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Figure 5.4: Non-Ideal 3-Bit DAC Transfer Function Where Superposition Holds

Figures from Chapter 5: Testing Data Converters in Analog-Digital Conversion by Walt Kester, Analog Devices Inc. Slide #4




UCSB Spring '07

ECE 224B - VLSI Project Testing

DNL +1.5 +1.5
# .
1T o 0 i 0 0 | 0
0 41—+ >
2 000 001 010 oM e 101 110 1M INPUT CODE
| |
1 i
-3.0 n
INL, =2, DNL,
i=0
l COMPLEMENTARY CODE INL 1S
EQUAL. BUT OPPOSITE IN SIGN
INL A5,
T o o ! 0 0
0 —4—4—F—F+—+—F—+——+ >
4 0p0 001 010 011 100 101 110 1N INPUT CODE
& L]
il -1.5 1.5

Figure 5.5: Differential and Integral Linearity for Non-Ideal
3-Bit Binary-Decoded DAC Where Superposition Holds

Figures from Chapter 5: Testing Data Converters in Analog-Digital Conversion by Walt Kester, Analog Devices Inc.

Notes

Slide #5

Prof. Patrick Yue



UCSB Spring '07 ECE 224B - VLSI Project Testing

+0.5+

o T T T

1.0+
LHE i
0001, INL = +0.25

DNL

v

n
INL,, =} DNL;
i=0

=k
—

0100, INL = +0.5

il <+ 0104, INL = +0.75 |
Y W N ! T !

I I I
j:: T Jf l *l—| 1010, INL =-0.75 |

0010, INL = -0.25 1000, INL =-0.5

+1.0-

v

Figure 5.6: DNL and INL for 4-Bit DAC Where Superposition Holds
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Figure 5.13: DAC Mid-Scale Settling Time Measurement
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Figure 5.16: Test Setup for Measuring DAC Distortion and Noise
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Figure 5.20: Effect of Ratio of Sampling Clock f. to Output Frequency f,
on SFDR for Ideal 12-bit DAC
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Figure 5.22: AD9744, 14-Bit, 165-MSPS TxDAC® Spectral Output
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Figure 5.29: Measuring ADC Offset and Gain Error
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Figure 5.31: ADC Error Waveforms Using "Back-to-Back" Test Setup
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Figure 5,35: Generalized Computer Controlled Servo-Loop ADC Tester
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v; (t) = A sin 2mft
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Figure 5.41: Sinewave Probability Density Function
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DMNL: +0.25 LSB, -0.3 LSB INL: +0.35 LSB, -0.3 LSB
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Figure 5.42: Typical Static DNL and INL Histogram Flots
for AD9236 12-Bit, 80-MSPS ADC
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Figure 5.43: Measuring Input-Referred Noise Using "Grounded Input” Histogram
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& SPECTRUM ANALYZER
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Figure 5.44: "Back-to-Back" Setup for ADC Dynamic Testing
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i
—5- —Af  (ENVELOPE TEST)
f, —Af (BEAT FREQUENCY TEST)
CLOCK
i, IS Bl —l f/K (SEETEXT) K=2,4,8,...
k
" LOGIC & N+2 BIT
Fa - +
ANALOG N-BIT ADC 7 LATCHES DAC
SIGNAL it Af
GENERATOR — | mithe Y
i—_BIT. H+2 / X
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COMPENSATION 4 *  SPECTRUM
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Figure 5.45: Envelope and Beat Frequency Test Setup
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ENVELOPES OF ALIASED SIGNAL = Af

f
‘// INPUT = —21 — Af

NOTE: INPUT IS SLIGHTLY LESS THAN f./2

TAKE EVERY OTHER SAMPLE TO OBTAIN
SINGLE WAVEFORM AT Af

Figure 5.46: Envelope Test with Input Frequency Near /2

L
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ALIASED SIGNAL = Af INPUT = f, — Af

Y

NOTE: INPUT IS SLIGHTLY LESS THAN f;

Figure 5.47: Beat Frequency Test with Input Frequency Near fs
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FULL-SCALE VIEW EXPANDED VIEW

e L

BRAE BEEDETEEeE )
DATA FOR 8-BIT, 20-MSPS FLASH ADC,
f, = 20 MSPS, f;, = 19.98 MHz, Af = 20 kHz

Figure 5.48: Beat Frequency and Envelope Tests Show ADC AC Nonlinearities
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CLOCK fJK (SEETEXT),K=1,2,4,8, ...
GENERATOR
PARALLEL, SERIAL, OR
i, USB INTERFACE
» v
SINEWAVE N "gi'j’g?gg
SIGNAL ADC A tarony [ PC
GENERATOR o

N (CAN USE A LOGIC ANALYZER)
4 COLLECT M SAMPLES OF SINEWAVE

% CALCULATE BEST FIT SINEWAVE FROM DATA POINTS
4 CALCULATE Q,=ACTUAL RMS ERROR FROM BEST FIT SINEWAVE

¢ Q;=THEORETICAL N-BIT RMS QUANTIZATION ERROR = q /Y12

QA
# ENOB- N —log, | 5

Figure 5.49: Sinewave Curve Fit Test Setup for Measuring ADC ENOB
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Sampled
Time Domain Inverse DFT (IDFT)

Discrete Fourier Transform (DFT)

il
.

# Digital Spectral Analysis

Spectrum Analyzers
Speech Processing
Imaging

Pattern Recognition
ADC Testing

% Filter Design
® Calculating Impulse Response from Frequency Response
@ Calculating Frequency Response from Impulse Response

Sampled
Frequency Domain

# The Fast Fourier Transform (FFT) is Simply an Algorithm
for Efficiently Calculating the DFT

Figure 5.50: Applications of the Discrete Fourier Transform (DFT)
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4 FOURIER TRANSFORM: /\\
Signal is Continuous
and Aperiodic

Figure 5.51: Fourier Transform Family

] \'\ I#I,- "
\_/ t
¢ FOURIER SERIES: / N VAN /N
Signal is Continuous Y [\
and Periodic | 'n.‘ rf,—m_‘u,-' \ K,-—x__.__.-' '»,\l .
\\_J'l \__;"I A\ t
® DISCRETE TIME FOURIER SERIES: )
Signal is Sampled
and Aperiodic T RN
-0 P L SO U U A .
® DISCRETE FOURIER TRANSFORM: bt t
(Discrete Fourier Series) g-u e e
Signal is Sampled " M-8
and Periodic . ; . .
— !'"‘m-.': | I.'""t-.' \ i T
- i vt ‘o' t
Sample 0 Sample M -1

Figures from Chapter 5: Testing Data Converters in Analog-Digital Conversion by Walt Kester, Analog Devices Inc.

Prof. Patrick Yue
Notes

Slide #50



UCSB Spring '07 ECE 224B - VLSI Project Testing Prof. Patrick Yue

Notes

€ A Periodic Signal Can be Decomposed into the Sum of Properly Chosen
Cosine and Sine Waves (Jean Baptiste Joseph Fourier, 1807)

@ The DFT Operates on a Finite Number (M) of Digitized Time Samples, x(n).
When These Samples are Repeated and Placed “End-to-End”, they
Appear Periodic to the Transform.

® The Complex DFT Output Spectrum X{k) is the Result of Correlating the
Input Samples with sine and cosine Basis Functions:

1 M=t ek 4 M3 2nnk . . 2nnk
X(K)= m Eux{n}e M = Za x(n)lcos = — JjsinTy
n= n=

0< ks M-1

Figure 5.52: The Discrete Fourier Transform (DFT)
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g X(K) ReX(k) + j ImX(K)

& MAG [X(K)]= H,"JREK(HJEHmI(k}E

& o[X(k] = tan™ —:q"éiﬂﬂ
Im X(k) 7 X(k)

| |

MAGX(K)] '

?

Re X(k)

Figure 5.53: Converting Real and Imaginary DFT
Qutputs into Magnitude and Phase
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_____ o

Figure 5.54: FFT Output Shows Effects of Processing Gain
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Figure 5.55: FFT of Sinewave Having Integral Number of Cycles in Data Window

Figures from Chapter 5: Testing Data Converters in Analog-Digital Conversion by Walt Kester, Analog Devices Inc.

Prof. Patrick Yue
Notes

Slide #54



Prof. Patrick Yue

UCSB Spring '07 ECE 224B - VLSI Project Testing

Notes

ol
.
et
- L =l
A e e e e ] i
¢ =
..*HH |||||||||||||||||
S
i, )
.,f M_ =]
~ &g
e
P =
.(r,..ﬂul. |||||||||||||||||
i A -
A SRR RN S A
.(.'”r ||||||||||||||||||
;.f..ln...u .......
»---- z
= g2
....-..l...n |||||||| o =
-lL..l.-. ﬂ.lI-_ -
o —— =
™~ .nrl.rﬂ ||||||||||||||||
= .r‘n.rl...l., IIIIII =
A e ] o
..I'Iuﬂl ||||||||||||||||||
-..f.;.ln.a|||-|- _
.r....r..,.'.ll Lo
) TG
e =
ol T T &=
— e =
\..h..l |||||||||||||| TN}
..r;l...uf |||||||||||||||||
) ft...n ||||| =
-

0
G 2
5]
853
85 = o
552 @
] =
[ . b [} &
Q [1+3 .
§50 /-
e2e je-
T 1] _......|1.1||l...|....
R
== ; =
..IHHH“ |||||
c i
-—F.rl ! ..-hlllllllllllll IIIII
(L
| S
@ =
: =]
I e
]
0 i =
2=z ¢ &
|
£

e /M

—|

Figure 5.56: FFT of Sinewave Having Non-integral
Number of Cycles in Data Window
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Figure 5.57: Windowing to Reduce Spectral Leakage
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& Hamming: win)= 0.54 -046cos En_rﬂ

| M
® Blackman: w(n)= 0.42 - 0.5cos ﬂ + 0.08 cos E“?ﬂ
. _ 21 n
€ Hanning: w(n)= 05 - 0.5cos M]
Minimum .
¢ 4-Term w(n)= 035875 - 0.48829 cos |Z&D
Blackman | M _
Harris o o
+ 0.14128 cos |4EN
_M_
0<n<M-1 — 0.01168 cos E"F"

Figure 5.58: Some Window Functions
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Figure 5.59: Frequency Response of Rectangular, Hamming, and
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0
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Figure 5.60: Comparison of Two Popular Window Functions
Used in ADC Testing
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WINDOW 3dB BW 6dB BW HIGHEST SIDELOBE
FUNCTION (Bins) (Bins) SIDELOBE ROLLOFF
(dB) (dB/Octave)
Rectangle 0.89 1.21 -12 6
Hamming 1.3 1.81 - 43 6
Blackman 1.68 2.35 -58 18
Hanning 1.44 2.00 =32 18
Minimum 1.90 272 -92 6
4-Term
Blackman-
Harris

Figure 5.61: Popular Windows and Figures of Merit
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Figure 5.62: FFT Test Setup
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FFT DISPLAY
AND ANALYSIS

ADC Analyzer™
Software
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Figure 5.63: Analog Devices' High Speed ADC FIFQ Evaluation Kit
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