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Operational Amplifier is Everywhere !

= Operational Amplifier -—————— ~

(

|

| Differential inputsb Single-ended output

|

|

| d
\

Extremely high gain

Past Present
Analog computers Sensor-Interface analog circuit

Spread of 10T (Internet of Things) technology &
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Faraday’'s Experiment

Flow velocity measurement
on the principle of electromagnetic flowmeter

River Thames

Michael Faraday
(1791 ~ 1867)
British Chemist / Physicist
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Faraday’'s Experiment

low velocity measure
ivle of electro

on the [ Ic flowmeter

Impossible

o Reason — — — — — -

| No electronic amplifier
| of the detected weak electrical signal
Michael Faraday N _
(1791 ~ 1867)
British Chemist / Physicist

Importance of
operational amplifier,
analog signal conditioning circuits




Research Goal

Low-cost , high-quality testing of operation amplifier

e Goal __ ______ ____
| Null Method — Apply for mass production testing |
Measurement time : Long
oo 0 = a
Mass production testing : Difficult
L 0\ P J

1 second test time for
1 US dollar chip

¥

Good capacitor value selection » Fast, stable operation

7142
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Problem and Approach

Operational Amplifier : Accurate measurement

——— Problem —————— ~
Open loop gain : High

( \
I I
I I
: ‘ I

I
\ /

‘

[ Verification of Null method circuit ]

Minus input voltage of amplifier
—Zero potential with servo loop
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Basic Measurement Circuit

AC GAIN A
TEST IP +V
—]— 4 B +V+1V
C3 R9 ol +V+1Vsinwt
InF = D :
So099kQ R8 | 62 o—— +V+0.5Vsinwt
0.9kQ | 33nE
| _||_\ o TP2
S1 S3 C1
14F
—AW\— I
R1 R7 R4 |
100Q QYT 220KkQ +15V
[ s2 .;/>_'_W'_'I;%—_0TP1
22%?(0 oY
| Wy AUXILIARY
1l r2 | Re SANIYY
100 | R3 I OP AMP
99.9k0 +1V
YA a RY;
S5

O - (\/-1V/)

C

O -\ +1V/ SN
d -V-0.5Vsinwt

Operational Amplifier Measurement Circuit
using the Null Method

/Switches (S1,.., S&

e Offset

* Bias Current
 DC gain

« AC gain

« DC CMRR

« DC PSRR

« AC CMRR

« AC PSRR etc.

can be measured

K accurately /

Source : Analog Dialogue Vol 45 Apr.2011 Analog Devices
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Operational Amplifier Measurement ltems

Switch States and Operational Amplifier Measurement Items

Parameter S1 S2 S3 S4 S5 S6
Offset short short open A a open
bi(a)giitr?enn(: short/open| short/open| open A a open
DC gain short short open A a open/short
AC gain short short open A a open
DC CMRR short short open| A/B a/b open
DC PSRR short short open| A/B a/b open
AC CMRR short short short C open
AC PSRR short short short d open
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Operational Amplifier Measurement Circuit using Null Method

AC GAIN

TESTIP A +V
o— E‘Vc B V41V
o SR o +V+1VsinWt
~==re | c2 =——" geyeraltens of MV
Measured ).9kQ | 33nF;
Operational Amplifier W ka3 s
% Measurement : Easy

" [/—)
R4
T 220kQ +15V
TP1
.15\1
x1,000 | ARy
S6

. AMP

~ 1000”7
(" . +1V
Offset voltage (Minute) . v
Lt ", R (V-1V)
Measurement : Difficult oo -V 1VsinOot
NN J o d -V-0.5Vsinwt

Source : Analog Dialogue Vol 45 Apr.2011 Analog Devices
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Null Method Prototype Circult

Operational Amplifier 100kQ Operational Amplifier:
Under Test 5 SPICE model provided
= L by the vendor
— 51Dkﬂ%_ﬂ-|
Vop(+28V)  O-THF o L. Auxiliary
Em.]mm [ o.1wF DUt 1000pF T Operational
ouT ' -
| y i Amplifier
E, 100Q ) v
["— 1000
]—'M— R,
.[ —Wy 2kQ
) 100Q SW3

DUT =
ADS85T1

100kQ) 100k

Experimental Circuit
using the Null Method
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Frequency Characteristics

o0kQ
e h
Input sine wave O N—_— Change
\ 1 ! C
(ImVp, 1kHz) RUAITS iy I C,and C, )

500§ DUT LF356
AD8571

X 1,000 gain

amplifier circuit Frequency Characteristics

Simulation Circuit
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Simulation Result (C,=0.1pF, C,=0.1uF)

S0kQ
[ Frequency characteristics ] L||_l
. . . . (e .
of the Null circuit (SPICE simulation) T e e T
Amplifier L K eV
Gain=20l0og1000=60dB %5
500 DUT ;—/
No peak = Stable 1 Ao

..........
e
..........
-
LY

Cutoff frequency f,=30Hz B) Slow response

V(vout)

ol
-
------
---------
...........

R ey LT
E e AsssEaE L. -—— -
- g, M -
-
-
-
-

Input frequency (1kHz) ""-;
-30dB down ;

Frequency Characteristics when C,=0.1uF, C,=0.1pF
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Simulation Result (C,=0.1uF, C,=1nF)

Frequency characteristics
of the Null circuit (SPICE simulation)

]

C, = 0.1pF (fixed)
C,—- Small

A g

Slightly faster response

50kQ
_AAA .
LiiJ
0.1uF L—W\—
H L 510kQ _0-|1|JF
+2.5V +15V

DUT

AD8571

60dB Slightly faster -

Lk
-
-
e,
-
-
-
-
-

/ V(vout)

-
-
-,
.
.
"a
-
“a

Input frequency (1kHz)
-40dB down

Frequency Characteristics when C,=0.1uF, C,=1nF
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Simulation Result (C,=1nF, C,=0.1pF)

Frequency characteristics L"_I
of the Null circuit (SPICE simulation) . c
----" Ls510kQ| O.1uF
C,— Small e ——
C2 - 0.1 HF (f|Xed) T 510kQ g s
R‘r" _—
30 times faster ey "2'5" %0“9 oSe
than when C,, C,=0.1uF (f.=30Hz) s0F | DUT

Input frequency (1kHz)
Almost never down

C,=1nF, C,=0.1pF

Optimal value : ]

Frequency Characteristics when C,=1nF, C,=0.1pF



[ Transient response

of the Null circuit (SPICE simulation)]
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Transient Characteristics (Sine wave input) (1)

C,=0.1pyF, C,=0.1pF

Input frequency (1kHz)
-30dB down (P.17)

-
30mV, ; (About 1/30)

\

AD8571

Sine wave input
(ImVpp , 1kHz)

[

V(vout)

V(n003)

Observe
output waveform V,,

|
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Transient Characteristics (Sine wave input) (2)

i - 10mV,.
C,=0.1yF, C,=1nF [SPICE simulation ] X1 OpOpO

V(vout)

V(n003)

700mVp p

C,=1nF, C,=0.1pF (Optimal value) approaches to x 1,000

V(vout)

V(n003)
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Transient Characteristics (Square wave input)(1)

[ Transient response ] I—IIJ

of the Null circuit (SPICE simulation) KT v R
+2.5V +15V
C,=0.1uF, C,=0.1pF T f[%;"”
2. «Q ¢, 15V o
¢5 (Z(rq_VOPbFE) - ADB571 | I
Square wave input Observe
(ImVpp , 1kHz) output waveform V., ,
V(vout)

V(n003)
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Transient Characteristics (Square wave input) (2)

. . 1/mVp.
C,=0.1uF, C,=1nF [SPICE S|mulat|on] 2 x 1’%80

V(vout)

\—\w

V(n003)

950mVp

C,=1nF, C,=0.1uF (Optimal value) approaches to x 1,000

V(vout)

V(n003)
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Offset Voltage Simulation Circuit

Vins SOkQ)
Vin-

— AuF

|deal Vine = Vin—

In practice Vi, # Vi

Simulate input-referred ]
offset VO|W ., 2 = |.
4_?_ 50kQ =
4 Square wave input 500 o LF356
(1 IJVP_P y 1HZ) =

< L Offset Voltage
Simulation Circuit

Equivalently
\_ Apply DC Offset Voltage /




Transfer Function
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At

R, =50Q, R, =50kQ, C=0.1uF, f=1Hz

Vout

Vin

= 1,000.5068--- = 1,000

V.
[, = Rz :
R, 50k
I = (ot | (Vi = Vo) Lljﬂ
> =\R, T 1/jwc) Vin T Vou o LMY o
_ 1+ jaCR, M
= R, Vin = Vout) |1 V +2.5V +15V
—w—
11 — _12
| Vout| _ R, +1 ]
] - DUT LF356
in \/R12 + ((UCR1R2)2 200 AD8571




Offset Voltage Simulation Result

400uV

O

0 a  ——,.

O i

0uV=-

R 0

T

R 1

ST\TI[T\V/S SESSSSS SES . S

F5/00 V| S ——

L

=700uV:

Ve, mmmmm) 1mVp_p

__________

__________

----------

_______________________________________

....................

_______________________________________

___________________________________________________

___________________________________________________

___________________________________________________

____________________________________________________

____________________________________________________

____________________________________________________

i
0.0s 0.4s

i i
1.2s 14s

i
1.6s

Offset Voltage Simulation Result

Minute error

X 1,000

27142

» Easy Measurement
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Ao Simulation Result (1)

29/42

Square wave input (1Vpp , 1Hz)

\

Open Loop Gain Simulation Result

R[KQ] | AoldB]
2 122
10 136
100 154

0 Vout

[RL_) Large ® Ao — High ] Open Loop Gain Measurement Circuit

100k

F

10k

\__




Ao Simulation Result (2)

Settling time
— 200ms

30/42

0.8mV-

\’Q ,,,,,,,,,,,,,,,,,,,,

0.0mV-

-0.4mv-

-0.8mV-

Settling time
— 30ms

Settling time

-
1/10

11111

27

Oms

300

mmmmmmm

-1.0mV-

-2.0mV-

-2.5mV-

-3.0mV-

-3.5mV-

-4.0mV-

-4.5mV-

-5.0mVv-

-5.5mV-:

280

R, =10kQ, C,=0.1uF, C, is varied

ms

SSSSS

33333

DDDDD
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Ao Experimental Result

160
140
120

<+ Simulation Result
136dB

Simulation Result =
Experimental Result
No.1 No.2 No.3 No.4 NoO.5
AD8571 Samples

Open Loop Gain Experimental Result for R, =10kQ
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CMRR Simulation Result (1)

Shift power supply voltages
Find CMRR equivalently
Vp ... +2.5V — +3.0V
Vy - -2.5V — -2.0V

CMRR Simulation Result

R [kQ] | CMRR[dB]
2 126
10 126
100 126

[ Not affected by R, ]

90kQ

500 DUT
ADB8571

LF356

CMRR Measurement Circuit

V(vout)

33/42

Vp=+2.5V
Vy=-2.5V

Vo=+3.0V
VN:'Z.OV
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CMRR Simulation Result (2)

4 R, — 10kQ, C; — 1nF\

C, — Large

N

\CI\/IRR — Fast response/

CMRR Slmulatlon Result when C =1nF, C, is varied.
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CMRR Experimental Result

140

<+Simulation Result

120 126dB

100

00)
o

CMRR (dB)
(@)
o

N
o

N
o

Simulation Result =
Experimental Result
No.1 No.2 No.3 No.4 NoO.5
AD8571 Samples

o

CMRR Experimental Result for R, =10kQ
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PSRR Simulation Result (1)

Same configuration as CMRR
Vp ... +2.0V — +2.5V
Vy ... -2.0V — -2.5V

PSRR Simulation Result

R [kQ] | PSRR[dB]
2 120
10 120
100 120

[ Not affected by RL_]

S0kQ

Wy
500

1 50kQ
500

G

01YF _L—s’VW— (s
' L510kQ| O.1uF

Vp

-
- +

510kQ

+13V

——

~
~
t
3 - ’
~ -
A

Vv

DUT
AD8571

0.1uF

! J__#—o Vout

. . A
% L
i R;‘

s C?_

-15V

LF356

37/42

Same as CMRR Measurement Circuit

V(vout)

.

—

Power supply voltage 4V
Between Vi and V|

Power supply voltage 5V

Between Vi and V|
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PSRR Simulation Result (2)

" R, —10kQ,C, — InF
C, — Large

N

PSRR — Fast response
\_ (Same as CMRR) )

T T T T T T T T T T T T
Oms 30ms 60ms 90ms 120ms 150ms 180ms 210ms 240ms 270ms 300ms 330ms 360ms 390ms

PSRR Simulation Result when C,=1nF, C, is varied.
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PSRR Experimental Result

120 <« Simulation Result

120dB
100

00)
o

PSRR (dB)
(@))
o

40
20 Simulation Result =
Experimental Result

0

No.1 No.2 No.3 No.4 No.5
AD8571 Samples

PSRR Experimental Result for R, =10kQ
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Conclusion

« Optimization of phase compensation constants
C,=1nF, C,=0.1pF
~_
Null Circuit — Fast and Stable

« Null Circuit : Change of signal application point
depending on the measurement item

-
Signal input change (C,, C, : Fixed)

g
\Different response characteristics of each input / outputj

« Switching C, and C, depending on the measurement item

Settling time reduction —» = 1/10
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Thank you for attention
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Q&A

Q. A—TIIN—TTHAUNEEDELSIZLTROHBDHI ?
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