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Ô = 1
jmax+1−jmin

j=jmax∑
j=jmin

j

� & �

jmin
7F(�J
jmax

7F,0�^,/�F3
<��F$o.01A*+�-?@S^.0�D�^?A�oTX.I7E(UJH,01@C)��.Q$o&+JO�F3I��7E*+1A(�C[.0���[587Ek+1A56LD5%*N7E?@L��F3�&ET
H[j]

M

Zp(=7:$-$'&:,_J�7F(�$'�;GI1@.0�=./���;J+1����-,0�>(�.�3
.�7E(�JD7E,_JD3 �A�'� h ���E� hN.0���WJ+1����-,0�>(�.01K7E?D7E(�J�1@(�.0�>C),_7F?�(�&:(�?A1@(��F7E,/1A./1A�F3

7E,/�W,0�F3V<t�#$'.01@*O�-?@S^C:1A*+�-(�dDSe}

DNL(j) =
T [j + 1]− T [j]

qref
− 1 =

H[j]−Hth[j]

Hth[j]
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j∑

l=jmin

DNL(l)
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


T [j] = Ô− Âcos (πCH[j− 1]) for the Method 2

T [j] =−cos(πCH[j− 1]) for the Method 3
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DNL[j] =
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T [jmax ]−T [jmin+1 ]
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D[n] =
N−1∑

i=0

d[i] e−j2πi
n
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(NOM )dB ≡ −6.02× r − 10log10N + 1.25
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THDdB = 10 log10
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���{�.'F���ey1�*�~}e���0'.v0v0v



����� 	
�d�*	��
����� ��	��P������	��d��	 -1-
JO�'rU(��FJ87)3o}

∆fin =
finie − fin
fin

� �+� �

�b�2��7E*+�23
��&:GI(�./��7E.�(�&[7E?@C)&:,01A./��5%<�,/&)*+1�JO�F3�7;C)&N&+J��#3
.01@587E./1A&:(6&ET�./���QRNL�7E(�./1AmF7F.01@&)(^(D&)1�3V�4GI�D�-(

∆fin > 0.1%
�A�>�E� Msyt&),]7=C)&N&+Jb$o&)(�*+�-,0C:�-(�$'�]&ET 7E(�Sz7F?AC)&:,01@.0��583oh�.0�D�61A(�<�LD.4TX,0�FRNL��-(U$'S85=L�3
.Id��

GI�-?@?tB+(�&:GI(=1A(=./���[$-7)3V�W&ET�?A1A(D�F7E,Q3VS�3V.0�-5Yh+7F(�J�TX&),Q.0���;(D&)(O��?A1@(��F7E,Q3VS�3V.0�-5|h�./���W1A(�1@.01K7E?��#3
.01@587E./�FJ

*N7F?AL��s3
��&:L�?�Jed���$'?@&N3V�^.0&8./���^./,0L��6&:(��NMW"4L��6./&=1A(U3
.0,/L�5=�-(D._7E./1A&:(=1A(�7:$'L�,/,_7)$oSOh�1A.Q1�3Q�F303V�-(�.01K7E?�./&

3
&:?A*+�4./��7E.Q<�,/&)d�?@�-5YM

����1K3i1�3�GI��S;GI��<�,/&)<�&N3V�FJ�7F(6&),/1AC)1@(�7E?+5=�-./��&+J�h:JO�-,/1A*N7F.0�FJ4TX,/&)5�74<�7F,_7E5`�-.0,/1�$�3
<��F$'./,_7F?��F3
./1A587F.01@&)(

5=�-./��&+J �A� �)� hi.0&8�-*l7E?@L�7E./�
Brms

J+1A,0�#$'.0?@SOh�GI1A./��&)LD.^$>7E?�$oL�?�7F.01A&:(j&FTQ.0����1A(D<�L�.[3
1@C)(�7F?�<U7E,_7F5=�-./�-,_3
���F� M������W5=&+J+�-?�$'&:(�3
1KJO�-,/�FJ=1�3I763
1@(�L�3V&)1�JD7E?�3V1AC:(�7E?�GI1A./�e7:J�JO1@.01A&:(�7E?�(D&)1�3V�N}

g(i) = a sin(2πf0i+ ϕ) + b(i)
� �)� �

GI���-,/�
f0
,/�-<�,0�#3
�-(�.�3c./���`3
1AC:(�7E?�TX,0�FRNL��-(U$'S8(�&),/587E?@1Am-�FJedDSH./���`$'?A&+$'B=TX,/�FR�LD�-(�$'S+h

(f0 ∈ [0,0.5])
M

�����Y<��U7)3
�
ϕ
1�3=JO�or�(��FJud�S�7bL�(�1PTX&),/5 JO1K3
.0,/1Ad�LD.01A&:(qGI1A./��1A(�.0����JO&)5v7E1A(

[0, 2π]
M����D�Y(�&)1K3
�

$'&:5=<�&)(��-(D.-h
b(i)

$'&:,0,/�F3
<�&)(UJ�3;.0&z7e3V�FR�LD�-(�$'�s$',0�F7F.0�FJedDSe7=GI��1@.0�6(�&:1�3V��<�,/&+$'�F3/3aGI1@.0�gCN7FL�303V1�7E(

JO1K3
.0,/1Ad�LD.01A&:(�hOm>�-,0&65=�#7E(87F(�JH*l7E,01K7E(�$o�
σ2n
M2�����W(�&:._7E./1A&:(eL�3V�FJ=1�3;}

• ΣA = diag (λi)0≤i≤L
1K3�7]JO1�7FC)&)(U7E?�587E./,01@k!GI�D1�$'�[587E1@(6JO1K7EC)&:(�7E?�1K3i.0���I*+�F$'./&),

(λ1,λ2, . . .)
M

• GL(i)
1�3I76&)d�3V�-,0*+�FJ=3V1AC:(�7E?�*+�F$'./&),�&ET23V1Am-�

L
$'&)(�.�7E1@(��FJ�1@(

g(i)

• SL
1�3I7��I7F(�JO�-,/5=&)(�J+�4587F.0,/1Ak6GI��1K$'�=.0�>,0583�7E,/�N}

SL =




1 1

exp (j2πf0) exp (−j2πf0)MMM MMM

exp (j2πf0(L− 1)) exp (−j2πf0(L− 1))




� ��� �

• P
}��f&:G��-,�&ET�./���[$'&)5=<�&:(��-(�.23
1@C)(�7F?

(a2/4)

• IL
}�ZVJO�-(�./1A.VS^5v7E.0,/1Ak�&ETf3
1@m-�

(L×L)
M
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g(i)
h
Rg = E

{
GL(i)G

H
L (i)

}
= SLPS

H
L + σ

2
nIL

$'&)LD?�Jed��

�-k+<�,0�#303
�#J 1@(=&),/.0��&:C)&)(U7E?�d�7)3V�;&ET�3VL�d�3
<U7)$'�W&)dD._7E1@(��FJ�dDS^.0�D�W��1AC)�>(�*N7F?AL�� JO�F$'&:5=<�&N3
1@.01@&)(Y��� �a"!�_}

Rg = UDU
H =

[
US UB

]


ΣS

ΣB






US

UB




H

� � � �

GI���-,/�
U
1�3�7jL�(�1@._7F,0Su5v7E.0,/1Akb*+�-,/1�TXS+1�(DC

UHU = IL
M �����Y�-1AC:�-(�*N�F$_.0&:,_3[7)303V&+$'1�7F.0�FJqGI1A./�u./���

�-1@C)�-(�*l7E?@L��F3�$'&:(�._7F1A(��#Jc1@(
ΣB

GI�-,/��$-7F?A?@�FJ4(�&:1�3
�23VL�d�3
<U7)$'��*+�F$'.0&:,_3oM�����1�3�3
L�dU3
<�7:$'��GQ7:3�$'��7F,_7:$'.0�-,/1Am-�#J

d�S�.0���W�-1@C)�-(D*N7E?@L��>3f*+�-,/1�TXS+1A(�C6}

λ3 = λ4 = . . . = λL = σ
2
n

� �:� �

Zp(Y.0���`307F5=�^GQ7FS+h�GI�6JO�'rU(��FJe.0�D�=3V1AC)(U7E?�3VL�d�3
<U7)$'�87:3;.0����3V<�7)$'�`3
<U7E(�(��#J�d�S8./�����>1AC)�>(�*N�F$_.0&),�3

,0�>?�7E./�FJH./&
ΣS
MWZp(HT�7:$'.-h�JOL��6./&=.0���[?A1@5=1A./�FJ=3
�>.4&FTIJD7E._7+h�GI�[$'&)(U3
1�J+�-,W7E(Y�#3
.01@587E./�FJ=$'&:,0,/�-?�7F.01A&:(

587F.0,01@k�7E(�J8.0���W�-1@C)�-(D*N7E?@L��F3i&FT�.0�D�!(D&)1�3V�[3
L�d�3V<�7)$o�67E,/�W,0�-?K7E.0�#JvdDS8}

λ̂3 > λ̂4 > . . . > λ̂L
� ��� �

�b�W$>7E(81A(�./,0&+JOLU$'�W76(��-G 5=�-.0�D&+J�d�7)3V�FJH&:(e./���[$-7E?K$'L�?�7F.01@&)(=&FT�.0���W(�&:1�3V�!*l7E,/1�7E(U$'�6}

σ̂2n =
1

L− 2

L∑

j=3

λ̂j
� �N� �

GI���-,/�
L
1K3�.0�D�WJO1A5`�-(�3
1@&)(6&FT

Rg
$'��&N&l3
�-(�1A(=&:,_JO�>,�./&6��7E*+�

N/L
�FRNL�7E?�.0&�7F(=1A(D.0�-C:�-,-M������

Brms

(�&:1�3
�[$-7F(ed��W�F3
./1A587F.0�FJ6d�Sz}

Brms =

√√√√√ 1

N/L

N/L∑

k=1

(σ̂2n)k
� ��& �

������C)&N&+J^,/�F3
LD?A._3�&)d�.�7E1@(��FJ4TX,0&:5n3
1@5=L�?�7F.01P&)(U3UGI1@.0�W.0�D1�3t5`�-.0��&+J]7E,0�2$'&:,0,/&)d�&),�7E.0�#J!d�SQ�-k+<t�>,01A5`�-(O.�7E?

,0�#3
L�?@._3'M��Q(=�-k+<t�>,01A5`�-(O.�7E?D3
./L�JOS�1�3�5v7)JO�;LU3
1A(DC67 & ��d�1@.Q3
L�$-$o�F303V1A*+�'�V7F<�<�,/&)k+1�5`7E./1A&:(!TX,0&:5w�4(�7F?A&:C

"4�-*+1�$o�F3'h�./�����;" �#��� � M8�����6(�LD5�d��-,I&FTI�'���F$'./1A*+�Wd�1A.�3aGQ7:3;$-7F?�$'L�?K7E./�FJed�S8.0��1K3;5=�-.0�D&+JY7E(�JYd�S

.0�D�
FFT

5`�-.0��&+J�M6�����`7)$-RNL�1�3V1A./1A&)(YGQ7:34587:JO�^1@(b$'�U7E,_7:$'.0�>,01�3V.01K$a5`&+JO�6GI1A./�
fin

1A(Y./���6,_7F(�C)�

[10Hz,1kHz]
h
fs = 5kHz

7E(UJ
N = 2048

M�yi1AC:L�,0� � 3V��&)GQ3^./���-,/��1K3^&)(�?@Sb7Y3V?A1AC:��.[JO1����-,/�-(�$'�

d��-.0GI�>�-(6.0���W,/�F3
L�?@._3oM
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VFSnom0

q

q /2

3q /2
111

101

110

100

000

001

011

010

Digital Output
Code

Analog Input
Value

Quantization Error

0.5

-0.5

T[4 ]

quantization step
for the code 4
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fundamental

second and third harmonics
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f in (Hz)

5,5

6

6,5

7

7,5

8

10 100

FFT

Direct Estimation Noise
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Method 1

Method 2 or 3

0

2

Lsb

Method 2 or 3
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a)

b)
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Macintosh with
- GPIB board
- CanMac board
- CanTest

IEEE 488 Bus

Input
Generator

Power
Supplies

Clock
Generator

ADC Board evaluation

DUT

Output data from DUT (n bits)
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precision ε ; confidence in terval α

M = 0

M = M+1
Acquisition

Reconstructed Signal
Tab[i] ; i = 1 :N
ER = 0; i = 0

i = i+1

Tab[i+1]-Tab[i] = ∆

∆ > 1
true

i = N

ER = ER+1

ER = 0 truefalse

false

B ER = ER/(N.M)
estimation of <M>

Number of cycle remaining : (<M> - M )

No Error

N ≥ max
truefalse

N < <M>

“ B ER = “

falsetrue
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ADC9042 - Analog Devices
f in @ 100kHz ; fs @ 10MHz

ADC9220 - Analog Devices

ADS801 - Burr Brown CLC-949 - Comlinear

f in @ 100kHz ; fs @ 10MHz f in @ 100kHz ; fs @ 10MHz

f in @ 100kHz ; fs @ 10MHz
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ADC9042 - Analog Devices

f in @ 100kHz ; fs @ 10MHz

ADC9220 - Analog Devices

ADS801 - Burr Brown CLC-949 - Comlinear

f in @ 100kHz ; fs @ 10MHz f in @ 100kHz ; fs @ 10MHz

f in @ 100kHz ; fs @ 10MHz
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