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Research Background

Operational Amplifier (OP Amp.)

Differential
input

B

Single-ended
output

Past Analog computers

loT technology prevails

0T : Internet of Things

Today Analog circuits key components

.

~— Requirec N
High-quality and low-cost testing
as mass production shipping stage
J




Research Goals

Operational amplifier precision measurement method

~ Null method
Laboratory level measurement
High precision
Long time

.

~

~— Automated Test Equipment (ATE)
Mass production testing

Short time
System noise issues

-
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€ DC-AC conversion technique
Precise DC voltage measurements
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Null Method
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Null Method Measurement Parameters

AC Gain
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Feature of Null Method
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Offset Voltage Measurement with Null Method
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Measurement Circuit using the Null Method

DUT : AD8571

Null circuit B
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Offset Voltage Vs [UV]
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Offset Voltage Measurement Result by Null Circuit B
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DC-AC Conversion Circult
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EMF Measure
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EMF Measure Result
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DC-AC Conversion Spectrum Measurement

22 - /vs) N | R AL

: "'--.,-"'"'-.,..--"""'“"""ﬁ.I'I,~,."'|,.-'-...1|}|I|F,U|"u.,|"|l|'"1’\|' 'u,."ufqu"‘w[qu,l,q ['ﬁul ﬁ 'ﬁM‘ Al rmm

10000 50000
B

Spectrum of LabVIEW program (Average : 100)

Averaging technique

« LabVIEW program
Averaging in frequency domain

« Oscilloscope FFT function

: : : ; - . : i Action
:....:... ......... Savelmage
: File

: : : : ] : : Format
. [ EtAP

: : 1 ] : : hout
TR ERERIN N | TR IRNY Saving

: : i . : Images
Select
Folder

Save
| TEKOOO0EMP

16-Jan—13 1205 1.00000kHz

Spectrum of oscilloscope
(Average : 64)

Synchronization averaging in time domain



20/30

Improvement Averaging Technique
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Measurement Circuit using the DC-AC Conversion Circuit
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Offset Voltage Measurement Result by DC-AC Conversion Circuit |
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Sample : No.1 DUT gain:x10 (%), x100 (I), %1000 ()
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Offset Voltage Measurement Result by DC-AC Conversion Circuit Il

24/30

Sample : No.2 DUT gain:x10 (%), x100 (I), %1000 ()
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Offset Voltage Measurement Result by DC-AC Conversion Circuit 1l
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Sample : No.3 DUT gain:x10 (%), x100 (I), %1000 ()
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Offset Voltage Measurement Result by DC-AC Conversion Circuit IV
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Sample : No.4 DUT gain:x10 (%), x100 (I), %1000 ()
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Offset Voltage Measurement Result by DC-AC Conversion Circuit

Offset Voltage Vos [1V]
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Conclusion (Null Method)

-

\_

OP amp. precision measurement at
mass production testing

\

&€ Experimental comparison for high-precision

DC voltage measurement

Null method / DC-AC conversion circuit

» Null method
EMF effects : Large
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Conclusion (DC-AC Conversion Circuit)

4 )
OP amp. precision measurement at

mass production testing

- J

&€ Experimental comparison for high-precision
DC voltage measurement

» DC-AC conversion circuit
EMF measure
Use low EMF solder : Linearity Improve

Noise reduction
Synchronization averaging in time domain



