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Semiconductor parameter analyzer

The 4200A-SCS is an automated
system that provides I-V, pulsed
I-V, and C-V characterization of 
semiconductor devices and test
structures
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Measurement Configuration

Semiconductor Parameter Analyzer (SPA)

Sample

• Source-measure unit (SMU)

• Preamplifier

• Ground unit (GNDU)

• Capacitance-Voltage Unit (CVU)

• Pulse source-measure hardware (PMU+RPM)
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Source-measure unit (SMU)

The fundamental instrument module used by the 4200A-SCS is the source-measure unit (SMU). 
The basic function of a SMU is to perform one of the following source-measure operations

• Source voltage and measure current or voltage
• Source current and measure voltage or current

The source of the SMU can be configured to sweep or step voltages or currents, or to output a 
constant bias voltage or current.

There are medium-power and high-power source-measure units available. 
The 2 W medium-power SMUs are models 4200-SMU and 4201-SMU. 
The 20 W high-power SMUs are models 4210-SMU and 4211-SMU. The following 
table lists the maximum limits of the SMUs
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Preamplifier

A 4200-PA preamplifier adds five low-current source-measure ranges to a SMU. Without 
a preamplifier, the 100 nA range (100 fA resolution) is the lowest current source-measure 
range for a SMU. 

With a preamplifier installed, the 10 nA, 1 nA, 100 pA, 10 pA, and 1 pA source-measure 
ranges are added. 
is connected. 

The preamplifiers can be removed from the rear 
panel and mounted remotely to reduce the 
effects of long cables on measurement quality 
(long cables can add noise to low current 
measurements and can cause oscillation with 
some devices). 
An installed preamplifier is matched to the SMU 
to which it is connected. 
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Ground unit (GNDU)

The ground unit on the rear panel of the 4200A-SCS provides a convenient method of 
making ground connections. This eliminates the need to use a SMU for this purpose

Capacitance-Voltage Unit (CVU) 

Capacitance-voltage (C-V) measurements are often used to characterize the gate oxide 
thickness, oxide defect density, and doping profile of MOSFETs. 
In these measurements, as the gate voltage varies, the capacitance of the gate to the 
drain and source changes. Capacitance measurements are typically made using an ac 
technique. 
The CVUs measure ac impedance by applying a dc bias voltage and sourcing an ac 
voltage across the device under test (DUT) and then measuring the resultant ac current 
and phase angle. 
The 4210-CVU operates from 1 kHz to 10 MHz. The ac test signal (10 mVRMS to 100 
mVRMS) can be dc voltage biased from −30 V to +30 V. 
The 4215-CVU operates from 1 kHz to 10 MHz at 1 kHz resolution. The ac test signal (10 
mV to 1 VRMS) can be dc voltage biased from −30 V to +30 V
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Pulse source-measure hardware

The 4220-PGU High Voltage Pulse Generator Unit and 4225-PMU Ultra-Fast Pulse 
Measure Unit are high-speed pulse-generator cards for the 4200A-SCS. 

The 4220-PGU provides pulse output only. The 4225-PMU provides both pulse output 
and pulse measurement. 
The PGU and PMU have similar pulse output characteristics. 

The 4225-PMU can be paired one or two 4225-RPM Remote Preamplifier/Switch 
Modules. 

When the RPM is used as a preamplifier for the PMU, it provides additional low-
current measurement ranges. When the RPM is used as a switch, it switches between 
the PMU, SMUs, and CVUs
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Source Measure Units (SMU)
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A source measure unit (SMU) is an instrument that combines a sourcing function 
and a measurement function on the same pin or connector. It can source voltage 
or current and simultaneously measure voltage and/or current.

What is Source Measure Units (SMU)?

For 4200A-SCS Parameter Analyzer

- A source measure unit has four-quadrant capability,
which means it can not only source but also sinks
current, as when taking current from a device under
test (DUT), such as a charged capacitor or solar cell.

- A source measure unit can source either voltage or current and can
simultaneously measure both voltage and current with high resolution and
accuracy.
- The SMU integrates the voltage source, current source, ammeter and
voltmeter in one instrument card for tight synchronization of I-V
measurements.
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Basic source-measure connections 

How to connect the source-measure units (SMUs) to the device 
under test (DUT).

- The SMU can be connected directly to the device under test (DUT) with 
triaxial cables using either local or remote sensing

Cables for electrical  measurement

COAXIAL VS. TRIAXIAL CABLE: WHAT'S THE DIFFERENCE?
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COAXIAL CABLE

-A coaxial cable consists of two concentric conductors, an inner conductor and 
a tubular outer conductor, which is used simultaneously for the return of the 
signal. This is called an unbalanced line.

The distance between outer conductor (sheath) and inner conductor is kept
constant by a solid insulation (dielectric) made of high polymer plastics. 
Due to the shielding effect of the outer sheath, the coaxial cable does not emit
the frequency (signal) to be transmitted to the environment. 

https://www.koax24.de/en/service/glossary/dielectric.html
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TRIAXIAL CABLE

- A triaxial cable is a special form of the coaxial cable, that consists of three 
concentrical conductors. The latter are separated by a dielectric medium and a 
shielding

Structure of a triaxial cable:
1 = Inner conductor (completion as massive wire or litz wire (1b))
2 = Dielectric medium / Insulation
3 = Shield braiding or foil
4 = Dielectric medium / Insulation
5 = Shield braiding or foil
6 = Outer sheath

-Application fields are video technology and electronical metrology. 
- In electrical metrology femtoampere currents can be measured with a suitable 
construction using Triaxial cables.
- Due to the higher production costs, the triaxial cables are more expensive 
than coaxial cables.
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Triaxial cables for 4200A-SCS Parameter Analyzer
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SMU local sense connections

The simplest method to connect SMUs to the device under test (DUT) is to use 
one SMU for each terminal of the device.

<When setting up a test>

① The FORCE terminal (center 
conductor) of the SMU is 
used to apply voltage or 
current to the device.

② The FORCE terminal or ground 
unit can also be used to 
connect the device terminal to 

the COMMON circuit.
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Basic device connections for SMUs

The following figures show the basic connections to 2-terminal devices. 
Notice that only the FORCE HI terminal of each SMU is connected to the device 
terminal. FORCE HI is the center conductor of the triaxial cable.
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Basic device connections for SMUs

The following figures show the basic connections to 3-terminal devices. 
Notice that only the FORCE HI terminal of each SMU is connected to the device 
terminal. FORCE HI is the center conductor of the triaxial cable.
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Basic device connections for SMUs

The following figures show the basic connections to 4-terminal devices. 
Notice that only the FORCE HI terminal of each SMU is connected to the device 
terminal. FORCE HI is the center conductor of the triaxial cable.
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Shielding and guarding

Many test situations require that the device under test (DUT) be shielded or 
guarded (or both) to avoid detrimental effects caused by electrostatic interference, 
parasitic capacitance, system leakage currents, and so forth.

To shield, but not guard, the device, connect the DUT shield to COMMON
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Shielding and guarding

Many test situations require that the device under test (DUT) be shielded or 
guarded (or both) to avoid detrimental effects caused by electrostatic interference, 
parasitic capacitance, system leakage currents, and so forth.

To guard the device, connect the DUT shield to GUARD. GUARD is the inner 
shield of triaxial cable
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Signal integrity(신호 무결성)

To maintain signal integrity, especially at low current levels, consider the following 
when making signal connections between the 4200A-SCS instrumentation and the 
device under test (DUT)

• Use only low-noise triaxial cables such as those provided with the SMU 

(4200-MTRX-X) and preamplifier (4200-TRX-X). 

• Keep connecting cables as short as possible. 

• Avoid flexing or vibrating connecting cables while making measurements. 

• Do not touch connector insulators. Be sure to keep all connector insulators 

clean to minimize contamination-induced leakage currents.

• Avoid stresses in cables. Do not allow large portions to hang under their 

own weight. 

• Place on a table or flat surface if possible. Avoid tight bends in the cables. 
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The operation mode determines what type of test is run on the terminal. 

Selecting the appropriate mode sets the most common settings for that operation, 
which simplifies terminal and test configuration.

(                                 )
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The operation mode determines what type of test is run on the terminal. 

Open operation mode

- Open operation mode maintains a zero current state at the terminal, subject 
to the maximum voltage compliance of the connected SMU. You cannot set 
any parameters when the Open operation mode is selected.

Voltage Bias operation mode

- The Voltage Bias operation mode maintains a selected constant-voltage state at 
the terminal, subject to a user-specified current compliance of the connected SMU

Voltage Linear Sweep operation mode

- he test increments through a series of 
constant voltage steps. You define the 
start and stop voltages and the voltage 
size between each step. An example is 
shown in the next figure.
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The operation mode determines what type of test is run on the terminal. 

Voltage Segment Sweep operation mode

- The test increments through a series of constant voltage steps. You can 
define the starting voltage and up to four stop voltage points and four step 
voltage points.

- An example of a three-segment 
voltage sweep is shown in the 
following figure 
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The operation mode determines what type of test is run on the terminal. 

Voltage List Sweep operation mode

- The Voltage List Sweep operation mode allows you to customize the voltage 
values for each step of the sweep

- It allow you to skip unimportant measurement points or to synthesize a custom 
sweep that is based on a special mathematical equation

- Use list sweeps to make pulsed measurements to avoid overheating of sensitive 
devices
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The operation mode determines what type of test is run on the terminal. 

Voltage Log Sweep operation mode

- The  Voltage Log Sweep operation mode allows you to sweep over a large 
range and plot the measurements on a logarithmic scale

- A linear sweep is typically 
unsatisfactory for such applications, 
because the first increment can miss 
several of the lower decades. For 
example, the first ~0.1 V step of a 
101-point linear sweep from 0.001 V 
to 10 V misses the two decades 
between 0.001 V and 0.1 V.
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Parameter descriptions are provided in the following topics

Base Current

Available when Pulse Mode is selected. The current level that the instrument 
sources when the pulse output is off. The level that you can set depends on the 
present source range.

Base Voltage

Available when Pulse Mode is selected. The voltage level that the instrument 
sources when the pulse 
output is off. The level that you can set depends on the present source range.

Bias

The bias is the amount of voltage or current to be forced 
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Parameter descriptions are provided in the following topics

Compliance

- One can set a limit that stops a SMU from sourcing a current or voltage that is 
more than that limit

- This limit is called compliance and helps prevent damage to the device 
under test (DUT)

- The SMU will not exceed the maximum limit set for compliance

- The current is clamped at the compliance value when the SMU is acting as a 
voltage source

When a SMU reaches compliance, it continues to make measurements. 
However, the measurement stays at the value it was at when compliance 
occurred.

For example, if you are sourcing voltage and the compliance is set to 100 
mA, it continues to measure 100 mA after compliance is reached.

One can stop the test if the source reaches compliance
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Parameter descriptions are provided in the following topics

Dual Sweep
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