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 16 
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«0»,  ( ),  «1». 
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, , 
.  «1» 
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,  ( ) ,

, 
.

 « »
(EOC), « » (DRDY)   « » (BUSY) ( , 
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 ( )
, , 

 ( ) . 
, .
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,  16-
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 1 ppm/° , 

.
 3-     .8.4.

, . , 
AIN  ( ) 

. SIN, 
. 

SC, , 
. S1, S2, S3 S4 ,  (–AIN)

. S1 VREF,  VREF/2
 (–AIN).   C

S1 VREF, , 
 ( ,

, , , 
). . 

S1, S2, S3, S4  SIN AIN,  SC

.

.8.4. 3-   .

SC 1
)

 2  3
)

/2 /4 /4CTOTAL = 2C

S1 S2 S3 S4

AIN

SINVREF

+

–
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,  ( /4  3-
) , 

 2 ,   
.

 (cap DAC) 
R/2R. 

VREF, 
 (2 ) . 

, .
, 

, ,
, . 

, .8.5 
,  Analog

Devices. , 
, 

  .

]  [ ] ]

AD7472 12 1500 9 1
AD7891 12 500 85 8
AD7858/AD7859 12 200 20 8
AD7887/AD7888 12 125 3.5 8
AD7856/AD7857 14 285 60 8
AD974 16 200 120 4
AD7670 16 1000 250 1

.8.5. 
  .

, 
 ( . .8.6). 

. CONVST -
, 

.  ( )
  

. CONVST EOTC BUSY
. t ,  BUSY ,

. BUSY

. 
, 

.
, 

, . 
. , 

,  1  30 , 
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. , 
.

, 

.

.8.6. .

  
. , 

 ( . .8.7).

DATA
X

DATA
X+1

EOC,
BUSY

CONVST

 X  X+1  X+2

. . 

1

6

6- 6-

2

7-

6

7

12

12

+

–
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.8.7. .

, ,  12-
.  6- ,
 6- .  6-  6-

. , 2 
,  6-

6- . 2,
 7- . 

,  ( ) ,
. , 

.8.8. , , 
, -2, . 

. 
, 

.
, 

,  1:1 
, 

, . 

. , 

, 
.

.8.8. .

, , .8.9  AD7858/AD7859. 

 (20 )  ( ) . 
RS, 

 125 , 
.  12-

 9 , 
. (  14-  10

,  16-  -  11).

Rt SACQ 201259

DATA
X–2

 X  X+1  X+2

DATA
X–1

DATA
X
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, RS = 50 , , 
, , , 310 .

, , 
, , 

. 
-

,  AD820. 
, 

. .8.9  AD820  ,  50
 10  (  320 ). 

,   
  .

. AD820 
 «-1».  

+1.3  10.7 / 10 , ,   VIN =  0  
 +2.6  ,  VIN = +2.5  +0.1 . 

,  AD820 
,  NPN-

 (VCESAT),  50 .  
 +100  +100  412 /10 

AIN.

.8.9.  12-  AD7858/AD7859 
 200 .

–

+

+

–

CAP
DAC

320

50 125 

125 

20 

H

H

DGND          AGND

0.1 

0.1 

0.1

0.1 

10 

0.1 

10.7 

10 

412 

10 

10 

10 

AVDD                   DVDD

 +3  +5 

 = 
 = 

VREF = 2.5 

AIN–

AIN+

VIN : 0  +2.5 
AIN+ : +2.6  +0.1 

V  = +1.30 

AD820 AD7858/AD7859
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 AD789X  (  AD974,
AD976, AD977) 

, 
.

 AD7890-10,  12- , 8 
.8.10.  ±10 , 

   +5 . 
R1/R2/R3

 ±10  0  +2.5 , 
. , R1

. , 
, RS, ,

RS/R1.

.8.10. .

+2.5 

+5 

AD7890-10
12 , 8 

+2.5 

R2
7.5 

R3
10 

R1
30 RS

VS

VINX

±10

AGND

+

–

2 

REFOUT/
REFIN

0  +2.5 

,

R1, R2 3 – 
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.  , 
  , , 

.8.11.  P-  N-  MOSFET 

 (RON), . 
 5

. 
 ( RON ) , 

, , 
RON.

.8.11. .

RON , 
.

, 
, , , 

, , ! 
, 

. 
: , 

, , 
.

VOUTVIN
P-

N-

N-

P-

–VS

+VS

+VS .

–VS .

CMOS

PMOS
NMOS

RON

   – +
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   20 
 1 , RON  5 , 

 50  90 .
-

, .8.12.  4  16, 

, .
, 

. 
, .8.13.

.8.12. .

ADG508F, ADG509F, ADG527F:  ±15 
RON  300

 250 
 (-40  +55 )

ADG451, ADG452, ADG453:  ±15 , +12 , ±5 
RON   5

 180 
 2 

 ADG7XX: ,  +1.8  5.5 
R N  5 , RON  2

 20 

.8.13. .

 M .8.14.
  .

CONVST.

RL

RON
,

RON

 1
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, 
.

 (1/fS). , 

, 

.
.8.14 . 

. 
fS , 

fS/M. 
fS/2M

.

.8.14. .

, 
, 

.
, 

.8.14 LPFC. , 

AIN1

-

LPF1

LPF2

LPFC

AIN2

CONVST, fSfS / 2M

fC

EOC,
BUSY

DATA

fS

EOC,
BUSY

CONVST

. . 
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. .8.15 , n, 
  .

(% ) , n
f /fS

6 1.563 4.16 0.67
8 0.391 5.55 0.89
10 0.0977 6.93 1.11
12 0.0244 8.32 1.32
14 0.0061 9.70 1.55
16 0.00153 11.09 1.77
18 0.00038 12.48 2.00
20 0.000095 13.86 2.22
22 0.000024 15.25 2.44

fS = 
fC =  (LPFC)

.8.15. 
.

LPFC f , 

2
1

Cf

fS  (n ):

n
f S

1

fc, :

2
S

C
fnf

,  12-
 100 . n = 8.32, 

fc > 132 .  
, , 

, 
.

, 

.  LPFC,    
, .
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, 

. ,
, 

, . 
 ( ) (DAS),

.

. 

, 
.

,   . ,

, , 
.

AD7858  ( . .8.16).
 +3  +5.5

 15  .   12  ,   –
200 .  8 

,  4 . AD7858 
 4 

CONVST, 
. , 

.

.8.16. AD7858 -12- , 200 , 8 ,
    .

REFIN
REFOUT

2.5 

AD7858/
AD7858L

SLEEP

DOUT SCLKSYNC DIN

AIN1
……..

AIN8

/ 

CLKIN

CONVST

BUSY

DGND

DVDD

AVDD

AGND

CREF1

CREF2

CAL
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AD7858  2.5  (
) 

 0  VREF ( ). 
, 

, .
 SPI, QSPI, 8051 

. AD7858L  (5.5 )  AD7858 
 100 .

12- , 8 , 200  (AD7858) ,100  (AD7858L)

 (25 )
:

AD7858:     15  (  + 3 )
AD7858L : 5.5  (  + 3 )

: 8051 / SPI / QSPI .
24-  DIP, SOIC, SSOP
AD7859, AD7859L: , 

.8.17.  AD7858/AD7858L.
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.
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30 , ,  (

, VLSI, ) 
. , 

, 
.

  
,   

.  Analog  Devices, 
, ,

.
, 

, . 
.

 ( , , 
), .  

 ( , DSP),   
 ( ). 

, . , 
,   ,

, .

,  (  24 )

, 
, 

:

:

: , 

.8.18. .

. , 
  ½ , 

.  N-
 ( )  q/ 12,

½fS ( q -  ,  fS - ), .8.19 . 
 ( ) 

 (6.02N+1.76) .
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, , 
, ,  N- . 

 ( , ENOB)
:

SNRENOB
02.6

76.1

, KfS ( .  .8.19 ),  
: KfS/2.

, 
, , 

, ENOB . 
. 

.

.8.19. , ,
.

, 
 (KfS), , ,

. 
M .

 « » . 
 (decem ),

, ,   
. 

. .8.19 ).

fSA

+ 
+ 

KfSB fS

+ 
+ 
+ 

KfS fS

fS
fS
2

 =
q/ 12, q = 

fS
fS
2

fS
2

fS
fS
2

fS
2
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, 
 N- , 

 22N. 
, ,

, 
, .8.19 .

 ( ), 

, , 
, .8.20. 

, : ,
,    ,

  ENOB , , 
 ( ).

.8.20. .

. , 
VIN. 

. 
. 

VIN. , 
VIN. 

. ,  +VREF

 « »   , 
 « » . , 

fS fS

+VREF

–VREF

B

VIN

fS

N-

1- , KfS

+

–

+

–
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   –VREF  « » 
,  « » .

, 
. 

.

,   , 
.8.21.

.8.21. .

: (f)  =  1/f.  , 
. 

Q, . 
 ( ),   (–Y),  X - Y. 

 1/f, 
. Y

:

QYX
f

Y 1

Y
, f  Q:

11 f
fQ

f
XY

, , f , 
Y  . 

, .
.  

,  ( ) 
. ,

.

. , ,
.

,
  

+

–

H(f) = 1/f

X – Y

X

Y

(X – Y)/f

Y

Q
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ENOB   , 
.8.22 .

.8.23. ,

. ,
, , 

, , 
,  ( ) 

.
 8.24 

, , 
. ,    64,

 80 . 
, ENOB = 13. 

, 
 « »  13. 

 « » , 
.

.8.22. .

2

1

fS/2          KfS/2

fS

+VREF

–VREF

VIN

fS

N-

+

–

+

–

+

–
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.8.23. .

.8.24. 
, .

, , ,  
, . 

, . 

 ( , - 
, , , 

).   
 24 

 (  AD77XX),  18 
 (AD1879).

, -
, , , 

, , 
. , 

  , 
  

/1/. , 
,   , 
. 

, , 
, , .

, 
, 

, . 
  , 

. 
, 

, , 
  . 

 ( ), 
.

4       8       16      32      64     128     256
, 
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100
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* 21 
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AD7710, AD7711, AD7712, AD7713, AD7714, AD7730  AD7731 
, 

. 
 24 ,  22.5 

, , 
, , 

. ,  
, 

. , 
AD7714, AD7730/AD7730L  AD7731/AD7731L 

.
 16-  (AD7705, AD7706, AD7715),

.
AD1555/AD1556  24- : ,

. 
 120 . AD1555 

 4 . AD1555 
 AD1556, 

.

. 
, , 

 16- .
.8.25    (
) , 

. , 
, 

. , , 
,  « » 

, . , , 
, .

.8.25. , ,
 “   ”.

   n–4        n–3       n–2       n–1          n          n+1       n+2       n+3       n+4

 = 6.6 
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, , 
 ( )   ,  (kT/C ). 

, 
. ,   ,

  . 
.

, 
 ( . ).

, , 
(ENOB). , , ENOB

, 
.

:

)(log 2

, « » ( ) :

""
)(log 2

 6.6 , 
, :

6.6
)(log 2

.8.26. .

, 
, , 

 « », 
. , 

, 
. , 

.
AD7730  AD77XX 
.8.27. 

, . 

. 
.

 0 
+10 ;  0  +20 ;  0  +40 ;  0  +80 

: ±10 , ±20 , ±40 , ±80 .
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 (
)  1  230000 ,  18 .

, 
, . , 

 ( ). 
, .

, 
. 

AGND–1.2 AVDD–0.95 . 

AGND AVDD.

.8.27. AD7730, 
.

6-  (
)  ( ) 

±80 . ,  1.25 
 2.5  2.5  5 . 

.
 3- ; 

.
 AD7730 

 5 /°
2 ppm/° . 

, 
.

MUX

AIN1(+)

AIN1(–)

AIN2(+)

AIN2(–)

+

–

6-

ACX

ACX

VBIAS

AVDD       DVDD                 REFIN(–)   REFIN(+)

+

±

AGND     DGND        POL         RDY      RESET

PGA

100 

100 

AD7730

STANDBY

SYNC

MCLK IN
MCLK OUT

SCLK

CS

DIN

DOUT
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 (  80000 ) (16.5 ) 
 ±10 

 ( ): 5 /°
: 2 ppm/°

: > 150 

 ( ) 

 +5 
: 65  (125  10 )

: SOIC 24  TSSOP 24 

.8.28.  AD7730 .

 AD7730  4.9152 
 50  1200 . 

 MCLK IN  MCLK OUT .
AD7730 , 

. 
, , 

 (ACX).
AD7730 

 100 , AVDD  AIN(+),  
) AIN(-) AGND. 

. 
. 

,  ( );
 0 ,  – . 

0.
AD7730 . 

 2 : . 
 (sinc3 ).  

.  3 . 
 22-  ( ,

FIR), . 
, 

 (  - FASTStep™), 
, 

.
 (  - SKIP mode) ,   

. ,
, 

.
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.8.29  AD7730, 
 ( ).

, 
 200  4.9152 . 

 100 .   50  ±1  60 
±1  88 .

.8.30 
. 

  .  - ,
,   . 

.  (
)   

23 . 
 7

.  7  23 , 
, 

. 
, 

, . 
, 

, , 
.

.8.29.  AD7730.

, 
. 

, 
, , 

, 
. , , 

0

-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

0         10        20        30       40        50        60       70        80        90      100
 ( )

)

SINC3 + 22-
,
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 c 
.

 23 
. 

. , 
, , 

.

.8.30.  AD7730
.

 AD7730 .8.31. 

.   .

 0 
 22  (CHP=0 – )
 24  ( =1 – )

 44  ( =0)
 48  ( =1)

.8.31.  AD7730.

AD7730 , 

. 
 AD7730. ,

,

.   

20,000,000

15,000,000

10,000,000

5,000,000

0
 0            5            10           15           20          25

FASTStep 

FASTStep 
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  , 
, 

.

, . , 
. 

  . 
,

  .
AD7730 , , 

, 
, .8.32. 

, 
 AD7730.

.8.32. AD7730   ( ).

.

AD7730 , 
.

AD7730 , 
.
.

 AD77XX , ,
,   

. 
.  AD77XX 

.8.33. 
 10 . 
RINT,  7 . 

  . 
 20- ,  10 , INT, 

 20- , 
. 

 (  50%). RC (  7

6-

RLEAD

RLEAD

VO

+5+FORCE

-FORCE

-SENSE

+SENSE

+5 /+3

+VREF

+AIN

-AIN

-VREF

GND

AVDD DVDD

AD7730
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 10 )  70 .  20-
,  14  ,

 980 .

. ,   
 AD77XX, REXT

  . , 
.

REXT CINT

REXT

 AD77XX , 

.8.33.    AD77XX.

. , 
.8.34, . 

Kfs, 
fS   

. 
fS. 

SYNC.

 fCLKIN
REXT

VSOURCE
 1

RINT

7 K

INT
10  AD77

)

 K
KfS fS

SYNC

SYNC
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.8.34. 
.

,  AD7716 
. AD7716 

 22  570
.  AD7716 .8.35, 

.8.36.  (
, ,

) 
. 

.  AD7716 
.

.8.35.  AD7716.

4 ,  22 
 570 

, 
36.5  584 

 ±5 
 50 

.8.36.  AD7716.

AVDD      DVDD     AVSS    RESET      A0          A1          A2            CLKIN         CLKOUT

VREF             AGND            DGND                          DIN1    DOUT1          DOUT2

AIN1

AIN2

AIN3

AIN4

MODE
CASCIN
CASCOUT

RFS
SDATA
SCLK

DRDY

TFS

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


 8: 

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

8-32

 50 , 
. , ,

, .
 AD7750 

, 
.

 ( . .8.37).

)cos()( tVtv ,  ( , )
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