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 5: 
, , 

 I/V 

CCD/CIS 

, 
 ( ), 

, 
, . 

. 
, 

, 
. 

 (CCD, ).

.5.1. .

, 
. , 

.
.5.3. 

. 
,  2850 . 

 100 fc ( ) ( )
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: , , 
:  ( ), 

: , 

: .
: , ,

.
.5.2. .

.5.3. .

 - 
6 .. 9 .

, , 
.

RSH  1000
 2   10° .

CJ

.  50 
.

 ( )  (  + )

.5.4. .

: RSH
 10°

RSH
100K  - 100

J

–

+

–

+

–VBIAS

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

5-3

 (  -
),  (  - ), 

.5.4. 
, 

 ( ). 
 - . 

, 
 ( ). 

 ( ). 

, ). .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.  -  ( ).

–

+

VOUT = 30 

R = 1000 M

ISC = 30 

 1 
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, . 
 30 .

, 
 - .  30  1000 

 30 .  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 , 

. 
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. 
 AD795, .5.10.

.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
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.5.12.  DIP.

 SOIC («R») 
, 
. .5.13 ,

.  « »
 1, 5  8.

.5.13.  SOIC.

 (
 AD549  100 ) 

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

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
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. 
, 

 ( . .5.14), 
. 

.

.5.14. , 
 «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 . 

. , 
. , 

 - 
. 

.

AD795 «N»

 «VIRGIN»

:
1 – , 3 – 

R2
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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 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). . 
,  «

», 
. 

–

+
IB

IB

VOSR1

R3

1000M

AD795K
 RTO
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 (  « » ). 
,   (C2 || R2).  

, 
, 

.

.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, 

. , , 

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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 16 , 
 167 .

.5.18.  AD795  +25° .

, 
. R1 (

) 
. 1/ 2.

 AD795, .5.19.  AD795
 JFET : 

 2.5  0.1 .. 10 ,  1/f  12  ,  

. , 
, ,  AD795 

.

.5.19.  AD795.

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

 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

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

5-12

.5.20. 

:

dffVV 2
11

, .

(RSS). .5.20 . 
1.57 (1/2 ) , , 

, . 
 ( ) 

:

kTRVR 4

k -  (1.38 10-23 ),  - 
).  1  +25°

. 
.

(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. .

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/f

 0.01 . 
, 

. 
, 

 1 .
, 

 (fcl, , 
). 

, 
, 

).
,

. 
, 

 (  1 )  (1/2 R2 C2) 
 ( ) 1.57.

 ( )  R1

R1
.  1.57

.

 ( ) 

IN+ R3 ,
. 

.
, R3 = 0 R3

, ).

 ( )  ( ) 
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R3
. R3 , 

.

.5.21 
 +25° . IN+ R3 ?  

.

.5.21.  ( )  +25° .

, 
 25° ,

. 
,  167  (

).
 (

.5.22)   20   (R = 80 ,  = 0.1 ), 
 1 . , 

2.
2 , 

. , 2

. 
28.5 ,  75% 

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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. 
.

.5.22.  AD795 .

.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 

1000

10 

–

AD795K

+
+15 

–15 

ID

1 

20 

100
0.1 

100 

:
37.6  RMS

:
1 

:
28.5  RMS

: ±15 
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 @ +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
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.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. 
 4 (100 /1 )/  =

40 .  - , 2.1 , 

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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 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 

. 

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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(1 + R2/R1). RB

.

 ( ) . 
R3, .5.30. 

, 
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.

R2, 10

B

R1, 100

–

+
AD745

RS, 108
S

B = S

IQ = 8 

RB, 108

1*

+5 

–5 
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» , 
, . 

,

. 
, . ,  AD743  AD745,

.

. 
 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, 

.
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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/.

+

–

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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.5.33.  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  - .

(CCD, CIS, CMOS)
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.5.34. .

.5.35. .

.5.36.  (CCD).

 ( ) .5.37
. 

, CS. 
, CS , VREF.

V.
 10 , 

 0.6 . 
 0.5  .. 1 

 - 

 ( )

 ( )

 ( )
)

)
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 2  .. 4 . 
 3 .. 7 .

.
, 

. 
.

. 
 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

. 
, 

, .
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.5.37. .

.5.38.  (kT/C).

, 
 (  - CDS). .5.39 , 

 ( ). 
 (SHA1, SHA2). SHA1

kT/C .  SHA2
kT/C . 

, V kT/C.

S
RL

, Q

V = Q/CS

VREF               +VS

 3  7 

V

Q

S

VREF

RON
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