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MEMS Structures 

Electrical Test

For MEMS actuators and sensors, mechanical 
displacement can be detected by capacitance 
change.

For this to be successful, capacitance values 
must be measured in precise sub-fF resolution, 
as the change of the actuator is very small.

Therefore, this sort of test requires an instrument 
with high measurement accuracy and 
repeatability.

The AC stimulus test signal must not be affected 
by any resonances of the MEMS structures 
(resonant frequency is up to 10s of kHz).

The mechanical displacement of a moveable electrode 
can be controlled by a DC bias voltage.
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Wafer Parametric Test

Wafer parametric testing involves the electrical 
testing and characterization of test structures, 
such as resistors, diodes, and capacitors. 

Most wafer parametric testing involves either 

current versus voltage (IV) or capacitance versus 

voltage (CV) measurements.

The purpose of parametric testing is to determine 

the characteristics of a semiconductor 

manufacturing process, including process 

development, device modeling, and process 

control.

In some cases, test structures will be limited to 

the scribe lines between functional die. However, 

for process development and reliability testing, 

entire wafers may consist of only test structures.

Product Die

Scribe Lines

Test Structures

Wafer parametric testing is performed on simple 
test structures to develop new processes, model 

devices, or monitor processes in wafer production.
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Passive Component 

Testing

LCR meters are often used to test passive 
components such as capacitors, resistors, and 
inductors.

Integrated passive devices (IPDs) combine 
individual passive components into the same 
package or on the same substrate to help 
miniaturize electronics and improve reliability.

Multilayer ceramic capacitors (MLCCs) are made 
of alternating layers of metallic electrodes and 
dielectric ceramic. They are one of the most 
produced and most used capacitor types.

Most passive component testing involves either 
current versus voltage (IV) or capacitance versus 
voltage (CV) measurements.

Multilayer Ceramic Capacitor (MLCC)

Traditional SMD Passive Components

Integrated Passive Devices (IPD)
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ADAS Ultrasonic 

Sensor Test

Advanced Driver Assistance Systems (ADAS) 
use a variety of sensor types to provide 
maximum safety.

Ultrasonic sensors are used in self-park and 
blind spot detection (short range).

Validating and testing these sensors often 
includes measuring the impedance and phase 
across a variety of frequencies.

Sensor Fusion for Advanced Driver 
Assistance Systems (ADAS)

Impedance and Phase versus Frequency Measurements
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Comparing CV/IV 
Measurement 
Approaches
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DUT

Switch

Accessory

HI CUR

SMU

HI POT

LO POT

LO CUR

LCR/Capacitance Meter

Traditional CV/IV Measurement Approach



INTERNAL - NI CONFIDENTIAL

ni.com

Measurement

Uncertainty

Limited

Throughput

Traditional Approach | Drawbacks

Large

Footprint

High Total Cost of 

Ownership (TCO)

x

x

x
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PXIe-4190 
LCR Meter and SMU

NI’s new LCR and SMU ensures the speed, 
accuracy, usability, and repeatability needed to 
efficiently perform DC and impedance 
measurements in a variety of applications.

PRODUCT RELEASE

LCR Meter with fF-Class Capacitance Measurements

• Frequency: 40 Hz–2 MHz

• DC bias: ± 40 V (AC + DC), ± 100 mA

• AC stimulus: Up to 7.07 Vrms

• Basic impedance accuracy: 0.05%

SMU with fA-Class Current Measurements

• ± 40 V, ± 100 mA

• 1 fA resolution with best-in-class noise performance

Connectivity

• Triaxial, coaxial/BNC breakout cable options

Software

• NI-DCPower driver with added LCR measurement API

• Support for LabVIEW, C, C#.NET, Python

Chassis Support

• Supported by all 58 W+ cooling chassis

Key Features

Model Timeline

PXIe-4190 2 MHz LCR Meter + SMU Available Now

PXIe-4190 500 kHz LCR Meter + SMU Mid 2022
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A Better CV/IV Solution

The new PXIe-4190 combines the 
functionality of impedance and DC 
instrumentation types into a single form 
factor–the first instrument of its class.

Power simpler CV/IV measurement 
systems with high channel density and 
no connection changes at the device 
under test (DUT).

DUT

Sw itch

Accessory

HI CUR

HI CUR/LO

SMU

LO POT/HI SENSE

LO CUR/HI

HI POT

LO POT

LO CUR

LCR/Capacitance Meter

NI PXIe-4190

LCR Meter + SMU

HI POT/LO SENSE

Traditional CV/IV Solution

NI CV/IV Solution

DUT
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PXIe-4190 | Block Diagram 

• SMU circuits provide DC bias in LCR 
mode, which improves precision and 
accuracy normally found in an LCR 
meter.

• Latest high-speed ADCs enable 
faster measurements but are 
combined with high-precision ADCs 
to provide precision at lower 
frequencies.

• SMU and LCR architecture enables CV 
and IV measurements without a 
switch at the connections to the 
DUT.

• Outer shield provides return 
currents for LCR mode and guarding 
for low-current SMU measurements

LCR Circuitry

SMU Circuitry

DC Bias Current Flow
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PXIe-4190 | Supported Impedance Measurement Types

• Z Impedance

• Y Admittance

• Ls Inductance using series-equivalent circuit model

• Cs Capacitance using series-equivalent circuit model

• Rs Resistance using series-equivalent circuit model

• Lp Inductance using parallel-equivalent circuit model

• Cp Capacitance using parallel-equivalent circuit model

• Rp Resistance using parallel-equivalent circuit model

• Df Dissipation factor (a.k.a. Q, quality factor)

• V DC DC voltage measurement

• I DC DC current measurement

• AC voltage AC voltage magnitude and phase angle

• AC current AC current magnitude and phase angle
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Short/Open/Load Compensation

SHORT Compensation

• Compensates errors caused by residual 

impedance (L, R) of the test fixture

• Important for small impedances (example: <100 Ω)

OPEN Compensation

• Compensates errors caused by stray admittance 

(C, G) of the test fixture

• Important for large impedances (example: >1 MΩ)

LOAD Compensation

• Compensates errors between actual measured 

value and a known standard value under the 

measurement conditions desired by the user

HI Cur

HI Pot

LO Pot

LO Cur

ZDUT

ZDUT
Co Go

RS LS

Test Fixture Residuals

Residual
Impedance (Zo)

Stray
Admittance (Yo)

𝑍𝐷𝑈𝑇=
𝑍𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑− 𝑍𝑜

1 − 𝑍𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 −𝑍𝑜 ∗ 𝑌𝑜
𝑍𝑜 = 𝑅𝑠+ 𝑗𝑤𝐿𝑠Where 𝑌𝑜 = 𝐺𝑜 + 𝑗𝑤𝐶𝑜and
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Interactive Application Software

All your instruments in a single application 
Take advantage of high-resolution monitors rather than 
small, integrated displays

Capture screenshots and export data
Store screenshots and measurement results from all of 
your instruments with a single click

Share projects with colleagues and between 
systems 
Projects store your layout and instrument configuration 
for instant repeatability

Export configurations for programmatic use 
Minimize code development and guarantee 
measurement correlation

Monitor and debug automated test systems 
Pause test sequences for debug or simply monitor your 
instruments while they are running 

InstrumentStudio™ Software
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• NI product portfolio supports a breadth of 

programming languages: LabVIEW, 
C/C++, C# .NET, and Python

• What you get with NI’s best-in-class 
APIs:

• Well Documented API

• Shipped Examples

• Help Documentation

• NI ensures long-term interoperability of 

our instrumentation

• NI instrument class driver APIs are 
consistent across all past & future product 
variants

• Provides built in abstraction layer to prevent 
unnecessary code revisions when hardware 
is upgraded/replaced

Programming Support

C/C++
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Brief Demonstration
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Wrap Up
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Speed/ThroughputFlexibility

PXIe-4190

TRADITIONAL APPROACH

PXIe-4190 Benefits

Size/Footprint
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Learn More

Visit the Semiconductor and 
Electronics Demo Pavilion for 

a live demonstration of the 
LCR meter

Check out the product on 

ni.com

Contact me for more 

information




