in Section 2.11.

The power up sequence, configuration, and errors are provided in Section 2.12.

INSPECTION AND UNPACKING

Remove the Packing List and verify that you have received all equipment, including the following
(quantities in parentheses):

CYC3211 or CYC3212 or CYC3214 controller (1)
Operator's Manual (1)

If you have any questions about the shipment, please call the OMEGA Customer Service Department.
When you receive the shipment, inspect the container and equipment for signs of damage. Note any
evidence of rough handling in transit. Immediately report any damage to the shipping agent.
NOTE
The carrier will not honor damage claims unless all shipping material is saved for
inspection. After examining and removing contents, save packing material and
carton in the event reshipment is necessary.

REPACKAGING FOR SHIPMENT

If it is necessary to return the CYC3211, CYC3212, CYC3214, sensor, or accessories for repair or
replacement, contact OMEGA Engineering, Inc. (refer to the Inside Back Cover for details).

2-1
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Figure 2-1. Typical Rear Panel

DEFINITION OF REAR PANEL CONNECTIONS

This section provides a description of the CYC3211/CYC3212/CYC3214 rear panel connections. The
rear panel consists of the power and fuse assembly, Serial I/O Connector, Analog Output Connector,
Sensor Input Connector, and Heater Output Connector.

|[__CAUTION |

® Verify that the ac Line Voltage shown in the window on the fuse drawer corresponds
to that marked on the rear panel, and that both these settings are appropriate for the
intended ac power input. Also remove and verify the proper fuse is installed before
inserting the power cord and turning on the instrument.

® Always turn off the instrument before making any rear panel connections. This is
especially critical when making sensor to instrument connections.

Power and Fuse Assembly. The power and fuse assembly is the primary entry and control point for ac
power to the unit. The assembly consists of two parts: power line jack and the fuse drawer. The line
cord is connected to the power line jack. Power to the unit is controlled by the power switch located on
the rear panel. Press the right side of the switch for On (I} and the left side for Off (O). The fuse drawer
contains a 1.5 A 3AG Slow Blow fuse for 100-120 Vac or a 0.75 A 5x20mm T fuse for 220-240 Vac.
Refer to Section 5.2 for changing power settings and fuse rating.

Serial I/0 Connector. The Serial /0 (Input/Output) Connector accepts a standard RJ-11 telephone
connector. To connect to the User's computer, the optional CYD200-C RJ-11 to RJ-11 14-foot Cable,
CYD200-D RJ-11 to DB-25 Adapter, and CYD200-DB9 RJ-11 to DE-9 Adapter are available as
accessories from OMEGA. Refer to Chapter 4 for setup and Serial /O commands. Refer to Chapter 6
for further information on the serial accessories.

Analog Output BNC Connector. The analog output is available on one Bayonet Nut Connector (BNC).
The signal is on the center conductor while the outer casing is for ground. In the defauit setting, the
analog output provides a 0 to 10 volt output corresponding to 0 to 1000 K (10 mV/K). The user can also
redefine the scaling of this output. Refer to Chapter 3 for further information.

Sensor Input Connector. A sensor input connector is provided for attaching temperature sensor to the
unit. Always turn off the instrument before connecting the sensor. Refer to Section 2.6 for further
information on setting up the sensor input.

Heater Connectors. Banana jacks provide HI, LO, and GND heater connections (25 Q, 25 W Heater
recommended). Refer to Section 2.10 for further information on heater connection setup.
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2.6

ENVIRONMENTAL REQUIREMENTS

The controller is intended for laboratory use. In order to meet and maintain specifications, the controller
should be operated at an ambient temperature range of 20 to 30 °C (68 to 86 °F). The unit may be
operated within the range of 15 to 35 °C (59 to 95 °F) with reduced accuracy.

To prevent electrical fire or shock hazards, do not expose this instrument to rain or
excess moisture.

GROUNDING AND SHIELDING

To protect operating personnel, the National Electrical Manufacturer’s Association (NEMA)
recommends, and some local codes require, instrument panels and cabinets be grounded. This
instrument is equipped with a three-conductor power cable which, when plugged into an appropriate
receptacle, grounds the instrument. :

Grounding and shielding of signal lines are major concerns when setting up any precision instrument or
system. The controller allows 4-wire measurement of diode voltage and resistance. To prevent
inaccurate measurements, diode and resistive sensor leads must be isolated from earth ground.
Thermocouple sensors, however, may be grounded. Shield sensor cables whenever possible. Attach
the shields to the shield pin provided in the connector. Do not attach the shield at the sensor end.

The heater output is isolated from earth ground. To prevent heater noise coupling into the
measurement, do not allow the heater output to contact earth ground. Earth ground (GND) is provided
on the rear panel for shielding purposes only.

Digital logic in the controller is tied directly to earth ground for interface communications. The sensor
lines and digital communication lines should be separated whenever possible to prevent excess noise in
the measurement.

SENSOR iNPUT SETTINGS

The sensor input type is established at the factory before shipping. Sensor input type is configured by
setting DIP switches S1 and S2 on the main PCB inside the unit. If you wish to check the DIP switch
settings, the configurations are as follows.

DIP Switch S1 * DIP Switch S2 *

Silicon Diode Platinum Thermocouple Silicon Diode Platinum Thermocouple
(CYC3211) (CYC3212) (CYC3214) (CYC3211) (CYC3212) (CYC3214)

Closed Open Open S2-1 Closed Open Open

S1-2 Open Closed Open S2-2 Open Closed Open

S1-3 Open Open Closed S2-3 Open Open Closed

S1-4 Open Open Closed $2-4 Open Open Closed

*To change sensor input type, DIP switches on S1 and 52 must be switched identically.

To change the DIP Switch settings, refer to Section 5.7. The controller must be recalibrated when
switched between sensor input types.

Diode and Platinum connections are defined in Section 2.6.1.
Thermocouple connections are described in Section 2.6.2.
Thermocouple compensation is discussed in Section 2.6.3.

2-3



2.7 SENSOR INSTALLATION

Abbreviated sensor installation recommendations for the CYC3211/CYC3212/CYC3214 are included in
this section. Please refer to Manual number M808 normally supplied with the silicon diode sensor. The
foliowing are general recommendations on sensor installation:

2.71

1.
2.

3.
4.
5.

Do not ground the sensor.

Shield the leads and connect the shield wire to SHIELD on the screw terminal connector only. Do
not connect shield at the other end of the cable.

Keep leads as short as possible.
Using CYW4 special low thermal conductivity extension wire is strongly recommended.
Lead wires should be thermally anchored.

Sensor installation is provided in two parts. Diode (CYC3211) and Platinum (CYC3212) sensor
connections are detailed in Section 2.7.1. Thermocouple (CYC3214) sensor connections are detailed in
Section 2.7.2. Finally, sensor input error messages are described in Section 2.7.3.

2.7.1.1

2-4

Diode (CYC3211) and Platinum (CYC3212) Connections

The controller has a rear panel 6-pin input connector for silicon diode (CYC3211) or platinum
resistance (CYC3212) sensors. The lead connections are defined in Table 2-1.

Table 2-1. Diode or Platinum Input Connections

Terminal Description
1 — Current
2 — Voltage
3 + Current 500 uA (platinum)
4 + Voltage
5 + Current 10 pA (diodes)
6 Shield

Section 2.7.1.1 discusses two-lead versus four-lead measurements. Section 2.7.1.2 discusses
connecting leads. Sensor mounting is covered in Section 2.7.1.3. Finally, Section 2.7.1.4 describes
the effect of measurement errors due to AC noise.

Two-Lead Versus Four-Lead Measurements

The use of a four-lead connection is highly recommended for two lead resistive elements and
diodes to avoid introducing current/resistive (IR) drops in the voltage sensing pair which translates
into a temperature measurement error. In the two lead measurement scheme, the leads used to
measure the sensor voltage are also the current carrying leads. The resuiltant voltage measured at
the instrument is the sum of the temperature sensor voltage and the IR voltage drop within the two
current leads. Since in a cryogenic environment, the flow of heat down the leads can be of critical
concern, normally wire of small diameter and significant resistance per foot is preferred to minimize
this heat flow. Consequently, a voltage drop within the leads can be present.

1. Two-Lead Measurements

Sometimes system constraints dictate the use of two-lead measurements. Connect the positive
terminals (V+ and |+) together and the negative terminals (V- and I-) together at the
instrument, then run two leads to the sensor.

+ 22 I+
V+
Two-Lead
Measurements

—_— V-

>SN I
< -
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Some loss in accuracy can be expected since the voltage measured at the voltmeter becomes
the sum of the sensor voltage and the voltage drop across the connecting leads. The exact
measurement error will depend on sensor sensitivity and variations resulting from changing
temperature. For example, a 10 Q lead resistance will result in a 0.1 mV voltage error. The
resultant temperature error at liquid helium temperature is only 3 mK, but, because of the
diode’s lower sensitivity (dV/dT) at higher temperatures, it becomes 10 mK at liquid nitrogen
temperature.

2. Four-Lead Measurements

All sensors, including both two-lead and four-lead devices, can be measured in a four-lead
configuration to eliminate the effects of lead resistance. The exact point at which the connecting
leads are soldered to the two-lead sensor normally results in a negligible temperature
uncertainty.

I+

+ V+

Four-Lead
Diode

I+
V+

Four-Lead
Platinum

V-
-

\V—
|-

The four-lead measurement configuration should always be used with Series Pt-100 Platinum
Sensors being attached to the CYC3212.

Connecting Leads To The Sensor

An excessive heat flow through the connecting leads to any temperature sensor can create a
situation where the active sensing element is at a different temperature than the sample to which
the sensor is mounted. This is then reflected as a real temperature offset between what is
measured and the true sample temperature. Such temperature errors can be eliminated by proper
selection and installation of the connecting leads.

In order to minimize any heat flow through the leads, the leads should be of small diameter and low
thermal conductivity. Phosphor-bronze or Manganin wire is commonly used in sizes 32 or 36 AWG.
These wires have a fairly low thermal conductivity yet the electrical resistivities are not so large as
to create any problems in measurements.

Lead wires should also be thermally anchored at several temperatures between room temperature
and cryogenic temperatures to guarantee that heat is not being conducted through the leads to the
sensor.

Sensor Mounting

Before installing a diode sensor, identify which lead is the anode and which is the cathode. When
viewed with the base down and with the leads towards the observer, the positive lead (anode) is on
the right and the negative lead (cathode) is on the left. The CY7-SD7 silicon diode sensor lead
configuration is shown below. For other sensors, read the accompanying literature or consult the
manufacturer to ensure positive identification of sensor leads. Be sure the lead identification
remains clear even after installation of the sensor. It is also a good idea to record the serial number
and location of the sensor.

CY7-8D7
Diode Sensor Leads

Cathode/l ' \ l\ Anode

2-5
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On the CY7-SD7, the base is the largest flat surface. It is sapphire with gold metallization over a
nickel buffer layer. The base is electrically isolated from the sensing element and leads, and all
thermal contact to the sensor should be made through the base. A thin braze joint around the
sides of the package is electrically connected to the sensing element. Contact to the sides with
any electrically conductive material must be avoided.

When installing the sensor, verify there are no electrical shorts or current leakage paths between
the leads or between the leads and ground. If IMI-7031 varnish or epoxy is used, it may soften
varnish-type lead insulations so that high resistance shunts appear between wires if sufficient
time for curing is not allowed. Teflon spaghetti tubing is useful for sliding over bare leads when
the possibility of shorting exists. Also, avoid putting stress on the device leads and allow for the
thermal contractions that occur during cooling which could fracture a solder joint or lead if
installed under tension at room temperature.

For temporary mounting in cold temperature applications, a thin layer of CYAG Grease may be
used between the sensor and sample to enhance the thermal contact under slight pressure. The
preferred method for mounting the CY7-SD7 sensor is the OMEGA CY7-CO.

[L__CAUTION ||

OMEGA will not warranty replace any device damaged by a user-designed clamp or
damaged by solder mounting.

If semi-permanent mountings are desired, the use of OB-CY20 epoxy can replace the use of
CYAG Grease. (Note: Do not apply epoxy over the CY7-SD7 package—stress on the sensor can
cause shifts in the readings.) In all cases, the mounting of the sensor should be periodically
inspected to verify that good thermal contact to the mounting surface is maintained.

For the CYC3212, Series Pt-100 Platinum Sensors follow the same procedures for diode type
sensors. The difference is Platinum sensors have no lead polarity and some of the materials used
at cold temperatures will not tolerate the high temperature range of the Platinum sensor.

Measurement Errors Due To ac Noise

Poorly shielded leads or improperly grounded measurement systems can introduce ac noise into
the sensor leads. For diode sensors, the effect of the ac noise appears as a shift in the dc voltage
measurement due to the non-linear current/voltage characteristics of the diode. When this occurs,
the dc voltage measured will be too low and the corresponding temperature indication will be high.
The resulting measurement error can approach several tenths of a kelvin.

For Series Pt-100 Platinum Sensors, the noise will not cause a dc shift, but it can still degrade the
accuracy of the measurement. To determine if this is a problem in your measurement system,
perform either of the two following procedures.

1. Place a capacitor across the diode to shunt the induced ac currents. The size of the capacitor
will depend on the frequency of the noise. If the noise is related to the power line frequency, use
a 10 microfarad capacitor. If ac-coupled digital noise is suspected (digital circuits or interfaces),
then use a capacitor between 0.1 to 1 microfarad. In either case, if the resultant dc voltage
measured is observed to increase, there is induced noise in your measurement system.

2. Measure the ac voltage across the diode with an ac voltmeter or oscilloscope. Note that most
voltmeters will not have the frequency response to measure noise associated with digital
circuits or interfaces (which operate in the MHz range). A thorough discussion of this potential
problem, and the magnitude of error which may result, is given in the paper “Measurement
System-Induced Errors In Diode Thermometry,” J.K. Krause and B.C. Dodrill, Rev. Sci. Instr. 57
(4), 661, April, 1986; which is in Appendix D.

The potential for this type of error can be greatly reduced by connecting twisted leads (pairs)
between the controller and the diode sensors when an AC noise environment exists. We
recommend the use of CYW4 Cryogenic Wire, which features phosphor bronze wire, 32 or 36 AWG
[twisted at 3.15 twists per centimeter (8 twists per inch)]. Wire is available from OMEGA. Refer to
OMEGA's Temperature Catalog.
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2.7.2.1

2.7.2.2

Thermocouple (CYC3214) Connections

The thermocouple input has a thermal block for connecting thermocouple wires. The positive and
negative terminals correspond to V+ and V- and should match the polarity of the thermocouple used.
Be sure to tighten the screw terminals carefully. Loose connections will result in unstable readings
and control. For additional information on thermocouple operation, refer to Section 3.5.

Thermocouple Compensation

The thermocouple input has a thermal block for connecting thermocouple wires and for temperature
compensation. The thermocouple response curve tables within the instrument are normalized to the
ice point of water. Consequently, accurate readings can be obtained by one of two methods. An ice
bath with a reference junction can be used with the internal room temperature compensation turned
OFF. The more convenient method is to eliminate the reference junction with its associated ice bath
and use the internal electronic room temperature compensation by turning the internal
compensation ON.

Thermocouple Wire Types at Cryogenic Temperatures

The following are recommended thermocouple wire types that may be used at cryogenic
temperatures. For more information on thermocouples or other sensors, refer to OMEGA's
Temperature Catalog.

CHROMEGA® - Goldflron (0.07% )
Consists of Gold (Au) doped with 0.07 atomic percent Iron (Fe) as the negative thermoelement
and a Ni-Cr alloy (CHROMEGA®) as the positive thermoelement. This thermocouple is widely
us?g in cryogenic applications due to its relatively high thermoelectric sensitivity (>15mV/K above
10K).

Type E
(CHROMEGA®-Constantan) Has the highest sensitivity among the three standard thermocouple
types typically used at low temperatures - Types E, Kand T (8.5mV/K at 20K). The best choice
for temperatures down to 40K. CHROMEGA® is the positive thermoelement.

Type K
(CHROMEGA®-ALOMEGA®) Has about one half the sensitivity of Type E at 20K (Type K =

4.1mV/K). Recommended for continuous use in inert atmospheres. CHROMEGA® is the positive
thermoelement.

Type T
{Copper-Constantan) For use in vacuum, as well as oxidizing, reducing or inert environments
down to 90K. The copper element has high thermal conductivity, making this thermocouple the
least usable for cyrogenic applications. Sensitivity at 20K (4.6mV/K) is similar to Type K. Copper
is the positive thermoelement.
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2.8

Sensor Input Error Messages

If an input signal from the sensor exceeding full scale is applied to the input leads, an overload
condition is present and is indicated by “OL” on the dispiay, as shown below.

If no signal or a signal of the wrong polarity is present at the input leads, a Zero Error is indicated by
“Er27” on the display, as shown below.

SENSOR CURVE SELECTION

In order for the instrument to provide accurate temperature readings, it is necessary to select the
response curve that matches the sensor being used. To determine which curve is selected, press the
Curve key. The default curve for the CYC3211 is DT-470 Curve 10, being the second selection in the
curve list built into the unit (refer to Table 2-2). This display is shown below.
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The default curve for the CYC3212 is Curve DIN-PT, being the third selection in the curve list built into
the unit (refer to Table 2-2). This display is shown below.
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The default curve for the CYC3214 is Curve AuFe07%, being the sixth selection in the curve list built
into the unit (refer to Table 2-2). This display is shown below.

To change the curve, press the Curve key, then press either the A (up) or ¥ (down) key to increment or
decrement through the available curve selections. The curve numbers available are 0 through 12. To
accept a new curve number, press the Enter key, or press the Escape key to cancel. The standard
curves, with their curve number and temperature range, are given in Table 2-2. If a curve with the wrong
temperature coefficient slope is selected, the controller will default to the lowest order curve of the
correct type.



Table 2-2. Sensor Curves

Curve No. | Number of Lines Range (K) | Abbreviation Description
00 3 1-325 DRCD DRC Curve D
01 31 1-325 DRC Ef DRC Curve E1
02 31 1-325 DT-470 Sensors Curve 10
03 31 14 - 800 Piat. Platinum DIN Curve
04 88 2-475 DT-470 * Sensors Curve 10
05 31 Reserved
06 31 1.4-325* AuFe07% AuFe 0.07% vs. Chromel
07 31 4-325* AuFe03% AuFe 0.03% vs. Chromel
08 31 3-850* Type E Type E
09 31 3-1272* 7 Type K Type K
10 31 3-670% Type T Type T
11 User User Curve or Precision Option
12 SoftCal SoftCal Curve

* values are for thermocouples with compensation. Uncompensated, the thermocouple can use the full £45 mV range.
T Display reading is limited to 999.9 in K. For higher readings, change units to °C.

Sensor curves available with the controller include D Curve, E1 Curve, Curve 10, Platinum Curve (DIN
43760), various thermocouple curves, and a factory installed Precision Calibration Option for a
calibrated sensor.
D and E1 Curve. D-Curve (Domestic) and E1-Curve (Export).

Curve 10. The OMEGA CY7 silicon diodes follow the same standard temperature response Curve 10.
Consequently, all of the sensors in this series can be routinely interchanged with one another. Curve 10
is programmed into all OMEGA Temperature Controllers, Digital Thermometers, and Temperature
Transmitters. CY7 silicon diode sensors are offered in five bands of tracking accuracy, enabling sensors
to be selected on the basis of both technical performance and budgetary requirements.

Platinum Curve. Users of the CYC3212 have the option of the standard platinum curve, or the
precision option. The standard platinum curve, which is detailed in Appendix C, conforms to
DIN 43760:1980; IEC 751:1983; and 1904:1984.

Thermocouple Curves. The curve selected should match the type of thermocouple being used.

User Curve. In addition to the standard curves, the controller provides space for one user-defined
curve. Space for this user curve is provided as Curve Number 11 in the controller (refer to Table 2-2).
This curve can be a custom curve developed by the Customer, a Precision Calibration Option Curve
purchased from OMEGA (refer to Section 2.9), or a curve purchased from another vendor. The user
defined curve can have up to 97 points plus two end points. The points can be loaded into the controller
using the serial interface, or if the Precision Calibration Option Curve is purchased from OMEGA, the
curve can be entered at the factory. Chapter 5 of this manual describes user curve entry using the serial
interface.

SoftCal Curve. If the SoftCal feature of the controller is used, the resulting SoftCal curve is stored in
curve location number 12. Refer to Table 2-2 and Section 3.2.6 to use SoftCal.
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PRECISION CALIBRATION OPTION

The Precision Calibration Option is the easiest way to combine the additional performance of an
OMEGA-calibrated sensor with the controller. The Precision Calibration Option is a read-only memory
chip (PROM) with specific sensor calibration stored on it. The Precision Calibration Option improves
c?rr;]bined sensor/instrument accuracy to within +0.25 K or better over the calibrated temperature range
of the sensor.

There are three types of precision options available for the controller. The ATP-8000 Precision
Calibration Option generates the data table from an OMEGA calibrated sensor. The maximum number
of data points is 99. A typical calibration precision option ranges between 30 and 40 points depending
on the sensor type and temperature range of the calibration. The data and accuracy of the fit is supplied
to tf:fe user as a separate document. This information can be entered by the user over the serial
interface.

The Model 8002 Precision Calibration Option is used when the customer already owns a controller and
wants the additional sensor calibration stored in the instrument. OMEGA stores the calibration data in a
NOVRAM and sends the programmed IC to the customer. The IC is then installed in the instrument by

the customer. The user should be prepared to supply the serial number at the time of order.

HEATER SETUP

The heater output of the controller is brought out the back panel as a Dual Banana Jack. A mating
connector is supplied. Current is driven from the HEATER (HI) connection to the HEATER (LO)
connection. A resistive heater load of 25 Q, 25 W should be connected between these two points.

The heater output is a 1 A on High range, 0.31 A on Low range, and does not have to be fused. The
controller is designed to power a 25 Q heater for maximum heater output. A larger heater resistance
may also be used but will result in a lower maximum power output. For example, the output compliance
voltage is 25 volts so that a 100 Q heater resistance allows a maximum power output of 6.25 watts
[(25V)2/100Q)].

If the heater load drops below =21 Q, the output current will limit to prevent the instrument from
overheating. The maximum output current will drop with the heater resistance when the resistance is
below 21 Q. The heater output is isolated from earth ground. To prevent heater noise coupling into the
measurement, do not allow the heater output to contact earth ground. For example, if the heater load is
20 Q, the maximum output current is =0.90 A. If the heater output is shorted, the maximum output
current is =0.30 A.

NOTE
® The front panel Heater % display is calculated, not measured. If heater resistance is
not 25 Q, the display may not indicate actual heater output.

® The heater output is isolated from earth ground. To prevent heater noise coupling into
the measurement, do not allow the heater output to contact earth ground. Earth
ground is provided on the back panel for shielding purposes only.

® |If the heater leads must be close to the sensor leads, wind (twist) them in such a
manner that they cross each other at ninety degrees.




Within a cryostat, 30 gauge stranded copper lead wire is recommended for connection to the heater.
The heater leads should not run coincident with the sensor leads due to the possibility of capacitive
pick-up between the two sets of leads. If the heater le<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>