ADC/DAC/Analog interface



Analog I/O

Analog inputs — convert to digital using an Analog
to Digital converter (A/D or ADC)

Analog output — convert digital output to analog
using a Digital to Analog converter (D/A or DAC)

A/D outputs and D/A inputs can be attached to
digital 1/O ports

Design issues to consider — number of bits of
accuracy, conversion time delay, and sample rate
needed by application
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The MCP3008 10-bit 200Ksps A/D chip used in Phidget modules has an SPI interface.



Off-the-shelf ADC

Resolution — smallest distinguishable
change in input

Precision — number of distinguishable
INputs

Accuracy — the absolute error of the entire
system

Monotonic — no missing codes

Linear — constant resolution

Speed — time to convert



Analog-digital interface
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Processing analog signal

Signal Processing

e~ Analog Processing
Analog Processing

ADC
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Analog input signal

* For periodic waveforms, the duration of
the waveform before it repeats Is called
the period of the waveform

* The rate at which a regular vibration
pattern repeats itself (frequency =
1/period)




Frequency of a Waveform

* The unit for frequency Is cycles/second,
also called Hertz (Hz).

* The frequency of a waveform is equal to
the reciprocal of the period.

frequency = 1/period



Frequency of a Waveform

« Examples:
frequency = 10 Hz
period = .1 (1/10) seconds

frequency = 100 Hz
period = .01 (1/100) seconds

frequency = 261.6 Hz (middle C)
period = .0038226 (1/ 261.6) seconds
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Waveform Sampling (Quantization)

« To represent waveforms on digital computers,
we need to digitize or sample the waveform.

* side effects of digitization:
— Introduces some noise
— limits the maximum upper frequency range 1



Sampling rate

* The sampling rate (SR) is the rate at which
amplitude values are digitized from the
original waveform.

— CD sampling rate (high-quality):
SR = 44,100 samples/second

— medium-quality sampling rate:
SR = 22,050 samples/second

— phone sampling rate (low-quality):
SR = 8,192 samples/second
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Sampling rate

* Higher sampling rates iﬁ/\

allow the waveform to I |

be more accurately —

represented AR [} —
- L‘1 J

| | 16 samples/cycle

. | | : 8 samplesicycle
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Nyquist Theorem

* Nyquist Theorem:

We can digitally represent only frequencies up to
half the sampling rate.

— Example:
CD: SR=44,100 Hz
Nyquist Frequency = SR/2 = 22,050 Hz

— Example:
SR=22,050 Hz
Nyquist Frequency = SR/2 = 11,025 Hz
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Nyquist Theorem

Sampling rate (SR) > 2 f._,

f . IS the largest signal frequency of interest
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Nyquist Theorem and Aliasing

« Graphical Example 1a:
— SR =20,000 Hz
— Nyquist Frequency = 10,000 Hz
—f=2,500 Hz (no aliasing)
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Nyquist Theorem and Aliasing

* Graphical Example 1Db:
— SR = 20,000 Hz
— Nyquist Frequency = 10,000 Hz
—f=5,000 Hz (no aliasing)
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Nyquist Theorem and Aliasing

» Graphical Example 2:

— SR =20,000 Hz

— Nyquist Frequency = 10,000 Hz
—f=10,000 Hz (no aliasing)
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Nyquist Theorem and Aliasing

» Graphical Example 2:

— BUT, if sample points fall on zero-crossings
the sound is completely cancelled out
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Nyquist Theorem and Aliasing

» Graphical Example 3:
— SR =20,000 Hz
— Nyquist Frequency = 10,000 Hz
—f=12,500 Hz, f' = 7,500
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Nyquist Theorem and Aliasing

» Graphical Example 3:

— Fitting the simplest sine wave to the sampled
points gives an aliased waveform (dotted line
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Sample of sine wave at different

el
1

Amplitude
I

Time (or sample number)

I-:. Analog frequency = .31 of sampling rate I

Time (or sample number)

Amplitude

3

Il:l. Analog frequency = 0,09 of sampling rate I

Time {or sample numher)

I d. Analog frequency = (.95 of sampling rate I

2 X

—
—
—

Time (or sample number)
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Processing analog signal

Signal Processing

e

Analog Processing

Analog Processing
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Low pass filter

* Allow only low
frequency value to
pass

* Prevent aliasing
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http://en.wikipedia.org/wiki/File:Butterworth_response.svg

Layout of ADC

ADC
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i
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ADC precision

* Number of ADC bit output (n):
n = Input range (r) / input resolutionA 'y

E.g., Input range of 1, and resolution of 0.0001
n = 10000 alternatives or 15 bits value

Assume linear ADC
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Sample and hold circuit

Semiconductor
Switch

._I_I ® Sampled signal
T TJ- Capacitor

Control signal

Analog signal

0.6p

0.4}

ﬂ 2 » » 2 »
0 0102 03 04 0506 0.7 08 09
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Sample and hold circuit

« Using op-amp to hold signal strength

unity gain buffer

Vin

control

1

Vout
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Sample and hold signal

Analog Signal
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It output
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Quantized output
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Convert analog value to digital

value
Bipolar codes Offset binary 2S binary
+5.00 1111 0111
+2.50 1100 0100
+0.04 1000 0000
+0.00 1000 0000
-2.50 0100 1100
-5.00 0000 1000
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ADC types

* Flash ADC
- fast

« Successive Approximation ADC
- most popular

« Sigma Delta ADC
- highest output precision
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Flash ADC

* Use reference voltage and differential op-
amp to generate digital output

 Fast conversion

* To Increase the number of bits, It requires
larger hardware support

34



Vin

V<2.5
2.5<V<5.0
5.0<V<7.5
V>7.5

Two-bit flash ADC

X3 X2 X1 Z1 Z0
O 0 0 O O
O O
0 1
1 1

1 0 1
1 1 O
1 1 1

5v
20 k
X3

5v
20k
X2

Z1
5v
20k Z0
X1
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Flash converter

LSB

J-bit “flash’ converter

Fig. 18.12 Flash Converter
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256R ladder network
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Successive Approximation ADC

« Similar to Flash ADC, but use only one set
of hardware

* Require longer time
* Fixed size of hardware
« Widely used

38



Successive Approximation ADC

Digital
output

Vin _| _

N bit
ADC

5V
Clock
v v
N bit -» Done
Successive
Approximation [¢— (GO
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CHO |
CH1 Input
— | [Channel| DAC -« |
— Max
CH7*» |
| A l Comparator |
| Sample 10-Bit SAR | |
and ?
| Hold |
| T =1 |
: Shift
| Control Logic —» Register| |
il wiedl . g S
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The MCP3008 10-bit 200Ksps A/D chip used in Phidget modules has an SPI interface.
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Successive approximation counting




Block diagram of internal AD
converter

Analog Inputs

D EmEEm D :EP:*L ar PT5
l l Command
Veer ANGND
Analog Mux l
'l Control

Successive I ] Laogic
Sample A pproximatio

and Hold AD

Converter

:

AD_RESULT] [AD_COMMAND{| AD_TIME || AD_TEST

Status

% Multiplexed with port inputs
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FANALOG =
INPUTS

AD converter

3-BIT ADDRESS a
O

ADDRESS
LATCH ENAELE

IRERARET)

8
CHANNELS
MULTIPLE-

AING
ANALOG
SWITCHES

g

D

ADDRESS
LATCH
AND
DECODER

Vee

I

GND

|
REF(T)

START CLOCK
[ | | [ | 1
CONTROL & ! o END OF
TIMING CONVERSION
(INTERRUPT)
1 I
I
S.AR I
y I
5-BIT
OUTPUTS
SWITCH TEEE
256F REGISTOR
LADDER

N1 'l'
EEF(-) OUTPUT
ANAEBLE

43



ADOUTPUT CODE

3-bit AD converter

111
j'?- FULL-SCALE

110 IDEAL CURVE s ERROR =17 LSE
101 }
100
011 -

w= NONLINEARITY = 112 LSB
010 - a1
001 NONLINEARITY =-1L2L5E
000 ZERO ERROR = -1/4 LSB

, " Vv
08 1/8 278 3/8 4/8 5/8 &/8 7/8

Vi AS FRACTION OF FULL-SCALE

ADOUTPUT CODE

111
110
101
100
011
010
0ol
0o

TLILSB INFINITE R
oL OTAL PERFECT CO
UNADJUSTED
ERROR IDEAL 3-BIT CODE
=i

-115E
ABSOLUTE
ACCURACY
-1/2LSB
QUANTIZATION
ERROR

Vi

8 1/8 /8 3/8 4/8 5/8 0/§ T/8
Vi ASFRACTION OF FULL-SCALE
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Delta-Sigma ADC

Quantization noise is uniformly distributed
among frequency spectrum

Using over-sampling technique to reduce the
Impact of quantization noise

Results in higher bit-precision

Slow
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Power

Frequency domain

Signal amplitude

SNR = 6.02N + 1.76dB for an N-bit ADC

Quantization Noise
Average noise floor(flat)

lps

Fs/2
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Oversampling by K times

Power | | | Digital filter response

Oversampling by K times

Noiso removed by filter

I I
Fs/ 2 kFg/2 kF,

a7



Delta-Sigma circuit

Integrator Thresheld Counter Buffer
Irmpulse
~— A :
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) ) ) Interval

Fig. 1 - Block Diagrarm Delta Sigrma ADC
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Typical Wavefarms


http://upload.wikimedia.org/wikipedia/en/6/60/Block_Diagram_Delta-Sigma.svg

Signal pin of AD converter

IN3 =1 28 p=1N2
IN4 =12 27 =1N1
INS =13 26 = 1INOD
ING med 4 25f=ADD A
IN7 w5 24 j= ADD B
START jﬁ 23 fm ADD C
EOC =47 22 = ALE
27 =18 21 p=2"MSB
OUTPUT ENABLE =9 20 o 27
CLOCK =410 19 fum 2°
Vee =411 18 fo 2
Vrer (1) =412 17 f== 2°LSB
GND =13 16 f= Vi ()
27 414 152"
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Digital to Analog Converter
(DAC)

50



Layout of DAC

b bits
-l—bl Decoder I—'l Sample/hold I—»
[¥n(m)] v(n)
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Analog of digital conversion

Amplitude
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Analog voltage of zero order

c. Zeroth-order hold
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Amplitude

Reconstruction

f. Reconstructed analog signal

Time
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Summing Amplifier

Since 1.=0, I5= 1, + I,,

« Scale factors for the 2
iInputs can be

b2 independently adjusted by

proper choice of R, and R;.

Since negative amplifier input is * Any number of inputs can
at virtual ground, be connected to summing

junction through extra

1 i2:R_2 iBZ_V_O resistors.

Y 2 "3 « This is an example of a
simple digital-to-analog
converter. Chap 11-55 55



Binary weight register method

v s3 | s2 | s1
0 0o ] o0 0
1 0 o | 1
2 0 1 0
3 0o |1 1
4 1 0 0

Vo=_R ['531+51i+51i 6 1 1 | o
7R 2R 4R |

_R{- - g . .
=T V(453 +282+S1)
4R
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DA converter

\ISE LSE
A3 A5 A6 A7
RANGE . e A
CONTROL CURRENT SWITCHES I—o I,
R-2R LADDER BIAS c:mc:nrl—o GND
VREr () (e
NPN CURRENT =0 V.
SOURCE PAIR
YR_EI-' -}
REFERENCE ) COMPEN
CURRENT AMP

Tl‘]-:E
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DA pin signal

NC (NOTE 2) =4

GND =

MSB Al m—

DACO0S808
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Connection of DAC

1F1- co = ..'."“-
13
. s 14 5.000k
\SBALO : —0 AN 010.000V = Vggr
;'!.lo—_r 15 sk
! ) J
A30— m 5.000k
DIGITAL]  A4O=31 14 cos0s L
INPUTS Avﬂ'ﬁ 4 B
160
A'.-'Ol—j v
2 ]
LSB A8 0= OUTPUT
3
Vg =-15V
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Analog interfacing network

-

m e

Discrete

Interface Interface Interface Interface Interface
1 A'D — AD T DA - AlD VA
- - Sensor — - - Sensor - — Actuator — Sensor Actuator

Physical
Phenomena
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Analog-digital-analog path
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Applications

* Body Sensor Network

 Personal Health Monitor
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Body Sensor Network

Body area network )
MyoTel Service Centre,
Sensors & Rluateoth

Actuators Wires Back End system

\
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Front-end Communication | | g " Medical
\.__,./ Infrastructure T ikl
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e ————————— Healthcare
Professional feedbo professional
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Personal Health Monitor
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Questions?
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