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Kelvin-Varley 
Voltage Divider

The KVD-500 is a cost-effective, three-terminal, Kelvin 
Varley Voltage Divider that uses thumbwheel switches.

KVD-500 Voltage Divider

IET cat/KVD-500/04-13-2011

Features:
• Suitable for use in voltage and current dividers for 

calibration and linearity testing
• Eliminates the need for dials & multi-turn potentiometers
• 1 through 6-decade units are available
• Resistor accuracies from 0.01% to 1%
• Available as a stand-alone instrument in a plastic case 

or without a case for panel mounting
• Fully customizable for customers' needs

See Also:
•  For higher accuracy and stability - KVD-600/KVD-700
•  For a basic 2-terminal resistance substituter - RS Series
•  For high-accuracy resistance substituter - HARS Series

DESCRIPTION

Circuit Model
The Kelvin Varley Voltage Divider may be thought of as being 
equivalent to a digital potentiometer, except that it has an 
additional, variable resistance in series with the wiper arm.  
See circuit model figure below.

Digital Potentiometer Kelvin-Varley Voltage Divider

Effect of Series Resistance
The effect of series resistance may be safely ignored 
in general bridge applications, such as the one shown 
below.  As the bridge comes into balance, the current that 
flows out of the divider is nominally zero; therefore, the 
divider effectively "sees" an infinite impedance.
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Typical application of a Kelvin-Varley Voltage Divider for measuring 
resistance of voltage

Resolution and Precision
The problem with a conventional voltage divider is that it 
uses a tapped resistor string, which has a fundamental 
design disadvantage: the resolution of 1 part in 1000 
requires 1000 precision resistors.

The Kelvin-Varley Voltage Divider solves this problem by 
using a clever iterated scheme (see schematic below).  In 
a typical design, each stage provides a decade of resolu-
tion and requires only 11 precision resistors.  Cascading 3 
stages permits any division ratio from 0 to 1 in increments 
of 0.001 (i.e. resolution of 1 part in 1000).
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Testing Linearity of the LTC2400 24-Bit No Latency ∆ΣTM

A/D Converter
Help from the Nineteenth Century

by Jim Williams

Introduction

Verifying the linearity of the LTC2400 analog to digital
converter requires special considerations. Typical
nonlinearity is only 2ppm (0.0002%). Bench testing this
necessitates some form of voltage source that produces
equal amplitude output steps for incremental digital in-
puts. Additionally, for measurement confidence, it is de-
sirable that the source be substantially more linear than
the 2ppm requirement. This is, of course, a stringent
demand and painfully close to the state of the art.

The most linear “D to A” converter is also one of the oldest:
Lord Kelvin’s Kelvin-Varley divider (KVD), in its most
developed form, is linear to 0.1ppm. This manually switched
device features ten million individual dial settings ar-
ranged in seven decades. It may be thought of as a
3-terminal potentiometer with fixed “end-to-end” resis-
tance and a 7-decade switched wiper position (Figure 1).

follower is required to unload the KVD without introducing
significant loading error. Now, our KVD looks like Figure 3.

R = 100k
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Figure 1. Conceptual Kelvin-Varley Divider

The actual construction of a 0.1ppm KVD is more artistry
and witchcraft than science. The market is relatively small,
the number of vendors few and resultant price high.
Imagine paying $13,000 for a bunch of switches and
resistors. If this seems offensive, try building and certify-
ing your own KVD. Figure 2 shows a detailed schematic.

The KVD shown has a 100kΩ input impedance. A conse-
quence of this is that wiper output resistance is high and
varies with setting. As such, a very high input resistance
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Figure 2. A 4-Decade Kelvin-Varley Divider. Additional Decades
Are Implemented By Opening Last Switch, Deleting Two
Associated 80Ω Values and Continuing ÷ 5 Resistor Chains

Figure 3. KVD with Buffer Gives Output Drive Capability
, LTC and LT are registered trademarks of Linear Technology Corporation.

November 1999

No Latency ∆Σ is a trademark of Linear Technology Corporation.

A 4-decade Kelvin-Varley Voltage Divider

http://www.ietlabs.com/pdf/Datasheets/KVD-700.pdf
http://www.ietlabs.com/pdf/Datasheets/RS-CS-LS.pdf
http://www.ietlabs.com/pdf/Datasheets/HARS.pdf
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Voltage Divider

Absolute Linearity:
1.0

LOW LOW

HIGH

Linearity deviation, the error between the actual output voltage (VOUT) 
and the output voltage for a particular setting (S) = [VOUT/VIN] - S

Linearity will be smaller than the resistor accuracy.

Power across input terminals:
2 W (others available)

Temperature coefficient: 
50 ppm/°C (others available)

SPECIFICATIONS

ORDERING INFORMATION
(Example: 50 kΩ, 0.1%, 5-decade unit 
for panel mounting)

KVD-500 - B - 50k - 5 - PM

Resistor Accuracy:

X: 0.01% ± 5 mΩ
Q: 0.02% ± 5 mΩ
A: 0.05% ± 50 mΩ
B: 0.1% ± 50 mΩ
C: 0.5% ± 50 mΩ
F: 1.0% ± 50 mΩ

Total Resistance (Ω) No. of Decades
1 2 3 4 5

10, 20, 50 x x

100, 200, 500 x x

1 k, 2 k, 5 k x x x x

10 k, 20 k,50 k x x x x x

100 k, 200 k, 500 k x x x x x

1 M, 2 M, 5 M x x x x x

Packaging Options:

PM:   Supplied without case for panel 
mounting or other use

WC:  Packaged in a plastic case with 
binding posts

Resistor Accuracy:
Note: Linearity error will be smaller than the resistor error.
X: 0.01% ± 5 mΩ
Q: 0.02% ± 5 mΩ
A: 0.05% ± 50 mΩ
B: 0.1% ± 50 mΩ
C: 0.5% ± 50 mΩ
F: 1.0% ± 50 mΩ

Operating temperature: 
10°C to 50°C 

Dimensions:
Without case: 81 mm x 79 mm x 56 mm (3.2" x 3.1" x 2.2")
With case: 120 mm x 79 mm x 56 mm (4.7" x 3.1" x 2.2")

Applications:
See www.ietlabs.com/kelvin-varley-voltage-dividers
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