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, , BiFET, CMOS, BiCMOS) 
 ( , ,

, , .). 
, , 

, 
.

<100 
<1 

 (bias) <2 
 (offset) <2 

 >1 000 000
, FU 500  … 5 

!
 1/f  0.1  … 10 <1  ( )

<10 
, >100 

.3.1. .

, . 

, 
. , 
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, 

. 
.

, , ,
. .3.2 .

 (1001). 
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.
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R1, 10

R2, 10K

+VS

 -
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-VS

VOUT10

 10

VOS

 OP177A:
    VOS = 10  ( .)
     VOS = 0.1 /°  ( .)
     VOS = 0.2  ( .)

OSOUT V
R
RV

1
21

OSOUT VV 1001

1001
OUT

OS
VV
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, . 
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 +

R2

R1

+VS

–VS

7

1

8
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6

3

2
R1 = 10 R2 = 2K

 = 20 

R1 = 0 R2 = 20K
 = 3 

.
,  1 /1000  3  (  9 , 

).  OP177  AD707
 30  

0.3 . , ,  30 
 2 .

.
.3.3 . 

 - 

. 

! 
.

. 
, R1

, .

.3.3.  OP177/AD707.

, 
 ( ).

. 
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.

 JFET 
, , . 
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, 
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.
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R1

R2

 -

 + VOUTR3
VOS

B

A

IB–

IB+

, 
, .3.4.

, 
(refer  to  input  -  RTI) . 

,  (RTI)  (RTO).

1
21)(.

R
RNG

1
2.

R
RB

2
1
213

1
21)( RI

R
RRI

R
RVRTO BBOS

21
213)(

RR
RRIRIVRTI BBOS

21
213,)(

:

RR
RRRIIVRTI BBOS

.3.4. .

(PNP  NPN),  50..400 . R1
R2 R3, 

RTI RTO. 
 - . 

. , , 
 (  OP177  AD707)

.3.5. 
: 

, . 
. 

0.5..10 . , , 
.  (

) 
, .
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VIN VIN

50  ..10 
50  .. 5  ( )
I  << I

, 

0.5  ..10 

I  ~ I

.3.5. .

, ,
AVOL . 

 ( ):

VOL

VCL

A
NG

NGA
1

 (NG) ,  « » 
, ,

. 
AVOL , NG. , AVOL , 

, :

%100
1

%
VOLA

NG

, NG, 
AVOL , . 

.3.6,  103,  = 2 106, 
,  0.05%. 

, .
, , ,

. AVOL  3 105, 
 0,33% 

0,28%. 
.
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» = NG

=

VOLA
NG

NG

1

= %100
VOLANG

NG

 AVOL = 2·106, NG = 103  ~ 0,05%

 AVOL = 3·105, NG = 103  ~ 0,33%

 = 0,33% - 0,05% = 0,28%

.3.6. .

:
. 

,  
. 

, AVOL

. , AVOL

.
, 

 (Data Sheets). 
AVOL , AVOLl 

 ( ). , 
. 

 - . 
, , 

. , 
.

.3.7 
.  =  -1.

. ,
AVOL

 ( ) . 
,  (10 ) RG (1 ), 

VY :

OSOS
G

Y VV
R

V 001,100
10

1

RG , VY  
VOS.
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10K

+VREF
(+10 )

–

+

-VREF
(-10 )

VX

10 +15

VOS

10K

10

10
10

–15

RG
1M

RL

VY

 ( )

VX

VY = 100001·VOS

.3.7. .

 ( )  ±10  
 ±10 . 

 ±10 , 
 (AD688). , , 

, ,  (0.1 177).
.3.7 VY VX. 

, AVOL

:

Y

X

Y

XG

OS

X
VOL V

V
V
VR

V
VA 001,100

10
1

AVOL .

AVOL :

MAXVOLMINVOL AA ,,

11

:

MAXVOLMINVOL AA
NG

,,

11

VOS VX

AVOL. 
. 

, . 
.

http://www.autex.spb.su
mailto:inf@autex.spb.su


 3: 

 (812) 252-0140, http://www.autex.spb.su E-mail: inf@autex.spb.su

3-10

 1/ f
FC = 0.7 

Vnw )

0.1    1     10     100
 ( )

30

25

20

15

10

5

 ( )  0.1 .. 10 

 (1 .)

200 

.3.8 VY VOS) VX

 OP177 : 2
10 . , AVOL ~

106, AVOL,MIN = 5,7 106, AVOL,MAX = 9,1 106,  =
0.07 ppm. NG= 100,  = 7 ppm.

.3.8.  OP177.

: 
, 

. : « »  «1/f»  - 
, 

. , 
, 

 1/f
 (

, .3.9).

.3.9.  OP177/AD707.

AVOL = VY/ VOS

RL = 2K

RL = 10K

-10              0     +10 

VY
50 .

VOS
0.5 .

(RTI)
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,  1/f (
 1/f, ).
,  1/f
»  1/f - FC  

 - , . 
, , ,  (OP177/AD707) 

,  FET-  (AD743/AD745) 
.

 OP177/AD707 ( .3.9)  0.7 , 
 10 ).  1/f , 

 ( )   0.1   ..  10  ,  
.3.9. , 

,  10 , .
Vn,rms FL

FH :

LH
L

H
CnwLHrmsn FF

F
FFvFFV ln,,

Vnw -  « » (
 1 ), F  -  1/f , FL FH - .

,  0.1  10 
36  238 , 

 (  6,6 
).
, , 

, 
:

LHnwLHrmsn FFvFFV ,,

FH >> FL

HnwLHrmsn FvFFV ,,

,  ( 07 27) 
, 

» .
,  1/f

, . FC >>  (FH - FL), 
:

L

H
CnwLHrmsn F

FFvFFV ln,,

 1/f. 
, , FL=0.001, FH=0.1, 

 1/f  18 ,   119 .
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R1

R2

 -

 + VOUTR3

VN,R1
B

A

IN–

IN+

VN,R3

VN

VN,R2

, 
,

 1/f. 
, , 

.
.3.10 .

:

2
3

2
2

2
1 VVV

, , 
, , 

.

 (RTI). RTI , 
. ,  (RTO),

RTI
.

, . 
 ( ), 

, 
 [12]. , , 

, , 
.

 ( ) kTBR4 , :
R - 
k -  1.38 10 -23 /°
 - 
 - 

:  1000
   25° .

1
21.

R
R

1
2.

R
RB

.3.10. .

RTI :
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+

–

R2

R1

R

R1  R2 

 = 3 
 = 1 

 = 25°

RTI  ( )

22
222

2
2

21
224

21
213

21
21434

RR
RkTR

RR
RRIRI

RR
RkTRkTRVBW NNN

CLfBW 57,1

 1  20 . 
 JFET , 

JFET  (AD743/AD745) 
, ,  (~20 ). 

, ,  0.1 
 JFET)  ( ).

 JFET , 
,  ( ) 
. qI B2 ,

IB -  ( ), q -   (1.6 10-19 ).  

, 
.

, 
, . .3.10

. , 
. 27, 

,  (3 ) 
 (1 ), .3.11. 

R = 3  (1 ), 
,  3 

7 . 
R = 300  (300 ), 

,   
 ( ). 

.

 R
0 3 300 

3 3 3

0 3 300

R 0 7 70

.3.11. .

, 
, 
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RS = 100

OP27

OP07

741

744

645

743

10            100         1K   10K

100

10

1

RS = 10K

OP27, 743

741
744

OP27, 645

10            100         1K   10K

100

10

1

RS = 1M

744, 743, 645

741

OP27

10            100         1K   10K

10K

1K

100

OP07

. .3.12 
 (OP07, OP27, 741)  JFET (AD645, AD743, AD744).

 (  < 1 ) 
 ( 27), 

. 
, 

 (  AD549  AD645).
,  BiFET (  JFET ) 
 ( ), 

. AD645, AD743 
AD744 , .

 AD645  10  – 10  0.6 ,  AD743/AD744  10  –
2.0  6.9 . 

.

.3.12. 
.

, , 
. 

.
 ( , CMRR) 

.

Y
 1 , X  1 ,  = X/Y.

 ( )  70 .. 120 .
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 [ ], 
 ( , CMR). , 

, 
.3.13 177/AD707.

.3.13. 177/AD707.

, 
.3.14. 

, ,  « » 
 « », , 

, .

VVRTI INCM

V
V

R
RV IN

INOUT 1
21

V
R
RRTO IN

1
21

.3.14. , .

, 
, . 

 ( , PSRR)
. Y

, 
X ,  = X/Y. 

, ( , PSR).

, 
, , 

. 

 = 20 LOG10

0.1    1    10   100   1   10  100  1  10
     [ ]

160

140

120

100

80

60

40

20

0

]

+

–

R2

R1

VIN = VCM

VOUT
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. 
. 

. .3.15 
177/AD707.

.3.15. 177/AD707.

, 
, .3.16. 

 10 .. 50  (
), , 

 10 . 
 (0.1 ),  (

). 

. 
 « » . 

, .

.3.16. .

 = 20 LOG10

0.1    1    10   100   1   10  100  1  10
     [ ]

160

140

120

100

80

60

40

20

0

]

+

–

+VS

–VS

C1

+

+ C3

C4

C2

< 10 

< 10 

 « »

, 0.1 

C1, 2

, 10 .. 50 

C3, 4
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.3.17 177 
.  100 
. ,  100 , 

 – 10 . 
 (parts per million - ppm).

, VOS IOS AVOL

. 
, , 
.  1/f

. 
. 

 9 ppm,  17 .

VOS 10    100 100 ppm

IOS 100 ·1  – 100  1 ppm

AVOL (100/5·106 100  20 ppm

. AVOL
100 0.07 ppm 7 ppm

0.1 .. 10 200  – 100 2 ppm

 13 130 ppm

 17 9 ppm

.3.17. 177 .

–

+

VOUT

100

10K

99

RL
2K

VIN

 @  25° :

VOS = 10  [ .]
IOS = 1  [ .]
AVOL = 5·106 [ .]

 AVOL = 0.07 ppm
 1/f  0.1 .. 10  = 200 

, +25° : VIN = 100 , VOUT = 10 ,
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, 
. 

, , 
. 

, 
.

:

:
. 

, 
, , , .

.
-

 « - - » 

, 

»

.3.18. .

.  - 
.  12-

 10 
0.1  0.004 . , 

,  « »,  1 
 5 ,  0.8 , 

 2.5  - 1.6 .
, 

. 
, 

, 
.

, . 
 ~

25000 .. 30000  (  10 ) . , 
113/OP213/OP413 

 106).
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, 
: , , ,

.  ( ),
 ( , SNR) , 

.
, 

, 
, . , 

, . 
 « » 

, ,  - .
, 

, . 

.

 « ». 
 « ». 

 0 , , , 
. , 0 

 « » .
 « »  

 « » , , 
.  « » 

. , 
 « » 

,  0 . ,

 ( ),  0 .

, n-p-n . p-n-p
, , 

n-p-n. 
 « »  .

n-p-n p-n-p
,

n-p-n p-n-p
  n-  p- .

.
  (

, )
.

 « » 
,  « », 

.
,  60 

 0 . , 
, , 

, .
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P-N-P

–VS

+VS

–VS

+VS

N-
JFET

  
 1 

 2 /° . 
, 

,  «
» ,  5 

 0.1 .. 10 .
 «

» 
. 

, 
 100  ( ). 

.
 VOL ( )  VOH ( ), .

, 
, 12-  14- ,  30000 

.

, 
.

, , , 
.

, 
,  « ». 

, 
. , , 

, p-n-p  (  n-
JFET ), .3.19. 

 200 
 1 .

.3.19. , 
.
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–VS

+VS

Q1 Q2

Q3 Q4

n-p-n  (  p-
JFET ), 

 1 . 
, 

. 282/ 482  JFET , 
. 

 (  AD626) 
.

 « » 
 ( . .3.20),  -

n-p-n  (  n-  JFET),  - p-n-p
 p-  JFET). 

, , 
. , 

, 
n-p-n p-n-p . ,

, n-p-n
p-n-p . 

, , 
250/ 450  AD8531/8532/8534.

.3.20.  « ».

, 
, 

, 

. 
, 

. , 
, 

n-p-n p-n-p .
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, , 191/OP291/OP491
279, 

 1 . p-n-p
 200 

 1 . 
, , , 

, , p-n-p . ,
, 
p-n-p n-p-n

. 
n-p-n .

, , 184/OP284/OP484, 
 « », n-p-n

p-n-p , 
. 
p-n-p n-p-n .

, 
. .
 (  1 ), 

p-n .

, 
 (

2  JFET ). 

, , 
, , p-n-p  (

), n-p-n  (
) . , 

,  1 .
,  «

», , 
: 

, ,  ( ).

  n-p-n
 « », 

.3.21. , 
, . 

, 
, . 

,
n-p-n , p-n-p . 

, 
, .
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, 
,  (« » ). 

 ( , 
), 

. 
, .

 ( ) 
p-n-p n-p-n . 

.3.21, ,
. , 

.  +5 
 +1  .. +4 .

.3.21. .

 «  -  //  -
», .3.22, 

, 
. , , 

, 
 10 .

 ( .3.22) 
 (VCESAT).

 (  100 )  5  10 , 

 50  – 500 ).
,  JFET

, . 

 (  100
 10

).
, , , 

 « », , 
.3.22 (  « ») 

.

VOUT

–VS

+VS

NPN

NPN

–VS

+VS

NMOS

VOUT

NMOS

–VS

+VS

NPN

VOUT

PNP
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.3.22.  « ».

.3.23 
, . 

. 

ISY . 
 +5 ).  (0, 4 ) p-n-p , 

AD820/822/824  n-  JFET . n-p-n
 « »  «5 , 4 »

193/293/493, 113/213/413). ,  «R/R»
 ( 181/281/481) 

 ( 196/296/496, 191/291/491, 184/284/484, AD820/822/824).
, 

» :
, 

 (  «
»). , , , 

.  « »
, 

. 
, , 184/284/484, 

.

, VOS, 
] /° ] AVOL

 1 
]

ISY
]

181/281/481 1500 10 70 0, 4 «R/R» 4
193/293/493 75 0.2 200 65 0, 4 5 , 4 15
196/296/496 300 1.5 150 26 R/R «R/R» 50
191/291/491 700 1.1 25 35 R/R «R/R» 400

*AD820/822/824 400 2 500 16 0, 4 «R/R» 800
184/284/484 65 0.2 50 3.9 R/R «R/R» 1250
113/213/413 125 0.2 4.7 0, 4 5 , 4 1750

: *  JFET

–VS

+VS

NPN

PNP

–VS

+VS

NMOS

VOUT

PMOS
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 +25° , VS = +5 , .

.3.23. .

, ,
, 

, 
.

.
,  «

» , , 
, , .

 30000 
 10 . , 

», 
113/OP213/OP413 193/OP293/OP493  200000 

.
, , , 
 « » 

. :

.

.3.24 , 
. 

NPN . PNP-

.

PNP . 
 ( ) 

, . 
PNP- , 

NPN .
 JFET , 

 (CBFET)
, . 

.
 (CMOS) , , 

, 
. , . 

, , 
 BiFET  CBFET .

 (BiMOS
CBCMOS) , 

. 
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, 
 « ».
, ,

. .

 ( NPN): 
!

 (CB): « »,
, 

 + JFET (BiFET): ,

 + JFET (CBFET): 
, « », 

 MOSFET (CMOS, ): , 

 +  (BiCMOS): 
, ,  «

»
  +  (CBCMOS):  

», , 

.3.24. .
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, 
 ( . .3.25). 

 – 1 . , 
.

, .

 1 .. 10000.

.3.25. .

, 
, 

. , 
 70  100 , , 

, .
, 

. 
 50/60 . 

. 
.

, 
. 

. ADI 
 50/60 

1 .
, 

» ( . .3.26), 
, . 

 0.1% 
66 . 

, . 
V1 R1, V2 R1’ + R2’. 

, 
 (  10 ) .

RS/2

RG

 +

 –
VREF VOUT

VSIG/2

VSIG/2

VCM

RS/2 RS

 (RTI) = VCM /
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Kr
R
R

1
21

log20 10

, Kr –  R2 - R1

1
2)( 12 R

RVVVOUT

1
2

1
2

R
R

R
R

.3.26. .

.3.27 
, . 

.

RG. , 
.

R1/R2 R1’/R2’. 
, 

:

xGAIN
%

100
log20 10

GR
R

R
RG 22

1
21

REF
G

OUT V
R

R
R
RVVV 22

1
21)( 12

1
2

1
2

R
R

R
R

 –

 +
VOUT

V1 R1

R1

R2

R2V2

 +

 –

VOUT

V2

R1 R2

V1

 +

 –

VREF
RG

R1

R2

A2

A1
V1

C
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.3.27. .

. .

, . ,
,  ±20%, 

 0.01% (100 ppm). 
,  3 ppm/°  (0.0003%/° ).

VREF

». VREF

, .  « » R1/R2,  « » 
 - R2’/R1’. , 

VREF . , VREF

, .
, 

. 1
V1  (1+R2/R1) . R1 >> R2 (  – .3.27), 1 , 

, 
.  (R1 << R2) 

 « », .
, 

V1 VOUT 1. 
 ( , 

). , 
 « » .
.3.28  (G = 2), 

RG. 
, 1 2. 

 0.1 , 
, , VOH VOL. , V1

 1.3  2.4 1. (VREF  VOH

VOL -  2.5 ).

2
OLOH

REF
VVV

.3.28. : VS = +5 , G = 2.

 +

 –

VOUT

V2

R1, 10 R2
10

V1

 +

 –

VREF 2.5 

R1
10

R2, 10

A2

A1

VOH=4.9
VOL=0.1

VOH=4.9
VOL=0.1

A

http://www.autex.spb.su
mailto:inf@autex.spb.su


 3: 

 (812) 252-0140, http://www.autex.spb.su E-mail: inf@autex.spb.su

3-30

VVG
G

V REFOLMIN 3.1)1(1
,1

VVG
G

V REFOHMAX 7.3)1(1
,1

G
VVVV OLOH

MAX 4.212

.3.29 
(G = 100) . , , 

V1  0.124  4.876 . (  2.5 ).

.3.29. : VS = +5 , G = 100.

VVG
G

V REFOLMIN 124.0)1(1
,1

VVG
G

V REFOHMAX 876.4)1(1
,1

G
VVVV OLOH

MAX 048.012

, ,

. 
, ,  AD627

. .3.30). PNP
, Q1/A1 Q2/A2, .

 « »  0.5 , 
 0.1 

. 
 1 .

 AD627 
 « » 

 (  +2.7  ±18 ). RG . 
.  = 85 

60  1 
G = 5.

 +

 –

VOUT

V2

R1, 10 R2
990

V1

 +

 –

VREF 2.5 

R1
10

R2, 990

A2

A1

VOH=4.9
VOL=0.1

VOH=4.9
VOL=0.1

A
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 AD627 - , 
.

http://www.analog.com.
 AD627 .3.31.

GR
KG 2005

REFOUT VVVGV )( 12

.3.30.  AD627.

: +2.7  .. ±18 
: -VS = 0.1 +VS = 1 

: 85 
: 5 .. 1000

 (AD627B): 75 
 (AD627B): 100ppm/°C

: 10ppm
OCC: 85  @ 60 , 1  (G = 5)

: 3  ( ), 0.1  .. 10  (G = 5)

.3.31.  AD627.

.3.32 
. 

RG, 
, , . 

R3/R2 R3’/R2’. 
 ( RG , 

). , 
.

1 2). , , 
.

  
.

 –

 +

 –

 +

VOUT

25 K

Q1

A2A1

VB

25 K 100 K

RG

Q2
V2
(+)

V1
(–)

100 K

VREF –VS

+

–

+ VS

–VS

+ VS

–VS
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.3.32. .

REF
G

SIGOUT V
R
R

R
RVV 121

2
3

xGAIN
%

100
log20 10

GR
RGRR 121,32

 ( ). ,
, , 

, .
.3.33  AD620.

1
4.49

G
KRG

.3.33.  AD620.

+

–
 –

 +

 –

 +

VOUT

+

–

VREF

 +

 –

~

~

~

VSIG/2

R1

R2

RG

R1

R2
A2

A1
R3

R3

A3

VSIG/2

VCM

–VS

+VS

Q2

    +       –

 –

 +

VO

VREF

VB

10K

A3

    –       +

Q1

A1 A2

RG

24.7K  24.7K

10K

10K

10K

400

+IN–IN

400
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AD620  ±2.3  ±18 .
 9  1 . 

,  1 .
 400

. 
RG. , 

 1%  0.1% 
.

, 

. .3.34 
 +5 . 

 (VOH)  (VOL). , 
1 2 , 

. , 
 0  +5 1 2. 

, VOH VOL

.

, 213, 241 284, 
, 

.

.3.34.  +5 .

,  ( . ) 
, , 

 (0, ).

, 
,  «

». .3.35  +5 . 
 AD620  JFET 

AD822  « ».

+

–
 –

 +

 –

 +

VOUT = GVSIG/2 + VREF

+

–

VREF = 2.5

 +

 –

~

~

~

VSIG/2

R1

R2

RG

R1

R2
A2

A1
R3

R3

A3

VSIG/2

VCM

VCM + GVSIG/2

VOH=4.9
VOL=0.1

VOH=4.9
VOL=0.1

VOH=4.9
VOL=0.1

VCM – GVSIG/2
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R3 R4  +2.5 , 
1.  1/2

2  ( ) 
.  AD620  10 

 200 .  AD822  3 ,
 ±2.5  « », ,  AD620

 ±0.83 . , 
. ,  +2.5 

,  « ».

.3.35. 
 « ».

 AD620 :

1
214.49

R
R

R
G

G

 - 10 
RG =  21.5 .   ( .3.36)  
RG.

 +2  .. +3.5 . ,  10 
 2.25  .. 3.25  ±0.25 , 

 ±2.5 VREF.
, 

2. , 
, .

AD822 
 100  300.

RG

 –

 +
+

–  +

 –

+

–

 –

 +

~

~

~

VSIG/2

VSIG/2

VCM=2.5

A1

A2
VOUT

1 

VREF

10 0.1 

AD620

REF

P1
5K

R3
47K

R1
24.9K

R4

49.9K

+2.5

10  – 4.98 

0.22 

R2
75K

+

 10 

+5
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 0.1 
4.9 . , 2,

.

RG
]

VOS (RTI)
] /° ] [ppm] ]

10 21.5 1000 1000 < 50 600
30 5.49 430 430 < 50 600

100 1.53 215 215 < 50 300
300 499 150 150 < 50 120
1000 149 150 150 < 50 30

.3.36. 
 AD620/AD822  +5 .

 AD623 , 

.3.37). PNP Q1/Q2), 
 150  1.5 

. AD623 
+3  .. +12  ±2.5  .. ±6  ( http://www.analog.com).

.3.37.  AD623 - .

: +3  .. ±6 
: -VS = 0.15 +VS = 1.5 
: 575 

: 1 .. 1000
 (AD623B): 100 

 (AD623B): 1 /°C
: 50ppm

OCC: 105  @ 60 , 1  (G  100)
: 3  ( ), 0.1  .. 10  (G = 1)

.3.38.  AD623.

 –

 +

 –

 +

VOUT

VREF

 +

 –

50

50

RG

50

50
A2

A1
50

50

A3

+VS

Q1

–VS

+VS

Q2

–VS

–IN

+IN
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. 
. ,

, .

. 
. 

, 
 (<25ppm/° ),  0.1% . 

, 
1 .. 1000  1 .. 10000, , 

. , 
, , 

, . 

. , 
, . , 

 0.5  5 ,  10000. 
, 

.
, 

 (  AD621), , , 
, . 

 AD621  AD620 .

, . 
,  AD624 , ,

),  0.02%  G = 1  0.25% 
G = 500, . 

. 
, ,

.

. 
. 

 0.01% (100ppm)
.

 ( . .3.39). VOSI

, 
G. VOSO

. 
, 

.  G = 1
), 

 ( ).
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,  (RTI), 
VOSI + (VOSO/G). VOSI VOSO

,  RTI 
.

.3.39. .

BBOS III

SSOSSBOSI
OSO RRIRIV
G

VRTI

SSOSSBOSIOSO RRIRIVGVRTO

. RS

RS ( ), 
, IB RS ( , 

IB+ ~ IB– = IB). , .
, , , , 

. Analog Devices 
 1  60 . RTI 
VCM .

 ( ) 
. 

. .3.40 
, .

 RTI
 (ppm)  x FS 

 (ppm)  x FS 
, VOSI VOSI

, VOSO VOSO/G
 IB, RS IB RS

 IOS,  RS IOS(RS RS)
 VCM VCM

VS VS

.3.40. ,  (RTI).

RS/2

RG

  

VREF

VOUT

VSIG/2

VSIG/2

VCM

RS/2 RS

VOSO

IB–

IB+

VOSI
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.3.41 .
. VNI,

, . 
 G .

 - VNO, 
. , 

 G.
, IN+ IN–

. IN+ IN–. , , 
 (root-sum-square - RSS). IN+

RS,  IN– . IN RS/2.

 G.

.3.41. .

:

44

2222
222 SNSN

NONI
RIRIVGVBWRTO

2

22
222 SN

NINO
RIVGVBWRTO ,  IN  = IN+ = IN–.,

2

22
2

2

2
SN

NI
NO RIV

G
VBWRTI

, , . 
:  (VNI)  

 (VNO). . 
, RMS

, , 
. 

, .

RS/2

RG

  

VREF

VOUT

VSIG/2

VSIG/2

VCM

RS/2 RS

VNO

IN–

IN+

VNI
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.3.42  350 , 
100  10 .  AD620  100

 490 . 
 2145ppm. ,

.
 -  0.1  .. 10  - 

,  42.8ppm
 14 ).

VOS 55    100 550 ppm

IOS
350 ·0.5  –

100 1 ppm

0.15% 1500
ppm

40 ppm 40 ppm

120 
1 ppm·5  – 100 50 ppm

0.1 .. 10 280  – 100 2.8 ppm

 9 2145
ppm

 14 42.8 ppm

.3.42.  AD620 .

.3.43 ,
. , 

AD620  +5  ( . .3.35), , 
 « ».

VOS,
.]

VOS,
.]

0.1 .. 10 

AD524C 0.5% / P 100 ppm 50 0.5 /° 120 0.3 
AD620B 0.5% / R 40 ppm 50 0.6 /° 120 0.28 
AD621B1 0.05% / P 10 ppm 50 1.6 /° 100 0.28 
AD622 0.5% / R 40 ppm 125 1 /° 103 0.3 

AD624C2 0.25% / R 50 ppm 25 0.25 /°  130 0.2 
AD625C 0.02% / R 50 ppm 25 0.25 /°  125 0.2 
AMP01A 0.6% / R 50 ppm 50 0.3 /° 125 0.12 
AMP02E 0.5% / R 60 ppm 100 2 /° 115 0.4 

/P – 1 G = 100
/R – 2 G = 500

.3.43. :  VS = ±15 , G =  1000

 @  25° , ±15 :

VOSI + VOSO/G = 55  [ .]
IOS = 0/5  [ .]

 1/f  0.1 .. 10  = 280  (p-p)
 = 120  @ 60 

, +25° : VIN = 100 , VOUT = 10 ,

 +

–

VCM = 5

+10 

RG
499

REF

G = 100

AD620B
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, 
, .3.44. , 

 +5 , - 
, .

 AD623/627  +3 .

VOS,
.]

VOS,
.]

0.1 .. 10

AD623B 0.5% / R 50 ppm 100 1
/° 105  1.5 575 

AD627B 0.35% / R 10 ppm 75 1
/° 85 1.5 85 

AMP04E 0.4% / R 250 ppm 150 3
/° 90 0.7 290 

AD626B1 0.6% / P 200 ppm 2.5 6
/° 80 2 700 

/P – 1  G = 100
/R – 

.3.44. :  VS = +5 , G = 1000

, 
, . ,

. 
» , , 

. , 
 ±VS ( ). 

, 
 ( ). 

) 
(FET).  AMP02  AD524 

 FET , 
.

  

 (Transient Voltage Suppresser - TVS). 
, 

RG.  10.

.3.45. .

 +

–

RLIMIT

RLIMIT

+VS

–VS
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, 

 ( ) . 
 10  0.1 /° . 

 5 ,
, .

.3.46.  «Z» ( ), 2
3  , , . 

 «S» ( , ), VIN VOUT R1, R2, C2, , C3
R3. , 

, ,

,  (aliasing). R1C1
. , 

, 
. C4 RL , VOUT

.

.3.46. .

. ,
.3.47 ,

. 1 - , 2 -
.  (  «S») , 2,

2 ,
1.

, , 2 , 

1.  (  «Z»):
2 1, 

  . 
1 1. 2

2 . 
1 2

.

VIN R1 R2

C1

S

Z

S

Z

R3

RLC4

VOUT

C2 C3
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.3.47. , .

, 
1. , 1
, 

, . 
, ,

. 
 1/f. 

 1/f, . ,
 1/f. 

, , .

 (OP177/AD707)

,

 (AD8551/52/54)
0.1  .. 10 0.238  ( ) 1.45  ( )
0.01  .. 1 0.135  ( ) 0.46  ( )

0.001  .. 0.1 0.120  ( ) 0.145  ( )
0.0001  .. 0.01 0.118  ( ) 0.046  ( )

.3.48. : 

 –

 +

VOUT –

 +

A2

A1

+IN

–IN

C1

C2

S

Z

S Z
NULL

NULL

 ( )

 1/ f
FC = 0.7 

Vnw )

0.1    1     10     100
 ( )

30

25

20

15

10

5

AD8551/52/54

0.01   0.1      1      10
 ( )

100

90

80

70

60

50

OP177/AD707
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.3.48. 
177/AD707) 

(AD8551/52/54). 
. , 

, 
, 

 1/f  ( . .3.9). 
, 

.
 AD8551/8552/8554

 « » 
, .

, . 
.3.49. , 

, , 
. 

 10.

: +3  .. +5 
: 5 

: 0.04 /°
OCC, : 120 

: 800 
: 100 

: 50 
: 1.5 

 (AD8551),  (AD8552),  (AD8554)

.3.49.  AD8551/8552/8554 
» 
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, 
 ( , , 

,
 « »). 

», , 
 « ». 
. , 

, , 
, . , 

, , 
 ( : 

.). ,
: 

, ,
 (> 7 )

.

 ( ) 
.

, 
 (

).
 « ».

.3.50. .

, 
, , 

. , 
 ( ), 

 ( ). , 
, 

). 
, 

, 
, , 

.
 12-16 

,  10 , 
.  - 12 ,

, .
, 

 (4 – 7 ), 
.

, 
. 

.
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, 
 ( , ), 

. 

 ( ), 
. ,

, 
: 

.
, 

. 
, , 

 - . 
, , 

 (  100 ) 
 ( ) .

, 
. ,

, ,
.

.3.51  3- , 
, . 

 AD210. 
. 

 (50 ) 
. 

, 
 ( ), 

. AD210 
 1  100.  – 20 ,  2500 

 ±3500 .

.3.51. 3-  AD210.

 –

 ++IN

–IN

. .

 –

 +

ICOM

+VISS

PWR   PWR COM

–VISS

  VO

  OCOM

  FB

+VOSS

–VOSS

1

32
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AD210 - 3- : 
, , 

, , . 
 3500  12

. .3.52.

2500 
±3500 : 

: 20  ( )
: 0.012%

: 1..100
, : ±15 , ±5 

.3.52.  AD210.

 AD210 .3.53.
AD210  AD620 

. ,  AD210 
 110  230 

,  ±15  AD620, 
.  AD620

: VOS = 15  AD210, 
AD620 VOS = 30 . 

,  AD620 ,  AD210 
 = 100.

.3.53. .

 –

 ++IN

–IN

. .

 –

 +

ICOM

+VISS

PWR         PWR COM

–VISS

  VO

  OCOM

  FB

+VOSS

–VOSS

1

32

 +

 –

M

0.01 RG

RG = 499
 G=100

+15 

–15 

+15 

REF
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