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 0,33% 
0,28%. 
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=
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NG

NG

1

= %100
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NG
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.
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X

Y
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X
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V
V
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V
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1
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MAXVOLMINVOL AA ,,
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,,
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 1/ f
FC = 0.7 

Vnw )

0.1    1     10     100
 ( )

30

25

20
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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).

AVOL = VY/ VOS

RL = 2K

RL = 10K

-10              0     +10 

VY
50 .

VOS
0.5 .

(RTI)
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.3.9.  OP177/AD707.

,  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,,
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B

A
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, , FL=0.001, FH=0.1, 

 1/f  18 ,   119 .

, 
,

 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
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+

–

R2

R1

R

R1  R2 

 = 3 
 = 1 

 = 25°

RTI  ( )

.3.10. .

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) 

.
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Y
 1 , X  1 ,  = X/Y.

 ( )  70 .. 120 .
 [ ], 

 ( , 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 .

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

3-22

, , 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

–VS

+VS

NPN

PNP

–VS

+VS

NMOS

VOUT

PMOS
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: *  JFET
 +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

.3.27. .

 –

 +
VOUT

V1 R1

R1

R2

R2V2

 +

 –

VOUT

V2

R1 R2

V1

 +

 –

VREF
RG

R1

R2

A2

A1
V1

C
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. .

, . ,
,  ±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
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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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mailto:inf@autex.spb.su
http://www.analog.com.


 3: 

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

3-32

.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

VIN R1 R2

C1

S

Z

S

Z

R3

RLC4

VOUT

C2 C3
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2 . 
1 2

.

.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  ( )

 –

 +

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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0.0001  .. 0.01 0.118  ( ) 0.046  ( )

.3.48. : 

.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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 4: , , 

, 
, , 

. 
- , . 

, , 
. 

, 
.

, 
 ( )

, 

.4.1. .

.
 (

), , . ,
.

.4.2 , , 
. ,  (  = ,  = L,  

 = ), , 
:

A
LR

L
LGF

R
R

, GF  (  2.0..4.5 -  150
).

L/L , , 
 (1  =  10-6 ), , 

 (ppm) (  -  - 
, ). , 

, ,
, .

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


 4: , , 

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

4-2

.4.2. .

,
. . 

, 
. 

.

.4.3. .

. 
, 

, , . . .4.4). 
 ( ), 

. ,

 ( ) 
. 

, .
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.4.4. .

, 
, , 

. ,
, 

. 
.  30 

, 
. . 

, ; , 
, , , 

. 
, , 

.

0.1 .. 40,000 0.001 .. 3000 
2.0 .. 4.5 50 .. 200

, 120, 350, 600, .. , 5000 1000 .. 5000
0.1% .. 0.2% 1% .. 2%

, 0.4 .. 150 (  3 ..6) 1 .. 5

.4.5. .

, , 
,  ( . ,

). , 
, . ,

)
, 
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, , 
.

, , . 
. 

 5.
, .4.6. 

. 
, : . 

. 
 (  2) , , 

.

.4.6. .

; 
.

 ( )  350
, , 

. .4.7  ( ), 
.

.4.7. 6- .

 10  3 ,  (
)  30 . 

, 

VO

R2

VB

R3

R1 R4
R1             R3

R2             R4

+VB

–VB

-SENSE

+SENSE

–VOUT

+VOUT
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: 
.

 « » , 
.

.

.  (
, , ) 

, .
, 

. ,

 ( , 
).

.4.8. .

 ( , ,
, ). 

 ( ) , 
, . ,

, .

.4.9. , .

)

P1 P2
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, 
: , . ,

. .4.9, 

. 
 (

, . .4.10). .4.11 
.

.4.10. .

.4.11. 

P1 P2

«R»
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.4.12 
. 

, . 
, . 177 

 10 ,  1.235 . 
 10.25 /1000 .  AD620 

 100.  ( ) 
,  100 ,  3500

 -3.500 ,  +5000  +5.000 . 
 10 .  0.1 

 1 
. 

1.6 .

.4.12. .

.4.13  -  ( ).
 350 . 10.000 

 AD588, 177  2N2219A,  28.57 .
. 

, ,
. 

 –

+

AD620

1 K 1 K

1 K 1 K

OP177
    +              –

  AD589

10 

+ 15

0.1 

– 15

100

499

VOUT

+ 15

– 15

27.4K
12430.1K

+ 15 – 15

8.2K
1.7

100

2N2907A

+ 1.235

+ 1.235

3          2
7                                     4

6

2

3
4

5

6

8

1
7
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 475  100
.

.4.13. .

,  350
. .4.14 

.  5  REF195  (30 )
. 213 

 100. :

100
7.28196

20
1

101 K
K
KG

– 15

6

1 –

+

AD620350 350

350 350 + 15

– 15

100

VOUT

+ 15

2N2907A

2

3
4

5

8

7

+ 15

OP177

+

–

AD588

475

+ 10

+ 15 – 15

1K

4     6     8     10

13

12

11

1

3

9

2 16

3

2

7

4

6

 –

+
4

7

 –

+

   1/2
OP213

350 350

350 350 VOUT6

5

10K

1

2

3

8

   1/2
OP213

1K 1K 10K

196 28.7

(VREF)

REF195

+ VS

2

4
6

1 

+ 5.0 

G = 100
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.4.14. .

.  ±0.5%. 
 2.5  .. 0 , 

213. , , 
VREF ,  

  (VOUT) . 
. , 

. 
 0 , VREF

 (+2.5 ), . , VREF

, VREF.

.4.15.  AD7730  ( ).

24-  AD7730 
. 

.4.15.  +5 , 
. , , 

. 
 +5 .

:
 ±10  10

 « »
: « »  « »

:
, : 40  ( ), 264  ( )

 ( ): 80000  (16.5 )
: 18ppm

: < 1 
: < 1 

: 0.5 /°
: 2ppm/°

: 

.4.16.  AD7730 .

RLEAD

RLEAD

VO

+5+FORCE

-FORCE

-SENSE

+SENSE

+5 /+3

+VREF

+AIN

-AIN

-VREF

GND

AVDD DVDD

AD7730
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AD7730 , 
 ±10  16 .

AD7730 , 
. 

, . 
, ,  40 ,  264 , 

 13 ppm 16.5 . 
16 .  AD7730  8.

6. Ramon Pallas-Areny, John G. Webster, Sensors and Signal Conditioning
John Wiley, New York, 1991.

7. Dan Sheingold, Editor, Transducer Interfacing Handbook,
Analog Devices, Inc., 1980.

8. Walt Kester, Editor, 1992 Amplifier Applications Guide, Section 2, 3,
Analog Devices, Inc., 1992.

9. Walt Kester, Editor, System Applications Guide, Section 1, 6,
Analog Devices, Inc., 1993.

10. Harry L. Trietley, Transducers in Mechanical and Electronic Design,
Marcel Dekker, Inc., 1986.

11. Jacob Fraden, Handbook of Modern Sensors, Second Edition,
Springer-Verlag, New York, NY, 1996.

12. Omega Engineering, The Pressure, Strain, and Force Handbook, Vol. 29,
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13. Omega Engineering, The Flow and Level Handbook, Vol. 29,
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 5: 
, , 

 I/V 

CCD/CIS 

, 
 ( ), 

, 
, . 

. ,

, . 

 (CCD, ).

.5.1. .

, 
. , 

.
.5.3. 

.

,  2850 .  100 fc ( )
) 
 (  1 2).

: , , 
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:  ( ), 
: , 

: .
: , ,

.
.5.2. .

.5.3. .

 -  6 .. 9
. 

, 
, 

.
RSH  1000

 2   10° .  CJ

. 
 50 .

 ( )  (  + )

.5.4. .

 (  - ),
 (  - ), .5.4.

, 

: RSH
 10°

RSH
100K  - 100

J

–

+

–

+

–VBIAS
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 (
). 

 - . , 
 ( ). 

 (
). 

, ). .5.5 
 SD-020-12-001,   .5.6.

.

: 0.2 
: 50 

: @ 25°  100
: 40 

: 12 
: 0.003 /fc

.5.5.  (Silicon Detector Part Number SD-020-12-001).

, fc

1000 30 
100 3 
1 0.03 

0.1 3000 
0.001 30 

.5.6. .

.
 -  – 

. .5.7).

.5.7.  -  ( ).

, . 
 30 . 

, 
 - .  30  1000  30 .

–

+

VOUT = 30 

R = 1000 M

ISC = 30 

 1 
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 1000 
.  10  10 ,  10 

10 ,  60 . 
. 

, 
 (0.001 fc)  (0.1 fc)!

, , 
. ,  -  ( ).

,  2 , 
2 .  3 , 

. , 
.

, 
. 

. 07  (10 )
 4  (4000 !). -

 ( 97) 
100 , 

,  10°
 FET . 

 (
). .5.8 

 FET .

VOS
MAX

 VOS
MAX

IB
MAX* 0.1 - 10 

AD549 250 5 /° 100 4 TO-99
AD645 250 1 /° 1.5 2  TO-99, DIP
AD795 250 3 /° 1 2.5 - SOIC, DIP

 25°

.5.8.  BiFET 
).

 BiFET  JFET
 ( . .5.9). 

. 
 BiFET 

. 
 JFET , . 

. 
 AD795, 

.5.10.
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.5.9.  BiFET .

: 250  @ 25°  ( )
: 3  @ 25°  ( )

: 1  @ 25°  ( )
 0.1  .. 10 : 2.5 

1/f : 12 
: 10  @ 100 

: 0.6  @ 100 
: 40  @ 15 

:1 

.5.10.  BiFET  AD795.

, 
. 

,  0.05  (1.25 ) ,
 1  (25 )  1011  +125° . 

 15 ,  150 .
.5.11 , 

. 

VBIAS

+VS

–VS

–

+

2

3

1

6

5
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.  ( )
. 

. 
, 

.

, 
. ,

. 
, .

.5.11. .

 - ). .5.12 
 AD795  DIP («N»). 

. 
 (  2) 

. 
 2, . , , 

.

R2

2

–

+

+VS

–VS

2

3

4

6

7

1

2

3

4

8

7

6

5

1

2

3

4

8

7

6

5

AD795
«N»

AD795
«N»

–

+3

2

6

+

–2

3

6
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.5.12.  DIP.

 SOIC («R») 
, 

. .5.13 , . 
 « »  1, 5  8.

.5.13.  SOIC.

 (
AD549  100 ) 

. ,

 ( . .5.14), . 

.

.5.14. , 

1

2

3

4

8

7

6

5

1

2

3

4

8

7

6

5

AD795
«R»

AD795
«R»

–

+3

2

6

+

–2

3

6

 «R»
 1, 5, 8 

–VS

–VS

AD795 «N»

 «VIRGIN»

:
1 – , 3 – 
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 «VIRGIN».

, 
.

.5.15. , .
,  (R1)  - 

 10° . 
 (+25° ) R1 = 1000 ,  +70°  43 , 

, , 
.  +25°

 2,  +75°  24.
, 

 10° . , IB*R2.   +75°
 24  1  +25° . 

 (R3) , 
R1 R2, .

, R1 , 
. , 

R3, , , , 
.
.5.12 , .  +70°

 33.24 . 
. , 

. , 
 - . 

.

1
21

R
R

.5.15.  AD795.

0°C 25°C 50°C 70°C

VOS 0.325  0.250  0.325  0.385 
1.1 2 7 24

VOS, 0.358  0.500  2.28 9.24 

–

+
IB

IB

VOSR1

R3

R2

1000M

AD795K
 RTO
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IB 0.2 1.0 6.0 24 
IB, 0.2 1.0 6.0 24 

0.558  1.50 8.28  33.24 

.5.16.  AD795 .

, . 
, -99 

 40 /° . , 
,  1 .. 3 /° . 

,  0.3 /°   /8,
.127/. , 

, 
. , 

 ( . .5.14), 
, .

, 

. 
 ( . .5.17). 

. , 
», 

. 
 (  « » ). 

,  (C2 || R2). 
, 

, .

R2

21

R1B

A

–

+

0.1     1         10             100   1        10            100   1      10

100

10

100

10

1

 ( )

R1
R21

C1
C21

02C

1
1 2

1f

2
2 2

1f

f CL

Uf
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.5.17.  (NG).

1
1

1
21

1221
11121

2

1

s
s

R
R

sCRR
sCRRNG

21
21
21

1 CC
RR
RR 222 CR

. 
, 

 12  (20 ). 
 12 , 

. , 
 ( . 2 = 0).

 1/2 1 1 = R1||R2·(C1+C2)  « » 
.   1/2 2, 2 = R2·C2 - « », 

 « ». 
 1 + R2/R1.  -  1 + 1/ 2. 

.
, ,  « » 

 1/2 R2·C2.
.5.18 

. 2  (
) (16 ) . 2, 

. , ,  16 , 
 167 .

.5.18.  AD795  +25° .

, 
. R1 ( )

R2

21

R1B

A

–

+

0.1     1         10             100   1        10            100   1      10

100

10

100

10

1

 ( )

2NG
6NG

f 3.51 f 162 f CL 167

Uf

ID

AD795

R1 = 100M  @ 25°C
R2 = 100M
C1 = 50 
C2 = 10 
fU = 1 

222
1

CR
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. 
1/ 2.

 AD795, .5.19.  AD795
 JFET : 

2.5  0.1 .. 10 ,  1/f  12 , 
. ,

, , 
AD795 .

.5.19.  AD795.

.5.20. 

:

dffVV 2
11

, . 
 (RSS). .5.20 

.  1.57 (1/2 ) , 
, , 

.  ( ) 
:

kTRVR 4

k -  (1.38 10-23 ),  -   (
).  1  +25°  4 .

.

 1        10       100      1        10     100     1
 ( )

8 

100

10

0

 1/ f = 12 

 1        10       100      1        10     100     1
 ( )

0.6 

100

10

1

0.1
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(RTO)
 (BW)*

VN (f) VN (f)·NG 1.57·CL
IN+ IN+·R3·NG 1.57·CL
IN– IN–·R2 1.57·S
R1 VN,R1·(R1/R2) 1.57·S
R2 VN,R2 1.57·S
R3 VN,R3·NG 1.57·CL

*CL– ,  S – 

.5.20. .

,
, 

. 
 ( ). 

. .  1/f
 0.01 . 

, 
. 

, 
 1 .

, 
 (fcl, , 

R1

R2

 -

 + VONR3

VN,R1
B

A

IN–

IN+

VN,R3

VN (f)

VN,R2C1

C2
 1  @ 25°C

 4 
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). 
,  (

, ).
, 

. 
, 

 1 )  (1/2 ·R2·C2) 
) 1.57.

 ( )  R1

R1
.  1.57 

.

 ( ) 

IN+ R3 , 
. 

. 
, R3 =  0  R3  ( , 

).

 ( )  ( ) 

R3
. R3 , 

.

.5.21 
 +25° . IN+ R3 ? 

.

0.1     1         10             100   1        10            100   1      10

10

100

10

1

0.1

 ( )

R2

21

R1B

A

ID

AD795

R1 = 100M  @ 25°C
R2 = 100M
C1 = 50 
C2 = 10 
fU = 1 

R1,R2

16  ( )

VN (f)

IN-

5.3                      12 
16 

4000

600

40
48

fCL = 167 )
:

R1 = 20  RMS
R2 = 20  RMS
IN- = 3  RMS
VN (f) = 24.6  RMS
          = 37.6  RMS

–

+
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.5.21.  ( )  +25° .

, 
 25° , 

. , 
 167  (

). 
 ( .5.22)  20 

(R = 80 ,  = 0.1 ),  1 . ,

2. 2 , 
. , 2

. 
 28.5 , 

 75% . 
.

.5.22.  AD795 .

1000

10 

–

AD795K

+
+15 

–15 

ID

1 

20 

100
0.1 

100 

:
37.6  RMS

:
1 

:
28.5  RMS

: ±15 
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.5.22. 
.5.23.  0 .. +70°

33 ,  33  0.001 
). 

.
, , 

, 
 3 /° . , AD795  SOIC 

.

,  44 ,
R2. 

 44 .  10 
 12- , 

(LSB)  2.5 . .

 (0 .. +70° ): 33 
: 1 

: 30 
 @ +25°C: 28.5 

 @ +25°C: 44  (26.4 )
 R2=1000 : 0.001 .. 0.33 

: 16 

.5.23.  AD795.

. 
.   2

1  160 . 2 ,
. , 

2 .
 (  0.3fc), 

, 
. , 

.
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 I/V 
 ( ) .5.24. , 

,  ,  R1 >> R2. 
1 .

.

.5.24. .

1 f1,
.

122
1

1 CR
f

, 2 f1,
1. 

.
, f2

. f2

2  45°.

222
1

2 CR
f

f2 f1 fU, 

R2

2

1

–VB

  fU

–

+

f2 = 

I

fU = 

1 f

f1 fU

f2
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ufff 12

2:

ufR
CC

22
12

2  45°. , 
 65°.

2 , 
.

,  FET
. f2:

1222 CR
ff u

1 - : CD

CIN.  -
.

f2,  FET 
fU CIN. ,

fU CIN

.
.5.25  FET , 

.  AD823 
fU CIN , , .

.

.
, fU

)
, CIN

)

fU / CIN
)

,
IB ( ) )

AD823 16 1.8 8.9 3 16
AD843 34 6 5.7 600 19
AD744 13 5.5 2.4 100 16
AD845 16 8 2 500 18
OP42 10 6 1.6 100 12
AD745* 20 20 1 250 2.9
AD795 1 1 1 1 8
AD820 1.9 2.8 0.7 2 13
AD743 4.5 20 0.2 250 2.9

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


 5: 

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

5-18

.5.25. 

  

 HP 5082-4204 PIN. 
.5.26. 

 PIN . 
, . 

, 
,  (

).
 50 .. 100 . 

 (
).

 @ 1 , 900 : 350 
: 100 

: 0.002 2 (0.2 2)
 @ 10 : 4 

 ( ) : 1011

: 10 
 @ 10 : 600 

.5.26.  5082-4204.

.5.27, , 
 10  100 . 

R2 = 10 /100  = 100 .
1 = D + CIN =4  + 1.8  = 5.8 . 

1 = 5.8 , R2 = 100 
fU = 16 :

f1 = 274 , C2 = 0.76 , f2 = 2.1 

 ( . .5.27) , 
 100 

33.2 . 2  1.5 
. 

 2 .
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.5.27. 2 .

 10  100 
 600  60 . 

, 
, .5.27.

, 
.  (RSS), 

,  3 ..4 , 
.

, 
: VN

R2 VN,R2 ( . .5.28).

.5.28. .

 FET .  (
), 

1. 

33.2

2         ~ 0.8 

1
5.8 

D1

AD823
–

+

33.2 33.2 R2 = 100 

-10 
D2

0.1  100 

+15 

–15 

D1, D2: HP-5082-4204

R2

 -

 +

VBIAS = -10 

VN

VN,R2

C2

1 = 5.8 
2 = 0.76 

R2 = 100 

VN = 16 

C1 AD823 1

1 + C1/C2

f1
274

f2
2.1

fU
16

V RN 73101.257.140 6
2,

f
C
CVV NN 25057.1

2
11 2

26025073 22
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 4 ·(100 /1 )/  = 40 .  -
, 2.1 ,  73 .

 1.57 .

. , , 
. , 

f1 fU. , ,

 [1 + ( 1/ 2)] ( . .5.28).
.

 (10 ) ,
260 , ,  92 .

, ,
 ( ) , 

, .
,

. 
.5.29. :

,  ( ).
 (V ) .

, , Q = ·VC.  
, VOUT = - Q/C2 = - ·VC/C2.

.5.29. .

, Q, 
.  ( ) 

Q/ .

:
2C

CVV C
OUT

R2

2

VC

–

+1

+

Q = C·VC R1
VOUT
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:
2C
QVOUT

. f2 = 1/2 ·R2·C2,   - f1 = 1/2 ·R1·C1.

 5.30 .

,  AD745. AD745 
. 

, , , , 
.

.5.30. 
.

.5.30 .

. S CF, ,
, Q/ F. 

, 1 + CS/CF.
, , .5.30 

.  (1 + R2/R1). 
RB .

 ( ) . 
R3, .5.30. 

RF

F

RS

–

+S

AD745

RBB

B = F || S

RB = RF || RS

R2

B

R1

–

+
AD745

RSS

B = S

RB = RS
RS >> R1,R2

RB

30

20

10

0
10     100          1000

 ( )

 RTI
 2.9 
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, 
CB. ,  BiFET ,  AD743/AD745,

 ( ) .

, . 
. 

 FET 
 (20  AD743/745) 

. , 
. .5.30 

  .
CB  300  CB

 0.01 .

 40

.5.31 , 
.  ±5

: , , , 
.  ( ),  Aavid #5801 

.
1  0

.. +85° . 1 ( ) 
 –55°  .. +125° , , .

.5.31.  100.

 «
» , , 

. 
, 

. 
, . ,  AD743 

AD745, .

. 

R2, 10

B

R1, 100

–

+
AD745

RS, 108
S

B = S

IQ = 8 

RB, 108

1*

+5 

–5 
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 6000  10 . 
 100 .

, .

, , , . 
 1  .. 10 .  AD743  AD745 

, 2.9 , , 10 , 
.

 AD743  AD745 - , 
.  AD743 

.
 AD745  5 , 

.  AD743  AD745 
:  0.0003%  0.0002%, .

: JFET 

 AD743  AD745  JFET
, 

, 
. .5.32 

27  JFET  AD745. , 
 AD743  AD745 .

, 
 AD745 , 

. ,    AD745,
. 

 AD745 , 
.5.32, .

+

–

RS

RS

100     1       10      100     1       10
, 

OP27

100

10

1

AD745
OP27,
AD745

 RS

100     1       10      100     1       10
, 

OP27

100

10

1

0.1

AD745
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.5.32. 
27 ( )  AD745 (BiFET) 

. 
.5.33. , ,

, 
, .

, 50 
,  +3500ppm/° . 

 20 ,  1 /( ). 
 RT, , 1 ,

1%, +3500ppm/° , #PT146  «Precision Resistor Co.,Inc.» /18/.

.5.33.  BiFET  AD795
 20 

4

7

2

3

6

+

–

5
1

8

+VS

–VS VOS, 100 K

1 

19.6 K

1 K
+3500ppm/°C

:
 - 1G

50 
 = +3500ppm/°C

AD795
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CCD/CIS 
 ( )  ( ) 

, . 
.5.34 .  (

) , , 
. 

. 
. 

, 
.

,
 ( . .5.35). ,

,  ( ) 
 ( ). 

) .
, 

. 
. 

.
.5.36, , 
. 

, 
. 

,  - . 
 1 ..10 

5 ..25  - .

.5.34. .

(CCD, CIS, CMOS)
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.5.35. .

.5.36.  (CCD).

 ( ) .5.37 
. 

, CS. 
, CS , VREF. 

V.
 10 , 

 0.6 . 
 0.5  .. 1  2  .. 4

.  3 .. 7 .

 - 

 ( )

 ( )

 ( )
)

)
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.
, 

. 
.

. 
 FET . 

 100 .. 300  (60 .. 180 ). ,
 «kT/C», .5.38. 

S VREF. 
 (RON) :

ONRBWkT4

, RON·CS. 
 ( /2) = 1.57:

SONSON CRCR
BW

4
1

2
1

2
:

C
kT

, RON, , 
  , .

, , kT/C CS

. 
, 

, .

S
RL

, Q

V = Q/CS

VREF               +VS

 3  7 

V
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.5.37. .

.5.38.  (kT/C).

, 
 (  - CDS). .5.39 , 

 ( ). 
 (SHA1, SHA2). SHA1
kT/C . SHA2

kT/C . ,
V kT/C.

.5.39.  ( ).

 ( ) , 
. 

, .
, 

» ( . .5.40), .
 1

. , , 
.

Q

S

VREF

RON

+

–

SHA 1

SHA 2

 + 

 + 

 = V =  – 
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Analog Devices  ( ) 
, 

. , .

.5.40.  ( ).

 AD9816  12-  6 ,
 (RGB)  ( . .5.41).

AD9816  (
), . 

, , , 
, , 

.

 CIS

 CIS

 1  FS

±100 

DAC

DAC

DAC

CLAMP/CDS

CLAMP/CDS

CLAMP/CDS

UX

PGA

PGA

PGA MUX REGS

CONFIG REGS

GAIN REGSOFFSET REGS

12-bit
ADC

BANDGAP REF

DIGITAL
CONTROL

PORT

12

8 8

R
G
B

R
G
B

OEB

DOUT

SCLK

SLOAD

SDATA

VINR

VING

VINB

OFFSET

      CDSCLK1  CDSCLK2               ADCCLK

AVDD      AVSS      CAPT       CAPB     CML    PGAOUT    VREF      DVDD     DVSS     DRVDD   DRVSS
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.5.41.  AD9816.

 AD9816 , 
 (CDS),  (DAC), 

 (PGA)  12-  (ADC) 
 (DSP). 

.  Analog Devices
 AD9814.  AD9814 , 

 AD9816,  14- . 
 AD9814 , 

.

 12-  (6 )
 1..3 

 ( )
: 8-

:  = ±0.4 ,  = ±1.5
: 0.5

3-
 +5 , 420 

 MQFP 44 

.5.42.  AD9816.
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   246.3. R4= 4.99 R5=1.22 . 
1% R5  1.21 ,  50 

. 193 
, -

,  +0.1 . 
,  0.1 , 

R3  5 .  (10° ) 
, 193.

V1 V1

T2

V(OUT) = V1 – V(0°C)

T2
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R3 , 
 3 , . R7

193,  0.1 
.

.7.10.  ( 35)
  .

 AD594/AD595 
 ( . .7.11). 

 (10 /° ).
  

, 
. 

, ,
 10 /° . 

, , 
, 

.

 AD594/AD595 
, , . 

 TTL .
 (  + 5 ), ,

,  0° .
    

160 ,  ±5 .

AD594 
 J ( ),  AD595 

 ( ). 
 J  K),   

Cu

0.1 

–

+
OP193

100 /°

3.3 – 5.5 

*  1% 

+

–

TMP 5

0°  < T < 250°C

R1*
24.9

R2*
102

R3*
1.24

R7*
4.99

R4*
4.99

R6
100

R5*
1.21

P1
50 K

0.1 

Cu

VOUT
0.1  – 2.6 
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.     
, ) , , .

AD594/AD595 . 
±1°  ±3° ., . 

 0  +50° . , .7.11, 
 J (AD594)  (AD595)  0 ... +300° .

.7.11.  AD594/AD595
.

AD596/AD597 , 
, , ,

. 

 J/K.

,  (10 /° )
. 

 +25°    +100° .  AD596  –200°
+760° ,  J,  AD597 

 –200°  1250° .  ±4°
 60°. , 

0.005° /°  +25°  +100° .
, , 

, . 
, ,  AD77XX, 

, 
, .7.12. 

.  1  128, 

–

+
G

0.1 

–

+
G+

+AD594/AD595

 J: AD594
 K: AD595

4.7 

+5 

VOUT
10 .°
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 16   22   (
). 

  .

.7.12.  AD77XX, 35 
.

PGA

G = 1  128

 AD77XX
(16 – 22 )

+3/+5 

TMP35

0.1 

MUX

AIN1+

AIN1–

AIN2+

AIN2–
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.
 - , 

.  ( ),
. 

, . .7.13 
 100    S. 

 –200°  +850° ), . , 
.

 (Pt)
 100 , 1000

 = 0.385 /°  100
 - , , 

.7.13.  ( ).

, 
.  =

0.385%/° ,
; 

, . 
, 

 ( ). , , 
, ,

. , , 
, .

, 
. 

  .  , 
,  0.5° . 

.  

  , , , 
.

, 
. 

, 

0          400     800

0.400

0.375

0.350

0.325

0.300

0.275

 (
/°

)

 (° )

S

100
11.5

10.5

9.50

8.50

7.50

6.50

5.50

 (
/°

)
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. 
, 

, , , 
. 

, ,  100
30-  100 . 

 30-  0.105 , 
 21 , .7.14. 

 55° ! , , ,
. 

 4- .

.7.14.  100 
30-  100 .

.7.15  4- . 
, 

. 
. , 

. 
,   

. 
, 

.

.7.15.  4-
.

 4- .   
. 

,  AD77XX, 
. , 

.

R = 10.5

R = 10.5

100
Pt 

 = 0.40% / °  @ 20°
 Pt  = 0.385% / °  @ 20°

RLEAD

RLEAD

100
Pt I
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.7.16  100  400
.  AD77XX. , 

 2.5 ,  6.25 .
, ,

.  6.25 
, , , 

. , 
 (  1  128), 

.

.7.16. .

 ADT70   ; 
 5 /°    1  ( .

.7.17).  1 
. 

–50°  +800° .
ADT70 , -

,  2.5 
.  ADT71  ADT70, 

. 
,  3  10 . 

    ADT70/ADT71
, 

.

, 
 « »,  «

» . ADT70
 –40°  +125°  20-

 DIP  SOIC.

PGA

G = 1  128

 AD77XX
(16 – 22 )

+3/+5 

MUX

–VREF

AIN1+

AIN1–

+VREF

RREF
6.25 K

100
Pt 

400 +

–
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.7.17.  ADT70 .

-
.   

, , 
. 
, 

. .7.18 
 ( ) [Negative Temperature Coefficient - NTC] 

.   , 
.

0.1 

ADT70

+5 

 2.5 

+

–

+

–

»

 = 5 /°

–1  –5 

RG = 50K

 1 

1K  Pt 

1K
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.7.18.  10 .

 (  -44000 ppm/°  25° , 
.7.19), , 

. 
, 

, , 
,  4-

. ,  10 
 25°  = -44000 ppm/°  100

, 
 21 ,  0.05° .  500-

.
.  

.7.18, 
, ; 

, . 
, , 

, .

0   20     40        60          80             100

40

30

20

10

0

 (
)

 (° )

 @ 25°
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.7.19.  10 .

, 
. ,

, 
.

.
,  -44000 ppm/°C 

25°  -29000 ppm/°C  100° .

, ,
.

, , 
.

. .  
.7.20,    

. ,

. , 
.

:

2231
312)31(2

RTRTRT
RTRTRTRTRTR

RT1 - 1, 
;

0   20     40        60          80             100

-60000

-50000

-40000

-30000

-20000

 (p
pm

/°C
)

 (° )
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RT3 - 3, 
;

RT2 - 2, 
, 2=( 1+ 3)/2.

.7.20.   
 5.17 .

 10 , RT1 = 32650  0° ; RT2 = 6532  35°
RT3 = 1752  70° . R = 5.17 . , 

, . , 
 -2.3°   +2.0° .  

, .7.21. ,   

–10 /° , ,  12- .

.7.21. .

0   20     40        60          80             100

40

30

20

10

0

 (
)

 (° )

10 5.17 

 = ±2° ,  0°  +70°

VOUT = 0.994  @ T = 0°C
VOUT = 0.294  @ T = 70°C

 VOUT / T = –10 /°C
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.

 –55°  +150° . 
, , , , 10 /° . 

.

VBE.

S

C
BE I

I
q

kTV ln

k -  ,  - , q - , IS -  ,
 ( , 

, , , 
).

 N  ( . .7.22) 
IC , , 

:

S

C
N IN

I
q

kTV ln

.7.22. .

IS,  ,  ,  
 N   , -

IS.

VBE

IC

VN

IC

N 

S

C

S

C
NBEBE IN

I
q

kT
I
I

q
kTVVV lnln

S

C

S

C
NBEBE IN

I
I
I

q
kTVVV lnln
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N
q

kT

IN
I

I
I

q
kTVVV

S

C

S

C

NBEBE lnln

, .7.23, , 
» /10/. VBE = VBE - VN R2. , 

 Q2  V BE/R2.     R
Q1. Q1 Q2

, R1. R1
 ( ) :

N
q

kT
R
R

R
VVR

V NBE ln
2
12

2
)(12

.7.23. .

, VBANDGAP Q1
VBE(Q1)  V . VBE(Q1) ,   
V   , 

R1/R2 N, 
 = 1.205 ). 

.

+

–

R R

I2 = I1

+VIN

R2

R1

Q1

A

Q2

NA
VN

VBE
(Q1)

VBANDGAP = 1.205 

VBE

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


 7: 

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

7-21

.

, 
, 

, . AD592  TMP17 ( . .7.24) - 
,  1 . 

. AD592 
.  (AD592CN)  25°

±0.5°  ±1  –25°  +105° .  ±0.35° .
17 ,  ( 17F)  

 25°  ±2.5°  ±3.5°  –40°  +105°
 ±5° . AD592  -92, 17

 SO-8.

: 1 
 @ 25° : 298.2 

: 4  .. 30 
 @ 25° : ±0.5° , ±1°
 (AD592CN): ±0.1°
 @ 25° : ±2.5° , ±3.5°
 ( 17F): ±0.5°

AD592 : –25°  +105°
17 : –40°  +105°

.7.24. : AD592, TMP17.

.7.25. .

V+

V–

AD592:  TO-92
TMP17:  SO-8

R(T)

+

–

I(VS)

AD22103

VOUT

VS = +3.3

0.1 
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, 
. AD22103 ( . .7.25) 

,  (  3.3 ), 
:

A
S

OUT T
C

VV 2825.0
3.3

, .7.25,  AD22103 
, 

. AD22103  0°
100°  ±2.5°  ±0.5° .

35/ 36/ 37  (  2.7  5.5 ),   SOT-23
(5 ), SO-8 -92, .

35/36  10 /° 37 - 20 /°  ( . .7.26).
 50 , 

 (  0.1° ).
,  0.5 .

35  250  + 25°  + 10°  +125° .
36  - 40 °  +125°   

 750  25° . 35, 36 
+10 /° . 37  +5°
+100°  20 /° . 37  +
25° .  500 .

:
35, 250  @ 25° , 10 /°  (+10°  +125° )
36, 750  @ 25° , 10 /°  (– 40°  +125° )
37, 500  @ 25° , 20 /°  (+ 5°  +100° )

±2°  [ .]
±0.5°  [ .]

 –40°  +125°
50 
0.5 

.7.26.  
.

ADT45/ADT50  .  
 SOT-23-3 

 2.7  12  ( . .7.27). 

0.1 

TMP35
TMP36
TMP37

+VS = 2.7  5.5 

VOUT

SOT-23-5
 SO-8  TO-92
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 –40°  +120° . 
 10  /° .   ±1°  +25°  ±2°

 –40°  +125° .
ADT45  250  +25°

 0°  +100° . ADT50  750  25°
 –40°  +125° .

:
ADT45, 250  @ 25° ,  10 /°
ADT50, 750  @ 25° ,  10 /°

±2°  [ .]
±0.5°  [ .]

 –40°  +125°
60 

.7.27.  ADT45/ADT50 
.

 ADT45/ADT50  
, , 

   –40°  +125° . 
,  0.01°

. , 
, 

. , 
  . , 

 ADT45/ADT50 . 
 SOT-23-3, , JC,

 180° . ,
JA JC,   . 

, , JA = 300° .
, D, 

 ( , ).
, 

:

ACAJCDJ TPT

,  ADT45/ADT50 (  SOT-23-3),
,  25°  +5

0.1 

ADT45
ADT50

+VS = 2.7  12 

VOUT

SOT-23
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 = 60 , PD=300 )  0.09° . , 
, 

 100 .
 ADT45/ADT50 

. 
, , 

. 

 RC . 
.

, 
, ,  63.2% 

. .7.28 
ADT45/ADT50 (  SOT-23-3  0.338  0.307

) . 
32  12 ,  0 ( )  100

. ,  ADT45/ADT50 
, , , 

.

.7.28.  SOT-23-3
.

 0.1
,  ( ) 

, .

, 
, 

. 

.    ,

 2.2 
.

0        100     200     300      400      500      600     700

35

30

25

20

15

10

5

0

 (
)

 ( )
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.

, . , 
 ( ) 

. , 
, , 

, 
.

0.3/ 0.4 - 
, V ,  ( . .7.29).

, 
,  « ». 

,
 12- . 

, , 
 ( . .7.30).
, 

, .
, , 
, . 

 35  +25°
1,  10 .

.7.29. : 03/04.

03/ 04

 T1: 10 
: ±1.5°

: ±0.5°
: –40°  +100°

1/ 2 @ 0° : 60 %
 @ +25° : 35 

 @ 5 : 6.5 

 V

(1 )

-

TMP03/TMP04

+VS = 4.5  7 

 (TMP04)

 (TMP03)

T1 T2
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: -92 SO-8  TSSOP

.7.30. 03/ 04.

03/ 04 , 
:

2
1720455)(

2
1400235)(

T
T

T
T

,  80 51  68 11 , 
03/ 04. 

 80 51 .7.31.

.7.31. 04 .

,  0  1,  16 . 
,  12, . 

, , .

TMP04

12  0

 1

80 51 

V+

0.1 

+5 

P1.0
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, 
. , 

  , 
.

. 1.0
 0 . 

 0  1 .
, 1 2

 0  1, . , ,
, .

03/ 04 
. , 

, . -
92, , , 

. 03/ 04 
. 

, 
. 

, 03/ 04
1 2. 

, .
04 

.7.32. 04 
. 

04 
. 

. 04 ,
, 

, .

.7.32. 
 DSP 04.

.

, , 
. 

.  ADT0.5 

, 
.,  

PGA 

TMP04  
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 2°  –40°  +150°  ( . .7.33).  
, 

. ADT0.5  4° , 
. ADT0.5 

 +2.7  +7 , 
, . 

 (200  3.3 ), , 
 - . 

, .
:

RSET (  4) 
 GND (  5).  « », 

,  5 .
, 

. 
 1% 

. RSET

. 
.

: ±2°
: 4°

: -40°  +150°
: 200  3.3

.7.33. .

01 ,  ( .
.7.34  7.35). , 

. 
, , 
.

RSET

SOT-23-5

ADT05
200 

RPULL-UP

0.1 

+VS = 2.7  7 

K
CCT

CMR
SET

SET 3.90
6.281)(

39
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.7.34. 01 - 
.

01 , , 
. , 

 2.5 , , 
 5  25°  1.49 .  

V
.

,  +2.5 . 
, 

. , 
        .

01 
 ±1° . 

 20 , .
 +5  500 .

ADT22/23 01, 
 3 . 

 (ADT14).

–

+

R3

+

–

R2

R1

VREF

SETHIGH

SETLOW

2.5 

V

V+
TMP01
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V : 4.5  13.2 
 V , +5 

 25° : 1.49
: ±1°

: –55°  +125°

: 2.5  ±8 
 400 ,  1 

: 8-  DIP, 8-  SOIC, 8- -99

: ADT22/ADT23
(3- 01 )

: ADT14

.7.35.     
 ( 01).

.

 AD7816/7817/7818 
,  10-

 ( ) 
 9 .  

 INTEL 8051, MOTOROLA SPI™  QSPI™ 
MICROWIRE™   National Semiconductor. , 

. 
AD7416/7417/7418 , . 

 AD7816,AD7817,AD7818 .7.36, 7.37, 7.38, 
.7.39.

2.5 

10-

A > B

AD7816

OTI

DIN/OUT

SCLK

RD/WR

CONVSTAGND

REFIN +VDD = 2.7  5.5 
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.7.36. 10-
 (AD7816).

.7.37. 10- .  (AD7817).

.7.38. 10-  (AD7818).

10-  10 
 (Intel 8051, SPI™, QSPI™, MICROWIRE™)

: -55°  +125°
: +2°  –40°  +85°

: 2.5  ±1%

DIN

2.5 

10-

A > B

AD7817

OTI

DOUT

SCLK

RD/WR

CONVSTAGND

REFIN +VDD = 2.7  5.5 

CS

DGND BUSY

VIN1

VIN2

VIN3

VIN4

2.5 

10-

A > B

AD7818

OTI

DIN/OUT

SCLK

RD/WR

CONVSTAGND

+VDD = 2.7  5.5 

VIN1
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: +2.7  +5.5
 4  10 

  
 « » 

,  AD7817,  AD7818
AD7416/AD7417/AD7418 ,  I2C 

.7.39.  10-  (AD7816/AD7817/AD7818).

, , , 
, ,

. 
, 

, .

. 
, , 

. 
. 

, . 
, 

. 
 « »

 (CE).

 « ». , 
, 

.
, 

 «  ( )», 
. 

 ( ) 
.

 Analog Devices (ADM)  
, .

Pentium II. ,  Pentium II 
PNP- , 

.  PNP- , 
  .

 ADM1021 - 
, 

.  AD1021  .7.40.
, , 

 « VBE».  (I N*I) 
, .  ADM1021 
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: I =  6  ,  (N = 17), NI = 102 . ,
« VBE» :

N
q

kTVBE ln

.7.40 , ,
, 

. 
. 

, 
. , 

.  2200  , 
 3000 .

.7.40. 
 (ADM1021).

VBE I
NI. -

 65 , , 

C G

SPNP

65 
D–

D+

I N x I IBIAS

VDD = +3  +5.5

VBE = kT/Q·ln N
VOUT

VOUT = GkT/Q·ln N
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, . 
VBE

8- . 
,  16 .
AD1021 , 

.
 1° , , 

 –128°  +127° , ,  –
65° , . 

, 
, 

.7.41.

,  « ».

 (SMBus).

, . 
.   : 

, 
» ,  0.0625 8

.

8-

 SMBUS

D–

D+

STBY

ALERT
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.7.41.  ADM1021.

: 
: 1°

: 3°

: SMBus
: 70 

: 3 
:  +3  +5.5

 16-  QSOP

.7.42.  ADM1021.
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