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Moreover, if you want to transfer 
analyzed data to a computer, you
must spend time inputting the data
manually. Or you may need to develop
programs to control the instrument
and analyze data.

Automation of Data Analysis Using the
Agilent 4155C/4156C
The 4155C/4156C semiconductor
parameter analyzer provides the fol-
lowing new functions that let you
analyze data and extract parameters
automatically and efficiently:

User Functions
You can specify up to six user functions.
In the user defined functions, you can
use fourteen built-in math functions,
measurement data, and readout func-
tions for the calculation. Calculated
variables can be displayed and ana-
lyzed the same as measured data.

Introduction
To improve the efficiency of process
evaluation and characterization of
semiconductor devices, automation 
of semiconductor test is required.
However, analysis of the measured
data and extraction of important
parameters are difficult to automate.
This application note shows you how
to automate extraction of parameters
using the unique auto analysis func-
tion of the Agilent 4155C/4156C semi-
conductor parameter analyzers, using
the measurement of threshold voltage
as an example.

Current Problems
Using the 4145B, you can sequentially
make some measurements using ASP
(auto sequence program). ASP simply
executes one test after another with-
out any breaks. To perform analysis
on data after a test, you have to pause
the ASP program, manually move the
marker and cursors, draw lines, then
continue the program.

For example, the calculation of trans-
conductance (gm) of a MOSFET is
expressed as the following simple
expression:

gm [S] = DIFF (Id, Vg)
Id: Drain current
Vg: Gate voltage
DIFF: The function which returns 

the differential coefficient

The above equation means 
Delta (Id) divided by Delta (Vg).

Auto Analysis Function
With a simple setup, you can pre-define
exactly how the marker and lines will
be automatically drawn on the meas-
urement curve.

Readout Functions
The readout functions are for dis-
playing various values related to the
marker, cursors, or lines. You can 
display parameters such as gradients,
X and Y intercept of a line, and X 
and Y coordinates of the marker. 
You are not limited to displaying just
parameters from the built-in display
functions. You can use the readout
functions in the user defined functions.
You can also transfer those parameters
to the internal IBASIC or an external
controller. 
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Automated Extraction of Threshold Voltage
Using the Agilent 4155C/4156C
The following shows how to automat-
ically extract the threshold voltage
(Vth) of a MOSFET by using the built-
in user functions and auto analysis
functions. In addition, this describes
how to transfer the extracted Vth into
an IBASIC program.

Figure 2. CHANNEL DEFINITION page

Figure 1. Connection diagram

A frequently used method of measuring
Vth is to bias the device so that the
gate and drain are always the same
potential. The characteristics are
measured in the saturation region.
Drain current in the saturation region
is calculated as:

Id = ß (Vg Vth)2

Where ß is the gain factor and
expressed as:

1/2 × (µεox W/L) × tox

Therefore, if you take the square root
of both sides of the equation,

√Id = √ß × (Vg–Vth)

√Id is proportional to Vg and the slope
is √ß. At the point where √Id is equal
to 0, Vg is equal to Vth.

The Vth measurement is performed
with the connection shown in Figure 1.

The measurement conditions are
defined in the CHANNEL DEFINITION
page and SWEEP SETUP page shown
in Figure 2 and Figure 3 respectively.

By this setup, Id-Vg characteristics are
measured. In the USER FUNCTION
DEFINITION page shown in Figure 4,
the square root of Id (SQRTId), and
differential coefficient (GRAD) of
SQRTId versus Vg are defined. Also
VTH and BETA are defined by using
Read Out Functions. They are calcu-
lated using @L1X (the x intercept of
Line 1) and @L1G (the slope of Line
1). Line 1 is drawn by setup of the
ANALYSIS SETUP page which is
described later.
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Figure 3. SWEEP SETUP page

Figure 4. USER FUNCTION DEFINITION page

Figure 5. DISPLAY SETUP page

In Figure 5, the DISPLAY SETUP page
is set to plot two curves: SQRTId versus
Vg and GRAD versus Vg. Also VTH and
BETA are to be displayed in the data
variables display area.

The auto analysis functions are
defined in the ANALYSIS SETUP 
page shown in Figure 6. A tangent
line (Line 1) is drawn on the SQRTId
versus Vg curve (Y1) at the point
where the GRAD is maximum. The
marker is also moved to the point
where the GRAD is maximum.

If you execute a single measurement,
as shown in Figure 7, two curves are
drawn. Right after the measurement,
a tangent line is drawn as specified 
in ANALYSIS SETUP page, and VTH
and BETA are displayed.

By executing the simple program in
Figure 8, you can transfer the VTH
and BETA data to variables using 
the internal IBASIC or an external
controller.

Conclusion
You can automate data analysis and
extraction of DC parameters using
the auto analysis features of the
Agilent 4155C/4156C. You can per-
form accurate analysis, free from
error that may be caused by manual
operations. It is easy to transfer
extracted parameters to an IBASIC
program or external controller. Using
this capability, full automation of
complicated procedures, such as reli-
ability tests, is easily implemented.

Note: The information contained in
this application note is also applicable
to the Agilent 4155A/4156A and
Agilent 4155B/4156B.



Figure 6. ANALYSIS SETUP page

Figure 7. Measurement result

Figure 8. Example program

10 ASSIGN @Hp415x to 800

20 OUTPUT @Hp415x;":TRAC? 'VTH'"    ! Read out Vth  

30 ENTER @Hp415x;Vth_data                ! Enter Vth     

40 OUTPUT @Hp415x;":TRAC? 'BETA'" ! Read out Beta 

50 ENTER @Hp415x;Beta_data              ! Enter Beta    

60 PRINT Vth_data, Beta_data                      

70 END       
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www.agilent.com/go/semiconductor
or you can call one of the centers listed
and ask to speak with a semiconductor
test sales representative.

For more information about other Agilent
test and measurement products, go to
www.agilent.com

United States:
1 800 452 4844

Canada:
1 877 894 4414

Europe:
(31 20) 547 2000

Japan:
(81) 426 56 7832
Fax: (81) 426 56 7840

Latin America:
(305) 269 7500
Fax: (305) 269 7599

Australia/New Zealand:
1 800 629 485 (Australia)
Fax: (61 3) 9272 0749
0 800 738 378 (New Zealand)
Fax: (64 4) 495 8950

Asia Pacific:
(852) 2599 7889
Fax: (852) 2506 9233

Taiwan:
(886 2) 717 9524 
Fax: (886) 2 718 9860

Korea:
(822) 769 0800
Fax: (822) 786 1083

Singapore:
(65) 1 800 292 8100
Fax: (65) 275 0387

Product specifications and descriptions in this 
document subject to change without notice.

Copyright © 2000 Agilent Technologies
Printed in U.S.A. 10/00
5963-1249E


