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Analog to digital Converter
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Figure 1.1 Basic functional blocks of real-time DSP system



Signals
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External Noise
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Quantization Noise
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Unipolar Binary Codes

|
/1/
A
s
|~
4
!
|
|

(STRAIGHT 100~ ---n-oooomoooeooee

| | [ O |
| T S B
-0 == L o B - B e =
- -2 -— - e 2
- - = L == N == N = |
N -
< W %
EREag<
Cox 2z
oo m
oy
s |0 o =2 e -2 e |4 |
A 4 o © 4 =2 |lo |[©
cC |H (= |H A o o & |©
o
—
3
To! LN LN LN
~ Jo |~ |© m N«
7,
T8
w00400284oo
A S o o = T - S =
wv

14 3/8 112 58 3/14 718 FS

118

ANALOG INPUT



Bipolar Binary Codes
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ERROR

Errors in a data converter
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Errors in a data converter
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Quantization noise
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Quantization noise
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Quantization noise
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Quantization noise
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Noise Floor AD7722
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Cuantizacion uniforme

Segment 15; Level A= 1
Segment 14; Level A= 1
Segment 13; Level A=1
Segment 12; Level A=1
Segment 11: Level A= 1
Segment 10; Level A=1

Segment 9: Level A= 1
Segment 8: Level A= 1

Segment 7: Level A=1
Segment 6: Level A=1
Segment 5: Level A=1
Segment 4: Level A=1
Segment 3: Level A=1
Segment 2: Level A=1
Segment 1: Level A=1

MOTE A: Total number of levels = T5. It requires 7 bits.



Cuantizacion no uniforme

Segment 4: Level A=4

Segment 3: Level A=3

Seqment 2: LevelA=2

Segment 1: Level A=1

MOTE A: Total number of levels = 16. It requires 4 hits.



A-law

Companded
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y

iIcCacion

Tabla de codif

Compressed Code Word

Step

Chord

00 0 ab c d

0
0
0

0 1 ab ¢ d

1
1

0 abcd

1

a b c¢c d

10 0 a b c d

1
1

0 1 aboc¢cd

1
1

0 a b c d

a b c¢c d

Input Values

Obit: 6 5 4 3 2 1 0

1
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1
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1

a b c d x x x

1

a b cd x x x x

1

a b c d x X X x X

1

0
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Companding

Integer A-code A-code*
-24601; =F664 | —| (1)1001 1001 11002 (1) 11100112 =F34 ABis
= —99C+6
-1505;0 =FA1F | —| (1)0101 1110 00012 (111001112 =EVis B2is
= —5E11|5
—6501p =FD764|—| (1)0010 1000 10102 (1) 101 01002 = D45 8116
= —28A16
-338,; =FEAE | —| (1)0001 010100102 (1) 100 0101, =Cbss 9046
= —15215
-901 =FFAB4|—| (1)00000101 10102 (1) 010 01102 = ABis F31s
= —DA15
140 =FFFF | —| (1)0000 0000 00012 (1) 000 0000, = 8045 D515
=T
+40¢p =0028 |—| (0) 0000 0010 10002 (0) 001 01002 = 1445 4146
= +286
+102¢0 = 0066+ | —| (0)0000011001102 (0) 010 10012 = 2945 7C1s
= +6615
+169 = 00A9¢ | —| (0)0000 1010 10012 (0) 01101012 = 354 6045
= +A9;;5
+4201p = 01A44e | —| (0) 0001 1010 01002 (0) 100 10102 =4Ass 1F 16
= +1Ad s
+499p =01F34 |—| (0) 0001 111100112 (0) 100 11112, =4F4 1A
= +1F35
+9801p =03D44 | —| (0)0011 1101 01002 (0) 101 11102 = 5Eqs 0Bis

= +3D4 5




Expansion

A-code* A-code Expanded Integer

AB1s F3is = (1)11100112 (1) 1001 1100 0000; | — -9C0¢s = —249610
= F640+5

B2 E76 = (1)11001112 (1)0101 1110 00002 | |  —5E0s = —15041
= FA2046

8115 D4 = (1) 101 0100, (1) 0010 1001 0000; | — -29015 = —6561
= FD70+s

9046 C55 = (1)10001012 (1) 0001 0101 1000; | — -1581s = 3444
= FEA86

F3is A6 = (1)0100110; (1) 0000 0101 1010, | — 5Ai5 = -901g
= FFA615

D5is 804 = (1) 000 00002 (1) 0000 0000 00012 | — -1 = -1y
= FFFF s

4115 14, = (0)001 0100, (0) 0000 0010 10015 | — +2915 = +4110
= 00295

7Cig 29 = (0)010 10012 (0) 0000 011001102 | — +6615 = +1029p
= 00665

6016 356 = (0)01101012 (0) 0000 1010 1100z | — +ACis = +1729
= OGAC15

1F1s 4Aw = (0) 100 10102 (0) 0001 1010 1000; | — +1A815 = +4244
= 01A845

1A 4Fi = (0) 100 11112 (0) 0001 1111 1000; | — +1F81s = +5049
= 01 F815

OBie 5Ews = (0)101 1110 (0) 0011 1101 0000, | — +3D0 = +97610

= 03D015
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Basic ADC
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Analog: Digital:

*Analog Input *Digital output
*Reference Voltage *Control Signals
*Analog Ground *Sampling Clock
*Analog Power Supply Digital Ground

*Digital Power Supply



1-Bit DAC
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Flash converters
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Expensives

High power
Resolution limited to
around 8-bits

Large chip size

Fast

Resistors: 2N
Comparators: 21



Flash converters
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®  The accuracy and
linearity is determined
by the DAC

®  Available in resolutions
up to 16-bits
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Delta Modulation
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First-Order Sigma-Delta ADC

SIGMA-DELTA MODULATOR
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Analysis of Sigma-Delta
Modulator

Nis) : guantization noise

integration
+
X(s) o~ 1 P Lowpass | X(s)
—pfz — _ = ¥ — Y (s) ——m - I
+= s o/ Filter

Signal Transfer Function:  Y(s) = [X(s) - Y(s)] 1
(when N(s) = 0) s -
1 N\
Y(s) _ s _ _1 - lowpass filter I'I,
K( 5} .1 + 1 ST 1 |
5 |
Noise Transfer Function: Y(s) = —“r'{s}l— N(s)
(when X(s) = 0) s
Y(s) = 1 = _S - highpass filter
N(s) 4,1 s+1

S

®  The integrator acts as a lowpass filter to the input signal and a highpass filter to
the quantization noise




Oversampling
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Second-Order Sigma-Delta ADC
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Complexity
(Die Size)

Architecture tradeoffs

- —

Number of Bits of Resolution

Convention
Time

Flash ADC Flash, 5AR, Pipelined ADC
t
g
85
§3
Q
Integrating,
ﬁ%ﬁl'inad Sigma-Delta ADC (Note1)
Sigma-Delta ADC Number of Bits of Resolution ~ Note1: Sigma-Delta ADC
assumes 1-bit DAC
Integrating ADC (b} architecture. Multi-Bit

———

Number of Bits of Resolution

architecture component
matching cannot be easily
graphed, due to the circuit
complexity.

Integrating ADC

Sigma-Delta ADC
SAR, Pipelined ADC
Flash ADC
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