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1. Scope
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UDC 621.317.3:621,375:512.98:621.37/.39

JAPANESE INDUSTRIAL STANDARD JIS i
|

Measuring Methods C 7061-1981 |

for ' 1

General Use Operational Amplifiers

This Japanese Industrial Standards specifies the measuring methods for

differential input type and single ended output type operational amplifiers
used for electronic apparatus.

2, Definitions and Symbols

For the purposes of this standard, the main definitions and symbols given
in Appendix 1, JIS C 5610 and JIS C 5620 apply.

3. Condition of Measurements

3.1 Temperature Unless otherwise specified the ambient or the reference
point temperature during measurements shall be 25 +2°C under such condition
that the operational amplifiers under measurement (specimen) is thermally in
equilibrium with only natural convection and without direct blast.

3.2 Humidity Unless otherwise specified it shall be 45 to 85% in relative
humidity and 65% in reference conditions.

3.3 Referee Gonditions It shall be 25 11°C in temperature, 50 +5% in
relative humidity, 860 to 1060 mbar in atmospheric pressure().

Note (1) 1 mbar = 100 Pa f

3.4 Equilibrium States The measured values on the specimen shall be the
values obtained in non-variable and equilibrium state after lapse of a
definite time from the beginning of measurements. However this definitions
may not be conformed with if clearly specified as "Pulse measurement" or "IC
tester measurement'.

4, Electrical Characteristics

4.1 Measuring Apparatuses and Equipments

4.1.1 Power Supply for Measurement Voltage fluctuation of the d.ec.
power supply shall be within +1%, and the ripple voltage shall be +10 mV or

less. Impedance of the power supply shall be within the limit not to
affect the measurements.

4.1.2 Measuring Apparatus or Instruments They shall be of the 0.5
class or better, unless otherwise specified. The influence of their
impedances on the measuring systems shall be negligible. However the
following cases are excepted.

(1) In the case of having no serious influence on the measuring
results.

Applicable Standard: See page 53.
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(2) 1In the case of having no serious influence on the judgement of
acceptance criteria.

(3) IC tester, CRT, display or others
4,1.3 Signal Generator for Measurements The frequency and output shall

be stable and precise. The accuracy of frequency shall be under 10Z. The
contents of spurious wave shall be as little as possible.

4.2 Circuit Components The components used in measuring circuits shall
be stable and reproducible in their characteristic values.

4,2.1 Resistors Allowable error of the resistance value for resistors
used in measuring circuits shall be +17, unless otherwise specified.

4.2,2 Capacitors Allowable error of the capacitance value for
capacitors used in measuring circuits shall be +107% unless otherwise
specified. However this specification may not be conformed if the error has
no relation with measuring accuracy. . ‘

4.3 Polarity of Voltage and Current

4.3.1 Polarity of Voltage It shall be determined as the polarity to
the potential of common terminals for the input and output circuits as the
reference.

4,3.2 Polarity of Current It shall be determined as positive for the
direction of flowing into the specimen.

4.4 General Precaution The following attention matters shall be
conformed in the measurements.

(1) Absolutely Maximum Rating The rating which shall not be exceeded
even in an instant. If the rating depends on temperature in the
category temperature range, the rating shall not exceed the value
specified in the detail specification.

(2) Transient Phenomena Voltage and current of the specimen shall not e
exceed the respective ratings even in transient phenomena.

(3) Pulse Measurement If the measurement of the static or dynamic
parameters of the specimen is carried out in pulse state to avoid
the measuring error caused by the heat generated by the specimen in
the measuring period, such measurement shall be designated as "Pulse
measurement"” and the pulse conditions shall be defined clearly.

bl

(4) Confirmation of No Oscillation and Induction Before measurements,
the existence of abnormal parasitic oscillations and inductions from
power supplies in the measuring systems includng the specimen shall
be confirmed.

(5) Auxiliary Amplifier It shall be an amplifier with the open loop
gain of 60 dB min., the sufficient output amplitude, and the common
mode input voltage range over the output voltage range from the

specimen,
The measuring circuits shown in this text are the fundamental
figures, therefore the detail precaution when auxiliary amplifiers ‘

are employed and the structure of measuring circuits employing
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. auxiliary amplifiers shall be as described in Appendix 2,

(6) Auxiliary Circuit and Compensation Circuit The measurements
shall be carried out by using auxiliary circuits and compensation
circuit necessary for the measurements such as offset regulation
circuits, oscillation blocking circuits and shields.

(7) Small Signal Operation It means that the specimen is operated
. under small signal conditions where the specimen operates linearly
and the measurements are carried out.

(8) Confirmation of Temperature The temperature during a measurement
shall be confirmed to check whether it is kept within specified
value.

3

(9) Soldering If soldering is necessary for measurements, adequate
attention shall be paid so that the specimen is not damaged by heat
or the induction of power sources.

‘ (10) Composite Type Operational Amplifiers to be Measured In the case
of composite type specimen, it shall be confirmed that connection
state of terminals except for measuring circuits is complying with
the measuring conditions and the specimen is not affected by other
circuits,

(11) Connecting Order of Terminals The connection of the specimen to
- the power sources shall be made carefully by confirming existence of
protection circuits and use of protection resistors. The common
terminals shall be connected first.

(12) Handling of MOS Integrated Circuit The following precaution shall
be obeyed to protect MOS integrated circuits from the damage due to
static electricity.

| (a) In the case of storage or standing, electrification due to static
' electricity shall be avoided by using metal cases or plates.

|

|

|

|

|

‘ (b) During application of bias voltages, the specimen shall not be
plugged into or drawn out from the sockets.

(c) The signal shall be applied after the supply of power, and the
power source shall be shut down after the suspension of signal.

(d) Measurements shall be performed in a place where no static
electricity is caused. The relative humidity is desired to be
about 50Z. There is such a way to prevent generation of static
electricity, that the electric potentials of operators, tools and
measuring equipments are made equal to the potential of place
where the specimen is handled.

~

4.5 D.C, Characteristics

4,5,1 Power Consumption Pp The measurement of power consumption shall
be as follows:

e (1) Purpose The purpose of this measurement is to measure the
. electric power consumed in the specimen (hereinafter denoted DUM)
under the specified circuit condition.
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(2)

(3)

(4)

(5)

(6)

(a)

JIS (x70b1 8) MM 4933L08 003L558 2 MW

Normally, the output current (Io) and output voltage (Vo) shall be
measured at I, =0A, Vo=10V,

Measuring Circuit It shall conform to Fig. 1 as a rule.

Fig. 1. Measuring Circuit for Consumption Power

Vee
{lec

Ay

Vee

Principle of Measurements In the measuring circuit of Fig., 1,
DUM satisfies the conditions Io =0A, Vo=10V, From applied
source voltage and source terminal current under such state, Pp is
obtained from the equation (l.1).

Py = Vcc'Icc -+ VEE'IEE ................................................... (1_1)

Explanation and Condition of the Circuit Internal impedances of
the d.c. ammeter A,, and A, used for measuring the source terminal
currents Ige and Iz shall be sufficiently small compared with the
source terminal impedance of the DUM.

Attention For the DUM with one source terminal, the applied
voltage and current shall be measured for the one terminal. An
auxiliary amplifier (hereinafter denoted Null) may be used for the
above measurement if the data for other d.c. characteristics are
measured in the same circuit in common.

Measuring Procedures It shall be as follows:

Vee and Ve shall be set to specified values.

(b) Icc and Izr shall be measured.

(¢) Pp shall be obtained from the following equation:

(7)

Copyright by the Japaﬁese Industrial Standards
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Pp = Vec'Iee + Vee' Ien

Measuring Conditions to be Specified The conditions are as
follows:

-~ -I.-
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. (a) Vec and Ve

(b) Ambient temperature Ta, case temperature Tc¢ or reference point
temperature Tref (normally Ta, Tec or Tref = 25°C)

4,5,2 Input GCharacteristics

4.5.2.1 Input Offset Voltage Vio It shall be measured conforming to
the following:

o

(1) Purpose The purpose of this measurement is to measure the d.c.
voltage across the input terminals of a DUM, when the output
voltage of the DUM becomes OV (or designated voltage) under the
specified circuit conditions i.e. input offset voltage.

)

(2) Measuring Circuit It shall conform to ¥ig. 2 as a rule.

Fig. 2. Measuring Circuit of Input Offset Voltage

R
MW
R‘
MWV
- gor

77 7777
|
|

(3) Principle of Measurements At the measurement where the output
voltage of DUM is0V, adjustment is made to hold V:=0V,
g When the output voltage of DUM is set at the specified value
. except 0V, and also V), is set at the same value, the input
offset voltage is amplified by Null, and can be measured.
The equivalent circuit at such state is shown in Fig. 2a.

Fig. 2a

T

—— ) Vu
R, ) |—>

Vi AO‘Vg

Rl‘Rz'IB —77}77 AV'V; V2
ReRe 72 C)IBZ l_) 7£
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of Fig., 2.

The error caused by the approximate equation (2, 3) is,
(Ri*T10/V10) X100(%), If R,-I;, cannot be neglected, Vio shall

be calculated by means of equation (2.2) from the I, measured
in the circuit of Fig. 4,

(4) Explanation and Condition of the Circuit

JIS Cx?70k) 81 WM 4933b08 DO3LS5LD 0O MW
6
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As the voltage gain of Null Ao is over 60 dB, V:=0 in the ‘
normal operating range, therefore Vi = 0, The equilibrium
condition for this case is expressed in equation (2.1).
R1 Rx’Rz RI'RZ

————— —_————— . — = e % ey crrserasceacnas 2_1

RAR T RFR T VT TRAR v
then

R1 RI'RZ )
[P — T e vetrsercasarsnsiiasiseirierisasanerene 2'2

Vio TR, Vi R TR, Tio (2.2)
Here, Iio is the input offset current of DUM, and )

Tio=[Ip1~1Igel
When the value of Ri is so selected that the voltage drop in Ri
due to the input offset current is negligible compared with Vi, s
Vie can be approximated as follows: O

R
VloleTle.\/M ............................................................ (2.3)

Vio shall be obtained by measuring Vu in the measuring circuit

Normally, the value of R: shall be determined so small that the

| voltage drop due to the input offset current of DUM can be
neglected compared with V.
R: shall be determined smaller than the input impedance of DUM.
The ratio of R; to R: shall be chosen so that the output voltage O
Vu does not exceed the linear operation range of Null, normally
R:/R: should be 100 to 1,000.
C is an oscillation preventive capacitor.
V: 1s a voltage source for the setting of voltage in such case
that the output voltage of DUM is determined as a specified
value except 0V,
When the Vio at which the output voltage becomes zero is
measured, Vi=0YV shall hold.
Vi is a d.c. voltmeter with an internal impedance of 1MQor
more,
The standard measuring condition shall be as follows:

Ri=500 Metal film resistor
R, =50kQ Metal film resistor

C=0.1pF High frequency capacitor

V1:0V O
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Attention For measuring an operational amplifier with Vi of
10 mV or more, the ratio R:/R: shall be made small, so that |Vl
does not exceed 10V,

Measuring Procedure It shall be as follows:

(a) Vee, Ver  shall be set to the specified values.

~

bl

(b) Vi=0V, however, when output voltage is not 0V in the

measurement of Vie, Vi shall be set equal to the specified
output voltage.

(¢) Ru R, shall be set to the specified values.

(d) A compensating circuit, if necessary, shall be connected to

satisfy the specified conditionms.

_ (e) YV shall be measured.

(f) Vo shall be obtained from the following equation:
. Ry
Vlo_m VH

(7)

Measuring Condition to be Specified It shall be as follows:

(a) Power source Vee and Vg

(b) V: (normally o V)

(C) R: and R.

(d) Compensating circuit (if necessary)

(e) Ambient temperature Ta, case temperature Tc or reference point

temperature Tref (Normally, Ta, Tc or Tref = 25°C)

. 4.5.2.2 Input Bias Current Iz (or I.) The measurement of input bias
‘ current shall be as follows:

(1

‘ (2)

.

Purpose The purpose of this measurement is to measure the mean
value of the current flowing through two input terminals when

the output voltage of DUM is 0V, under the specified conditions
(i.e. input bias current),

Measuring Circuit It shall conform to Fig. 3 as a rule.
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Fig. 3. Measuring Circuit of Input Bias Current

Vi

(3) Principle of Measurement ‘
The measurement shall be made in the following two operations.

(a) The Vy when SW, is opened and SW, is closed 1s read and called
as VMI.

(b) The Vi when SW, is closed and SW, is opened is read and called
as V.

(a) The equivalent circuit under the condition (a) is shown

in Fig. 3a.
Fig. 3a
Vi
R R, 1
_*_L’s"\Bl_ IVIO
R X I Vi ‘
By
Ry Ri* Ry I V; ; AV'Vi
RiTR, ™ I
N T B2
M -
Ri*Ry «
RitR2
as Vi =0 g
Ry _RieRe o o, _ReeRe oo
RIR, Vit R, TR, Igi=R;+Ip:+Vio R IR, I G.D

in Fig. 3b.

Documents

DOCLnnentShaHnglﬂub

|
\
\
(b) The equivalent circuit under the condition (b) is shown
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Fig. 3b
Vi,
R
? Ym
j'L VMz
R| C IB[
1 ! Vl ~ AV.VI
Ri*'R, F_)
R|+ R2 B2 R3'IBz ()IB
+K\_ +k‘\_ 2
M A
am Rk Rs
Ri+R.
Same as above Vi =0
R‘ Rl‘R‘Z —_— — . — Rl.R? .  ererrerees
Ri+R. V.\fz"‘ R:+Ra 'Im—Vm Rs Iz R, +R. IB2 (3- 2)
From (3.1) and (3.2)
B (Vi Vi) =RoClm + Tns)
RFR, \V" M2 3llp1+1g2
then
= IBI+IE2 _ Rl —_— N arn )] "crerrecsirsanensaen
Ip= 5 _2xRa(Rl+R2)(VMl Vigg) veerveerereniiiienienennes (3.3)

The input bias current Iz shall be obtained from equation
(3.3) by measuring Vu: and Va with twice operation, i.e.
under the condition of SW, SW, defined in (a) and (b).

Explanation of Circuit and Condition The ratio of Ri to R

shall be selected so that the output voltage Vy does not
exceed the linear operation range of Null.

Normally, Re/Ri should be 100 to 1,000.

C is an oscillation preventive capacitor.

Input impedance of a d.c., voltmeter to measure Vy shall be not
less than 1MQ.

Each of leakage resistances of the switch SW, and SW, is in
open state shall be not less than 100 x R3,

Rs shall be chosen corresponding to the bias current range of
DUM so that Vy can be read precisely.

The standard measuring condition shall be as follows:

Ri=500Q Metal film resistor

R, =5k Metal film resistor

Rs =100kQ Metal film resistor (at I =0.1pA )
C=0.1uF High frequency capacitor
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(5) Attention Value of R, shall be properly chosen using
equation (3.3) after presuming the value of bias current so
that Vx can be read precisely in normal operation range.
(6) Measurement Procedure It shall be as follows:
(a) R: and R. shall be set to the specified values.
(b) R; shall be chosen properly corresponding to the measurement
range of Iy
(c) Specified compensation circuit shall be attached if
necessary.
(d) Vec and Ver shall be set to the specified values.
(e) The reading of Vx when SW; is in open state and SW2. is in
closed state is made as Vu.
(f) The reading of Vy when SW,: is in closed state and SW2 is in
open state is made a Vy.
(g) Ir shall be obtained from the following equation.
- R —
IB— 2XR3(R1+R2) (VMI VMZ)
(7) Measurement Conditions to be Specified It shall be as follows:
(a) Power source voltage Vec and Vg
(b) Ri and R.
(c) Compensation circuit (if necessary)
(d) R,
(e) Ambient temperature Ta, case temperature Tc or reference
| point temperature 'Tref (Normally, Ta, Tc or Tref = 25°C),
| 4,5.2.3 Input Offset Current Iwo Measurement of input offset current

shall be as follows:

(1)

(2)

Purpose The purpose of this measurement is to measure the
difference between two currents flowing to the two input
terminals of DUM when the output voltage of DUM is ¢V (or
specified value) under the specified conditions (i.e. input
offset current),

Measuring Circuit It shall conform to Fig. 4 as a rule.
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. Fig. 4. Measuring Circuit of Input Offset Current

R,
M

|V SR Y Null :
LO\O—J c (_\1 Vi
7
77777 . 7777

‘ (3) Principle of Measurement The measurement when the output
voltage of DUMis 0V, V shall be carried out under V. = (QV.
The measurement shall be made in the following two operationms.

4

(a) The Vu when SW; and SW; are closed is read and called as Vm,
(b) The Vs when SW, and SW. are opened is read and called as V.

In the case (a), the circuit becomes same as Fig. 2 and the
following equation holds same as equation (2.1):

Rl - RI.RZ =g ) trrressssesnterviceni bttt
Roar, V= Viet e =Tk RO

In the case (b), an equivalent circuit is shown in Fig. 4a.

Fig. 4a
. VMz
R Rs’IB,
_*_h_ IV[O
. ‘]'/_\\’/\l |= ! Vi,
' R ’ IB' L |—>
Vi V., AoV,
. RI'RZ. i 2 Q' Va2
. : RiTR, 182 Rs:Ip, Ip, AV
» -+ P o N +k\_ .
My AMA/ ¢
ReR: Rs
Ri+R2
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As Vi =0
R R;*R ) R;*R
Rl—I—IRg *Vie— R:—I—Rzz *Ig1—Rs* Ipi—Vio= —Ry Ip— Ri-}-R: * Ipe
then
R Ri*R
R1‘|‘1R2 'VMZZV[O+R1—+Rz—Z(IBI'—IB2)+Rﬂ(IBl—IB2) """""""" (4‘~ 2)
From Eq.(4.1), (4.2)
R, (Vi — Vi) =
RIR, (Vi 1) = Ry (Ip1 —Ips)
As IIO:IIBl_Ile
e RN Nl e
Tro= Rs(Ri+Rs) Vi =Viul @9 .

That is, lio can be obtained by measuring Vm and Vi: by means
of the operations in 2 circuits changed over by the switches.
For the case that the output voltage of DUM 'is at the specified
value except 0V, the d.c. source voltage V, shall be set to the
specified value and the measurement is made in the same way.

(4) Explanation of Circuit and Condition The ratio of Ri to Re
shall be selected in accordance with equation (4.1) so that the
output voltage Vy does not exceed the linear operating range of
Null,
Normally, Rz/R:. should be 100 to 1000.
C is an oscillation preventive capacitor.
Input impedance of d.c. voltmeter to measure Vi shall be not
less thanl1MQ,
Leakage resistances of switches SW,; and SW. at open state shall
be not less than 10 x Ra,
D.C. source voltage V: is the one for setting the output voltage 0
of DUM to the specified value.
The standard measuring condition shall be as follows:

Ri=50Q Metal film resistor

R, = 50kQ Metal film resistor

R; = 100 kO Metal film resistor (at I = 50nA) )
C=0.1pF High frequency capacitor R
Vi=0V

(5) Attention The value of R. shall be properly chosen in
accordance with Eq. (4.3) presuming the value of input offset
current to be measured, as larger than the value of [|Vie—Vul
as possible for reading out Iio precisely,
In this measuring circuit, relative error between two Rsg
affects the measuring accuracy. In general use operational ‘
amplifiers, the ratio of input offset current to input bias
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. current is 1/5 to 1/10, so that the measurement error is 5 to 10
times as large as the relative error of two Rss. For example,
if the relative accuracy of two Ris is assumed as about 0.5%,
the measurement error due to the resistance error becomes about
5%. Therefore, the relative error of two Rs:s must be adjusted
corresponding to the expected measurement accuracy.

(6) Measurement Procedure It shall be as follows:

(a) Ri and R. shall be set to the specified values.

(b) Rs shall be determined properly corresponding to the
measurement range of I,

L7

(c) The condition that the relative accuracy of two Ris is smaller
than 0.1 of expected measurement accuracy, shall be confirmed.

(d) Set Vi = OV (or specified value)
’ (e) Set Vec and Ves to the specified values.

(f) The read value of Vw when the Sw, and SW: are in closed state
shall be taken as Vi,

(g) The read value of Vi when the SW, and SW, are in open state
shall be taken as Vi .

(h) T shall be obtained from the following equation:

R,

:m | Vh[z“VMl‘

Iio

(7) Measuring Conditions to be Specified -It shall be as follows:

(a) Power source voltages Vec and Vi
‘ (b) R; and R:
- (c) R,

(d) Vi (normallyovV)

? (e) Ambient temperature Ta, case temperature Tc or reference point
temperature Tref (Normally Ta, Te or Tref = 25°C)

¥ 4.5.2.4 Input Resistance R; Measurement of the input resistance by
DC method, shall be as follows:

(1) Purpose The purpose of this measurement is to measure the d.c.
resistance between two input terminals of DUM.

(2) Measuring Circuit It shall conform to Fig. 5 as a rule.
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Fig. 5. Measuring Circuit of Input Resistance (DC method) O
R,
MW
Vee
Rl RS
—AWY MV -
R R DUM +
3 b
0.__/\/\‘/‘\, o AN + Null
V c @
2Re EE v,
777 . w7
(3) Principle of Measurement The measurement shall be made in the 9
following two operations while the d.c. voltage source V, in the
measuring circuit of Fig. 5 being varied.
(a) The Vy when V:=Vu 1is read and called as Vwm.
(b) The Vy when Vi=V:i is read and called as V.
The output voltages of DUM in both cases are equal to Vi, and if
Vi, is the differential input voltage of DUM and Av is the
voltage gain, —AvyV,=V:.. On one hand V,=R;'i;. The i and
bias current flow towards the input terminal. As generally R
is selected = Ri in the measurement of Ri, R,, R:, R; are
Selected so that R;'R,/(R;+R,) becomes much smaller than R;.
In the above case, the equivalent circuit for the measuring
circuit becomes as Fig. 5a.
Fig. 5a
R @
Ri+Ra Vi Ra1y
 — - L~ 0
77;77 mli VW 1 Y Vi
R
¢ Is,

—_ Vi 1 Vv
Vi=——, I;= —_ Y
A 1 IB[ Rl AV
SRR
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“ For V,=Vvy,
R \'% .
m‘Vn11=Ra’Ix+Vlo— Alvl —Ry+ Lo
=Ra(131_132)+V10——Y-2— 1_|_.2_X£‘§_ ............... G.D
A R
v |
For V:= Viz
¢ R ; 2%
Rx‘l'le *Vie=Ra(Ip;1 —Ig2)+Vio — X’: <1—|— R?“) ............... (5.2)
. From Eq.(5.1).(5.2)
RiIR, ' 'ue V)= A, 1-}-Tl (Vii—Vig) cervveeviiiinn (5.3).
Therefore
Ri= S S R (5.4)
Av ] R, Vo .
. ViV RAR, Ve Vu)—1

Then, Ri is obtained from the measured value Vu and Ve i.e.
the readings on the output voltage Vy when V; is V. and Vi
respectively, and from the measured value Av in the circuit of
Fig. 11 on other hand.

(4) Explanation and Condition of Circuit

Ratio of Ri to R. shall be selected so that the output voltage
Vu will not exceed the linear operation range of Null. 1
In the measurement of Ri, R./Ri should be about 1000. R; shall ‘
be nearly equal to the input resistance R, of DUM. )
Ri*R:/(Ri+R:) shall be chosen as very small value compared with
Ry,
D.C. voltage source V. is an auxiliary power source to determine
the output voltage of DUM. The sign of Vi and Vi: in the said
two operations are opposite each other, and the magnitude shall
. be ‘enlarged to almost equal to the common mode input voltage
width of Null.
C is an oscillation preventive capacitor.
Input impedance of the d.c. voltmeter for measuring Vy shall be
not less thanlMQ,. i
The standard measuring conditions shall be as follows:

Ri=508Q Metal film resistor

i R: = 50kQ Metal film resistor
R: = 2MQ Metal film. resistor
C=0.1pF High frequency capacitor
Vu=+10V
Vie=—10V
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(5) Attention Measurement is difficult for DUM of large Av. The 0
value of R: shall be % R, if possible, and a high accuracy
voltmeter shall be used for measuring Vu,
If the measurement by means of the circuit shown in Fig. 5 is
difficult due to too large Ay, the a.c. method (Appendix 3)
shall be used.

(6) Measurement Procedure It shall be as follows:

(a) Ri; R:and R: shall be set to the specified values.
(b) Specified compensation circuit shall be attached if necessary,
(c¢) Vee and Ves shall be set to specified values.

(d) Read out value of Vi at Vi=Vu (normally +10V) shall be
called as Vu .

(e) Read out value of Vy at V=V, (normally -10V) shall be O
called as V.

(f) Ay shall be previously obtained from Eq.(10.5) in accordance
with the measuring method of Av.

(g) Ri shall be obtained from the following equation:

R,= 2XR;
- Ay R,
Vi—Vi  Ri+R, (Vaz—Vu) —1

(7) Measurement Condition to be Specified It shall be as follows:

(a) Source voltage Vec and Vgg

(b) Ry, R: and R,

(¢) Vu.and Vi (normally +10V and -10V) 6
(d) Compensation circuits (if necessary)

(e) Ambient temperature Ta, case temperature Tc or reference
point temperature Tref (normally, Ta, Tc or Tref = 25°C)

4.5.2,5 Common Mode Input Voltage Range View” The measurement of
common mode input voltage range shall be as follows:

| (1) Purpose The purpose of this measurement is to measure the

\ common mode input voltage range which can apply to input

| terminals without lowering the common mode rejection ratio below
} the specified value.

‘Vieu(+) in the case of applying the input voltage to positive

direction, and Vieu(—) to negative direction shall both be
measured.

(2) Measuring Circuit It shall conform to Fig. 6 as a rule.
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. Fig. 6. Measuring Circuit of Common Mode Input Voltage Range

‘ (3) Measurement Procedure It shall be as follows:

(a) R: and R, shall be set to the specified values.
(b) Compensation circuit shall be attached if necessary.

(¢) Vee and Vg shall be set to specified values.
The Vu at V¢=0V is read and called as Vio.

(d) Read value of Vu shall be Vyo at V¢ =0V,

(e) The Vi at "Vo=Vo (Normally = —+Voc) is read and called as
VMI L] '

(f) CMR, shall be calculated from the following equation:

R, \'Z
CMR =(1 _) e e
! + Ry Vm—‘Vmo (6' 1)
. (8) The Vwat Ve= Vo (Ve > Ve) is read and called as Ve .

(h) CMR. shall be calculated from the following equation:

Ry

CMR2=(1 +—) Vor
R,

, m— ............................................. (6. 2)

. MR, _Vou, Vae=Vwo
. (1) Until  CMR, Vo, Vi Vo 6.9

reaches the specified value, Vo: shall be increased.
Under the said condition,

VLCM(’I‘)=V02 holds .

(i) The Viex(-), is measured by increasing the Vo in (-) direction
in accordance with the procedures of (e) to (i),

‘ (4) Measuring Condition to be Specified It shall be as follows:

(a) Source voltages Voc and Vi
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(b) R; and R:

(c) Compensation circuit (if necessary)

(d) Va (normally'édVbcor %”VL&)

(e) Lowering value of CMR (CMR./CMR,)

(f) Ambient temperature Ta, case temperature Tc or reference point
Tref (normally Ta, Tec or Tref = 25%.)

temperature

4,5.3 Output Characteristics

4.,5,3,1 Output Resistance Ro

(1) Purpose

(2) Measuring Circuit

Fig. 7. Measuring Circuit of Output Resistance
R,
A
R, Vee
A, -
DUM +
Rl Null
[ -+ _
R
] Vee Y
2 V|
77777 77

(3) Principle of Measurement

to Vu and Vi,

(a) The Vy at

Vi=Vu

(b) The Vy at V.=V
Equivalent circuit is shown in Fig. 7a at V.= Vu,

However, the bias current is omitted as it is not effective.
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The measurement shall be made in the
following two operations where the d.c. source voltage V; is set

is read and called as V.

is read and called as Vus .

It shall be measured as follows:

It shall conform to Fig., 7 as a rule.

Vm

The purpose of this measurement is to measure the d.c.
output resistance under the specified circuit conditions.

o
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' Fig, 7a

R,

Ri+ R, .VMI Ylo
L

77L7 1 I L) YWy ' —|_> Vi

Vi ()-Avvi SRy, & Ao-Ve

Ro: d.c. output resistance of DUM

As Va=0

Then the differential input voltage Vi of DUM will be

v,=— Vi  Ro+Ry,
A, \RL ......................................................... (1. 2)

On one hand, as

R, ‘
Rit+R, Y~ Vie—Vi=0
Then
R, . __Vu Ro+Ry,
RITRZ Vui=Vio Tv _R_L_ .................................... (7.3)

And same as above at V; = V;,,

Ry Vie=Vyo— Vi . Ro+Rj,
R]"l‘ng M2 10 —Av __RL ....................................... (7. 4)

From Eqs. (7.3) and (7.4)

Ry _ _Vu—Vi RotRy,
m(\’m V) = Ay Ro
] Therefore
V=V R
Ro=R [ . bt A =T e
R Viu—Vi  Ri+R, Av 1] @.5)

Here, Ay is the open loop voltage gain, and Ro can be measured
using the value of Av obtained from Eq (10.5) in the measuring
method of 4.5.4.1.
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