
Rev. 0 | Page 1 of 7

Σ-Δ —

AN-389

One Technology Way  P.O. Box 9106  Norwood, MA 02062-9106  781/329-4700  World Wide Web Site: http://www.analog.com

Σ-Δ �
� �

Σ-Δ

�

�

Σ-Δ
�

�
�

�

�
�

�

�

Σ-Δ
�

Σ-Δ
� Σ-Δ

�
�

�

FIR
Σ-Δ FIR

FIR
FIR

k

18
ADC AD1879 4096 FIR 3.072 MHz

1.33 ms

Σ-Δ

Σ-Δ ADI
16-24 AD771x

 



AN-389

Rev. 0 | Page 2 of 7

Σ-Δ

Σ-Δ

Σ-Δ

Σ-Δ

Σ-Δ

Σ-Δ AD1877
AD1879

[kFms ± fb] k Fms

fb

“ ”

LED

“ ”

2 LSB

(sd)
99.7%

±3
Nrms

VLSB LSB
(= Vspan/2b) LSB NB

 

 b

 

NB

NC INT(NB)+1 INT
(NB)+2 [INT(NB) NB ]

>±3 sd

 

span

rms
b

LSB

rms
B V

N
V
NN ��

�
�

�
266

 20/102
2

3 SNRb
BN

����



AN-389

Rev. 0 | Page 3 of 7

 NC NC

 

-1 0

 18 Σ-Δ AD1879
103 dB

 AD1879 S
6/ Vrms Nrms 30μV

LSB

 NB 3.9
AD1879 4 5

AD1879

-0.5 LSB +0.5 LSB
ADC

(0) (-0.5 x 1.524) sd (+0.5 x 1.524) 
sd

55.4% 0.5 LSB 1.5 LSB

21.2%

 -25 
LSB -27 -23 1024

 

 Σ-Δ
“ ”

0

AD1879

sd 30 μV
LSB

INT ��
�

�
��
	



� 5.0

2log
log CN  

103 = 20 log
rmsN
S  

VLSB= 182
12 =45.8 �V 

 

�V 30.0
�V 45.78 =1.524 

 

 2



AN-389

Rev. 0 | Page 4 of 7

THD
THD+N +

2b

-0.5 LSB +0.5 LSB

LSB

100 LSB

 ADC
LSB

1.5 LSB

ADC

 
1 LSB

 “ ”

“ ”

1/3 
LSB 2 LSB

AD1879



AN-389

Rev. 0 | Page 5 of 7

 4 dB

ADC

 ADC

 

DAC

LSB

n n
(n+2)

LSB

n n

n

 AD 1879

“ ”

 

6 dB

ADC DAC THD+N THD
SITHD S/THD+N

 

 

(SNR)

dB (%)
x “ ” log10x

10  10 log10x
(SNR) 10 log10 ( / ) 

dB SNR = 20 log10

(Vsignal/Vnoise)



Rev. 0 | Page 6 of 7

 Nrms

 S/[N+D] S/
[THD+N]

THD+N dB

 S/N
SNR

S/N THD THD+N
THD+N THD RSS

[= 1/(S/N] dB
RSS

 dB

(b)

-60 dB
Σ-Δ

S/N = S/N+D = -THD+N = -THD

-60 dB

 H(i)rms i S

x dB x

 (THD+N)
(THD)
THD+N

THD+N

AN-389

 
�

�

�
DAC

�
ADC
�

(a)
 

dB

 
(THD) THD

RSS
THD

20 log10 
�


�

��
�
�
�
�
�

S

iH rms

m

i

)(2

2 or 10 log10 
�


�

�
�
�
��

�
2

2

2

)(

S

iH rms

m

i  

20 log10 







�

�

�
�
�
�
�

�

�
��

�

S

iHN rms

m

i
rms )(2

2

2

 

10 log10 







�

�

�
�
�
�
�

�

�
��

�
2

2

2

2 )(

S

iHN rms

m

i
rms

 

SNR = -101og10 � �10/10/)( 1010 THDNTHD ��  



AN-389

Rev. 0 | Page 7 of 7

Σ-Δ

-60 dB

-60 
dB THD+N

A
A

ADC DAC
DAC

DAC “ ”
DAC

ADI AD1800 DAC
DAC

DAC
DAC 40 kHz

DAC
20 Hz

20 kHz 20 kHz

DAC 20 kHz

20 Hz 20 kHz
DAC

CD
80 dB

RSS S1 S2

 
dB RSS

RSS dB
D1 D2 dB

dB

[1] Oversampling Delta-Sigma Data Converters—Theory, 
Design, and Simulation, edited by J.C. Candy and 
G.C.Temes, IEEE Press, Piscataway, NJ, 1991.

[2] J. Vanderkooy and S.P. Lipshitz, "Resolution Below the 
Least Significant Bit in Digital Systems with Dither," 
J.Audio Eng. Soc., vol. 32, pp. 106-113 (1984 Mar.); 
correction ibid.,p.889 (1984 Nov.).

[3] A.H. Bowker and G.J. Lieberman, Engineering Statistics, 
Prentice Hall, Englewood Cliffs, NJ, 1972.

 2
2

2
1 SS �

10 1og10 � �10/10/ 21 1010 DD �  

� = 2
1

2
2 SS �  

10 1og10 � �10/10/ 12 1010 DD �  


