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The Development of 
Novel Resistive Glass 
Technology to Simplify 
Ion Reflector Lenses, 
Ion Guides, Drift Tubes 
and Ion Source Designs 
in Analytical Instruments



Introduction

In the rapidly evolving analytical instrument market, new applications 
are constantly being developed. Twenty five years ago mass 
spectrometers were primarily research tools. Today, mass 
spectrometers are used in medical diagnostics, semiconductor 
manufacturing, environmental monitoring, drug discovery and food 
processing. Virtually everyone has benefited by the existence of these 
instruments.
New applications for Mass Spectrometers are constantly emerging; 
however, many potential applications are very cost sensitive.
Most of the cost of a mass spectrometer is attributed to the cost of 
components and the labor for their assembly and test.
Simplifying assembly in these instruments could lead to a significant 
reduction in manufacturing cost.  



Discussion
A number of new materials and tools (such as modeling software) have been developed 
in order to facilitate rapid product development and reduced manufacturing cost. 
One example of this is the line Resistive Glass Products from Photonis.



What are Resistive 
Glass Products?

Resistive Glass Products are resistive, geometric glass structures that can be 
used to create uniform electric fields of unique shapes in order to guide or direct 
charged particles.

They are fabricated from proprietary reduced lead silicate glasses and can have 
thin film metallization contact points. 



Resistive Glass Formats



Resistive Glass Products are made from 
proprietary glass formulations. They are 
formed into tubes or flat glass and then heat 
treated to produce a semi-conductive layer 
on the surface of the glass.



Manufacturing Steps - Tubing

Tube Extrusion Slicing Milling

Hydrogen Reduction Metalization



Material Characteristics

Property
Glass Composition 1 Glass Composition 2

Melting Temperature 642oC 613oC

Operating Temperature Range -20oC to 400oC -20oC to 400oC

Density 4.44 g/cm3 5.07 g/cm3

Annealing Temperature 480oC 500oC

Temperature Coefficient of Resistivity ~ -1.0% ~ -1.0%

Thermal Expansion Coefficient 76x10-7/ oC 82x10-7 / oC

Typical Device Resistance Range 108-1011Ω 105-1011Ω



Cross Section of 
Reduced Glass

The reduced lead silicate
layer is typically a few 
hundred angstroms thick.

Bulk Lead Glass

Reduced Lead Silicate Glass



Potential Resistive Glass Applications

Ion Mirrors (Reflectron Lens)

High Voltage Dividers

Collision Cells for CI and 
Linear Reaction Cells

Ion Guides

Conversion Dynodes

Drift Tubes for Ion Mobility 
Spectrometers



Photonis BiPolar
TOF Detector

Typical Reflectron Instrument Geometry

Sample Ions

Linear Detector



Resistor Chain

20 Metal Rings

6 Mounting Posts

108 Ceramic Spacers

A simple, conventional 
reflectron lens has 154 parts



Resistive Glass Reflectron Lens

Metalized
Electrode

One Piece
Design



Linear Reaction Cell
The MS MS Experiment

Ionization
Chamber

First Mass Filter
MS

Resistive Glass
Tube as a Linear 
Reaction Cell

TOF MS

Resistive Glass
Tube as an Ion
Reflector

Linear Detector

APTOF

Sample Inlet



Resistive Glass High Voltage 
Divider



Membrane
inlet

Ionization 
chamber

Resistive Glass
Tube as an Ion Drift Tube

Electrometer

Faraday Cup

Radiation Source

Timer

Ion Drift Tube for Ion Mobility 
Spectrometer



Based on Resistive Glass Tube Technology – Experiment by N. Liegh, U. of Missouri

Ion Drift Tube for Ion 
Mobility Spectrometer



Resistance Uniformity 
Measurement System
• A DC Voltage was applied across the 

tube.
• The voltage was measured as a 

function of distance across length of 
tube.

• The voltage inside the tube was probed 
by a sharpened screw attached to the 
end of the digital caliper slide. 

• The voltage was measured by a digital 
electrometer. 

• A linear regression line was fit through 
each set of data. The data was 
subtracted from this fit to obtain the 
residuals. 

• The residuals were divided by the 
applied voltage to obtain a percent 
deviation. 



Resistance Uniformity Data
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Applied 
Voltage

Measured 
Voltage

Standard 
Deviation 

from 
Linearity

Maximum 
Deviation 

from 
Linearity

1 55.01 54.19 0.086% 0.38%

2 55.01 54.18 0.088% 0.38%

3 1.02 0.00 0.067% 0.00%

4 55.01 -54.24 0.109% -0.42%

5 55.01 -54.21 0.101% -0.38%

6 55.01 -54.22 0.230% -1.05%

7 100.01 100.01 0.108% -0.22%

8 75.05 -73.98 0.060% -0.19%


Stillwater info

		From: Jay LeGore [mailto:jay.legore@maine.edu]

		Sent: Wednesday, December 10, 2003 1:25 PM

		To: Cochran, Raymond

		Subject: test results

		Ray,

		The results of our tests are included below. If you see any problems with our test methods, please let me know and I will try to make improvements. The data suggests there may be a contact resistance between the conductive coating and the metalized ends.

		Please provide us with a quote for the following:

		1. one 2.24" ID x 51 mm tube with 70 lines/in grids attached to both ends

		2. one 2.24" ID x 51 mm tube with no grids

		3. one 2.24" ID x 27 mm tube with no grids

		The ends of all tubes parallel within 0.001" and all grids flat within 0.001"

		Thanks,

		Jay LeGore

		Experimental

		The experimental setup is shown in Fig. 1-3. The tube was clamped between a grounded block and a screw which was mounted on an insulating block. The outside of the tube was insulated from ground by a polyethylene sheet. A DC voltage between 55 and 100 vol

		The total resistance of the tube was measured using the electrometer’s ohms function. The length of the tube was measured at four different locations. The caliper was zeroed while visually locating the probe at the end of the tube. Good contact electrical

		Results

		A linear regression line was fit through each set of data. (See attached Excel file) The data was subtracted from this fit to obtain the residuals. The residuals were divided by the applied voltage to obtain a percent deviation. The deviation was less tha

		The slope was multiplied by the measured length and compared to the applied voltage. In all data sets this value is about 1.5% less than the applied voltage. This could be explained by a contact resistance between the metalized ends and the conductive coa

		Discussion

		The error of these measurements is not currently known. There is no standard tube of known uniformity to test the experimental setup. An estimate of the error could be obtained by considering the errors in the caliper and electrometer measurements.





burle tube data

				tube resistance		250 Megaohms

				length		1.3795		1.3800		1.3800		1.3800

		1		distance		voltage		str. line		residuals		resid./Vapp

				0.001		0.145		-0.062		0.207		0.38%

				0.091		3.370		3.473		-0.103		-0.19%

				0.157		6.012		6.065		-0.053		-0.10%

				0.217		8.378		8.421		-0.043		-0.08%

				0.255		9.889		9.913		-0.024		-0.04%

				0.303		11.760		11.798		-0.038		-0.07%

				0.348		13.570		13.565		0.005		0.01%

				0.416		16.258		16.236		0.022		0.04%

				0.457		17.860		17.846		0.014		0.03%

				0.502		19.605		19.613		-0.008		-0.01%

				0.604		23.62		23.618		0.002		0.00%

				0.704		27.55		27.545		0.005		0.01%

				0.801		31.32		31.355		-0.035		-0.06%

				0.910		35.64		35.635		0.005		0.01%

				1.000		39.18		39.169		0.011		0.02%

				1.106		43.35		43.332		0.018		0.03%

				1.200		47.04		47.023		0.017		0.03%

				1.302		51.02		51.029		-0.009		-0.02%

				1.376		53.88		53.935		-0.055		-0.10%		max. resid.

				1.399		54.90		54.838		0.062		0.11%		0.38%

				slope		39.270				Vapplied		55.01

				intercept		-0.101				Vcalc		54.19

										Va/Vc		1.015

		2		distance		voltage		str. line		residuals		resid./Vapp

				0.004		0.125		-0.084		0.209		0.38%

				0.045		1.426		1.525		-0.099		-0.18%

				0.098		3.513		3.606		-0.093		-0.17%

				0.146		5.433		5.491		-0.058		-0.11%

				0.199		7.547		7.572		-0.025		-0.05%

				0.257		9.804		9.849		-0.045		-0.08%

				0.348		13.440		13.422		0.018		0.03%

				0.450		17.460		17.427		0.033		0.06%

				0.553		21.49		21.471		0.019		0.03%

				0.651		25.34		25.319		0.021		0.04%

				0.752		29.32		29.284		0.036		0.06%

				0.852		33.22		33.211		0.009		0.02%

				0.955		37.25		37.255		-0.005		-0.01%

				1.049		40.96		40.946		0.014		0.03%

				1.150		44.94		44.911		0.029		0.05%

				1.250		48.84		48.838		0.002		0.00%

				1.350		52.73		52.764		-0.034		-0.06%

				1.370		53.51		53.549		-0.039		-0.07%		max. resid.

				1.393		54.46		54.452		0.008		0.01%		0.38%

				slope		39.263				Vapplied		55.01

				intercept		-0.242				Vcalc		54.18

										Va/Vc		1.015

		3		distance		voltage		str. line		residuals		resid./Vapp

				0.052		1.820		1.754		0.066		0.12%

				0.101		3.720		3.681		0.039		0.07%

				0.152		5.730		5.687		0.043		0.08%

				0.203		7.720		7.692		0.028		0.05%

				0.251		9.570		9.580		-0.010		-0.02%

				0.352		13.560		13.552		0.008		0.01%

				0.456		17.600		17.642		-0.042		-0.08%

				0.552		21.39		21.417		-0.027		-0.05%

				0.655		25.40		25.467		-0.067		-0.12%

				0.745		28.93		29.006		-0.076		-0.14%

				0.848		32.98		33.057		-0.077		-0.14%

				0.952		37.11		37.147		-0.037		-0.07%

				1.057		41.21		41.276		-0.066		-0.12%

				1.153		45.08		45.051		0.029		0.05%

				1.252		48.98		48.944		0.036		0.07%

				1.349		52.92		52.759		0.161		0.29%		max. resid.

				1.379		53.93		53.938		-0.008		-0.02%		0.29%

				slope		39.325				Vapplied		55.01

				intercept		-0.291				Vcalc		54.27

										Va/Vc		1.014

		4		distance		voltage		str. line		residuals		resid./Vapp

				0.001		54.36		54.174		0.186		0.34%

				0.012		53.92		53.742		0.178		0.32%

				0.026		53.34		53.192		0.148		0.27%

				0.053		52.31		52.131		0.179		0.33%

				0.106		50.16		50.048		0.112		0.20%

				0.156		48.12		48.083		0.037		0.07%

				0.209		46.05		46.000		0.050		0.09%

				0.299		42.49		42.462		0.028		0.05%

				0.407		38.24		38.218		0.022		0.04%

				0.501		34.48		34.523		-0.043		-0.08%

				0.604		30.44		30.475		-0.035		-0.06%

				0.705		26.45		26.505		-0.055		-0.10%

				0.809		22.39		22.418		-0.028		-0.05%

				0.903		18.71		18.724		-0.014		-0.02%

				1.001		14.886		14.872		0.014		0.03%

				1.107		10.680		10.706		-0.026		-0.05%

				1.149		9.060		9.055		0.005		0.01%

				1.204		6.925		6.893		0.032		0.06%

				1.250		5.123		5.086		0.037		0.07%

				1.303		3.022		3.002		0.020		0.04%

				1.350		1.258		1.155		0.103		0.19%

				1.369		0.530		0.409		0.121		0.22%		max. resid.

				1.373		0.020		0.251		-0.231		-0.42%		-0.42%

				slope		-39.303				Vapplied		55.01

				intercept		54.214				Vcalc		-54.24

										Va/Vc		-1.014

		5		distance		voltage		str. line		residuals		resid./Vapp

				0.005		54.16		54.227		-0.067		-0.12%

				0.030		53.20		53.245		-0.045		-0.08%

				0.056		52.14		52.223		-0.083		-0.15%

				0.100		50.47		50.495		-0.025		-0.05%

				0.151		48.52		48.491		0.029		0.05%

				0.206		46.32		46.331		-0.011		-0.02%

				0.257		44.33		44.327		0.003		0.00%

				0.303		42.54		42.520		0.020		0.04%

				0.356		40.46		40.438		0.022		0.04%

				0.402		38.68		38.631		0.049		0.09%

				0.452		36.66		36.667		-0.007		-0.01%

				0.494		34.95		35.017		-0.067		-0.12%

				0.517		34.04		34.113		-0.073		-0.13%

				0.568		32.15		32.110		0.040		0.07%

				0.613		30.39		30.342		0.048		0.09%

				0.680		27.73		27.710		0.020		0.04%

				0.734		25.62		25.589		0.031		0.06%

				0.764		24.42		24.410		0.010		0.02%

				0.802		22.97		22.917		0.053		0.10%

				0.833		21.74		21.700		0.040		0.07%

				0.874		20.17		20.089		0.081		0.15%

				0.904		18.97		18.910		0.060		0.11%

				0.931		17.854		17.850		0.004		0.01%

				0.975		16.160		16.121		0.039		0.07%

				1.013		14.666		14.628		0.038		0.07%

				1.036		13.773		13.725		0.048		0.09%

				1.064		12.678		12.625		0.053		0.10%

				1.103		11.088		11.093		-0.005		-0.01%

				1.134		9.884		9.875		0.009		0.02%

				1.167		8.621		8.579		0.042		0.08%

				1.207		6.990		7.007		-0.017		-0.03%

				1.231		6.108		6.064		0.044		0.08%

				1.264		4.788		4.768		0.020		0.04%

				1.305		3.175		3.157		0.018		0.03%

				1.329		2.197		2.215		-0.018		-0.03%

				1.361		0.748		0.957		-0.209		-0.38%		max. resid.

				1.376		0.177		0.368		-0.191		-0.35%		-0.38%

				slope		-39.284				Vapplied		55.01

				intercept		54.423				Vcalc		-54.21

										Va/Vc		-1.015

		6		distance		voltage		str. line		residuals		resid./Vapp

				0.006		53.65		54.230		-0.580		-1.05%

				0.043		52.83		52.776		0.054		0.10%

				0.083		51.22		51.205		0.015		0.03%

				0.196		46.8		46.765		0.035		0.06%

				0.307		42.46		42.403		0.057		0.10%

				0.407		38.59		38.474		0.116		0.21%

				0.508		34.57		34.505		0.065		0.12%

				0.602		30.94		30.812		0.128		0.23%

				0.705		26.88		26.765		0.115		0.21%

				0.799		23.25		23.071		0.179		0.33%

				0.907		19.02		18.828		0.192		0.35%

				0.998		15.41		15.252		0.158		0.29%

				1.107		11.03		10.969		0.061		0.11%

				1.204		7.175		7.158		0.017		0.03%

				1.296		3.443		3.543		-0.100		-0.18%

				1.346		1.435		1.578		-0.143		-0.26%

				1.357		0.957		1.146		-0.189		-0.34%		max. resid.

				1.373		0.337		0.517		-0.180		-0.33%		-1.05%

				slope		-39.293				Vapplied		55.01

				intercept		54.466				Vcalc		-54.22

										Va/Vc		-1.015

		7		distance		voltage		str. line		residuals		resid./Vapp

				0.114		90.81		90.938		-0.128		-0.13%

				0.203		84.53		84.566		-0.036		-0.04%

				0.261		80.43		80.414		0.016		0.02%

				0.354		73.77		73.756		0.014		0.01%

				0.456		66.48		66.453		0.027		0.03%

				0.554		59.39		59.437		-0.047		-0.05%

				0.660		51.91		51.849		0.061		0.06%

				0.757		44.94		44.904		0.036		0.04%

				0.850		38.40		38.246		0.154		0.15%

				0.948		31.38		31.230		0.150		0.15%

				1.053		23.78		23.713		0.067		0.07%

				1.149		16.75		16.840		-0.090		-0.09%		max. resid.

				1.254		9.10		9.323		-0.223		-0.22%		-0.22%

				slope		-71.592				Vapplied		100.01

				intercept		99.099				Vcalc		-98.80

										Va/Vc		-1.012

		8		distance		voltage		str. line		residuals		resid./Vapp

				0.126		67.43		67.503		-0.073		-0.10%

				0.230		61.9		61.928		-0.028		-0.04%

				0.337		56.17		56.192		-0.022		-0.03%

				0.435		50.96		50.939		0.021		0.03%

				0.533		45.67		45.686		-0.016		-0.02%

				0.631		40.47		40.432		0.038		0.05%

				0.735		34.91		34.857		0.053		0.07%

				0.832		29.77		29.657		0.113		0.15%

				0.932		24.39		24.297		0.093		0.12%

				1.033		18.93		18.882		0.048		0.06%

				1.135		13.33		13.415		-0.085		-0.11%		max. resid.

				1.233		8.02		8.161		-0.141		-0.19%		-0.19%

				slope		-53.606				Vapplied		75.05

				intercept		74.258				Vcalc		-73.98

										Va/Vc		-1.015





 data sum

		tube resistance		250 Megaohms

		length		1.3795		1.3800		1.3800		1.3800				average of H		absolute res/Vapp		std dev						Trial		Applied Voltage		Measured Voltage		Standard Deviation from Linearity		Average Deviation from Linearity		Maximum Deviation from Linearity

																								1		55.01		54.19		0.086%		0.067%		0.38%

		distance		voltage		str. line		residuals		resid./Vapp														2		55.01		54.18		0.088%		0.132%		0.38%

		0.001		0.145		-0.062		0.207		0.38%						0.376%								3		1.02		0.00		0.067%		0.088%		0.00%

		0.091		3.370		3.473		-0.103		-0.19%						0.187%										0.00		resid./Vapp		0.000%		0.000%		0.00%

		0.157		6.012		6.065		-0.053		-0.10%						0.096%										resid./Vapp		0.00		0.000%		0.000%		0.00%

		0.217		8.378		8.421		-0.043		-0.08%						0.078%										0.00		-0.00		0.000%		0.000%		0.00%

		0.255		9.889		9.913		-0.024		-0.04%						0.044%										-0.00		-0.00		0.000%		0.000%		0.00%

		0.303		11.760		11.798		-0.038		-0.07%						0.069%										-0.00		-0.00		0.000%		0.000%		0.00%

		0.348		13.570		13.565		0.005		0.01%						0.009%										-0.00		-0.00		0.000%		0.000%		0.00%

		0.416		16.258		16.236		0.022		0.04%						0.041%										-0.00		-0.00		0.000%		0.000%		0.00%

		0.457		17.860		17.846		0.014		0.03%						0.026%										-0.00		0.00		0.000%		0.000%		0.00%

		0.502		19.605		19.613		-0.008		-0.01%						0.014%										0.00		0.00		0.000%		0.000%		0.00%

		0.604		23.62		23.618		0.002		0.00%						0.003%										0.00		0.00		0.000%		0.000%		0.00%

		0.704		27.55		27.545		0.005		0.01%						0.008%										0.00		0.00		0.000%		0.000%		0.00%

		0.801		31.32		31.355		-0.035		-0.06%						0.063%										0.00		0.00		0.000%		0.000%		0.00%

		0.910		35.64		35.635		0.005		0.01%						0.009%										0.00		0.00		0.000%		0.000%		0.00%

		1.000		39.18		39.169		0.011		0.02%						0.019%										0.00		-0.00		0.000%		0.000%		0.00%

		1.106		43.35		43.332		0.018		0.03%						0.033%										-0.00		0.00		0.000%		0.000%		0.00%

		1.200		47.04		47.023		0.017		0.03%						0.030%										0.00		0.00		0.000%		0.000%		0.00%

		1.302		51.02		51.029		-0.009		-0.02%						0.016%								3		55.01		54.27		0.000%		0.000%		0.29%

		1.376		53.88		53.935		-0.055		-0.10%		max. resid.				0.100%								4		55.01		-54.24		0.109%		0.135%		-0.42%

		1.399		54.90		54.838		0.062		0.11%		0.38%		0.067%		0.112%		0.086%						5		55.01		-54.21		0.101%		0.080%		-0.38%

		slope		39.270				Vapplied		55.01														6		55.01		-54.22		0.230%		0.241%		-1.05%

		intercept		-0.101				Vcalc		54.19														7		100.01		100.01		0.108%		0.081%		-0.22%

								Va/Vc		1.015														8		75.05		-73.98		0.060%		0.081%		-0.19%

		distance		voltage		str. line		residuals		resid./Vapp

		0.004		0.125		-0.084		0.209		0.38%						0.381%

		0.045		1.426		1.525		-0.099		-0.18%						0.181%

		0.098		3.513		3.606		-0.093		-0.17%						0.170%

		0.146		5.433		5.491		-0.058		-0.11%						0.105%

		0.199		7.547		7.572		-0.025		-0.05%						0.045%

		0.257		9.804		9.849		-0.045		-0.08%						0.082%

		0.348		13.440		13.422		0.018		0.03%						0.033%

		0.450		17.460		17.427		0.033		0.06%						0.060%

		0.553		21.49		21.471		0.019		0.03%						0.034%

		0.651		25.34		25.319		0.021		0.04%						0.038%

		0.752		29.32		29.284		0.036		0.06%						0.065%

		0.852		33.22		33.211		0.009		0.02%						0.017%

		0.955		37.25		37.255		-0.005		-0.01%						0.009%

		1.049		40.96		40.946		0.014		0.03%						0.026%

		1.150		44.94		44.911		0.029		0.05%						0.052%

		1.250		48.84		48.838		0.002		0.00%						0.004%

		1.350		52.73		52.764		-0.034		-0.06%						0.062%

		1.370		53.51		53.549		-0.039		-0.07%		max. resid.				0.071%

		1.393		54.46		54.452		0.008		0.01%		0.38%		0.132%		0.014%		0.088%

		slope		39.263				Vapplied		55.01

		intercept		-0.242				Vcalc		54.18

								Va/Vc		1.015

		distance		voltage		str. line		residuals		resid./Vapp

		0.052		1.820		1.754		0.066		0.12%						0.119%

		0.101		3.720		3.681		0.039		0.07%						0.070%

		0.152		5.730		5.687		0.043		0.08%						0.079%

		0.203		7.720		7.692		0.028		0.05%						0.050%

		0.251		9.570		9.580		-0.010		-0.02%						0.018%

		0.352		13.560		13.552		0.008		0.01%						0.015%

		0.456		17.600		17.642		-0.042		-0.08%						0.076%

		0.552		21.39		21.417		-0.027		-0.05%						0.049%

		0.655		25.40		25.467		-0.067		-0.12%						0.122%

		0.745		28.93		29.006		-0.076		-0.14%						0.139%

		0.848		32.98		33.057		-0.077		-0.14%						0.140%

		0.952		37.11		37.147		-0.037		-0.07%						0.067%

		1.057		41.21		41.276		-0.066		-0.12%						0.120%

		1.153		45.08		45.051		0.029		0.05%						0.053%

		1.252		48.98		48.944		0.036		0.07%						0.065%

		1.349		52.92		52.759		0.161		0.29%		max. resid.				0.293%

		1.379		53.93		53.938		-0.008		-0.02%		0.29%		0.088%		0.015%		0.067%

		slope		39.325				Vapplied		55.01

		intercept		-0.291				Vcalc		54.27

								Va/Vc		1.014

		distance		voltage		str. line		residuals		resid./Vapp

		0.001		54.36		54.174		0.186		0.34%						0.337%

		0.012		53.92		53.742		0.178		0.32%						0.323%

		0.026		53.34		53.192		0.148		0.27%						0.269%

		0.053		52.31		52.131		0.179		0.33%						0.326%

		0.106		50.16		50.048		0.112		0.20%						0.204%

		0.156		48.12		48.083		0.037		0.07%						0.068%

		0.209		46.05		46.000		0.050		0.09%						0.092%

		0.299		42.49		42.462		0.028		0.05%						0.050%

		0.407		38.24		38.218		0.022		0.04%						0.041%

		0.501		34.48		34.523		-0.043		-0.08%						0.078%

		0.604		30.44		30.475		-0.035		-0.06%						0.064%

		0.705		26.45		26.505		-0.055		-0.10%						0.101%

		0.809		22.39		22.418		-0.028		-0.05%						0.051%

		0.903		18.71		18.724		-0.014		-0.02%						0.025%

		1.001		14.886		14.872		0.014		0.03%						0.026%

		1.107		10.680		10.706		-0.026		-0.05%						0.047%

		1.149		9.060		9.055		0.005		0.01%						0.009%

		1.204		6.925		6.893		0.032		0.06%						0.057%

		1.250		5.123		5.086		0.037		0.07%						0.068%

		1.303		3.022		3.002		0.020		0.04%						0.035%

		1.350		1.258		1.155		0.103		0.19%						0.187%

		1.369		0.530		0.409		0.121		0.22%		max. resid.				0.221%

		1.373		0.020		0.251		-0.231		-0.42%		-0.42%		0.135%		0.421%		0.109%

		slope		-39.303				Vapplied		55.01

		intercept		54.214				Vcalc		-54.24

								Va/Vc		-1.014

		distance		voltage		str. line		residuals		resid./Vapp

		0.005		54.16		54.227		-0.067		-0.12%						0.122%

		0.030		53.20		53.245		-0.045		-0.08%						0.082%

		0.056		52.14		52.223		-0.083		-0.15%						0.152%

		0.100		50.47		50.495		-0.025		-0.05%						0.045%

		0.151		48.52		48.491		0.029		0.05%						0.052%

		0.206		46.32		46.331		-0.011		-0.02%						0.020%

		0.257		44.33		44.327		0.003		0.00%						0.005%

		0.303		42.54		42.520		0.020		0.04%						0.036%

		0.356		40.46		40.438		0.022		0.04%						0.040%

		0.402		38.68		38.631		0.049		0.09%						0.089%

		0.452		36.66		36.667		-0.007		-0.01%						0.013%

		0.494		34.95		35.017		-0.067		-0.12%						0.122%

		0.517		34.04		34.113		-0.073		-0.13%						0.133%

		0.568		32.15		32.110		0.040		0.07%						0.073%

		0.613		30.39		30.342		0.048		0.09%						0.087%

		0.680		27.73		27.710		0.020		0.04%						0.036%

		0.734		25.62		25.589		0.031		0.06%						0.057%

		0.764		24.42		24.410		0.010		0.02%						0.018%

		0.802		22.97		22.917		0.053		0.10%						0.096%

		0.833		21.74		21.700		0.040		0.07%						0.073%

		0.874		20.17		20.089		0.081		0.15%						0.147%

		0.904		18.97		18.910		0.060		0.11%						0.108%

		0.931		17.854		17.850		0.004		0.01%						0.008%

		0.975		16.160		16.121		0.039		0.07%						0.071%

		1.013		14.666		14.628		0.038		0.07%						0.068%

		1.036		13.773		13.725		0.048		0.09%						0.088%

		1.064		12.678		12.625		0.053		0.10%						0.097%

		1.103		11.088		11.093		-0.005		-0.01%						0.009%

		1.134		9.884		9.875		0.009		0.02%						0.016%

		1.167		8.621		8.579		0.042		0.08%						0.077%

		1.207		6.990		7.007		-0.017		-0.03%						0.031%

		1.231		6.108		6.064		0.044		0.08%						0.079%

		1.264		4.788		4.768		0.020		0.04%						0.036%

		1.305		3.175		3.157		0.018		0.03%						0.032%

		1.329		2.197		2.215		-0.018		-0.03%						0.032%

		1.361		0.748		0.957		-0.209		-0.38%		max. resid.				0.381%

		1.376		0.177		0.368		-0.191		-0.35%		-0.38%		0.080%		0.348%		0.101%

		slope		-39.284				Vapplied		55.01

		intercept		54.423				Vcalc		-54.21

								Va/Vc		-1.015

		distance		voltage		str. line		residuals		resid./Vapp

		0.006		53.65		54.230		-0.580		-1.05%						1.055%

		0.043		52.83		52.776		0.054		0.10%						0.097%

		0.083		51.22		51.205		0.015		0.03%						0.028%

		0.196		46.8		46.765		0.035		0.06%						0.064%

		0.307		42.46		42.403		0.057		0.10%						0.103%

		0.407		38.59		38.474		0.116		0.21%						0.211%

		0.508		34.57		34.505		0.065		0.12%						0.118%

		0.602		30.94		30.812		0.128		0.23%						0.233%

		0.705		26.88		26.765		0.115		0.21%						0.210%

		0.799		23.25		23.071		0.179		0.33%						0.325%

		0.907		19.02		18.828		0.192		0.35%						0.350%

		0.998		15.41		15.252		0.158		0.29%						0.287%

		1.107		11.03		10.969		0.061		0.11%						0.111%

		1.204		7.175		7.158		0.017		0.03%						0.031%

		1.296		3.443		3.543		-0.100		-0.18%						0.182%

		1.346		1.435		1.578		-0.143		-0.26%						0.260%

		1.357		0.957		1.146		-0.189		-0.34%		max. resid.				0.344%

		1.373		0.337		0.517		-0.180		-0.33%		-1.05%		0.241%		0.328%		0.230%

		slope		-39.293				Vapplied		55.01

		intercept		54.466				Vcalc		-54.22

								Va/Vc		-1.015

		distance		voltage		str. line		residuals		resid./Vapp

		0.114		90.81		90.938		-0.128		-0.13%						0.128%

		0.203		84.53		84.566		-0.036		-0.04%						0.036%

		0.261		80.43		80.414		0.016		0.02%						0.016%

		0.354		73.77		73.756		0.014		0.01%						0.014%

		0.456		66.48		66.453		0.027		0.03%						0.027%

		0.554		59.39		59.437		-0.047		-0.05%						0.047%

		0.660		51.91		51.849		0.061		0.06%						0.061%

		0.757		44.94		44.904		0.036		0.04%						0.036%

		0.850		38.40		38.246		0.154		0.15%						0.154%

		0.948		31.38		31.230		0.150		0.15%						0.150%

		1.053		23.78		23.713		0.067		0.07%						0.067%

		1.149		16.75		16.840		-0.090		-0.09%		max. resid.				0.090%

		1.254		9.10		9.323		-0.223		-0.22%		-0.22%		0.081%		0.223%		0.108%

		slope		-71.592				Vapplied		100.01

		intercept		99.099				Vcalc		-98.80

								Va/Vc		-1.012

		distance		voltage		str. line		residuals		resid./Vapp

		0.126		67.43		67.503		-0.073		-0.10%						0.098%

		0.230		61.9		61.928		-0.028		-0.04%						0.038%

		0.337		56.17		56.192		-0.022		-0.03%						0.030%

		0.435		50.96		50.939		0.021		0.03%						0.028%

		0.533		45.67		45.686		-0.016		-0.02%						0.021%

		0.631		40.47		40.432		0.038		0.05%						0.050%

		0.735		34.91		34.857		0.053		0.07%						0.070%

		0.832		29.77		29.657		0.113		0.15%						0.150%

		0.932		24.39		24.297		0.093		0.12%						0.124%

		1.033		18.93		18.882		0.048		0.06%						0.063%

		1.135		13.33		13.415		-0.085		-0.11%		max. resid.				0.113%

		1.233		8.02		8.161		-0.141		-0.19%		-0.19%		0.081%		0.188%		0.060%

		slope		-53.606				Vapplied		75.05

		intercept		74.258				Vcalc		-73.98

								Va/Vc		-1.015





Dist vs V

		0.001		0.001		0.004		0.004		0.052		0.052		0.001		0.001		0.005		0.005		0.006		0.006		0.114		0.114		0.126		0.126

		0.091		0.091		0.045		0.045		0.101		0.101		0.012		0.012		0.03		0.03		0.043		0.043		0.203		0.203		0.23		0.23

		0.157		0.157		0.098		0.098		0.152		0.152		0.026		0.026		0.056		0.056		0.083		0.083		0.261		0.261		0.337		0.337

		0.217		0.217		0.146		0.146		0.203		0.203		0.053		0.053		0.1		0.1		0.196		0.196		0.354		0.354		0.435		0.435

		0.255		0.255		0.199		0.199		0.251		0.251		0.106		0.106		0.151		0.151		0.307		0.307		0.456		0.456		0.533		0.533

		0.303		0.303		0.257		0.257		0.352		0.352		0.156		0.156		0.206		0.206		0.407		0.407		0.554		0.554		0.631		0.631

		0.348		0.348		0.348		0.348		0.456		0.456		0.209		0.209		0.257		0.257		0.508		0.508		0.66		0.66		0.735		0.735

		0.416		0.416		0.45		0.45		0.552		0.552		0.299		0.299		0.303		0.303		0.602		0.602		0.757		0.757		0.832		0.832

		0.457		0.457		0.553		0.553		0.655		0.655		0.407		0.407		0.356		0.356		0.705		0.705		0.85		0.85		0.932		0.932

		0.502		0.502		0.651		0.651		0.745		0.745		0.501		0.501		0.402		0.402		0.799		0.799		0.948		0.948		1.033		1.033

		0.604		0.604		0.752		0.752		0.848		0.848		0.604		0.604		0.452		0.452		0.907		0.907		1.053		1.053		1.135		1.135

		0.704		0.704		0.852		0.852		0.952		0.952		0.705		0.705		0.494		0.494		0.998		0.998		1.149		1.149		1.233		1.233

		0.801		0.801		0.955		0.955		1.057		1.057		0.809		0.809		0.517		0.517		1.107		1.107		1.254		1.254

		0.91		0.91		1.049		1.049		1.153		1.153		0.903		0.903		0.568		0.568		1.204		1.204

		1		1		1.15		1.15		1.252		1.252		1.001		1.001		0.613		0.613		1.296		1.296

		1.106		1.106		1.25		1.25		1.349		1.349		1.107		1.107		0.68		0.68		1.346		1.346

		1.2		1.2		1.35		1.35		1.379		1.379		1.149		1.149		0.734		0.734		1.357		1.357

		1.302		1.302		1.37		1.37						1.204		1.204		0.764		0.764		1.373		1.373

		1.376		1.376		1.393		1.393						1.25		1.25		0.802		0.802

		1.399		1.399										1.303		1.303		0.833		0.833

														1.35		1.35		0.874		0.874

														1.369		1.369		0.904		0.904

														1.373		1.373		0.931		0.931

																		0.975		0.975

																		1.013		1.013

																		1.036		1.036

																		1.064		1.064

																		1.103		1.103

																		1.134		1.134

																		1.167		1.167

																		1.207		1.207

																		1.231		1.231

																		1.264		1.264

																		1.305		1.305

																		1.329		1.329

																		1.361		1.361

																		1.376		1.376



Trial 1

Trial 2

Trial 3

Trial 4

Trial 5

Trial 6

Trial 7

Trial 8

Distance (in)

Voltage

0.145

-0.0615860808

0.125

-0.0844634449

1.82

1.7543299236

54.36

54.1744710029

54.16

54.2269839174

53.65

54.2302186473

90.81

90.9376236715

67.43

67.5032862555

3.37

3.4727337414

1.426

1.5253306332

3.72

3.6812469281

53.92

53.7421425166

53.2

53.2448762593

52.83

52.7763943005

84.53

84.5659786585

61.9

61.9282411586

6.012

6.0645682776

3.513

3.6062839537

5.73

5.6868136064

53.34

53.1919062614

52.14

52.2234842949

51.22

51.204692304

80.43

80.4136706725

56.17

56.1923774533

8.378

8.4207814924

5.433

5.4909209232

7.72

7.6923802846

52.31

52.1307363406

50.47

50.4949748167

46.8

46.7646341639

73.77

73.7556595914

50.96

50.9389695735

9.889

9.9130498618

7.547

7.5718742437

9.57

9.5799724524

50.16

50.0476990886

48.52

48.4914751942

42.46

42.4031611236

66.48

66.4533248574

45.67

45.6855616938

11.76

11.7980204336

9.804

9.8491439152

13.56

13.551780972

48.12

48.0825696057

46.32

46.3308383464

38.59

38.4739061324

59.39

59.4373561913

40.47

40.4321538141

13.57

13.5651803447

13.44

13.4221015032

17.6

17.6415640021

46.05

45.9995323537

44.33

44.3273387238

34.57

34.5053585912

51.91

51.8486553893

34.91

34.8571087173

16.258

16.2355553215

17.46

17.4269550634

21.39

21.4167483377

42.49

42.4622992844

42.54

42.520260633

30.94

30.8118588994

44.94

44.9042782403

29.77

29.6573070404

17.86

17.8456343516

21.49

21.4710718938

25.4

25.467206531

38.24

38.2176196012

40.46

40.4381923978

26.88

26.7647262584

38.4

38.2462671592

24.39

24.296686755

19.605

19.6127942627

25.34

25.3188723732

28.93

29.0064418455

34.48

34.5231761733

38.68

38.6311143069

23.25

23.0712265666

31.38

31.2302984932

18.93

18.8824602668

23.62

23.6183567278

29.32

29.2844626632

32.98

33.0569000388

30.44

30.4750094384

36.66

36.6668989907

19.02

18.8276311761

23.78

23.7131892082

13.33

13.4146275756

27.55

27.5453787525

33.22

33.210789683

37.11

37.1466830689

26.45

26.5054478828

34.95

35.0169581251

15.41

15.252009134

16.75

16.8404035761

8.02

8.1612196959

31.32

31.3545901164

37.25

37.2549065134

41.21

41.2757909359

22.39

22.4179785582

34.04

34.1134190797

11.03

10.9691211936

9.1

9.3232942911

35.64

35.6350441233

40.96

40.945653912

45.08

45.0509752714

18.71

18.7235351303

32.15

32.1099194572

7.175

7.157743852

39.18

39.1693639454

44.94

44.911244202

48.98

48.9441341174

14.886

14.8718813437

30.39

30.3421256726

3.443

3.5428292601

43.35

43.3320072916

48.84

48.8375712218

52.92

52.7586432897

10.68

10.7058068398

27.73

27.7100771489

1.435

1.5782017645

47.04

47.0234079947

52.73

52.7638982416

53.93

53.9383883946

9.06

9.0550980741

25.62

25.5887246075

0.957

1.1459837154

51.02

51.0289704599

53.51

53.5491636455

6.925

6.8934556429

24.42

24.4101954178

0.337

0.5173029168

53.88

53.9349667581

54.46

54.4522188601

5.123

5.0855365185

22.97

22.9173917775

54.9

54.8381818238

3.022

3.0024992666

21.74

21.6995782814

1.258

1.1552775526

20.17

20.0889217221

0.53

0.4085283491

18.97

18.9103925324

0.02

0.2513179904

17.854

17.8497162617

16.16

16.1212067835

14.666

14.6284031432

13.773

13.7248640977

12.678

12.6249035207

11.088

11.092815574

9.884

9.875002078

8.621

8.5786199693

6.99

7.0072477164

6.108

6.0644243646

4.788

4.7680422559

3.175

3.1573856967

2.197

2.2145623449

0.748

0.9574645425

0.177

0.3681999477
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Resistive Glass Plates

Applications

Maldi Targets

Voltage Dividers

Conductive Spacers

Orthogonal Lens Structure

Field Flatteners



Resistive Glass Products 
 
• Robust 
• Single Piece Construction 
• Nichrome, Copper and Gold 

Electrodes Available 
• Wide Variety of Shapes and Sizes:  

Tubes, Sheets, Washers, Custom 
Shapes 

• Uniform Resistance Variable Over  
6 Orders of Magnitude* 

• Produce Smooth Electric Fields 
• Operating Range -20o to 400oC 
 
 
 
BURLE Resistive Glass Products offer a unique 
capability for analytical instrument designers and 
manufacturers. These devices are composed of a 
proprietary lead silicate glass that has been 
doped to produce a resistive surface. The 
products can be provided with one or more 
resistive areas.  
 
The resistivity can be varied over several orders 
of magnitude in order to optimize current flow and 
electric field strength. These products are patent 
pending. 
 
Tube ends are parallel within 0.025mm (.001”) 
Sheets are flat within 3 fringes  
For large (>1mm) ID tubing: 
     Expansion Coefficient (25–450oC): 78x10-7 / oC 
     Softening Point: 642oC 
For 1mm ID tubing: 
     Expansion Coefficient (25–450oC): 82x10-7 / oC 
     Softening Point: 613oC 
Coefficient of Resistivity: -1% per oC 
Sheet size up to 102x102mm (4x4”) 
Resistive washers up to 71mm (2.8”) in diameter 
Custom shapes available 
Mechanical Interfaces: Flanges, Grids and  
Meshes are available upon request. 
 
* 1mm ID tubing only 

 
 
 
 

Typical Mechanical and Electrical 
Characteristics 

 
Tube 

Length 
(Max.) 

Inside 
Diameter 

(Min.) 
Outside 
Diameter 

Wall 
Thickness 

Out of 
Round 
(Max.) 

Resistance 
Range 

203.2mm 
8.000” 

57.00mm 
2.244” 

72.26mm 
2.845”   

5.84mm 
0.230”  

1.60mm 
0.063”  108-1011Ω 

203.2mm 
8.000” 

45.65mm 
1.797”  

63.50mm 
2.500”    

7.62mm 
0.300”  

1.60mm 
0.063”  108-1011Ω 

203.2mm 
8.000” 

36.83mm 
1.450”  

47.00mm 
1.850”  

3.81mm 
0.150”  

0.74mm 
0.029”  108-1011Ω 

304.8mm 
12.000” 

29.97mm 
1.180”  

41.40mm 
1.630” 

5.33mm 
0.210”  

0.74mm 
0.029”  108-1011Ω 

304.8mm 
12.000” 

23.50mm 
0.925”  

31.75mm 
1.250” 

3.68mm 
0.145”  

0.48mm 
0.019”  108-1011Ω 

304.8mm 
12.000” 

1.00mm 
0.039”  

6.10mm 
0.240” 

2.57mm 
0.102”  

0.076mm 
0.003”  105-1011Ω 

304.8mm 
12.000” 

1.00mm 
0.039”  

3.18mm 
0.125” 

1.02mm 
0.040”  

0.076mm 
0.003”  105-1011Ω 

304.8mm 
12.000” 

1.00mm 
0.039”  

2.06mm 
0.081”  

0.53mm 
0.021”  

0.076mm 
0.003”  105-1011Ω 

 
 
 
 

 



Summary

Resistive glass materials have been developed 
which have been demonstrated to produce uniform 
resistive surfaces.
These materials produce uniform electric fields 
when voltages are applied which can be used to 
direct charged particles.
These materials can be produced in various sizes 
and shapes and are well suited for use in high 
vacuum systems.
The use of resistive glass structures can greatly 
simplify the construction of ion reflectors, drift tubes 
and ion guides. 
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