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 Product Identification 
In all communications with Ideal Vacuum Products, please spe-
cify the information given on the product nameplate. For con-
venient reference copy that information into the space provided 
below. 
 

 
 
 
 

 Validity 
This document applies to products with part number 

P1010254 

The part number (PN) can be taken from the product nameplate. 

If your unit does not work as described in this document, please 
check that it is equipped with the above firmware version 
(  30). 

We reserve the right to make technical changes without prior 
notice. 
 
 
 

 Important User Information 
There are operational characteristic differences between solid 
state equipment and electromechanical equipment. Because of 
these differences, and because there are a variety of uses for 
solid state equipment, all persons that apply this equipment must 
take every precaution and satisfy themselves that the intended 
application of this equipment is safe and used in an acceptable 
manner.  
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In no event will Ideal Vacuum Products be responsible or liable 
for indirect or consequential damages that result from the use or 
application of this equipment. 

Any examples or diagrams included in this manual are provided 
solely for illustrative purposes. Because of the many variables 
and requirements imposed on any particular installation, Ideal 
Vacuum Products cannot assume responsibility or liability for 
any actual use based on the examples and diagrams. 

No patent liability is assumed by Ideal Vacuum Products with 
respect to use of information circuits, equipment, or software 
described in this manual. 

Throughout this manual we use notes, notices and apply inter-
nationally recognized symbols and safety messages to make 
you aware of safety considerations. 
 
 

 
 

Identifies information about practices or circumstances that can 
cause electrical or physical hazards which, if precautions are not 
taken, could result in death or serious injury, property damage, 
or economic loss. 
 
 

 
 

Identifies information about practices or circumstances that can 
cause electrical or physical hazards which, if precautions are not 
taken, could result in minor or moderate injury, property damage, 
or economic loss. 
 
 

   CAUTION 
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Identifies information that is critical for successful application and 
understanding of the product. 
 
 

 
 

Labels may be located on or inside the device to alert people 
that dangerous voltages may be present. 
 
 
  

        NOTICE  

  SHOCK HAZARD 
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 General Safety Instructions 

 Adhere to the applicable regulations and take the necessary 
precautions for the process media used. 

Consider possible reactions with the product materials. 

Consider possible reactions (e.g. explosion) of the process 
media due to the heat generated by the product. 

 Adhere to the applicable regulations and take the necessary 
precautions for all work you are going to do and consider the 
safety instructions in this document. 

 Before beginning to work, find out whether any vacuum com-
ponents are contaminated. Adhere to the relevant regulations 
and take the necessary precautions when handling contamin-
ated parts. 

Communicate the safety instructions to all other users. 
 
 
 

 Liability and Warranty 
Ideal Vacuum Products assumes no liability and the warranty 
becomes null and void if the end-user or third parties 

 disregard the information in this document 

 use the product in a non-conforming manner 

 make any kind of interventions (modifications, alterations etc.) 
on the product 

 use the product with accessories not listed in the product 
documentation. 

 
 



 

6     Doc. Ref. XGC-320-100119      V100     (2019-11) 

 

Contents 
 

Product Identification 2 
Validity 2 
Important User Information 2 
General Safety Instructions 5 
Liability and Warranty 5 
1 Introduction / General Information 8 
1.1 Description 8 
1.2 Specifications 9 
1.3 Dimensions 11 
1.4 Options & Accessories 12 
2 Important Safety Information 13 
2.1 Safety Precautions - General 13 
2.2 Safety Precautions - Service and Operation 14 
2.3 Electrical Conditions 15 
2.3.1 Proper Equipment Grounding 16 
2.3.2 Electrical Interface and Control 16 
2.4 Overpressure and use with hazardous gases 17 
2.5 Gases other than Nitrogen / air 18 
3 Installation 19 
3.1 Mechanical Installation - Controller 19 
3.2 Electrical Installation 20 
3.2.1 Grounding 20 
3.2.2 Electrical Connections 20 
4 Setup and Operation 24 
4.1 Initial Setup 24 
4.2 User Interface Basics 25 
4.3 Programming 26 
4.4 Return to Factory Default Settings 31 
5 Using the Gauge with Different Gases 32 
6 Display 35 
6.1 Display - Torr / mTorr 35 
6.2 Display - mbar 39 
  



 

V100     (2019-11)      Doc. Ref. XGC-320-100119     7 

7 Analog Output 44 
7.1 Log 1-8; Log-Linear Analog Output Equation &  

Table - Torr 48 
7.2 Log 1-8; Log-Linear Analog Output Equation &  

Table - mbar 52 
7.3 Log 0-7; Log-Linear Analog Output Equation &  

Table - Torr 57 
7.4 Log 0-7; Log-Linear Analog Output Equation &  

Table - mbar 61 
7.5 NONLIN 6V; Non-Linear Analog Output Equations 66 
7.6 NONLIN 6V; Non-Linear Analog Output Table - Torr 68 
7.7 NONLIN 6V; Non-Linear Analog Output Table - mbar 72 
7.8 NONLIN 9V;  Non-Linear Analog Output Equations &  

Table 76 
7.9 LINEAR ANALOG OUTPUT 79 
8 RS485 / RS232 serial communications 81 
8.1 Device Specific Serial Communication Info 81 
8.2 RS485 / RS232 Command Protocol Summary 82 
9 Service 85 
9.1 Calibration 85 
9.1 Maintenance 85 
9.3 Troubleshooting 86 
10 Factory Service and Support 88 
11 Storage 88 
13 Disposal 89 
EU Declaration of Conformity 90 
 

For cross-references within this document, the symbol (  XY) 
is used. 
 
 
  



 

8     Doc. Ref. XGC-320-100119      V100     (2019-11) 

 

1 Introduction / General Information 

 
 

1.1 Description 
The XGC-320 vacuum gauge controller is a convenient and inex-
pensive power supply and readout instrument for the Ideal 
Vacuum Products XactGaugeTM XGC-321 Convection-Enhanced 
Pirani Sensor Gauge or a Granville-Phillips®  275 Convectron®. 
The 1/8-DIN housing can be used as a bench top, or mounted in 
a cutout in an instrument panel. The XGC-320 is powered by 
user supplied 12 to 28 V (dc), 2 W, or by the Ideal Vacuum 
Products power supply. 

Thermal conductivity gauges measure pressure indirectly by 
sensing the loss of heat from a sensor to the surrounding gases. 
The higher the pressure of the surrounding gas, the more heat is 
conducted away from the sensor. Pirani thermal conductivity 
gauges maintain a sensor (usually a wire) at some constant tem-
perature, and measure the current or power required to maintain 
that temperature. A standard Pirani gauge has a useful measur-
ing range of about 10-4 Torr to 10 Torr. By taking advantage of 
convection currents that are generated above 1 Torr, convection-
enhanced Pirani gauges increase the measuring range to just 
above atmosphere. 

The XGC-320  signals and relay functions are the same as found 
on similar convection gauge controllers from other manufactur-
ers. The XGC-320  Controller, XGC-321 vacuum gauge tube and 
gauge cable can be directly interchanged with MKS Instruments 
/ Granville-Phillips® (GP) 375 or 475 controller, 275 Convec-
tron® gauge and gauge cable (Remote interface, relay and pow-
er connectors are different). Various analog output scaling pro-
vide signal compatibility with GP controller series 375, 475, the 
original GP 1/4 DIN 275 Analog Convectron Gauge Controller as 
well as the Mini-Convectron® module. 
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1.2 Specifications 
 

Supply voltage 12 … 28 V (dc), 2 W protected 
against power reversal and tran-
sient over-voltages 

Connection 2-pin pluggable terminal block 
(mating connector included) 

 

Permissible temperature 
Operating 

 
0 … +40 °C 

Storage –40 … +70 °C 

Relative humidity 0 to 95%, non-condensing 

Use 
Operating 

 
altitude up to 2500 m (8200 ft.) 

Storage altitude up to 12500 m (41000 ft.) 

Housing 1/8-DIN panel-mount enclosure 
(aluminum extrusion) 

 

Connections 
Gauge 

 
9-pin D-sub female (mating 
connector provided as part of the 
gauge cable) 

Analog output and serial 
communications interface 

 
9-pin D-sub male 

Relay outputs 6-pin pluggable terminal block 
(mating connector included) 

 

Measurement range 1.3×10-4 … 1333 mbar 
1×10-4 … 1000 Torr 
1.3×10-2 Pa … 133 kPa 

Display rate 0.5 s 

Units mbar, Torr or Pa 
 

Display bright OLED, 4 digits 

1100 Torr … 1000 Torr 4 digits 

999 Torr … 10.0 mTorr 3 digits 

9.9 mTorr … 1.0 mTorr 2 digits 

0.9 mTorr … 0.1 mTorr 1 digit 
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Interface (digital) RS232 and 2 wire/4 wire RS485 

Protocol ASCII 
 

Analog output  

Log-linear 0 to 7 V (dc) or 
1 to 8 V (dc), 
1 V/decade 

Linear 0 to 10 V (dc) 

Non-linear S-curve 0.375 to 5.659 V (dc) 

Non-linear S-curve 0 to 9 V (dc) 
 

Switching function relays two single-pole double-throw 
relays (SPDT), 1 A at 30 V (dc) 
resistive, or ac non-inductive 
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1.3 Dimensions 
 

mm (inch) 
 

 

 
 
 

Weight ≈250 g (9 oz.) 
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1.4 Options & Accessories 
 
 Ordering No. 

Power supply for XGC-320  

 

P1010265 

 

Input 100 … 240 V (ac), 50 … 60 Hz 

Output 24 V (dc) 

Cable length 2 m (6 ft) 
 

The conventional IEC60320 AC power entry receptacle allows 
use with any user supplied AC mains power cord set available 
worldwide. 
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2 Important Safety Information 
 

Ideal Vacuum Products has designed and tested this product to 
provide safe and reliable service, provided it is installed and 
operated within the strict safety guidelines provided in this man-
ual. Please read and follow all warnings and instructions. 
 

 
 

To avoid serious injury or death, follow the safety informa-
tion in this document. Failure to comply with these safety 
procedures could result in serious bodily harm, including 
death, and or property damage. 

Failure to comply with these warnings violates the safety stand-
ards of installation and intended use of this instrument. Ideal 
Vacuum Products disclaims all liability for the customer’s failure 
to comply with these instructions. 

Although every attempt has been made to consider most possi-
ble installations, Ideal Vacuum Products cannot anticipate every 
contingency that arises from various installations, operation, or 
maintenance of the module. If you have any questions about the 
safe installation and use of this product, please contact Ideal 
Vacuum Products This device meets FCC part 15 requirements 
for an unintentional radiator, class A. 
 
 
 

2.1 Safety Precautions - General 
Hazardous voltages are present with this product during normal 
operation. The product should never be operated with the covers 
removed unless equivalent protection of the operator from acci-
dental contact with hazardous internal voltages is provided. 
 

   WARNING 
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  WARNING!  There are no operator serviceable parts or 
adjustments inside the product enclosure. Refer servicing to 
service trained personnel. 

Do not modify this product or substitute any parts without au-
thorization of qualified Ideal Vacuum Products service trained 
personnel. Return the product to an Ideal Vacuum Products 
qualified service and repair center to ensure that all safety 
features are maintained. Do not use this product if unauthorized 
modifications have been made. 

  WARNING!  Source power must be removed from the 
product prior to performing any servicing. 

After servicing this product, ensure that all safety checks are 
made by a qualified service person. When replacement parts are 
required, ensure that the parts are specified by Ideal Vacuum 
Products Substitutions of non-qualified parts may result in fire, 
electric shock or other hazards. Use of unauthorized parts or 
modifications made to this product will void the warranty. 

To reduce the risk of fire or electric shock, do not expose this 
product to rain or moisture. These products are not waterproof 
and careful attention must be paid to not spill any type of liquid 
onto these products. Do not use these products if they have 
been damaged. Immediately contact Ideal Vacuum Products to 
arrange return of the product if it is damaged. 

Due to the possibility of corrosion when used in certain environ-
mental conditions, it is possible that the product’s safety could be 
compromised over time. It is important that the product be peri-
odically inspected for sound electrical connections and equip-
ment grounding. Do not use if the equipment grounding or elec-
trical insulation has been compromised. 
 
 
 

2.2 Safety Precautions - Service and Operation 
Ensure the enclosure of the XGC-320 is connected directly to a 
good quality earth ground. 

Ensure that the vacuum port on which the XGC-321 vacuum 
gauge tube is mounted is electrically grounded. 
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Use an appropriate power source of 12 to 28 V (dc), 2 W or use 
Ideal Vacuum Products series optional power supplies. 

Turn off power to the unit before attempting to service the con-
troller. 

Turn off power to the unit if a cable or plug is damaged or the 
product is not operating normally according to this instruction 
manual. Contact qualified Ideal Vacuum Products service per-
sonnel for any service or troubleshooting condition that may not 
be covered by this instruction manual.  

It is important that the product be periodically inspected for 
sound electrical connections and equipment grounding. Do not 
use if the equipment grounding or electrical insulation has been 
compromised. 

Do not use if the unit has been dropped or the enclosure has 
been damaged. Contact Ideal Vacuum Products for return 
authorization and instructions for returning the product to Ideal 
Vacuum Products for evaluation. 
 
 
 

2.3 Electrical Conditions 

  WARNING!  When high voltage is present in any vacuum 
system, a life threatening electrical shock hazard may exist un-
less all exposed electrical conductors are maintained at earth 
ground potential. This applies to all products that come in con-
tact with the gas contained in vacuum chambers. An electrical 
discharge within a gaseous environment may couple dangerous 
high voltage directly to any ungrounded conductor of electricity. 
A person could be seriously injured or killed by coming in contact 
with an exposed, ungrounded electrical conductor at high volt-
age potential. This condition applies to all products that may 
come in contact with the gas inside the vacuum chamber 
(vacuum / pressure containment vessel). 
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2.3.1 Proper Equipment Grounding  

  WARNING!  Hazardous voltages that could seriously in-
jure or cause death are present in many vacuum processes. Ver-
ify that the vacuum port on which the XGC-321 vacuum gauge 
tube is mounted is electrically grounded. Consult a qualified 
Electrician if you are in doubt about your equipment grounding. 
Proper grounding of your equipment is essential for safety as 
well as intended operation of the equipment. The XGC-321 
vacuum gauge tube and enclosure of the XGC-320  controller 
must be connected directly to a good quality earth ground. Use a 
ground lug on the XGC-321 gauge vacuum connection / flange if 
necessary. 

  WARNING!  In order to protect personnel from electric 
shock and bodily harm, shield all conductors which are sub-
ject to potential high voltage electrical discharges in or 
around the vacuum system. 
 
 
 

2.3.2 Electrical Interface and Control 

It is the user’s responsibility to ensure that the electrical signals 
from this product and any connections made to external devices, 
for example, relays and solenoids, are used in a safe manner. 
Always double check the system set-up before using any signals 
to automate your process. Perform a hazardous operation analy-
sis of your system design and ensure safeguards and personnel 
safety measures are taken to prevent injury and property dam-
age. 
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2.4 Overpressure and use with hazardous gases 

  WARNING!  Install suitable protective devices that will 
limit the level of pressure inside your vacuum chamber to less 
than what the vacuum chamber system components are capable 
of withstanding. Ideal Vacuum Products gauges should not be 
used at pressures exceeding 1000 Torr absolute pressure. 

In cases where an equipment failure could cause a hazardous 
condition, always implement fail-safe system operation. For ex-
ample, use a pressure relief device in an automatic backfill op-
eration where a malfunction could result in high internal pres-
sures if the pressure relief device was not installed on the 
chamber. 

The XGC-321 vacuum gauge tube connected to the XGC-320  
controller is not intended for use at pressures above 20 psia 
(1000 Torr); DO NOT exceed 35 psig (<2½ bars) pressure inside 
the sensor. If your chamber goes to higher pressures, you 
should install an isolation valve or pressure relief device to pro-
tect the gauge tube from overpressure conditions. With some fit-
tings, actual safe overpressure conditions may be lower; for ex-
ample, a quick-connect, O-ring compression fitting may forcibly 
release the gauge tube from the vacuum chamber fitting with 
only a few psi over local uncorrected barometric (atmospheric) 
pressure. 

  CAUTION!  If the internal pressure of a vacuum gauge 
device is allowed to increase above local uncorrected baro-
metric pressure (atmospheric pressure side), vacuum fit-
tings may release and possible overpressure conditions 
may cause leaks that would allow the gas inside the gauge 
tube to release into the atmosphere of the surrounding en-
vironment. Toxic, pyrophoric and flammable gases are ex-
amples of hazardous gases that if allowed to leak out of the 
vacuum/pressure containment vessel into the atmospheric 
environment, could cause bodily injury and possible dam-
age to equipment. Never expose the gauge tube internal 
volume to pressure above local atmospheric pressure when 
using hazardous gases. 
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2.5 Gases other than Nitrogen / air 
  

  WARNING!  Do not attempt to use with gases other than 
nitrogen (N2) or air without referring to correction factor data ta-
bles. 

Ideal Vacuum Products gauges and modules are calibrated for 
direct readout of nitrogen or air. Do not attempt to use with other 
gases such as argon (Ar) or carbon dioxide (CO2) unless accu-
rate conversion data for N2 to other gas is properly used. Refer 
to sections titled "Using the gauge with different gases", 
"Display" and "Analog Output" for a more complete discussion. 
 

  WARNING!  Do not use the convection gauge connected 
to this device in an explosive atmosphere or in the presence of 
flammable gases, vapors or fumes. Do not use this device to 
measure the pressure of explosive or combustible gases or gas 
mixtures. The sensor wire in the gauge normally operates at 
125 °C, but if malfunction should occur, the wire temperature 
could exceed the ignition temperature of certain combustible 
gases and gas mixture. This could cause an explosion which 
could result in serious injury or death. 
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3 Installation 
 
 

3.1 Mechanical Installation - Controller 
The XGC-320 is designed for use on a bench top, or it may be 
mounted in an instrument control panel. 
 

 
 

To mount the XGC-320 in a panel: 

1. Make a cutout in your instrument control panel as shown in 
the drawing above. Be sure to allow clearance behind the 
panel for the instrument as well as connectors and cables at 
the rear of the instrument 

2. Gently pry the front panel bezel loose and remove. 
 

 

Bezel Screw mounting 
brackets on either 
side 
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3. Slide the XGC-320 into the panel hole cutout. 

4. On either side of the XGC-320 are two screw-mounting brack-
ets. When the screws in the front of the instrument are turned 
counterclockwise, the hold-down brackets recess out of the 
way into the XGC-320 housing. When these screws are 
turned clockwise, the brackets rotate out 90° behind the 
panel. Tighten these screws until the brackets hold the XGC-
320 in place against the panel. 

5. Press the front panel bezel back in place. 
 
 
 

3.2 Electrical Installation 
 
 

3.2.1 Grounding 

  Be sure the vacuum gauge and your vacuum system are 
properly grounded to protect personnel from shock and injury. 
Be aware that some vacuum fittings, especially those with O-
rings, may not produce a good electrical connection between the 
gauge and the chamber it is connected to. 
 
 
 

3.2.2 Electrical Connections 

A good recommended practice is to remove power from any 
cable prior to connecting or disconnecting it. 

The Ideal Vacuum Products XGC-320 may replace similar con-
trollers from other manufacturers, such as the Granville-Phillips® 
375 controller. Many of these other controllers employ the same 
9-pin and 15-pin D connectors, but they do not all use the same 
signal / pinout configurations. If you wish to use your existing 
cables, be sure to check compatibility with the tables on the next 
page. Rewire your cables as necessary. 
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DC Power Input 

The XGC-320 accepts DC power from 12 to 28 V (dc), 2 W. If 
the user prefers to use AC power, Ideal Vacuum Products offers 
the series optional power supplies. 

2-pin pluggable terminal strip 
(Mating connector included and shipped with device (Phoenix 
p/n 1803578) 
 

Pin 
no. 

Pin description 

1 +12 … +28 V (dc) 

2 Power ground 
 
 
 

Remote I/O & Interface Connector 

The 9-Pin D-sub connector is used for analog output and serial 
communications. Please note the following: 

1) When using RS232 or RS485 serial communications, you 
must fabricate your own cable according to the 9-pin D-Sub 
pinout shown below. A standard off-the-shelf serial commu-
nications cable will not work. 

Remote I/O & 
interface connector 

Gauge connector Relay connector DC power input 
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2) The relays are disabled by applying a continuous ground to 
pin # 9. This will prevent any switching of the relay contac-
tors during operation of the XGC-320. 

9-pin D-sub male (Mating connector provided by user). 
 

Pin 
no. 

Pin description 
4 Wire RS485 

Pin description 
2 Wire RS485 

1 RS485 RDA (- ) Input RS485 DATA A (-) Input/output 

2 RS485 RDB (+) Input RS485 DATA B (+) Input / 
output 

3 RS485 TDA (- ) Output  

4 RS485 TDB (+) Output  

5 RS232 TX 
When using RS232 serial 
comm., this pin is typically 
connected to pin #2 of your PC 
serial port 9-pin D-sub con-
nector 

RS232 TX 
When using RS232 serial 
comm., this pin is typically 
connected to pin #2 of your PC 
serial port 9-pin D-sub con-
nector 

6 RS232 RX 
When using RS232 serial 
comm., this pin is typically con-
nected to pin #3 of your PC 
serial port 9-pin D-sub con-
nector 

RS232 RX 
When using RS232 serial 
comm., this pin is typically con-
nected to pin #3 of your PC 
serial port 9-pin D-sub con-
nector 

7 analog output signal (non-
linear, linear, or log-linear) 

analog output signal (non-
linear, linear, or log-linear 

8 analog output signal ground 
Also when using serial comm., 
this pin is typically connected 
to pin # 5 of your PC RS232 
serial port 9-pin D-sub con-
nector, or ground pin of your 
RS485 converter 

analog output signal ground 
Also when using serial comm., 
this pin is typically connected 
to pin # 5 of your PC RS232 
serial port 9-pin D-sub con-
nector, or ground pin of your 
RS485 converter 

9 relay disable 
The relays are disabled by 
applying a continuous ground 

relay disable 
The relays are disabled by 
applying a continuous ground 

 
 
 

Relay Connector 

There are two single-pole double-throw relays (SPDT), rated at 
1 A at 30 V (dc) resistive, or ac non-inductive. 
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6-pin pluggable terminal strip  
(Mating connector included and shipped with device (Phoenix 
p/n 1803617) 
 

Pin 
no. 

Pin description 

1 relay 1 common 

2 relay 1 NC 

3 relay 1 NO 

4 relay 2 common 

5 relay 2 NC 

6 relay 2 NO 
 
 
 

Gauge Cable Assembly 

P/Ns P1010263, P1010269 and P1010270 are custom cable 
assemblies provided in different lengths from Ideal Vacuum 
Products for connecting the XGC-320 controller to Ideal Vacuum 
Products XGC-321 Pirani Gauge Enhanced or MKS Instruments 
/ Granville-Phillips® 275 Convectron® vacuum gauge sensor. The 
cable pin to pin connection is shown below. 
 

XGC-320  connects to XGC-321 XGC-321 connector 

Pin 1  no connection 

 

Pin 2  cable shield 

Pin 3  Pin 3 

Pin 4  Pin 3 

Pin 5  Pin 2 

Pin 6  Pin 5 

Pin 7  Pin 1 

Pin 8  Pin 1 

Pin 9  no connection 
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4 Setup and Operation 

 
 

4.1 Initial Setup 
Two of the most important steps for the initial setup of the gauge 
are to set zero (SET VAC) and set atmosphere (SET ATM) as 
described in the Programming section 4.3 below. This will en-
sure proper operation of the gauge and accurate pressure meas-
urements. The gauge is calibrated at the factory using nitrogen. 
Furthermore, the gauge is also installed in a certain orientation 
when calibrated at the factory. Without setting zero and atmos-
phere after the gauge is installed in your system, the gauge may 
not display the expected and correct pressures. This could be 
caused by the fact that you may be using a different gas than 
Nitrogen such as air to setup and calibrate the gauge (most com-
monly the case) and the gauge orientation is different than the 
orientation used at the factory. As such, it is very important to 
perform your own initial setup and calibration by setting zero and 
atmosphere with the gauge installed in your actual system. 
Please note the following: 
 
 

Setting zero (SET VAC) 

Setting atmosphere is the most important step for a newly in-
stalled gauge. If you prefer to use air to set atmosphere, vent 
your vacuum system chamber to expose the gauge to the local 
atmospheric pressure (air) and set atmosphere to match your 
known local uncorrected barometric pressure (air). This is the 
reading of ambient air pressure you will expect if you were to 
vent and open your vacuum chamber to the atmosphere sur-
rounding the outside of your chamber. At sea level, this pressure 
is usually near 760 Torr. At elevations above sea level, the pres-
sure decreases. Check your local aviation authority or airport 
web sites or your current local weather conditions online to help 
find your local uncorrected barometric pressure if you do not 
have this information. See "SET ATM" in section 4.3 
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Setting Atmosphere (SET ATM) 

Setting zero optimizes performance of the gauge when operating 
at a low pressure range of 1.00×10-4 Torr to 1.00×10-3 Torr. If 
your minimum operating pressure is higher than 1.00×10-3 Torr, 
it is not normally necessary to set zero and thus setting atmos-
phere should be adequate. If you are able to evacuate your sys-
tem to below 1.00×10-4 Torr, it is always a good practice to 
check and set zero if necessary. See "SET VAC" in section 4.3 
 

Note - Setting zero and atmosphere is normally required only 
once during the initial setup and maybe checked by the user 
periodically. After power has been applied to the gauge during 
the initial setup, allow five minutes for the gauge to stabilize 
(warm-up) before setting zero and atmosphere. 
 
 
 

4.2 User Interface Basics 
The user interface is designed for easy operation and a natural 
progression of setup parameters.  This section gives a brief ex-
planation of operation for added clarity. 
 

 
 
 

Programming soft-keys 
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There are four soft-keys located on the front panel, two on each 
side of the display. These keys are used to select and program 
the various functions available. During programming of the XGC-
320, the display will identify what function each key represents. 
To begin programming, press any one of the four keys. The 
display will indicate a choice of functions. Press the key in-
dicated by the function on the display to continue with the pro-
gramming of the parameter desired. After setting the various 
parameters, press the SAVE key to save the new setting and 
return to the main screen. To continue setting additional para-
meters, scroll forward with the MORE key until you reach the 
desired parameter. 
 
 
 

4.3 Programming 
 
 

SET VAC 
 

 

                           When operating in units of either mbar or 
pascals (Pa), you must perform SET ATM before setting the 
vacuum reading (SET VAC). See SET ATM below. Failure to 
do so will result in improper operation of the gauge. If you 
change units of measure or reset to factory defaults, then this 
same procedure must be followed again if the units of 
measure are being set to either mbar or Pa. 

 

1. To properly set the vacuum reading ("zero" point), with the 
XGC-321 installed on your vacuum system, the gauge should 
be evacuated to a pressure below 1.00×10-4 Torr. 

2. Go to the SET VAC screen. When the vacuum system pres-
sure is below 1.00×10-4 Torr, press the PRESS TO SET VAC 
key. The zero point (displayed pressure reading with gauge 
exposed to vacuum) is now set. 

 
 

UNITS  [Factory default = TORR] 

This should be the first parameter that is set. This will be the 
units-of-measure (Torr, mbar, Pa) that are used for all other 

NOTICE  
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settings. If your XGC-320 has been previously configured and 
relay setpoints and linear analog output pressure settings have 
been programmed, changing units-of-measure will return the re-
lays setpoints and the linear analog output pressure settings to 
factory default setting values in Torr. In this case, you must re-
program the relay setpoints and linear analog output pressure 
settings in the newly programmed units-of-measure. 
 
 

SET ATM 

1. To set the atmospheric pressure reading (also known as the 
"span" adjustment), flow nitrogen gas or air into your closed 
vacuum chamber to allow the pressure to rise to a known 
value above 400 Torr. Alternatively, if your local uncorrected 
barometric pressure (air) is known, simply vent your vacuum 
system chamber to expose the gauge to the local atmospheric 
pressure. 

2. Go to the SET ATM screen. When the desired pressure is 
stable, adjust the displayed pressure reading on the XGC-320 
to the known value using the INCR (increase) or DECR (de-
crease) keys. Press the SAVE/EXIT key to save the new at-
mospheric (span) pressure value. For example, if your known 
local uncorrected barometric pressure is 760 Torr, enter 760 
in the SET ATM screen. The main pressure measurement 
screen will now display 760 Torr while the gauge is at atmos-
phere. 

It is good practice to perform the sequence of checking and 
adjusting span (ATM) then zero (VAC) and then, finally recheck-
ing the span setting to ensure that the circuitry is properly bal-
anced for use in measuring pressure throughout the intended 
measurement range. 
 
 

SP1 ON and SP2 ON  [Factory default = 100 mTORR] 

These setpoints correspond to the pressures at which the relays 
will turn on (energize). The relays will turn on when the pressure 
is below the programmed pressure value. If you are unable to 
increase the values of SP1 ON or SP2 ON, you must first go to 
SP1 OFF or SP2 OFF and increase those values to a number 
higher than the values of SP1 ON or SP2 ON you are trying to 
set. 
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SET SP1 OFF and SET SP2 OFF  [Factory default = 200 
mTORR] 

These setpoints correspond to the pressures at which the relays 
will turn of (de-energize). The relays will turn off when the pres-
sure is above the programmed pressure value. If you are unable 
to decrease the values of SP1 OFF or SP2 OFF, you must first 
go to SP1 ON or SP2 ON and decrease those values to a num-
ber lower than the values of SP1 OFF or SP2 OFF you are trying 
to set. 
 
 

RS485 ADDR  [Factory default = 1] 

This is the lower nibble of the one byte RS485 device address. 
Assuming the address offset (ADDR OFFSET) is equal to 0, set-
ting the ADDR to a 5 will make the address be 0x05 in hexadeci-
mal. A 15 will set the ADDR to 0x0F in hexadecimal. Note that 
the address (ADDR) must be used even when sending RS232 
commands. 
 
 

RS485 OFFSET  [Factory default = 0] 

This is the upper nibble of the one byte RS485 address. Assum-
ing the address (ADDR) is 0, setting the address offset (ADDR 
OFFSET) to a 5 will make the address be 0x50 hexadecimal. 
Setting the address offset to 15 will make the device address be 
0xF0 hexadecimal. 
 

┌----------------BINARY ADDRESS-----------┐ 

ADDRESS 
DECIMAL 

┌-----------------------ONE BYTE-------------------┐ ADDRESS 
HEXA-

DECIMAL (BINARY) 

 ADDR OFFSET 
┌Upper nibble┐ 

ADDR 
┌Lower nibble┐ 

 

1 0 0 0 0 0 0 0 1 01 

5 0 0 0 0 0 1 0 1 05 

15 0 0 0 0 1 1 1 1 0F 

16 0 0 0 1 0 0 0 0 F0 
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BAUD  [Factory default = 19,200] 

This sets the baud rate for the RS485 and the RS232 serial 
communications. The baud rate can be set to various values 
through the serial interface or via the front panel soft-keys. The 
parity can only be changed through the serial interface command 
set. When this occurs, the current setting will be shown in the list 
of choices and can be re-selected if changed. 
 
 

RS485 TYPE  [Factory default = 2 WIRE] 

Selects 2-wire or 4-wire configuration for RS485 interface. 
 
 

ANALOG TYPE  [Factory default = LOG 1-8 ] 

Select one of the following analog output types based on your 
system requirements (See section 7.0 for details).  

a) LOG 1-8. This selection provides a 1 to 8 V (dc) log-linear 
analog output with 1 V/decade. 

b) LOG 0-7. This selection provides a 0 to 7 V (dc) log-linear 
analog output with 1 V/decade. 

c) NONLIN 6V. This selection provides a non-linear (S-Curve) 
analog output from 0.3751 to 5.6593 V (dc). 

d) NONLIN 9V. This selection provides a non-linear (S-Curve) 
analog output from 0 to 9 V (dc). 

e) LINEAR. This selection provides a 0 to 10 V (dc) linear 
analog output with a useful range over 3 decades. 

 
 

SET LINEAR  [Factory default = 0.01 VOLTS to 10 VOLTS  
corresponding to 1 mTORR to 1 TORR] 

If you have selected LINEAR in the ANALOG TYPE menu 
above, then configure the linear analog output scaling using the 
following parameters in the SET LINEAR menu. (See section 7.9 
for more details). 

a) Set the minimum pressure 

b) Set the minimum voltage corresponding to the minimum 
pressure 
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c) Set the maximum pressure 

d) Set the maximum voltage corresponding to the maximum 
pressure 

 

Note - The LINEAR analog output provides a linear 0-10 V (dc) 
output signal. The linear output voltage can be any value be-
tween 10 mV and 10 V corresponding to displayed pressure be-
tween 1 mTorr and 1000 Torr. However, the useful range of the 
linear analog output is three decades. If your application requires 
the analog output to cover a pressure range exceeding three de-
cades then consider using the non-linear or the log-linear analog 
output. See ANALOG TYPE menu above to select Log-linear or 
non-linear analog output. 
 
 

INFO 

This screen shows the unit firmware version. 
 
 

AOUT CAL 

This has been pre-set in the factory and is used to optimize the 
analog output calibration. It is recommended that the user not 
make this adjustment unless the displayed pressure on the 
XGC-320 and the resulting pressure calculation from the analog 
output do not match closely. To perform this adjustment, connect 
the gauge to the XGC-320 and connect the XGC-320 analog 
output to a high resolution voltmeter, your system, PLC, etc. 
While in the AOUT CAL screen and with the gauge exposed to 
atmosphere, use the INC or DECR soft-keys to adjust the analog 
output to match the corresponding pressure displayed on the 
screen. Example: The XGC-320 ANALOG TYPE is set to 
LOG 1-8. In the AOUT CAL screen, the atmospheric pressure is 
displayed at 760 Torr. Based on the equation and table given in 
section 7.1 the expected analog output at 760 Torr is 7.881 V. 
Use the INC or DECR soft-keys in the AOUT CAL screen to set 
the analog output to 7.881 V as recorded by your voltmeter, 
PLC, etc. Alternatively, if the analog output is used to display the 
pressure in your PLC or your system display console, adjust the 
AOUT CAL while the gauge is exposed to atmosphere so that 
the atmospheric pressure displayed by your PLC matches the 
atmospheric pressure displayed by the XGC-320. The AOUT 
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CAL can be performed at any pressure between 400 Torr to 
999 Torr (atmosphere recommended). 
 
 

SCREEN SAVER  [Factory default = ON] 

The XGC-320 uses an OLED type display which over an ex-
tended period of time can start to show divergence between 
pixels that are on at all times verses pixels that are not. This 
could result in pixels exhibiting a burned-in effect. To minimize 
the burned-in effect, a screen saver function can be activated by 
programming the SCREEN SAVER menu selection to ON. With 
the screen saver function turned on, the display appearance 
changes every 12 hours. The display will appear in the normal 
mode with a dark background color for the first 12 hours and will 
then switch to a back-lit background color for the next 12 hours. 
If you like to have the 12 hour period for the normal display 
mode to start at a specific time of the day, simply access the 
SCREEN SAVER menu and change setting to OFF and then ON 
again. This initiates the screen saver function immediately. 

Note - To increase longevity of the OLED display, Ideal 
Vacuum Products recommends that the screen saver func-
tion remains ON as shipped from the factory. 
 
 
 

4.4 Return to Factory Default Settings 
You can reset all values to the original factory default settings by 
simultaneously pressing the upper left and upper right soft-keys. 
The user will then be prompted to "Set Factory Defaults?" 
Choose Yes or No. 

If you reset all values to original factory default settings, you 
would need to repeat the initial setup procedure as described in 
section 4.1 and reprogram the device as described in section 
4.3. 
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5 Using the Gauge with Different Gases 

A thermal conductivity gauge senses heat loss which depends 
on the thermal conductivity of the gas surrounding the sensor. 
Since different gases, and mixtures, have different thermal con-
ductivities, the indicated pressure readings and outputs will also 
be different. Ideal Vacuum Products convection gauges (and 
most other thermal conductivity gauges) are calibrated using 
nitrogen (N2). When a gas other than N2 / air is used, correction 
must be made for the difference in thermal conductivity between 
nitrogen (N2) and the gas in use. The charts and tables on the 
following pages indicate how different gases affect the display 
and output from an Ideal Vacuum Products convection gauge. 

  WARNING!  Using a thermal conductivity gauge with gas-
es other than that for which it is calibrated could result in death 
or serious injury. Be sure to use gas correction data in this man-
ual when measuring pressures of gases other than N2 / air. 

For N2 the calibration shows excellent agreement between in-
dicated and true pressure throughout the range from 10-4 to 
1000 Torr. At pressures below 1 Torr, the calibration curves for 
the different gases are similar. The difference in readings at 
these low pressures is a constant, a function of the difference 
between thermal conductivities of the gases. 

At pressures above 1 Torr, indicated pressure readings may 
diverge significantly. At these higher pressures convection cur-
rents in the gauge become the predominant cause of heat loss 
from the sensor and calibration depends on gauge tube geome-
try and mounting position as well as gas properties. 

Generally, air and N2 are considered the same with respect to 
thermal conductivity, but even N2 and air will exhibit slight differ-
ences in readings at higher pressures. For example, when vent-
ing a system to atmosphere using N2, you may see readings 
change by 30 to 40 Torr after the chamber is opened and air 
gradually displaces the N2 in the gauge. For most other gases 
the effect is much more significant and may result in a hazard-
ous condition as described below. 
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Other considerations when using gases other than N2 / 
air 

Flammable or explosive gases 

  WARNING!  Ideal Vacuum Products convection gauges 
are neither intrinsically safe nor explosion proof and are not in-
tended for use in the presence of flammable or explosive gases 
or vapors. 

Under normal conditions the voltages and currents in Ideal 
Vacuum Products convection gauges are too low to cause igni-
tion of flammable gases. However, under certain failure condi-
tions, sufficient energy could be generated to cause flammable 
vapors or gases to ignite or explode. Thermal conductivity 
gauges like the Ideal Vacuum Products convection gauges are 
not recommended for use with flammable or explosive gases. 
 

Moisture / water vapor 

In some processes (lyophilization, for example) the gas composi-
tion may not change significantly, except for moisture content. 
Water vapor can significantly change the response of a thermal 
gauge and correction should be made, as you would for any 
other gas.  
 

Other contaminants 

If your gases condense, coat, or corrode the sensor, the gauge 
calibration and response to different gases will change. Gener-
ally, if the gauge can be "calibrated" ("zero" and "span" settings), 
these changes are small enough to be ignored. If you can't set 
zero and span, the gauge should be replaced or return to factory 
for evaluation and possible cleaning. 
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Convection Vacuum Gauge 
Indicated vs. true total pressure (test gases N2, Ar, He) 
 

 

 
 

Gas Correction Chart 

The Y- axis of the above chart is actual pressure as measured 
by a capacitance manometer, a diaphragm gauge that measures 
true total pressure independent of gas composition. The X-axis 
is the pressure reading indicated by the convection gauge under 
test. This chart shows readings for an Ideal Vacuum Products 
convection gauge (XGC-321) and Granville-Phillips® 
Convectron® gauge to illustrate that the difference in the 
response for both of these types of gauges is virtually 
indistinguishable. 

CAUTION!  Do not assume this data applies to other convection 
gauges which may or may not be the same. Refer to the table on 
the next page and note the following examples: 

Example A:  If the gas is nitrogen (N2), when the true total pres-
sure is 500 Torr, the gauge will read 500 Torr. 

Example B:  If the gas is argon (Ar), when the true pressure is 
100 Torr, the gauge will read about 9 Torr. If you are backfilling 
your vacuum system with Ar, when your system reaches a pres-
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sure of 760 Torr true pressure your gauge will be reading about 
23 Torr.  Continuing to backfill your system, attempting to in-
crease the reading up to 760 Torr, you will over pressurize your 
chamber which may present a hazard. 

Example C:  If the gas is helium (He), the gauge will read over 
pressure (OP) when pressure reaches about 10 Torr true pres-
sure and opening the chamber to atmosphere prematurely may 
present other hazards for both people and product. 

CAUTION!  What these examples illustrate is that using gases 
other than nitrogen (N2) without using accurate gas conversion 
data and other proper precautions could result in injury to per-
sonnel and/or damage to equipment. 

Suggested precautions when using gases other than nitrogen 
(N2): 

Install a pressure relief valve or burst disk on your chamber, to 
protect it from overpressure.  Post a warning label on your gauge 
readout that states "Do Not Exceed ____ Torr Indicated Pres-
sure" (fill in the blank for maximum indicated pressure for the gas 
you use) so that an operator using the gauge will not exceed a 
safe pressure. 
 
 
 
 
 

6 Display 

 
 

6.1 Display - Torr / mTorr  
Displayed pressure readings vs. true pressure for selected 
gases - engineering units in Torr / mTorr (see following table): 

Pressure shown in bold italic font in the shaded areas are in 
mTorr. 

Pressure shown in normal font in non shaded areas are in Torr. 
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Notes: 

1) OP = overpressure indication: display will read over pressure 

2) Display auto-ranges between Torr and mTorr at 1 Torr 
 

Examples: 

1) Gas used is nitrogen (N2). Display shows pressure mea-
surement of 10 Torr. True pressure of nitrogen is 10 Torr. 

2) Gas used is argon (Ar). Display shows pressure measure-
ement of 600 mTorr. True pressure of argon is 1 Torr. 

3) Gas used is oxygen (O2). Display shows pressure 
measurement of 486 mTorr. True pressure of oxygen is 
500 mTorr. 

 
 
 

6.2 Display - mbar 
The table below shows the displayed readings at various 
pressures for selected gases when engineering units selected is 
in mbar. 
 

Displayed pressure readings vs. true pressure for selected 
gases - engineering units in mbar (see following table): 
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Notes: 

1) OP = Overpressure indication; display will read 
"overpressure". 

 

Examples:  

1) Gas used is nitrogen. Display shows pressure measurement 
of 13.3 mbar. True pressure of nitrogen is 13.3 mbar. 

2) Gas used is argon. Display shows pressure measurement of 
11.7 mbar. True pressure of argon is 133 mbar. 

3) Gas used is CO2. Display shows pressure measurement of 
.0731 mbar. True pressure of CO2 is .0666 mbar. 
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7 Analog Output 

 

The XGC-320 provides either a non-linear, log-linear or a 0-10 
V (dc) linear analog output signal. These analog output signals 
are also compatible with various Granville-Phillips® Mini-Con-
vectron® modules as well as Convectron® gauge controller se-
ries 375, 475 and the original 1/4 DN 275 Analog Convectron 
Gauge Controllers. Please read this section in its entirety to de-
termine which one of the five analog output types to select from. 
 
 

LOG 1-8;  Log-Linear Analog Output 

The LOG 1-8 setting selected from the ANALOG TYPE menu 
produces a log-linear analog output signal of 1 to 8 V (dc) for 
1.0E-4 to 1000 Torr of N2. This output, shown below, is a 1 Volt 
per decade signal that may be easier to use for data logging / 
control than the non-linear analog output. 
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Selecting the LOG 1-8 setting from the Ideal Vacuum Products 
XGC-320 ANALOG TYPE menu duplicates the analog outputs of 
the Granville-Phillips Convectron® gauge controller series 375 
and 475. 

The equations and tables shown in section 7.1 and section 7.2 
contain the lookup data for converting the LOG 1-8 output volt-
age into pressure values for nitrogen and various other gases. 
 
 

LOG 0-7;  Log-Linear Analog Output 

The LOG 0-7 setting selected from the ANALOG TYPE menu 
produces a log-linear analog output signal of 0 to 7 V (dc) for 
1.0E-4 to 1000 Torr of N2. This output, shown below, is a 1 Volt 
per decade signal that may be easier to use for data logging / 
control than the non-linear output. 
 

 

Selecting the LOG 0-7 setting from the Ideal Vacuum Products 
XGC-320 ANALOG TYPE menu duplicates the analog outputs of 
the Granville-Phillips Convectron® gauge controller series 375 
and 475. 

The equations and tables shown in section 7.3 and section 7.4 
contain the lookup data for converting the LOG 0-7 output volt-
age into pressure values for nitrogen and various other gases. 
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NONLIN 6V;  Non-Linear Analog Output, S-Curve 

The NONLIN 6V setting selected from the ANALOG TYPE menu 
produces a non-linear analog output signal of 0.375 to 
5.659 V (dc) for 0 to 1000 Torr of N2, roughly in the shape of an 
"S" curve, as shown below. 
 

 
Selecting the NONLIN 6V setting from the Ideal Vacuum 
Products XGC-320 ANALOG TYPE menu duplicates the 
Granville-Phillips Mini-Convectron® modules original S-curve of 
0.375 to 5.659 V (dc) corresponding to 0 to 1000 Torr. 

The equations shown in section 7.5 and tables shown in section 
7.6 and section 7.7 contain the lookup data for converting the 
NONLIN 6V output voltage into pressure values for nitrogen and 
various other gases. 
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NONLIN 9V;  Non-Linear Analog Output, S-Curve 

The NONLIN 9V setting selected from the ANALOG TYPE menu 
produces a non-linear analog output signal of 0 to 9 V (dc) for 0 
to 1000 Torr of N2, roughly in the shape of an "S" curve, as 
shown below. 
 

 

Selecting the NONLIN 9V setting from the Ideal Vacuum 
Products XGC-320 ANALOG TYPE menu duplicates the analog 
outputs (S-Curve) of the Granville-Phillips Convectron® gauge 
controller series 375, 475 and the original 1/4 DN 275 Analog 
Convectron Gauge Controllers. 

The equations and table shown in section 7.8 contain the lookup 
data for converting the NONLIN 9V output voltage into pressure 
values for nitrogen and various other gases. 
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LINEAR;   0-10 V (dc) Linear Analog Output 

The XGC-320 also provides a linear 0-10 V (dc) analog output. 
The linear output voltage can be any value between 0.01 V and 
10 V corresponding to displayed pressure between 1 mTorr and 
1000 Torr. However, the useful range of the linear analog output 
is three decades. For example if the minimum pressure selected 
is 1 mTorr (1.00×10-3 Torr) with a corresponding minimum volt-
age output of 0.01 volts, then maximum pressure selected to 
correspond to a maximum voltage output of 10 volts should not 
exceed 1.00 Torr. If your application requires the analog output 
to cover a pressure range exceeding three decades then con-
sider using the log-linear or non-linear analog output. See sec-
tion 7.9 for more detailed explanation. 
 
 
 

7.1 Log 1-8; Log-Linear Analog Output Equation 
& Table - Torr 
 

Log-Linear 1 to 8 V analog output for selected gases - Engineer-
ing units in Torr (see following table): 
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An analog output of 10 volts indicates a faulty convection gauge 
or unplugged gauge cable. 

The chart on the following page shows the graphical results of 
the table and formulas given above for nitrogen. 

True pressure (N2) is plotted on the X-axis with a log scale. The 
output signal is plotted on the Y-axis on a linear scale. 

Note - when using the units of pascals and LOG 1-8 is selected, 
the same equation of P = 10(V - 5) listed above applies. This re-
sults in a log-linear analog output range of about 3.00 V (dc) at 
.01 pascals (Pa) and 10.12 V (dc) at 133 kPa. 
 

LOG 1-8; Log-Linear Analog Output Voltage vs. Pressure 
[Torr] 

 
Chart of the calculated pressures using the formulas and data for 
the log-linear output signal for nitrogen from the previous page. 

 
 
 

7.2 Log 1-8; Log-Linear Analog Output Equation 
& Table - mbar 
 

Log-Linear 1 to 8 V analog output for selected gases - Engineer-
ing units in mbar (see following table): 
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Note - when using the units of pascals and LOG 1-8 is selected, 
the same equation of P = 10(V - 5) listed above applies. This re-
sults in a log-linear analog output range of about 3.00 V (dc) at 
.01 pascals (Pa) and 10.12 V (dc) at 133 kPa. 
 

 
Chart of the calculated pressures using the formulas and data for 
the log-linear output signal for nitrogen from the previous page. 

 
 
 

7.3 Log 0-7; Log-Linear Analog Output Equation 
& Table - Torr 
 

Log-Linear 0 to 7 V analog output for selected gases - Engineer-
ing units in Torr (see following table): 
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An analog output of 10 volts indicates a faulty convection gauge 
or unplugged gauge cable. 

The chart on the following page shows the graphical results of 
the table and formulas given above for nitrogen. True pressure 
(N2) is plotted on the X-axis with a log scale. The output signal is 
plotted on the Y-axis on a linear scale. 

Note - when using the units of pascals and LOG 0-7 is selected, 
the same equation of P = 10(V - 4) listed above applies. This re-
sults in a log-linear analog output range of about 2.00 V (dc) at 
.01 pascals (Pa) and 9.12 V (dc) at 133 kPa. 
 

LOG 0-7; Log-Linear Analog Output Voltage vs. Pressure 
[Torr] 

 
Chart of the calculated pressures using the formulas and data for 
the log-linear output signal for nitrogen from the previous page. 

 
 
 

7.4 Log 0-7; Log-Linear Analog Output Equation 
& Table - mbar 

Log-Linear 0 to 7 V analog output for selected gases - Engineer-
ing units in mbar (see following table): 
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Note - when using the units of pascals and LOG 0-7 is selected, 
the same equation of P = 10(V - 4) listed above applies. This re-
sults in a log-linear analog output range of about 2.00 V (dc) at 
.01 pascals (Pa) and 9.12 V (dc) at 133 kPa. 
 

 
Chart of the calculated pressures using the formulas and data for 
the log-linear output signal for nitrogen from the previous page. 

 
 
 

7.5 NONLIN 6V; Non-Linear Analog Output 
Equations 

You may calculate the N2/air pressure represented by the 0.375 
to 5.659 V non-linear analog output voltage for the "S-curve" 
using a multi-segment, nth order polynomial function calculation. 
The coefficients for the nth order polynomial equation defined for 
various pressure measurement ranges are given in the following 
table: 
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For Non-Linear Analog Output voltage range of 0.375 to 
2.842 volts, use this table. 

 

Coefficients for y(x) = a + bx + cx2 + dx3 + ex4 +fx5 

a -0.02585 

b 0.03767 

c 0.04563 

d 0.1151 

e -0.04158 

f 0.008738 
 

For Non-Linear Analog Output voltage range of 2.842 to 
4.945 volts, use this table. 

 

Coefficients for 𝑦(𝑥) =
ା௫ା௫మ 

ଵା௫ାௗ௫మା௫య
 

a 0.1031 

b -0.3986 

c -0.02322 

d 0.07438 

e 0.07229 

f -0.006866 
 

For Non-Linear Analog Output voltage range of 4.94 to 
5.659 volts, use this table. 

 

Coefficients for 𝑦(𝑥) =
ା௫ 

ଵା௫ାௗ௫మ
 

a 100.624 

b -0.37679 

c -20.5623 

d 0.0348656 

Where y(x) = pressure in Torr, 
 x= measured analog output in volts  
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Example:  Measured analog output voltage is 0.3840 V. 
From first table shown above use equation: 
y(x) = a + bx + cx2 + dx3 + ex4 +fx5 

x = 0.3840 volts 
a = -0.02585,    b=0.03767,    c=0.04563,    d=0.1151, 
e=-0.04158,    f=0.008738 

y(x) = Pressure = 1.0E-03 Torr 
 

The equations listed above are used to calculate the non-linear 
voltage outputs for N2/air shown in tables of section 7.6 and 
section 7.7 below. Non-linear voltage outputs for various other 
gases are also shown in the same tables. 
 
 
 

7.6 NONLIN 6V; Non-Linear Analog Output Table - 
Torr 
Non-Linear 0.375 to 5.659 V analog output for selected gases - 
Engineering units in Torr/mTorr (see following table): 
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Note:  By design, these values are identical to the outputs from 
MKS Instruments / Granville-Phillips® Convectron® gauges, 
Mini-Convectron® modules and controllers so that equivalent 
units can be interchanged without affecting your process system 
or software. 

An analog output of 10 volts indicates a faulty convection gauge 
or unplugged gauge cable. 
 
 
 

7.7 NONLIN 6V; Non-Linear Analog Output Table - 
mbar 
Non-Linear 0.375 to 5.659 V analog output for selected gases - 
Engineering units in mbar (see following table): 
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Note:  By design, these values are identical to the outputs from 
MKS Instruments / Granville-Phillips® Convectron® gauges, Mini-
Convectron® modules and controllers so that equivalent units 
can be interchanged without affecting your process system or 
software. 

An analog output of 10 volts indicates a faulty convection gauge 
or unplugged gauge cable. 
 
 
 

7.8 NONLIN 9V;  Non-Linear Analog Output 
Equations & Table 
You may calculate the N2/air pressure represented by the 
NONLIN 9V, 0 to 9 V non-linear analog output voltage for the 
"S-curve" using a multi-segment, nth order polynomial function 
calculation. Use the coefficients listed in the table below to 
calculate pressure using the following equation: 
 

P = K0 + K1(454.67*V1)+ K2(454.67*V1)2 + K3(454.67*V1)3 

Where P=Pressure in Torr,  V1=Analog output voltage 
 

Coefficients for voltage segment range of 0 to 1.8457 volts 

K0 K0 = +0.000000E+00 

K1 K1 = +1.428571E-04 

K2 K2 = +2.551020E-07 

K3 K3 = +9.110787E-11 
 

Coefficients for voltage segment range of 1.8457 to 3.1641 volts 

K0 K0 = -2.681040E-01 

K1 K1 = +9.758000E-04 

K2 K2 = -5.950000E-07 

K3 K3 = +3.750000E-10 
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Coefficients for voltage segment range of  3.1641 to 4.3945 volts 

K0 K0 = +1.100000E+00 

K1 K1 = -1.675000E-03 

K2 K2 = +1.125000E-06 

K3 K3 = +7.414069E-21 
 

Coefficients for voltage segment range of  4.3945 to 6.54785 volts 

K0 K0 = -3.777930E+01 

K1 K1 = +5.495931E-02 

K2 K2 = -2.652588E-05 

K3 K3 = +4.526774E-09 
 

Coefficients for voltage segment range of  6.54785 to 7.3828 volts 

K0 K0 = -7.184400E+03 

K1 K1 = +7.117083E+00 

K2 K2 = -2.354167E-03 

K3 K3 = +2.604167E-07 
 

Coefficients for voltage segment range of  7.3828  to 7.6465 volts 

K0 K0 = -5.439800E+04 

K1 K1 = +4.990375E+01 

K2 K2 = -1.528125E-02 

K3 K3 = +1.562500E-06 
 

Coefficients for voltage segment range of 7.6465 to 7.9102 volts 

K0 K0 = +1.811462E+06 

K1 K1 = -1.511014E+03 

K2 K2 = +4.196562E-01 

K3 K3 = -3.880208E-05 
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Coefficients for voltage segment range of 7.9102 to 9 volts 

K0 K0 = -2.417225E+05 

K1 K1 = +1.919958E+02 

K2 K2 = -5.106048E-02 

K3 K3 = +4.554342E-06 
 

Example:  Measured analog output voltage is:  V1= 5.6243 V. 

Since analog output in this example is 5.6243 V, use the 
Coefficients from the fourth table shown in the previous page: 

K0 = -3.777930E+01,    K1 = +5.495931E-02, 
K2 = -2.652588E-05,   K3 = +4.526774E-09 

Use equation from the previous page; 
P = K0 + K1(454.67*V1)+ K2(454.67*V1)2 + K3(454.67*V1)3 

P = Pressure = 5.00 Torr  
 

The following pressure vs. voltage table is derived from 
equations and coefficients listed above. 
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NONLIN 9V, Non-Linear Output Voltage vs. Pressure in Torr 
units for N2 /Air 
 

Pressure 
[Torr] 

Voltage 
[V (dc)] 

Pressure 
[Torr] 

Voltage 
[V (dc)] 

Pressure 
[Torr] 

Voltage 
[V (dc)] 

0.0000 0.0000 2.0E-01 1.3310 4.0E+02 8.2587 

1.0E-04 0.0016 5.0E-01 2.2289 5.0E+02 8.4375 

2.0E-04 0.0031 1.0E+00 3.1352 6.0E+02 8.5915 

5.0E-04 0.0077 2.0E+00 4.1968 7.0E+02 8.7196 

1.0E-03 0.0153 5.0E+00 5.6243 7.6E+02 8.7862 

2.0E-03 0.0302 1.0E+01 6.5245 8.0E+02 8.8271 

5.0E-03 0.0727 2.0E+01 7.1531 9.0E+02 8.9193 

1.0E-02 0.1385 5.0E+01 7.6145 1.0E+03 9.0000 

2.0E-02 0.2536 1.0E+02 7.7804   

5.0E-02 0.5260 2.0E+02 7.9102   

1.0E-01 0.8583 3.0E+02 8.0743   

 

An analog output of 10 volts indicates a faulty convection gauge 
or unplugged gauge cable. 
 
 
 

7.9 LINEAR ANALOG OUTPUT 
The XGC-320 analog output may be setup to provide a 
0-10 V (dc) output signal that has a direct linear relationship to 
the displayed pressure.  When preparing to setup and process 
the linear analog output signal, first define the following para-
meters that you will program into the XGC-320: 

 Minimum measured pressure (for the defined analog output 
range ) 

 Minimum output voltage desired (proportional to the minimum 
pressure) 
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 Maximum measured pressure (for the analog output signal 
range) 

 Maximum output voltage desired (proportional to maximum 
pressure) 

 

Constructing a table of these parameters may be useful in 
documenting the relationship of displayed pressure to the analog 
output voltage.  For example, the following table is 
representative of a typical setup where;  

Min P = 1.00E-03 Torr Min Voltage = 0.01 Volts 

Max P = 1.00 Torr Max Voltage = 10 V 
 

Linear Analog Output 
Voltage - volts 

Measured (Displayed) 
Pressure - torr 

0.01 1.00E-03 

0.10 1.00E-02 

1.00 1.00E-01 

10.00 1.00E+00 
 

It is recommended that the Linear output signal be setup such 
that the range covers, at most, 3 decades of pressure change. 
For example, if the minimum pressure selected is 1 mtorr 
(1.00E-03 torr) with a corresponding minimum voltage output of 
0.01 volts, then the maximum pressure selected to correspond to 
a maximum voltage of 10.0 volts should not exceed 1.00 torr. 

Doing this is considered best practice when using this type of 
analog output signal with the XGC-320. 

If your application requires the analog output voltage to cover a 
pressure range exceeding three decades, then consider using 
the log-linear or non-linear analog output. 

Note - When using the LINEAR (0-10 V (dc)) analog output, an 
output of 11 volts indicates a faulty convection gauge or 
unplugged gauge cable. 
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8 RS485 / RS232 serial communications 

 
 

8.1 Device Specific Serial Communication Info 
The standard XGC-320 model provides RS232 / RS485 serial 
communications. The following information and the RS485 / 
RS232 command protocol summary listed on the next page 
should be used to set serial communications with the device. 

1) Default settings are 19200 baud rate, 8 data bits, No Parity, 
1 stop bit [Factory default; 19200, 8, N, 1]. 

2) The baud rate can be set to different values through the 
serial interface command set or the front panel push but-
tons. 

3) The parity can be changed only through the serial interface 
command set and the number of data bits will change ac-
cording to the parity selected. 

4) The stop bit is always 1. 

5) All Responses are 13 characters long. 

6) xx is the address of the device (00 thru FF). 

7) <CR> is a carriage return. 

8) _ is a space. 

9) The 'z' in the set or read trip point commands is a + or -. 
The plus is the 'turns on below' point and the minus is the 
‘turns off above’ point. 

10) All commands sent to the module start with a '#' character, 
and all responses from the module start with a '*' character. 

11) This protocol was designed to be 100% compatible with the 
Granville-Phillips® Mini-Convectron®. 

12) A valid address must be used even in RS232 commands 
[Factory default = 1]. 
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8.2 RS485 / RS232 Command Protocol Summary 
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9 Service 

 
 

9.1 Calibration 
Every Ideal Vacuum Products XGC-321 sensor is calibrated 
prior to shipment using nitrogen (N2). However, you can calibrate 
the instrument by adjusting zero (vacuum) and span 
(atmosphere) using the procedure described previously in 
section 4.3 titled "Programming". Zero and span (atmosphere) 
calibration affect the displayed value and the output signal. Zero 
calibration optimizes performance of the gauge when operating 
at a low pressure range of 1.00×10-4 Torr to 1.00×10-3 Torr. If 
your minimum operating pressure is higher than 1.00×10-3 Torr, 
it is not normally necessary to perform calibration at zero and 
thus span calibration should be adequate. If you are able to 
evacuate your system to below 1.00×10-4 Torr, it is always a 
good practice to check and set zero if necessary. This will also 
improve performance in cases where gauge contamination is 
causing higher readings than 1.00×10-4 Torr even though the 
system has been evacuated to below 1.00×10-4 Torr. Care 
should be exercised when using gases other than nitrogen (N2). 
 
 
 

9.2 Maintenance 
In general, maintenance is not required for your Ideal Vacuum 
Products sensor and controller. Periodic performance checks 
may be done by comparing the sensor to a known reference 
standard. 
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9.3 Troubleshooting 
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10 Factory Service and Support 

If you need help setting up, operating, troubleshooting, or 
obtaining a return materials authorization number (RMA number) 
to return the module for diagnosis, please contact us during 
normal business hours (8:00 am to 5:00 pm Mountain time) 
Monday through Friday, at (505) 872-0037. Or e-mail us at 
info@idealvac.com. 
 
 
 
 
 
 

11 Storage 
 

 

 
Electronic component 

Inappropriate storage (static electricity, humidity 
etc.) can damage electronic components. 

Store the product in a bag or container. Observe 
the corresponding specifications in the technical 
data. 
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12 Disposal 

 

WARNING
 

Substances detrimental to the environment 

Products or parts thereof (mechanical and electric 
components, operating fluids etc.) can be detrimen-
tal to the environment. 

Dispose of such substances in accordance with the 
relevant local regulations. 

  

 
 

Separating the components 

After disassembling the product, separate its components ac-
cording to the following criteria: 

 Electronic and non-electronic components 

Such components must be separated according to their ma-
terials and recycled. 
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EU Declaration of Conformity 

We, Ideal Vacuum Products, hereby declare that the equipment 
mentioned below complies with the provisions of the following 
Directives: 

 2014/30/EU, OJ L 96/79, 29.3.2014 
(EMC Directive; Directive relating to electromagnetic compatibility) 

 2011/65/EU, OJ L 174/88, 1.7.2011 
(RoHS Directive; Directive on the restriction of the use of certain hazard-
ous substances in electrical and electronic equipment) 

 

Vacuum Gauge Controller 
XGC-320  
 

Standards 

Harmonized and international / national standards and specifi-
cations: 

 EN 61000-6-2:2005   (EMC: generic immunity standard) 

 EN 61000-6-4:2007 + A1:2011   (EMC: generic emission standard) 

 EN 61010-1:2010   (Safety requirements for electrical equipment for 
measurement, control and laboratory use) 

 EN 61326-1:2013; Group 1, Class A   (EMC requirements for 
electrical equipment for measurement, control and laboratory use) 

 

Manufacturer / Signatures 

Ideal Vacuum Products, LLC, 87109 New Mexico 

 

 

 

 

 

Tony C. Smith 
General manager 
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Notes 
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