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Introduction

Have you wondered how to design a precision temperature measurement system
with high electromagnetic compatibility (EMC) performance? This article will

discuss design considerations for a precision temperature measurement system

and how to improve the system’s EMC performance while maintaining measure-
ment accuracy. We will present the test results and data analysis that allow us to

easily move from concept to prototype and from concept to market using an RTD

temperature measurement as an example.

Precision Temperature Measurement and
EMC Challenges

Temperature measurement is one of the mast commonly used sensing technolo-
gies known in the analog world. Many measurement technologies are available to
sense ambient temperature. A thermistor is a small, simple 2-wire implementa-
tion with a fast response time, but its nonlinearity and limited temperature range
limit its precision and application. An RTD is the most stable and most accurate
temperature measurement method. The difficulty of RTD design is that it requires
an external stimulus, complex circuits, and calibration work. Engineers without
experience in developing temperature measurement systems may be discour-
aged. A thermocouple (TC) can provide a rugged, inexpensive solution with varying
ranges, but cold junction compensation (CJC) is necessary for a complete system.
Compared to the thermistor, TC, and RTD, a newly developed digital temperature
sensor can provide calibrated temperature data directly through a digital interface.
Precision temperature measurement requires high accuracy temperature sensors
and a precision signal chain to form a temperature measurement system. TC, RTD,
and digital temperature sensors have the highest accuracy. Precision signal chain
devices are available and can be used to collect these sensor signals and convert
them into absolute temperature. In the industrial sector, reaching 0.1°C accuracy
is our target. This accuracy measurement does not include sensor errors. Table 1
shows a comparison of different temperature sensor types.
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Table 1. A Comparison of Different Temperature
Sensor Types

Temperature Bl BilE
Sensor Type

Nonlinear, limited temperature range,

Simple 2-wire implementation,

Thermistor . -
fast response time, small size

Most stable, most accurate,
RTD rugged, easy to connect
and implement

Rugged, self-powered,
inexpensive, supports varying
ranges (J, K, T,E, R, S, B, N),
good for distance

Thermocouple

IC Temperature
Sensor

Fully calibrated, linear, stable,

not as rugged as TCs and RTDs,
requires stimulus, inaccuracies
occur due to self-heating

Requires external stimulus,
nonlinear, inaccuracies occur
due to self-heating

Nonlinear, requires cold junction
compensation (CJC), low output
ranges requiring low noise/low drift
electronics, accuracy 1% to 3%

Limited temperature range

analog and digital output

When creating a digital temperature measurement system, especially for applica-
tions in harsh environments such as industrial and railway, not only is accuracy
and design difficulty of concern, but EMC performance is a key feature to keep the
system stable. The system needs additional circuitry and discrete components to
increase EMC performance. However, more protection components mean more
error sources. Therefore, it is very challenging to design a temperature measure-
ment system with high sensing accuracy and high EMC performance. The EMC
performance of a temperature measurement system determines if it can work
normally in the specified electromagnetic environment.

ADI offers a variety of temperature measurement solutions, such as precision
analog-to-digital converters (ADCs), analog front ends (AFEs), IC temperature
sensors, and more. ADI AFE solutions provide a multisensor high accuracy
digital temperature measurement system for direct TC measurement, direct RTD
measurement, direct thermistor measurement, and support for custom sensor
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applications. Some special configurations can help maintain high measurement An RTD is undoubtedly the best choice for high accuracy temperature measure-
accuracy while adding EMC protection components. Figure 1shows the classic ment and can measure temperature in the range of -200°C to +800°C. 100 0) and
ratiometric temperature measurement circuit and equation. 1000 O platinum RTDs are the most common, but they can also be made of nickel

or copper.
l_ The simplest RTD temperature measurement system is a 2-wire configura-

) tion, but the lead resistance introduces additional system temperature errors.
v, Reense ADC > A 3-wire configuration can eliminate the lead resistance errors by applying
' two matched current sources to the RTD, but the lead resistance should be
equal. A Kelvin configuration or 4-wire configuration can remove the balanced
MCU Ry = Rgense * V\:Z;ZE or unbalanced lead resistance by measuring directly across the sensor using
high impedance Kelvin sensing. However, the cost will be the main constraint
— for the 4-wire configuration as it needs more cables, especially for remote
v, p . < G o temperature measurement. Figure 3 shows the different RTD wire configura-
tions. Considering real customer use cases, this article chooses a 3-wire RTD

configuration and tests its EMC performance.
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Figure 1. Classic ratiometric temperature measurement circuit and equation. CHggense CHggense CHisense
The following sections describe temperature sensing solutions for system design- Cheroa CHerpy CHgros
ers to achieve the best EMC performance. rio| 7 VgD V. R v,
1 %‘RTD cHRTD cHRTU
RTD Temperature Measurement Solutions o
RTD+1
Take the LTC2983 temperature measurement AFE as an example. The system con-
(a) (b) (c)

troller can read the calibrated temperature data from the LTC2983 directly via the
SPl interface with an accuracy of 0.1°C and a resolution of 0.001°C. When a 4-wire
RTD is connected, the excitation current rotation function can automatically The 2-wire and 3-wire RTD sensors can also use a Kelvin configuration on a PCB.
eliminate the parasitic effect of the thermocouple and reduce the effect of the  When we need to add current limiting resistors and an RC filter to the signal
signal circuit leakage current. Based on these features, the LTC2983 can accel-  link to protect the device's analog input pins, these additional resistances will
erate the design of multichannel precision temperature measurement systems introduce a large system offset. For example, replacing a 2-wire protection
and achieve high EMC performance without complex circuit design, givingyouand  circuit with a 4-wire Kelvin configuration can help remove this offset, because
your customers more confidence. Figure 2 shows the EMC-protected LTC2983  the excitation current does not flow through these limiting resistors and RC filter,
temperature measurement system block diagram. and the error caused by the protection resistance is negligible (see Figure 4).
See the LTC2986 data sheet for more details.

Figure 3. Different RTD wire configurations: (a) 2-wire, (b) 3-wire, and (c) 4-wire.
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Figure 2. EMC-protected LTC2983 temperature measurement system.
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Figure 4. A 4-wire configuration removes additional resistor errors.

What Are the Robustness Challenges for
Temperature Measurement Systems?

Like most temperature measurement ICs, the LTC2983 can tolerate over
the 2 kV HBM ESD level. But in industrial automation, railway, and other harsh
electromagnetic environments, electronic devices need to face higher interfer-
ence levels and more complicated EMC events, such as electrostatic discharge
(ESD), electrical fast transients (EFT), radiated susceptibility (RS), conducted
susceptibility (CS), and surges.

Additional discrete protection components are necessary to reduce the risk of
damage to the downstream devices and improve the system’s robustness.

The three elements of EMC events are the noise source, the coupling path, and
the receiver. As shown in Figure 5, in this temperature measurement system,
the noise source comes from the ambient environment. The coupling path is a
sensor cable and the LTC2983 is the receiver. Industrial automation and railway
applications always use long sensor cables to sense the temperature of remote
devices. The length of the sensor cable may be several meters or even tens of
meters. Longer cables will result in larger coupling paths, and the temperature
measurement system will face more severe EMI challenges.

Noise Source .
Receiver

£5

> Controller
I
2}

I I
- >10m -
I I

Coupling Path

Figure 5. The three elements of a temperature measurement system’s EM events.

System-Level Protection Solution witha TVS

Transient voltage suppressors (TVSs) and current limiting resistors are the most
common protection components. Choosing the appropriate TVS and current
limiting resistor can not only improve the system robustness but also maintains
the high measurement performance of the system. Table 2 shows the key
parameters of the TVS device, including the working peak reverse voltage, the
breakdown voltage, the maximum clamping voltage, and the maximum reverse
leakage. The working peak reverse voltage must be above the maximum sensor
signal to ensure proper operation of the system. The breakdown voltage should not
be much greater than the signal voltage to avoid creating wide, unprotected voltage
ranges. The maximum clamping voltage determines the maximum interference
signal voltage that the TVS can suppress. The reverse leakage will contribute a

lot to the measurement error of the system, so the TVS with the smallest possible
reverse leakage should be selected.

Table 2. TVS Key Parameters

The voltage below which no significant

Working peak reverse voltage .
conduction occurs

Breakdown voltage The voltage where the specified conduction is triggered

The maximum voltage across the device when

vttt S Bl conducting the specified maximum current

The leakage current when the maximum voltage is

RN (GRS 2L applied to the TVS before triggering conduction

Under normal operating conditions, the TVS device appears to have a high
impedance to ground. When a transient voltage greater than the TVS breakdown
voltage is applied to the input of the system, the voltage at the input is clamped
as soon as the TVS breaks down and provides a low impedance path to ground,
diverting the transient current from the input to ground.

As Figure 2 shows, this is a 3-wire PT-1000 protected circuit. A 3-wire PT-1000
is connected to the LTC2983 by three adjacent channels, which are protected
by an SMAJ5.0A TVS and a 100 (0 current limiting resistor. The current limiting
resistor and the downstream capacitor form a low-pass filter to remove as many
RF components from the input lines as possible, to keep the AC signal balance
between each line and ground, and to maintain a high enough input imped-
ance over the measurement bandwidth to avoid loading the signal source.? The
differential-mode filter -3 dB bandwidth is 7.9 kHz, and the common-mode filter
-3 dB bandwidth is 1.6 MHz.

This temperature measurement system was tested to IEC 61000-4-2, IEC 61000-4-3,
IEC 61000-4-4, IEC 61000-4-5, and IEC 61000-4-6 standards. Under these tests
the system must work normally and provide precise temperature measurement.
The sensor under test is a Class B 3-wire PT-1000, which uses a shielded wire
of about 10 m length.

Table 3 lists the IEC 61000-4-x immunity test items, the test levels, and the
temperature fluctuations when the system is disturbed by EMI events. Figure 6
displays the output temperature data curve when testing, which corresponds to
the max temperature fluctuation in Table 3.

Table 3. EMI Test Results

|EC 61000-4 Transient Max Tempera(totér)e Fluctuation

10 V/m, 80 MHz to ~1 GHz,

RS and 14 6Hz to ~2 BHz <05
CS 10 V, 0.15 MHz to ~80 MHz <02
ESD +8 kV, conducted; +15 kV, air <015
EFT +4 kV, 5 kHz <0.15
Surge +4 KV, 1.2/50 (8/20) ps <02

Temperature Measurement Accuracy After
Being Protected

The TVS and the current limiting resistor help protect the temperature measure-
ment system from EMC. The TVS with the lowest possible clamp voltage can
better protect the sensitive circuits. But they can in turn produce errors to the
system. To counter this, we have to use a TVS with a higher breakdown voltage
because the higher breakdown voltage means there is less leakage current at
the normal operating voltage. The lower current leakage of a TVS results in fewer
errors added to the system.
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Vertical Antenna Polarization 80 MHz to ~1GHz 10 V/m
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Figure 6. Output temperature data curve when testing.
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Table 4. Electrical Characteristics of the Littelfuse SMAJ5.0A TVS

Electrical Characteristics (1, =25°C Unless Otherwise Noted)

: Reverse
. ar; Marking Stand-0ff
U(rgi)ef Voltage Vy
L i | B

SMAJ5.0CA AE WE 5.0 6.40

SMAJ5.0A

Taking these considerations into account, we used a Littelfuse SMAJ5.0A TVS,
which can be bought at most electronic component distributors, and a 100 0
current limiting resistor with +0.1% accuracy to protect the system and avoid
inserting any remarkable measurement errars.

To achieve high measurement accuracy, we use a precision resistance matrix
to replace the PT-1000 sensor and simulate changes in temperature. This
precision resistance matrix has been calibrated with a Keysight Technologies
3458A multimeter.

To ease the difficulty of removing matched lead resistance errors, we use a
4-wire configuration to evaluate the system’s accuracy performance. This is
more conducive to eliminating sensor errors.

To calculate the system error more accurately, we need to convert the resistance
values to temperature using the same standard as the LTC2983. The temperature
lookup table published by the sensor manufacturer is the most accurate conver-
sion method. However, it would be unwise to write every temperature point into
the processor's memory. Therefore, we use the following formula to compute
the temperature results.®

When T > 0°C, the equation is:

Rrrp(T) = Ro (1 +A X T+ B x T2) ()

Calculate the temperature corresponding to the resistance value:

—A+/A2—4B (1_RR£ﬁ)
_ 0
r= 2B

(2)

When T < 0°C, the equation is:
Rrrp(T) =Ro(1 +AXT+BxT2+C x (3)
(T-1000°C) x T3)
The temperature is obtained by polynomial fitting:

T=-242+0.2222 x Rpyp + 2.61-5 X Rprp? — 5.257-9 x (4)
Rprp3 —2.457-12 x Rprp# + 1.409-15 X Rprps

where:

T is the RTD temperature, °C.

Rerol T) is the RTD resistance, 0.

Ry is the RTD resistance at 0°C, R, =1000 0.
A=3.9083 x10°

B=-5775x107

C=-4183=10"

Figure 7 shows that the total system error does not exceed +0.4°C over the tem-
perature range of -134°C to +607°C. Compared to Figure 9, which shows the error
contribution of the LTC2983 to the RTD temperature measurement, the additional
protection component adds approximately £0.3°C to the system error, especially
the TVS leakage current. We can see that as the temperature rises, the system
error increases. This is where the TVS's I-V curve characteristics come in.

Breakdown Test
Voltage V.,

Maximum Maximum
Clamping

Voltage V,

Maximum

Peak Pulse | , Reverse

Approval
Current |y Leagaee k
(A) ¢

b\ )
(pA)

7.00 10 9.2 435 800 X

Current fgency

System error can be calculated by:

Terror = Teal — TLTC2983 (5)
where:
Tarr 1S the total LTC2983 temperature measurement system output error, °C.

T. is the computed temperatures by precision resistor, which has been cali-
brated with a Keysight Technologies 34584, °C.

Toresss 1S the LTC2983 output temperature, °C.

Figure 8 tells us that the total system peak-to-peak noise does not exceed
+0.01°C. This result corresponds with the data sheet.

T
= Total System Error 4
= LTC2983 Error Ref Figure 9 /
0.3 /
0.2 J

0.1

Error (°C)

0.0 [ —7

-100 0 100 200 300 400 500 600

Temperature (°C)

Figure 7. System error vs. temperature.
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Temperature (°C)

Figure 8. System peak-to-peak noise vs. temperature.
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Table 1. LTC2983 Error Contribution and Peak Noise Errors

SENSOR TYPE TEMPERATURE RANGE ERROR CONTRIBUTION PEAK-TO-PEAK NOISE
Platinum RTD - PF-10, Reeys = Tk -200°C to 800°C £0.1°C £0.05°C
Platinum RTD - PT-100, Rgeyse = 2k0 -200°C to 800°C +0.1°C +0.05°C
Platinum RTD - PT-500, Rggngr = 2k0) -200°C to 800°C +0.1°C +0.02°C
[Platinum RTD - PT-1000, Rggysg = 240 ~200°C to 800°C +0.1°C +0.01°C |
Thermistor, Rgeyse = 10k0 -40°C to 85°C +0.1°C +0.01°C

Figure 9. LTC2983 error contribution to RTD temperature measurement.

Forward Excitation TVS Leakage

Current Flow Current
CHgsense-1
lexe ; ——O0
R, b3 V,
SENSE :: SENSE

CHgsense
lexe = hvst *'
!

lexe = lrvs1~ lrvs2 * [ - %“RTD-I
RTD /,’ | * Vo
91 TVS3 CH
- O RO

lex = brvsi™ lrvs2 = brvss = brvss
——— CHgrpy

(a)

lexe = lrvsi= brvs2 = brvss *

Reverse Excitation
Current Flow
—

TVS Leakage

Current
-

|_> CHgsense-1

RSENSE >
<
b$

Vsense
A I
TvS1
lexe = b1~ lrvs2 = brvss = brvss ? CHpsense
[
lexc = brvs2 = lrvss = rvsa ? | -;: 5
Tvs2
o g'imnq
4 * v
RTD
RTD ,f,

lexc = brvss = lrvsa ?

lexe = hrvsa
hrvsa

(b)

Mk

Irvs: g CH
$ rel 'RTD

1
exc
= CHgrp.y

Figure 10. Excitation current rotation configurations: (a) the forward excitation flow and (b) the reverse excitation flow.

TVS Error Contribution and
Optimized Configuration

You can find the |-V curve characteristics of a TVS from the device’s data sheet.

However, most TVS manufacturers only provide typical values for the device's
parameters—not all the |-V data you may need to calculate the error contribution
of the TVS at a particular voltage, especially the leakage current error.

A Littelfuse SMAJS.0A TVS is used in this application. After testing some samples,
we found the leakage current to be about 1pA at 1V reverse voltage, far less than
the TVS data sheet maximum reverse leakage. This leakage current contributes
significant error to the system. But if the excitation current rotation of the LTC2983
is enabled, the leakage error effect will be greatly reduced. Figure 10 shows the
excitation current rotation configuration and TVS leakage current flow.

When the current flowing through R, is the same as the excitation current
flowing through the RTD, the resistance of the RTD, R;, can be expressed by*:
VrID

6
VSE}'ISE ( )
When using the excitation current rotation configuration for forward excitation

flow (shown in Figure 10(a)), the RTD resistance Ry is calculated by:

R7 = Ryense %

VSC”SCl = RS@”SB X IE)CC (7)

Vrrp1 = RRTD % (exe — I7vs1 — ITvs2) (8)
VRID1 Lexe—Ivs1—Ivse

RR7D1 = Ryense* 7 =Rprpx (9)
sensel exc

Where:

Ryense i the real resistance value of sense resistor

Raro is the real resistance value of RTD in measurement cycle
Veenser iS the measured voltage value at sense resistor

Ve i the measured voltage value at RTD in forward excitation flow cycle, as
Figure 10(a) shows.

Rem is the calculated value of RTD in forward excitation flow cycle

When using the excitation current rotation configuration for reverse excitation flow
(shown in Figure 10(b)), the RTD resistance Rqry, is calculated by:

Vsense2 = Ryense X (Uexe — I1ys1 —Itvs2 — Itvss — ITvs4) (10)
Verrp2 = Rrrp % Uexe — Irvss —Irvsa) (m
VRrD2

RRr7D2 = Ryense = Rgrrp %

VsenseZ
Lexe—ITyss - Ivsa
Lexe—ITys1 —Itvsa - Irvss —ITvsa

Where:

Veense2 1S the measured voltage value of sense resistor.

Ve is the measured voltage value of the RTD in a reverse excitation flow cycle,
as shown in Figure 10(b).

Runz is the calculated value of the RTD in a reverse excitation flow cycle.

According to the TVS measured data, at 2 V reverse voltage, the difference
between the maximum leakage current and minimum leakage current is about
10% on average. The position and matching degree of the four TVSs can cause
systematic error to a significant extent. To show where the error is the largest,
we can assume that Iy is the average leakage current and that lyg = Iy, = 0.9 %
lrgo While bryss = brysy = 11 % lyys.

Toxe— 1.8 X I7ps

Rrrp1 = Rrrpx —=——F———— 7 (13)
exc

Iexc— 2.2 % ITVS

Iexc -4 x [TVS (M)

Rr7D2 = RRrp>

If you are not using the excitation current rotation configuration, Reg; 0r Rerg,

will include the maximum TVS error contribution. Lexe- 1.8 X Irys or

exc

Lexe=2.2 ¥ I1vs  are the error factors.
Iexc -4 x ITVS
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When using the excitation current rotation configuration, the final calculated
results are

RrrprOT = M (15)
Error(Rrrpror) = RRTDROT — RRTD (16)
Error(Rrrp1) = Rrrp1 — Rrrp (17)
Error(Rrrp2) = Rrrp2 — RRTD (18)

When the Error(Reggeor) = min {Error(Rerg), Error(Rersa)h then Error (Rergeer) will be
equal to Error (Rery) or Error{Remger) will be equal to Error(Rer,). According to
Equation 13 through Equation 18, when |, = 6 x |1y, the Error (Rerer) will be equal
to min {Error{Rerg:), Error(Remy)). When I, = 6 x |1y, the accuracy of the system
will be reduced by 16.7% due to the TVS leakage current.

According to the configuration and test result, I, > 6 x I;y5 SO

Error(Rrrpror) < min{Error(Rrrp1), Error(RRrp2)}

Usually, l,. > 100 = Iys. Figure 11 shows the system error, where:

Reroror IS the final RTD resistance calculated result with the excitation current rotation.

Error{Reror) is the TVS error contribution when using the excitation current rotation
configuration, with units in °C.

Error(Rery) and Error(Rer,) are the TVS error contribution when not using the
rotation configuration, with units in °C.

The derivation above tells us that the excitation current rotation configuration
can reduce the TVS leakage current error contribution. The following test results
confirm our assertion.

Figure 11 shows the system errors in different excitation current modes and

TVS configurations. As shown in the figure, the system accuracy is about the
same for both rotating and nonrotating configurations when a TVS is not used.
However, enabling excitation current rotation automatically eliminates the para-
sitic thermocouple effect, a more detailed description of which can be found in
the LTC2983 data sheet. When using a TVS to protect the system, the total system
error increases. But excitation current rotation configuration can significantly
reduce the error impact of the TVS leakage current, thus helping to achieve
a similar level of accuracy to non-TVS protected systems over most of the
temperature measurement range. Compared to the system without a TVS, the
additional error was contributed by the TVS device-to-device variation.

0.8 [

T T T
= No TVS, No Rotation ya
0.6 /

No TVS, Rotation /

TVS, No Rotation
0.4 /
/ b

Error (°C)

TVS, Rotation
-

T

0.0

-100 0 100 200 300 400 500 600

Temperature (°C)

Figure 11. System error vs. different hardware and software configurations.

Conclusion

Temperature measurement system design is not often considered to be a diffi-
cult task. However, for most system designers, developing a highly accurate and
robust temperature measurement system is a challenge. The LTC2983 intelligent
digital temperature sensor can help you overcome this challenge and create a
product that can be brought to market quickly.

» This protected LTC2983 temperature measurement system has +0.4°C
system accuracy. Measurement errors include the LTC2983 error, the TVS/
current limiting resistor error, and the PCB error contributions.

> The LTC2983 rotation excitation current configuration can significantly
reduce the protection components’ leakage current error effect.

> The LTC2983 temperature measurement system provides high EMC perfor-
mance despite the most common protection measures. See Table 3 for EMI
test results.

This article presents the accuracy and EMC performance test results for some
specific configurations. You can choose different TVS devices and current limit-
ing resistors to obtain different measurement accuracy and EMC performance to

meet your production requirements.

References

"Logan Cummings. “Robust Industrial Sensing with the Temperature-to-Bits
Family Journal of Analog Innovation, Vol. 27, Number 1. Linear Technology,
April 2017.

2 Colm Slattery, Derrick Hartmann, and Li Ke. “Simplifying design of industrial
process-control systems with PLC evaluation boards. EE Times, August 2009.

¥ CN0383: Completely Integrated 2-Wire, 3-Wire, or 4-Wire RTD Measurement
System Using a Low Power, Precision, 24-Bit -A ADC. Analog Devices, Inc.,
October 2020.

“Tom Domanski. “Optimize Sense Resistor Cost and Accuracy for RTD Temp
Measurement when Using LTC2983 Temp-to-Bits IC” Analog Devices, Inc.

VISIT ANALOG.COM 7


https://www.analog.com
https://www.analog.com/media/en/technical-documentation/data-sheets/2983fc.pdf
https://www.analog.com/media/en/technical-documentation/lt-journal-article/LTJournal-V27N1-00-df-LTC298x-LoganCummings.pdf
https://www.analog.com/media/en/technical-documentation/lt-journal-article/LTJournal-V27N1-00-df-LTC298x-LoganCummings.pdf
https://www.eetimes.com/simplifying-design-of-industrial-process-control-systems-with-plc-evaluation-boards-part-1-of-2/
https://www.eetimes.com/simplifying-design-of-industrial-process-control-systems-with-plc-evaluation-boards-part-1-of-2/
https://www.analog.com/en/design-center/reference-designs/circuits-from-the-lab/CN0383.html
https://www.analog.com/en/design-center/reference-designs/circuits-from-the-lab/CN0383.html
https://www.analog.com/en/technical-articles/optimize-sense-resistor-cost-and-accuracy-for-rtd-temp-measurement-when-using-ltc2983-temp-to-bits.html
https://www.analog.com/en/technical-articles/optimize-sense-resistor-cost-and-accuracy-for-rtd-temp-measurement-when-using-ltc2983-temp-to-bits.html

About the Author

Jon Geng joined ADI in 2018 and is now an applications engineer with the China Central Applications Center. His area of expertise
is switch, MXU, reference, temperature sensors and smoke detection. Jon received a master's degree in mechanical engineering
in 2018 from Guizhou University and a bachelor’s degree in electronic engineering in 2015 from Hebei Normal University. He can
be reached at jon.geng@analog.com.

About the Author

Li Ke is a system applications engineer in the Automation and Energy Business Unit based in Limerick, Ireland. Li joined Analog Devices
in 2007 as a product applications engineer with the Precision Converters Group, located in Shanghai, China. Before this, he spent
four years as an R&D engineer with the Chemical Analysis Group at Agilent Technologies. He received a master’s degree in biomedical
engineering in 2003 and a bachelor’s degree in electric engineering in 1999, both from Xi‘an Jiaotong University. He can be reached at
ke.li@analog.com.

About the Author

Karl Wei joined ADI in 2000 and is now a system applications manager with the China Central Applications Team. His area of
expertise is precision signal chains in industrial applications. Prior to that, he worked in IC test development engineering and
marketing for 8 years. In 1992, he graduated with an M.S.E.E. from Harbin Institute of Technology, China. He can be reached at
karl.wei@analog.com.

ANALOG For regional headquarters, sales, and distributors or ©2021 Analog Devices, Inc. All rights reserved. VISIT ANALOG.COM
to contact customer service and technical support, Trademarks and registered trademarks are
DEVICES visit analog.com/contact. the property of their respective owners.
AHEAD OF WHAT'S POSSIBLE™ Ask our ADI technology experts tough questions, browse

FAQs, or join a conversation at the EngineerZone Online
Support Community. Visit ez.analog.com.


https://www.analog.com
https://www.analog.com/contact
https://ez.analog.com
https://www.analog.com
mailto:jon.geng%40analog.com?subject=
mailto:ke.li%40analog.com?subject=
mailto:karl.wei%40analog.com?subject=

	Button 7: 
	Page 1: 

	Button 6: 
	Page 1: 

	Button 5: 
	Page 1: 

	Button 4: 
	Page 1: 

	Button 3: 
	Page 1: 

	Button 2: 
	Page 1: 



