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e SUMMary of Histogram Test

Number of Bits
Transition Voltages
Code Bin Width

e All codes stimulated at once

Output Voltage

Static Characteristics

e Faster than static test because there

Gain Error

IS N0 need to wait for the DC source
Static Test Methods to Settle

Traditional
Histogram

-menesacres @ NEEAS @ highly linear triangular wave

Procedure

Stimulus Parameters
Number of Samples
Characteristics Estimation
Examples

Duration Comparison

Conclusions
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== Ramp Vernier Test

Number of Bits
Transition Voltages
Code Bin Width

o e e Combines Traditional Static Test and
Histogram Test

Static Characteristics
Offset Error

roura Nonlnearty e Tries to use the best of both worlds

Differential Nonlinearity

scesvencs @ UJS@ Of sSmall amplitude triangular waves to

Traditional

relax the linearity requirements

 Use different offsets to cover all of the

Stimulus Parameters

g:zzzec:ifsi:;nzzismation A D C i n p Ut ran g e

Examples
Duration Comparison
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Output Codes

Output Voltage

Static Characteristics
Offset Error

Gain Error Input
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Integral Nonlinearity
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Step 0
Static Test Methods
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Histogram Step 1
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Procedure Step 2
Stimulus Parameters
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Characteristics Estimation
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Static Specifications P r O C e d l I r e
Transfer Function
Number of Bits

Transition Voltages
Code Bin Width

roaRenge * In each step compute the code bin
widths as in the Histogram Test

Offset Error
Gain Error

e © Combine the code bin widths from
Static Test Methods dlfferent Steps

Traditional

Histogram

e v .« Compute the transition voltages, gain
= and offset error, INL and DNL

Characteristics Estimation

Examples
Duration Comparison
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Offset Error C
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Integral Nonlinearity
Differential Nonlinearity C A

Static Test Methods
Traditional
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Stimulus Parameters -
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s VEAV —C A
utput Voltage P (V SV ) = max
Static Characteristics P(V S V)

Offset Error

Gain Error A

Integral Nonlinearity
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Procedure
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Characteristics Estimation
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e Egtimate Transition Voltages

Number of Bits
Transition Voltages
Code Bin Width

Input Range H
Output Voltage C k-1
M M —o0
Static Characteristics
Offset Error C H k-1

Gain Error M M—w 2A

Integral Nonlinearity

Differential Nonlinearity

Static Test Methods
Traditional
Histogram

Ramp Vernier Static Test

Z’:i(:r:f:gi’arameters est C H k_l
Number of Samples Tk — C — A + 2A —|__ AV

Characteristics Estimation M max

Examples

Duration Comparison
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Transition Voltages

Code Bin Width
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Output Voltage -I-keSt _ C _ A 4+ 2 A% + AV

Static Characteristics max
Offset Error

Gain Error

Integral Nonlinearity
Differential Nonlinearity

Static Test Methods AV
. max
Traditional NL =—™%
Histogram A

Ramp Vernier Static Test X eT < Avmax — NL . A

Procedure k

C+A = s

Stimulus Parameters =~ g

> ; B, -Q
Number of Samples \ / i
Characteristics Estimation C » { e-|- < Bi . Q — A < —

T “ NL
Examples \ /

Duration Comparison C-A ~ s’
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== Required Nonlinearit
Transfer Function q y
Number of Bits
Transition Voltages
Code Bin Width

Input Range
Output Voltage 1

Static Characteristics
Offset Error

B =
e
Gain Error \
Integral Nonlinearity 0.1
kd

Differential Nonlinearity N \

NL (%) | >

Static Test Methods N
Traditional N
Histogram 0,0 1 - .

1[L.SB

Ramp Vernier Static Test B _0 1 SB N
=\, L.
e

Procedure \
Stimulus Parameters \
0,001

Number of Samples

Characteristics Estimation 8 10 12 14 16 18 20
Examples N
Duration Comparison

Conclusions
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Static Specifications A m | I t u d e C h O I C e
Transfer Function p
Number of Bits

Transition Voltages
Code Bin Width

o Fane e To guarantee an error in the estimated
transition voltages lower than B, LSBs we
iz need to use a triangular wave amplitude

Integral Nonlinearity

Differential Nonlinearity g ive n by:

Static Test Methods
Traditional
Histogram

[ ]
Ramp Vernier Static Test < B Q
Number of Samples N L

Characteristics Estimation

Examples
Duration Comparison
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Transition Voltages

Code Bin Width P(v<V)
Input Range A

1

1/2 /
ol / -V

Static Test Methods C-A C C+A
Traditional

Output Voltage

Static Characteristics
Offset Error
Gain Error

Integral Nonlinearity
Differential Nonlinearity

Histogram

- « Additive noise causes an error in the
amplitude distribution of the triangular

Stimulus Parameters

Number of Samples Wave

Characteristics Estimation
Examples
Duration Comparison
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we  Triangular Stimulus Signal
Transfer Function g g
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Transition Voltages v
Code Bin Width
Input Range C+A
Output Voltage

Static Characteristics C - {
Offset Error T
Gain Error

Integral Nonlinearity C-A
Differential Nonlinearity

S v(t)=C—-A-tri(2z-f-t+¢

Histogram

Ramp Vernier Static Test (

:)celdurli t 1_ 4 ﬁ O S ﬂ S 1
Ry —— . 2r 2] 2
Characteristics Estimation trl ( ﬂ ) — 4
Examples ﬂ 1 ﬂ

4 -3 <1

Duration Comparison

27 2 27T
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I(:E:ptj?/rc])?teage F X (X) = P (XSX)

Static Characteristics
Offset Error (O
Gain Error '

Integral Nonlinearity

Differential Nonlinearity F (X) —, X_+1
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Ramp Vernier Static Test
Procedure

Stimulus Parameters
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Traditional

Histogram

Ramp Vernier Static Test
Procedure
Stimulus Parameters

R (y)=F, *f,(y)= [ F(2,(y -2)dz
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Transition Voltages
Code Bin Width

tput volage F,(y)=F *f.(y)= _[ F.(2)f, (y —z)dz

Static Characteristics
Offset Error
Gain Error r
Integral Nonlinearity O y X < —1 _n2
Differential Nonlinearity 1

2
X+1 ( ) — 20,
Static Test Methods F (X) = — : — 1S X S 1 fn n \/7 e
Traditional 2 72' O—
Histogram

Ramp Vernier Static Test ~
Procedure
Stimulus Parameters

Number of Samples 1 _(y _2)2 o0 _(y _2)2
Characteristics Estimation Z + 1 1 20-2 1 2 0-2
Exam.ples | Fy (y) — J- e : dZ +‘[—e : dZ
Duration Comparison 21 2 A / 27Z'O'n 1 A / 272-0[’]

Conclusions
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Input Range F —erf| =———
Oztput Vo?tage y (y ) 4 \/_ O' 20' "

Static Characteristics
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Gain Error - — 2 2 2 2 -
Integral Nonlinearity 2\/ 27[ e “n —e n 2 2 2()'

Differential Nonlinearity

Static Test Methods
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Input Range eU = UeSt — U
Output Voltage O' O—
Static Characteristics o (U +1)2 (U 1)

Offset Error _|_

_ C11_1\2
n N T N T
2 2
Gain Error /272. e 20, e 20y,
Integral Nonlinearity
Differential Nonlinearity 1

Static Test Methods
Traditional
Histogram

Ramp Vernier Static Test e
Procedure

Stimulus Parameters
Number of Samples
Characteristics Estimation
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wemees - AppProximate Expression
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f X
Static Characteristics er \/—
Offset Error 20_ n

Gain Error

u

1 , x>3-0,

Integral Nonlinearity X

V2o,

Differential Nonlinearity e rf

-1, x<-3.-0,.

Q

Static Test Methods
Traditional
Histogram

Ramp Vernier Static Test
Procedure (U _1)2

Stimulus Parameters U-1 U-1 (o} - 2 1

Number of Samples eU ~ = el’f

|+ -
Characteristics Estimation 2 \/ 20‘n \/ 2 /4
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e ApProximate Expression i

Number of Bits
Transition Voltages
Code Bin Width

I(:put R?/n?e G , U 1
utput Voltage . -
e, ® ——(—=e""™"  with w =

Static Characteristics
Offset Error A ’ 272' A ’ 2 . G
n

Gain Error

Integral Nonlinearity

Differential Nonlinearity X 10
"

-3

Static Test Methods

- 2
Traditional — u-1
Histogram O— —\TT v-1 ( )

Ramp Vernier Static Test
Procedure 27[

Stimulus Parameters I

Number of Samples for U > O

Characteristics Estimation
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e e
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Examples
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Usable
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ssrrnees o The trlangular wave peaks should not be
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e Amoyunt of Overdrive

Number of Bits
Transition Voltages
Code Bin Width

e Glven a certain amount of additive noise,

Output Voltage

Static Characteristics
Offset Error

o, the triangular wave amplitude should

be an extra Vg, greater than required to

Integral Nonlinearity

guarantee an error lower than B,

Static Test Methods
Traditional
Histogram

Ramp Vernier Static Test

Procedure
Stimulus Parameters VOD =0,

Number of Samples
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s Range Covered in Each Step

Number of Bits
Transition Voltages
Code Bin Width

e e Taking into account both triangular wave
nonlinearity and the presence of additive
il noise the maximum range covered in each

Integral Nonlinearity

Differential Nonlinearity Ste p S h O u | d b e :

Static Test Methods
Traditional
Histogram

Ramp Vernier Static Test
Procedure AS p— 2 . ArT] — V
Stimulus Parameters m aX aX O D

Number of Samples
Characteristics Estimation
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Integral Nonlinearity
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Integral Nonlinearity
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Static Test Methods
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e NUMber of Samples

Number of Bits
Transition Voltages
Code Bin Width

 The more samples are acquired

Output Voltage

more precise is the estimation but

Offset Error

e oty longer will be the test

Differential Nonlinearity

e o BOtN the presence of additive noise
" and of uncertainty in the sampling
Instant (jitter) affect the precision

Number of Samples

Histogram
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o Farc e Generally the maximum number of
consecutive samples is not enough to
cenEror guarantee a certain level of precision B,

Integral Nonlinearity
Differential Nonlinearity

Static Test Methods
Traditional
Histogram

2
Ramp Vernier Static Test R = KV 2A Gn _I_ G¢ _I_ 1
Procedure min / / 2
Stimulus Parameters BU Q 2 ﬂAM 72. 72- M 4M

Number of Samples
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e (CoOnfldence Interval
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Output Voltage

f. Confidence Interval

t
Static Characteristics i

Offset Error
Gain Error

Integral Nonlinearity
Differential Nonlinearity

Static Test Methods

Traditional Confidence

Histogram Level 5
Ramp Vernier Static Test / \\
P Test

Procedure
Stimulus Parameters Hrest—Ku'OTest HTest HTesttKy OTest

Number of Samples
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T =C' +A-|2-——=-1
Static Characteristics k +
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Procedure
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Transfer Function g
Number of Bits
Transition Voltages
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Input Range
Output Voltage

Static Characteristics
Offset Error

(10
Gain Error Tl : k e 1

Integral Nonlinearity

Differential Nonlinearity I
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N
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weees Example - INL Estimation

Number of Bits

Transition Voliages Traditional Static Test Ramp Vernier Test (1 Step)

Code Bin Width

Input Range INL (LSB) INL (LSB)

Output Voltage 0.0 ‘ 1,0

0,0
Static Characteristics MM (0L 10
“ ) -4,

Offset Error -4,0 MMM W“a» "

Gain Error W W, WW‘LUMF / -2,0

Integral Nonlinearity 6,0 L [ ! 3,0

Differential Nonlinearity 0 1024 2048 3072 4096 0 1024 2048 3072 4096

Output codes Output codes

Static Test Methods

Traditional . .

Histogram Ramp Vernier Test (2 Steps) Ramp Vernier Test (10 Steps)

INL (LSB) INL (LSB)

Ramp Vernier Static Test 0,0 0,0

Procedure ¥

ik

Stimulus Parameters 2,0 M W W ﬁmh w ‘ﬂ 2.0

Number of Samples ] ‘W}\M

Characteristics Estimation -4,0 1 WM | -4,0

j
\VWV H
Duration Comparison 6,0 | -6,0 |
0 1024 2048 3072 4096 0 1024 2048 3072 4096
Output codes Output codes

Conclusions
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e [N EStimation Error

Number of Bits .
Transition Vohtages Ramp Vernier Test (1 Step)
Code Bin Width
Input Range 4,0 AINL (LSB)
Output Voltage 3.0 -
Static Characteristics 2,0
Offset Error 1,0+
Gain Error 0,0
Integral Nonlinearity -1,0
Differential Nonlinearity 0 1024 2048 3072 4096

Output codes
Static Test Methods

Traditional
Histogram Ramp Vernier Test (2 Steps) Ramp Vernier Test (10 Steps)
AINL (LSB) AINL (LSB)
Ramp Vernier Static Test 3,0 2,0
Procedure 20 \ Ll
Stimulus Parameters ' 1,0
Number of Samples 1,0 4
Characteristics Estimation 0.0 0,0 -
Examples
Duration Comparison -1,0 -1,0
0 1024 2048 3072 4096 0 1024 2048 3072 4096

. Output codes Output codes
Conclusions P P
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Number of Bits

Transition Voltages Traditional Static Test Ramp Vernier Test (1 Step)

Code Bin Width

IS RS INL (LSB) INL (LSB)
Output Voltage 0,6 4,0
Static Characteristics 03 ‘ | I | >
T i) 2,0
0,0 - T
Offset Error J WW MLHW e 10
Gain Error 0.3 L A A 00
Integral Nonlineari '
) J ) : v . -0,6 -1,0
Differential Nonlinearity
0 1024 2048 3072 4096 0 1024 2048 3072 4096
. Output codes Output codes
Static Test Methods
Traditional . .
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