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Distributed clock generation/References 

Digital Correction 

1.5b 1st & 
2.5b 2nd stage 
(opamp1)  

10b

Vin

4.5b 3b

2.5b 3rd & 
4th stage 
(opamp2)  

3b Flash 

3.5b
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±Vref, 0

Vres2(N-1)

fC

s fC = 4 C×
sC
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3-bit 
Flash

Vin(N) Vin(N)

Vres2(N-1)

Vres1(N)

To 3rd stage

sC

±Vref,0

com1C

com4C
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com4C
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th1V

th4V
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sC sCfC

sC ¢

Used for the second 
MDAC operation 
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Following stage 
sampling capacitors 

s f s

L f s

f

s f

Assuming C =C =4 C =C and ignoring paracitics,

5
Total output load C (1-� ) C +4 C = C

3
C 2

where feedback factor (� ) = 
2C C 3

¢×

¢× ×

=
+

;

No following stage 
sampling capacitors 

L f

2
Total output load C (1-� ) C = C

3
×;
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Gain(dB)
O 1

O 2

 A � : Loop gain of first MDAC

 A � : Loop gain of second MDACO 1A �  
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(Hz) f

Phase(degrees)

-90

-180

O 2 A � : Loop gain of second MDACO 1

O 2A �  

unity1f

unity2f

1PM2PM

unity1 (2) O 1(2)

1 (2) O 1(2)

 f : Unity-gain frequency of A�

 PM : Phase margin of A�
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VDD

V V

CMFBV
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Gain(dB)
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(Hz) f

Phase(degrees)

-90

-180

O 2A �  

(Hz) f

-90

-180

unity1f

unity2f
unity1 unity1f f;

1 2PM PM;
1PM2PM

Without gm-variation technique With gm-variation technique 



8 F�<�8 F� (+7�+&�� �%/ ��+/�

-30

-20

-10

0

Fin=24.5MHz
SNR=55.4dB
SFDR=69.5dB
THD=65.3dB

-30

-20

-10

0

Fin=24.5MHz
SNR=56.2dB
SFDR=72.7dB
THD=66.2dB

0 0.5 1 1.5 2 2.5

x 10
7

-90

-80

-70

-60

-50

-40

Frequency

dB
C

THD=65.3dB
ENOB=8.91

FFT plot without gm-variation

0 0.5 1 1.5 2 2.5

x 10
7

-90

-80

-70

-60

-50

-40

Frequency

dB
C

THD=66.2dB
ENOB=9.03

FFT plot with gm-variation



?7�:���#D 7�$���$�

66

68

70

72

74

SNDR

SFDR

THD

5 10 15 20 25 30 35 40 45
54

56

58

60

62

64

66

Input Frequency(Fs=50MHz)

dB



$ �+��# ��7?�7/+�#�

0.5

1

0.5

1

200 400 600 800
-1

-0.5

0

Code

D
N

L

����� 200 400 600 800
-1

-0.5

0

Code

IN
L

�����

��� ���



# 9�� /�#7�%7+�9

Test circuits

)-6�  

1st /2nd stage
3rd/4th stage 
and Flash 
ADC

Clock

Digital Error Correction

References/Current Bias
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