
1 Frequency changes

1.1 f = 100 kHz
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Missing Code Number of apperence
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1.2 f = 1 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-3

-2

-1

 0

 1

 2

 3

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.402*x + 246.919

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-3

-2

-1

 0

 1

 2

 3

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 536.426*x + 246.915

Qerr

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 1.8

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 1

 10

 100

 1000

 10000

 100000

 0  100  200  300  400  500

C
ou

nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

-4

-3

-2

-1

 0

 1

 2

 3

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-1

 0

 1

 2

 3

 4

 5

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 6.41
Fit 6.22

Type Threshold [V]

−1/4 Vref -0.1081
+1/4 Vref 0.1258

2



Missing Code Number of apperence
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1.3 f = 3 MHz
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1.4 f = 5 MHz
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1.5 f = 8 MHz
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1.6 f = 10 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-3

-2

-1

 0

 1

 2

 3

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.500*x + 245.376

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-4

-3

-2

-1

 0

 1

 2

 3

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 536.484*x + 245.309

Qerr

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 100

 1000

 10000

 100000

 0  100  200  300  400  500
C

ou
nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

-4

-3

-2

-1

 0

 1

 2

 3

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-1

 0

 1

 2

 3

 4

 5

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 6.30
Fit 6.16

Type Threshold [V]

−1/4 Vref -0.1064
+1/4 Vref 0.1289

7



Missing Code Number of apperence
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1.7 f = 12 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-4

-3

-2

-1

 0

 1

 2

 3

 4

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.379*x + 246.440

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-5

 0

 5

 10

 15

 20

 25

 30

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 536.068*x + 246.292

Qerr

 0

 10

 20

 30

 40

 50

 60

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 1

 10

 100

 1000

 10000

 100000

 0  100  200  300  400  500

C
ou

nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

-6

-5

-4

-3

-2

-1

 0

 1

 2

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-2

-1

 0

 1

 2

 3

 4

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

8



 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 5.68
Fit 6.75

Type Threshold [V]

−1/4 Vref -0.1082
+1/4 Vref 0.1280

Missing Code Number of apperence

1 17574
77 15174
96 9640
111 26471
141 15271
156 1259
188 3987
205 14752
224 4173

Missing Code Number of apperence

284 1294
294 29657
303 25680
315 3250
316 7389
333 15250
352 3843
367 26489
412 5524

1.8 f = 13 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-4

-3

-2

-1

 0

 1

 2

 3

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.301*x + 246.672

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-10

-5

 0

 5

 10

 15

 20

 25

 30

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 535.916*x + 246.490

Qerr

 0

 10

 20

 30

 40

 50

 60

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 1

 10

 100

 1000

 10000

 100000

 0  100  200  300  400  500

C
ou

nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

9



-4

-3

-2

-1

 0

 1

 2

 3

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-1

 0

 1

 2

 3

 4

 5

 6

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 6.22
Fit 5.76

Type Threshold [V]

−1/4 Vref -0.1073
+1/4 Vref 0.1277

Missing Code Number of apperence

77 14113
141 14321
156 739
188 3717
189 4682
224 5213

Missing Code Number of apperence

284 924
316 4735
333 14113
352 4755
397 13859
412 5766

1.9 f = 14 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-3

-2

-1

 0

 1

 2

 3

 4

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.081*x + 246.261

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-25

-20

-15

-10

-5

 0

 5

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 535.865*x + 246.374

Qerr

10



 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 1

 10

 100

 1000

 10000

 100000

 0  100  200  300  400  500

C
ou

nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

-4

-3

-2

-1

 0

 1

 2

 3

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-1

 0

 1

 2

 3

 4

 5

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 6.34
Fit 6.13

Type Threshold [V]

−1/4 Vref -0.1086
+1/4 Vref 0.1279

Missing Code Number of apperence

77 13425
96 13211
111 26501
156 932
188 3132
189 3255
224 3785

Missing Code Number of apperence

284 1043
315 4657
333 13701
352 3257
397 12923
412 6722
454 35613

11



1.10 f = 15 MHz

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-3

-2

-1

 0

 1

 2

 3

 4

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Median)

Median
fit: 536.447*x + 248.209

Qerr

-100

 0

 100

 200

 300

 400

 500

 600

-0.6 -0.4 -0.2  0  0.2  0.4  0.6
-45

-40

-35

-30

-25

-20

-15

-10

-5

 0

 5

 10

O
ut

pu
t c

od
e 

[L
S

B
]

Q
ua

nt
iz

at
io

n 
er

r 
[L

S
B

]

Input voltage [V]

Out code vs. DC input (Mean)

Mean
fit: 536.723*x + 250.434

Qerr

 0

 20

 40

 60

 80

 100

 120

-0.6 -0.4 -0.2  0  0.2  0.4  0.6

st
d 

[L
S

B
]

Input voltage [V]

STD vs. DC input (30000 samples/point)

std

 100

 1000

 10000

 100000

 1e+06

 0  100  200  300  400  500
C

ou
nt

ADC code [LSB]

Histogram of ADC codes (DC scan)

Hist

-5

-4

-3

-2

-1

 0

 1

 2

 3

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL

INL
DNL

-2

-1

 0

 1

 2

 3

 4

 5

 0  100  200  300  400  500

IN
L/

D
N

L 
[L

S
B

]

ADC code [LSB]

Nonlinearities INL and DNL (fit)

INL
DNL

 0

 1

 2

 3

 4

 5

-0.5 -0.4 -0.3 -0.2 -0.1  0  0.1  0.2  0.3  0.4  0.5

S
ta

ge
 n

um
be

r

Input voltage [V]

Thresholds of stages

Thresholds Type ENOB

XY 6.17
Fit 6.61

Type Threshold [V]

−1/4 Vref -0.1092
+1/4 Vref 0.1268

12



Missing Code Number of apperence
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2 Common voltage changes
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2.3 vcm = 1.4 V
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2.4 vcm = 1.5 V
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2.5 vcm = 1.6 V
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Missing Code Number of apperence

77 16787
96 2392
141 16949
156 16
188 7342
189 2896
205 16797
224 21

Missing Code Number of apperence

269 16731
284 37
315 2249
316 5757
333 16993
352 13
397 17193
412 1860

2.6 vcm = 1.7 V
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2.7 vcm = 1.8 V
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2.8 vcm = 1.9 V
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3 Reference window shift

3.1 ∆vrefn = −0.2 V, ∆vrefp = −0.2 V
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Missing Code Number of apperence
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3.2 ∆vrefn = −0.1 V, ∆vrefp = −0.1 V
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3.3 ∆vrefn = 0 V, ∆vrefp = 0 V
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3.4 ∆vrefn = 0.1 V, ∆vrefp = 0.1 V
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3.5 ∆vrefn = 0.2 V, ∆vrefp = 0.2 V
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Missing Code Number of apperence

45 15841
96 57780
112 48328
173 16770
181 566
182 6
221 3025

Missing Code Number of apperence

237 17697
287 13591
301 15997
321 18597
322 4498
349 4835
415 21132

4 Reference window size

4.1 vrefn = vcm − 0.4 V, vrefp = vcm + 0.4 V
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4.2 vrefn = vcm − 0.45 V, vrefp = vcm + 0.45 V
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4.3 vrefn = vcm − 0.5 V, vrefp = vcm + 0.5 V
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4.4 vrefn = vcm − 0.55 V, vrefp = vcm + 0.55 V
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4.5 vrefn = vcm − 0.6 V, vrefp = vcm + 0.6 V
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5 Summary

5.1 Frequency changes
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5.2 Common voltage changes
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5.3 Reference window shift
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5.4 Reference window size
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