Data Acquisition |l

» Sample and hold

» Multiplexing

» Analog to digital conversion
» Digital to analog conversion
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Architecture of data acquisition
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ANALOG < DIGITAL
CONVERSION

Physical world is analog (mostly)

Analog is infinitely variable, while digital is discrete in
both time and value

Analog/digital conversion can be part of the instrument
or part of the actuator, e.g.

= |ncremental encoder - analog position gets encoded into
digital pulse

= Stepper motor - digital step pulse gets transformed to
analog position
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ANALOG < DIGITAL
CONVERSION

To be processed by computers, all information must be
converted to a binary representation possessing a finite

number of distinct values that combine logical low (o)
and logical high (1):

000 o001 010 011 100 101 110 111 Digital World

I_I_ LTy | | | | | |
...........
i iassn L | | | | i

||||||||||||
............

IIIIIIIIIIII

0 1 2 3 il 5 6 7 Analog World

Digital coding is arbitrary, but natural binary order is
most often used

M
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ANALOG < DIGITAL
CONVERSION

For notational compactness and ease of reading,
binary (base 2) representations are often expressed in
octal (base 8) or hexadecimal (base 16):

10100110, = 0246, = 166, = A6,

Arduino code:

Binary: B10100110 (leading 'B', only 8-bit values)
Octal: 0246 (leading '0")

Decimal: 166 (no formatting needed)
Hexadecimal: 0xA6 (leading "0x", chars 0-9, A-F, a-f)

B A —
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DIGITAL REPRESENTATION

When using natural binary order, the digital code
consists of an N-bit binary word:

bN-] bN—z bN-3 b] bo

where b, is the most-significant bit (MSB) and b, is
the least-significant bit (LSB)

8-bit digital word: byte (or octet).
4-bit digital word: nibble (or quartet).

SSSSSSSSSSSSSSSS
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DIGITAL REPRESENTATION

The fractional value of the digital word is:
27 by, + 22 by, + 273 bN_3 +..+2Nb,
with a range of o — (1 — 2N) and a precision of 2N

Digital fractions sometimes notated with leading point notation:
1011, = .6875,,

Example:
» 4-bits
» Range=0— (1 —29) =0— 1—: (nearly 1)

. . . . 1
» Precision (absolute and relative) = 24 = —

16
1,01 11

8+E—E—.68?5

e AN

» Code of 1011 :%—I—
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DIGITAL REPRESENTATION

= Digital codes have no inherent units, so scaling
must be defined for code to have real-world
meaning.

= How to assign relationship between binary code and
analog values? It depends on the application...

.
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DIGITAL REPRESENTATION

For a unipolar signal, it seems obvious to associate V.-
with binary zero. Do we associate V_.. with binary 2N
(fractional value of 1), or with binary 2N-1 (and its
fraction value of 1-2V)?

oo 001 010 011 100 101 110 111 Digital World

|

|

0 /8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value
l ] I

I

V_. 1II"'Irfulls-::;aile Analog World
min
H

V

Miax
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DIGITAL REPRESENTATION

To maximize the conversion range for N-bit coding of a
unipolar value, we often associate V... with binary zero
and V_.. with binary 2"-1. For example, for a o0-10V
signal, we may assign values such that:

oo 001 010 011 100 101 110 111 Digital World

0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value
0 1.43 286 4.29 571 7.14 857 10.00

Vmax Analog World
1 ]

Y
\

fullscale

(or "span")
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DIGITAL REPRESENTATION

However, it is common to associate a reference value of

V... With the digital code used to denote a fraction of 1

goo0 001 010 011 100 101 110 111 Digital World

0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value
0 1.43 286 4.29 571 7.14 857 10.00
V V

max @ Analog World
| ]

min
|
V

fullscale

T
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DIGITAL REPRESENTATION

In such an arrangement, with V_.. =0,

2N —1
Vis = Vimax = Vref ON

goo 001 010 011 100 101 110 111 Digital World

|
|
0 /8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value
0

143 286 429 571 714 857 10.00 11.43
V

V man 1|II-"'rref Analog World

Mmin
l ]

|

fullscale

i e,

V
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DIGITAL REPRESENTATION

If V.. is less than binary zero, or V__, is more than
binary 2N-1, then amplitude clipping may result.

0ooo0 001 010 011 100 101 110 111 Digital World
| | | | | | | | |

| | | | | | | | |
0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value

0 1.25 250 3.75 500 6.25 750 8.75 10.00
V

min Vmax Analog World
| A J

[ |
vV,
vfullzcale clipped
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DIGITAL REPRESENTATION

Quantization Level: change in analog output associated
with each discrete step

» We assume this step size to be fixed, although in sophisticated
applications, it may vary across the signal range, or adapt to
signal characteristics.

goo 001 010 011 100 101 110 111 Digital World

0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1  Fractional Value
0 143 286 429 571 7.14 8.57 10.00 11.43

1IlJII'rn.in | vmax Vref Analog World
Quantization

Level
(Q)

i e,
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DIGITAL REPRESENTATION

Quantization Level (Q)
= Signal change associated with LSB

= For an N-bit converter:

7
. Q — 1f11115cale — Vref
2N—l ZN

Q

= Quantization error ranges from — 1o +§

Example:
» 4-bits, 12 volts full-scale, binary code of 1001
Q=12v/(2N-1)= .8V

|QEI‘I‘UI'| S '4V
Vanatog = Q X (8:1 4+ 4.0+ 2:0+1)=.8V X 9=7.2V

I T,
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DIGITAL REPRESENTATION

Quantization
= An irreversible process
= A source of information loss

= |ncreasing the number of bits lowers

information loss, but usually raises the cost
and processing time

Example:

» 10 volts full-scale, with 1% precision required
» Q=1%10= 0.1V

» N = log2 [Vi/Q + 1] = 6.7 bits = at least 7 bits

e
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INTEGER CODES

Unipolar Voltages

= (Can be coded to unsigned integers
= Example - o-5 volts coded to 3 bit unsigned integer

Voltage | Digital Value Egﬁﬁ:;‘j‘ut

0 000 0
0.71 001 -
1.43 010 2
2.14 011 3
2.86 100 4
3.57 101 S
4.29 110 6

5 111 7
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INTEGER CODES

Bipolar Coding

= Two’s Complement

Voltage(1) | Voltage(2) | Digital Value | Decimal Equivalent

+3.75 +5 011 3
+2.50 +3.33 010 2
+1.25 +1.67 001 1

0 0 000 0
-1.25 -1.67 111 -1
-2.50 -3.33 110 -2
-3.75 -5 101 -3

-5 -- 100 -4

= MSB is treated with a weighting of -2\
3=-26TV+1=-22+1=-4+1"D 101

i —_
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DIGITAL-TO-ANALOG
CONVERTER (DAC)

Converts digital values to analog outputs of either

voltage or current
A
1101000101... = - £ II_,_|"_|-L|_’_L
>
Time

.

Voltag
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

F$--———— - e ———
|
1 7/84+ IDEAL D/A CONVERSION
/deal DA Conversion: . |
= 3/4+ e
Q00 001 010 011 100 101 110 111 .“z;m // :
=< s/8+
of
P A P N N P P P 5% |
L1111 1 2% 24 1DEAL |
. Fs 3 Ansor /] |
> a/ed v |
oF / I
ry .
A :
" 1: 2% vs+ |
OFFSET :: i e o | :
N e i 000 001 010 011 100 101 110 111
o ! o 18 2/8 3/8 4/8 5/B 6/8 /B B/8

/4 172 3/4 1

#) OFFSET ERAOR
@ ° 83 SGALS PAGTOR ERROR DIGITAL INPUT-CODE AND FRACTIONAL VALUE

_________________ Y
3/8 |- NONLINEARITY i MON-MONOTONICITY
1 I |+{ | DUE TO EXCESSIVE
/A §= | - I DIFFERENTIAL
58 i L ! I MOMLINEARITY
a8 |- i - i
el | = F
28 - I - |
v ] - !
[§] J i

{€) LINEARITY ERROR (d) NON-MOMNOTOMICITY
{DUE T EXCESSIVE DIFFER:
STUDENTS-HUB.com ENTIAL NONLIMEARITY]
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

Digital value is stored in a register (latch), then converted.
Duration of conversion is called settling time.

Output of the DAC remains the same until the next value is
sent to the register (latch) - a zero-order hold.

Basic concept:

Vour = (by—1 - 2V P+ by_y - 2V 72 4+ -+ by - 28 + by - 2°) - Q
|

\

|

Integer equivalent of binary code

D/A

Converter

Digital
Input

Latch

Analog
Output
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

Weighted (Scaled) Resistor DAC

= Fast, but not practical for high bit count due to expense of
high precision resistors across a wide magnitude range

= Virtual ground at inverting op-amp input

= Requires W
1 bit R —
» Accurate reference voltage. MBS — I y
. _ : 2 bit 2R — ! . ¢
» Higher precision resistor. W Vour
3 bit 4R — _—
. {

______________
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

R/2R Ladder DAC

= Uses just two resistance values (2R and R, closely matched)
= Input switches define a specific resistor divider network

Analogue

@—' If only MSB (100) is asserted:
2R |[|2zr ||2R ||2m

4 1

Vour = 3 Veer = > - Veer

Vaer o () rl If all bits are asserted (111):
: | l ’

VGUT _ 3 VREF

LSB—=MSB
Digital input

Vour = (by—1 -2V  + by_5 - 2N + o+ by - 2 + by - 2 fl s

"r

* Bipolar output can be achieved by substituting the ground
with a negative voltage source.
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

Multiplying DAC

= Conventional DAC has internal reference voltage Vgg that is
derived from the fixed power supply.

* Multiplying DAC has an externally supplied reference Voltage
L':'UT o (bf‘v’—l 25‘ o + bf".."—E 2'\- ’ + et bl 21 + EJ' :] th
= Advantages:

~ Use a constant frequency sinusoidal reference signal to achieve
amplitude modulation, i.e. let Vg = Vg sin(m ).

~ External V. can be precisely controlled to compensate for drift.

P
(Lse) oBo [1]® e g Vour wm ] » [35] Arcconsex
DBt [2] 15 Vour SENSE ours [ 2] [10] vae
pez [3] 14 Vour SELECT awe 1] 3] voo
pea[2] ADS58 [§ ano verovee [1]  ap7sza [ wR
pE4 [5] TOPVIEW [ anp Ll 00 A T
{Not to Seale) o [T 2 e
pes [6) 11 +Vee C
Déd | 7 10 | B
pes [7] 10 ::_5 oo [5 4
M5By DBT [8 5] cE

Internally Referenced Multiplying DAC

N
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INTERFACING WITH A DAC

Non-multiplying DAC - use AD558 (8 bit DAC) as example

jLsm) oeo (1] - ] Vaur
oei [7] 15] Vpyy SENSE
oE? E E Vot SELECT
pea[2] ADS58 [ig o
pea [3] TOP VIEW 73 cno

{Not 1o Scale)
ves (8] 1] +Vee
DB& [7] i ©s

wss) 0BT [&] 5] cE

Table I. AD558 Control Logie Truth Table

Laich
Input Data | CE | TS DAC Data Condition
a LU a L1 “l'ransparent™
| 0 i) 1 “Transparent”
{ g 0 o Latching
| g i) 1 Latching
1] {l g i Latching
1 {l g 1 Latching
X 1 X Previous Data | Latched
X X | Previous Dat | Lawched
MOTES

X = Dhisz it matter,
g = Logle Threshold ar Positive-Cioing Trams inion,

|
1MPUT BATS '

x /o

-1l

DA DT

Ve = OV TO 4256V

ADS58
D—)

INPUT CODE | V,,,

O00OBO00 +128v
o0k 10000000 ow
11111411 -1.2TV
-5y
| —=+ I'—tDH
DATA — Ly 2.0V
INPUTS tos -
|
CS OR CE 2.0v
bEV—

]
12 L5E
DAC
V OUTPUT

tsETTLING

tw = STORAGE PULSE WIDTH = 200ns MIM
toy = DATA HOLD TIME = 10na MIN
Inz = DATA SETUP TIME = Z0dns MIN
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

Resistor methods rely on voltage

dividers
= Many precision resistors
necessary
= Wasted energy dissipated as P

heat % _\ Hﬂm High

Pulse Width Modulation (PWM)

Comparator Low
A PWM signal
= Rectangular pulse wave kd, /
hopping

= Duty cycle controls average (camir) signal
voltage

= Very high frequency
= Need a low-pass filter to

remove the sharp transitions
at edges of the pulses!

= About 90% efficiency

T T,
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

Pulse Width Modulation (PWM)

Poor man’s DAC

Low pass filtering the PWM signal can produce an analog
signal whose magnitude is proportional to the pulse
width of the PWM signal

For motor/motion control, the motor/motion
system will act as the low pass filter

Unipolar output

Best suited when an analog output is needed
but does not require a high resolution DAC
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PULSE WIDTH
MODULATION (PWM)

Duty Cycle = mTN = 0 — 100%

Frequency (rad/sec) =%

5V

oV
| I |
< e >
: ton ' LoFF |
: "ON Time" "OFF Time" :
€ >

Period, T

.
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PULSE WIDTH
MODULATION (PWM)

8'b|t rESOIUIion: Pulse Width Modulation

N 100?&/255 => 0.39?’; pEl’ StEp . ‘ Tﬂ[}uw Cycle - analogWrite(0) ‘

= \/255 => 19.6 MV per step ov |

25% Duty Cycle - analogWrite(64)

Arduino default PWM frequency: : I I ‘ | -I_n_l_l_

= Pins 5/6: ~ 976 Hz 50% Duty Cycle - analogWrite(127)

= Pins 3/9/10/11: ~488 Hz :l J _I_I_ J_I_

. Frequency can be IncreaSEd 75% Duty Cycle - analogWrite(191)
to as much as 62.5 kHz by Sv |_|_|_L|_I_|_I_l_|_
altering timer control registers o !

*  Pins 5!6 TCCROB 100% Duty Cycle - analogWrite(255)

. sv |
= Pins 9/10: TCCR1B ‘ ‘ l
=  Pins 3/11: TCCR2B

e A~
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)

& -

F 9
Y

I nno 0dB _ 20 dB/decade

+10V

PWM1 A

L 3

1 ‘U \ i
out 25% Duty Cycle co ¢

T p——
SRR T

PIC17C42
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)

av 0dB

— 20 dB/decade

PWM1 [

25% Duty Cycle

At low PWM frequency (wpyy K we,),
capacitor can fully charge and discharge

PIC17C42 Ve

oV

[

L
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)
F 1 -
T
2V 0ds . — 20 dB/decade
|
B [
PWM1 | A , B :
i t e N
25% Duty Cycle I 1
mpwm = ?
As PWM frequency increases, capacitor
PIC17C42 Ve

can barely charge and discharge fully

L
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)

2V 0 dB — 20 dB/decade

giinE |
PWM1 [, : >
[ \ o
1
1

o, t m(.‘ﬂ
25% Duty Cycle 1
wpwm ?

As PWM frequency increases further, capacitor
voltage slowly increases, since capacitor cannot
fully discharge before next cycle begins

PIC17C42

L J
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve

[ X

F 3
Y

5V 0 dB _ 20 dB/decade

|
|
I
I |-
| \ >
I (i1}
I
|

’ mfﬂ
25% Duty Cycle 1
mpwm ?

As PWM frequency increases further, capacitor
voltage slowly increases, since capacitor cannot
fully discharge before next cycle begins

PIC17C42

v



https://students-hub.com

DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)
F 3 &
-
Y 0db | — 20 dB/decade
I
|
PWM1 | , | ! .
t Weg : \ o
25% Duty Cycle ' 1
Wowm = F

With PWM frequency well above cutoff frequency,
pici7caz Ve capacitor voltage loses saw-tooth appearance

5I|I|||IF 1 1T RN n - -

| i H i ] 1 i h T
i E [ ] ] ] i i il i i
1 I ] i i !

125V 1+

L

-7
VC. steady state ~ prm A DUW C‘H’C|E %

P
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DIGITAL-TO-ANALOG
(D/A) CONVERSION

PWM1 Ve (dB)

] -

F
L 4

oV 0db — 20 dB/decade

PWM1 |-

L]

t
75% Duty Cycle I

\{;
1

3 Wpwm —

T

Want signal frequency w; less than w_,. Can't always
adjust wpywm, so often have to play with wg and w¢,

PIC17C42 Vg

Nhonannonnni
3?5\#’ : i i : ;

v

=17
VC. steady state — ‘[‘pwm X DUW C\_.-’C|E %

Eeverenocn
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DIGITAL-TO-ANALOG
(DIA) CONVERSION

|||||||||||

WWWWWWWWWWW
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ANALOG TO DIGITAL
CONVERTER (ADC)

Converts analog inputs to digital values

=) 1101000101...

A

]

o

: /\/ \
Time

>
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ANALOG-TO-DIGITAL
(A/D) CONVERSION

Ideal AD Conversion: T S S

|
S e 1114 IDEAL
I I I I I I ; : 3/4 /8 1104 CONVERSION |
Sx |
Bi | | | EE s/8 101+ o |
ts o 1 2 3 4 5 6 7 25 7 DeAL |
EE 12 4/8 100+ /:‘/ [ TRANSITION|
52 N |
&E e 0114 NOMINAL |
—————————— - e ——————— 2u QUANTIZED |
11 | = ] 0104 VALUE
o - Ej 4 g Ve s +1/2 LSB | \DEALLY.
, i ise | (¢ ) |
101 |- ! o i Ve 001 QUANTIZED
w0 |- ~ ' ANALOG
. GAIN
':::] : ! | ERROR ! ﬂ 18— 0l hmgLFﬂh“+m¥P“+ IH'F'I..I'I'
0a1 = : : 0=000 1 @ w " " " “ F'E
o] i L i i i J 1 L i i i i ] o z : % : = l': E
° le+lorrser ennon £ B HERMAHIE:D Aﬂimﬁ;mFGT
{!} OFFSET ERROR {b) SCALE FACTOR ERROR

s s s s S S

e —— — ——

MONLINEARITY

111

10 -
o1 B MISSED CODES
! _ DUE TO
100 - C  EMCESSIVE
ait - DIFFEREMTIAL
B N MOMLINEARITY
o001 s
Fin ) i Fl i A i i i i i

o /4 12 34 F5 o 1/4 142 24 FS

{c) LINEARITY ERACRA (d) MISSED CODES

P —


https://students-hub.com

SAMPLING AND ALIASING

The process of converting from analog to digital cannot be
instantaneous. Thus, inputs need to be stabilized while
conversion is performed.

When signal (data) is sampled, temporal information is lost.

Sampling theorem (Shannon, Nyquist) gives limits

~ Sampling rate must be faster than twice the highest frequency
present (even if the highest frequency is noise) to preserve
knowledge of the original signal's frequency content.

Slower sampling preserves amplitude information, but
suggests incorrect frequency content; this is called aliasing.
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SAMPLING AND ALIASING

/ m
5 Sample
Junit time
2 4 g G T 2] o
0.9 Sampl . I__lT I N I __.___i:ipl____
/unit tim | i v FE— |
4 g L] T g g
Time (s=c)

= AVAVAVAVAVAVAVAVAVAY

]
a e
't|eu ‘li
i
_1 J
0

vy

Y

Y

\
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ANTI-ALIASING

Located upstream of the sampling device, anti-
aliasing (low-pass) filters attempt to limit signal
bandwidths to no more than half the sampling
frequency, thus limiting the extent to which aliasing

FREQUENCY RESPONSE
v r:l Tkt
(] \ é
20 \ Maxim's 8th-order, low-pass, elliptic,
S - \ switched-capacitor filters operate
3 .50 \ from a single +3V or +5V supply
.|-'g:|
100 ﬂ ' H\\ ff

] 1 2 3 q
INPUT FREQUENCY (kHz)
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Sample and hold

» A Sample and hold (S/H) circuit has
two basic operating modes
» Sample mode: The output follows the
Input

» Hold mode: The output is held
constant until sample mode is

resumeag OO DE

iil

il

= The main application of S/H circuits
is to hold the input signal to an
ADC constant during conversion
« Why? Imagine trying to photograph a
moving object! S 20

Tren
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Basic S/H circuit

» Basic elements

- Voltage followers
> FET switch

FET imput
- i,

sigrul - 15V
T Dy
- l cuipul
© I L
+13 Bample ) FAoem HHEE]
_ -15-—1-1—-hﬂd -
* Operation

« IC1 provides low Zout version of input signal

*Q1 passes the signal during ‘sample’ and disconnects during
‘hold’

C preserves the value during ‘hold’

|IC2 is a high Zin op-amp to minimize capacitor discharge during
‘hold’
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S/H response characteristics

» Response parameters

- Aperture time: time required for
the switch to open (~50ns)

> Droop: capacitor discharge
(~TmV/ms)

> Acquisition time: switch

operation plus capacitor
charging time l
» Considerations for choosing C . “ ] T
> C should be large enough to valage faid _—
minimize ‘droop’ caused by Bamaie farpie | com
leakage currents in Q1 and IC2 -

> C should be small enough to
track fast signals since it forms a
low-pass filter with Q1’s ON
resistance!

In practice, the slew rate of the
entire circuit is determined by
IC1’s output current and Q1’s ON
wasistance
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Multiplexers

= A multiplexer is a circuit that allows you

to select any of several inputs, as
specified by digital control signals

+ Since analog switchas are bi-directional, this
circuit could also be usad as a de-
multiplexar!

= [t could also be uses a3 & digits! MUX since
lzgic levels are just voltages

» FET analog switches

# MN-channe! enhancemeant-mode MOS-FET
= When Gatz is grounded or negative, tha FET

is non-conducting

® [Drairesourca resistance in e ardes af
10, 000K

= Bringing the Gate to +15Y puts the drain-
source channal into conduction
e [rainssourca resistancs in e order af 10040

Mi—

ggral

L

e 0 -:l"'-.ri:-
|
]
— 4 -:-""r-:
A s
irpad 7 : I ;r"'-.'ll:.
i 1 |
P01
P | i i i '--"""..Illl
1
| |
1 [ 1
L] | ¥ E]
2008 BAE H R
a4, .
~pddrear of | LD —— Froem a0
whel g o R0
| b il
i
a,
47k
e I
v aff =
oonirol
FreaT [HAaE]
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Analog-to-digital converters

» Single slope or ramp

» Successive approximation
» Dual slope

» Parallel or ‘flash’
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ADC

V. =V, (B *2'+B,*2°+..B,*2 ") = %VREF
N, = INT (Vi 2n)
VREF

Note: In Bipolar ADC Vref/2 sHould be subtraCted

Example:

Temperature is to be measured by a sensor wit an
output of 0.02V/C. Determine required ADC
(Reference, word size) to measure

0-100C wit0.1C resolution.
hpon | \&\\\

£
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Solution

At max. temperature of 100C
.02*100=2V

So 2V reference is taken

A 0.1 C resolution results in .1*0.02=2mV

We need a word 2mV=2(2*exp(-y))

v~9.996
Take n=10.
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Single slope or ramp ADC

RESET
» Composed of three basic ¥
elements — r s |
> A binary counter | g I B
- A digital-to—-analog converter H
> An analog comparator

]
Operation T
« Counter is reset Sram BN
*Analog input is sampled
« While VA>VB counter increments
‘When VA=VB counter stops and binary code is available at
the output
« Characteristics

 Relatively slow since conversion time could be up to 2N,
vhere N is the resolution of the ADC

o
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Successive approximation ADC

Digata

m Basic elements sutpa!
¢ A digital-to-analog converter T 177
e An analog comparator eeman roguter 4 oaC -
e A control logic module . _
e A successive approx. register f[—«

Comparakar

Clock

l Analogue inpul
.

m Operation is based on a
tondral tagic -

binary search Start commerson ——— 5 £t conversion
¢ [nitially, the register provides From [BWEE]

an output corresponding to half the range (1000...0)
m |f the analog input is greater, then MSB=1, else MSB=0

e The register performs the same operation from MSB to LSB
m Characteristics

e Conversion requires only N steps, where N is the resolution of the ADC
m Conversion times of us are typical
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Dual slope ADC

Claek input
Analagiie ¥
. genarator
valtage in II
Salig-state ] AMD
awilch gate
Comparstar n,
o
Megatve
rafarance +
wolage - —
ieg. —1v] :
Choarflow
L 4 { | Binany
. . Eaunber
Swilch carbral Coaniral g
(a) circuits rrYrYnm
Latches
Timee faken for
mbagrator output 1o Y -
rElurm o 2era
& |
Teme faken 10 -
otam af il counter
cycle -._\
o= 7 -
e ff A Time
v .. _l"'
S " s &
n ""'-..‘_\1 _l.l' #
o a, ~ S ——_—_ Ramp produced by a ow
3 *u A voltage analsgue input
"
- '
g " [ Ramp produced by a higher
£ ‘H.,H A vallage analagque inpul
= |/
=11
=]
=
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Dual slope ADC

m Basic elements
An integrator
e A zero-crossing detector
e A binary counter
e Logic gates and switches
m Operation

e Counteris reset and switch is connected to the analog input

m The integrator generates a negative ramp whose slope is proportional to the analog
input

» The comparator goes HIGH, enabling clock pulses into the counter

e When counter overflows, it resets to zero and the control circuit switches the
switch to a reference negative voltage

m This causes the integrator to generate a positive slope ramp

s VWhen this ramp reaches zero, the comparator goes low and stops the counter, whose
value represents the analog input

m Characteristics

e \Very high resolution, but also slower (30 conversions/sec)
s WWidely used in digital multi-meters

« Insensitive to clock drift, RC drifts and high-frequency noise
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Parallel or flash ADC

m Basic elements e Rr" -
e A multiple voltage divider
e A set of comparators

e A priority encoder r!

m Operation
e Analog input applied to
all comparators . ,
¢ Priority encoder converts
comparator pattern into binary ﬂf
m E.g.: A 3-bit ADC: =

e« For comparator outputs of 0001111, priority encoder generates 100
s« For comparator outputs of 0111111, priority encoder generates 110

m Characteristics
e Very fast (e.g., 8-bit ADCs capable of 20 million conversions/sec)
e Very expensive for large N since the number of comparators is 2N-1

i —_

Prigrity entoder
Digekal out puts

Fram [BWSE]
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Flash ADC

Vdd
1

B-line to
3-line
priority
encoder

- Binary

Vdd
1

g-line to
3-line
encoder

Binary output
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|-|-
—
™

ANALOG-TO-DIGITAL -
(A/D) CONVERSION

Flash ADC
=  Example: 2 bit Flash ADC
00 01 10 11
» Code: | | | |

l
0 1.25 2.5 3.75 5

8-line to 3-line
Priority Encoder

» Needs: 3 comparators  Use truth table to get output values:

C1: V> 1.25
C3 C2 Cl1|MSB 1SB

C2:V» 2.5 0 0 0 0 0

C3: V> 3.75 0 0 1 0 1
0 1 0 X X
0 1 1 1 0
1 o 0 X X
1 {0 1 X X
1 1 0 X X
1 1 1 1 1

P
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ANALOG-TO-DIGITAL
(A/D) CONVERSION

Flash ADC

= Need to provide sample-and-hold at the input -- if
input is changing during conversion, erroneous values
will be produced.

= Qutput valid for only a short time after input is held.
= Requires 2N 1 comparators.

= Adjacent comparators must have monotonic range
change.

.
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ANALOG-TO-DIGITAL
(A/D) CONVERSION

Successive Approximation ADC:

Workhorse method.
Used for wide variety of applications

Typical conversion time: 1 - 100 usec. Slower than
flash ADC.

Easily extensible to higher precision.

Precision is limited by the quality of the
components.
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SUCCESSIVE
APPROXIMATION ADC

Basic idea: Check bits starting from the high order bit
(MSB).

= Algorithm:
START CONVERSION
SET Result to 0
FOR i = N-1 TO 0
SET i-th bit of Result to 1
IF INPUT VOLTAGE < DtoA(Result)
SET i-th bit of Result to 0
END FOR-loop
OQUTPUT Result
END CONVERSION

This is a form of interval halving.

P
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SUCCESSIVE
APPROXIMATION ADC

General structure:

* Successive-approximation
converters are quite
expensive.

* Usually used with a
multiplexer -- many
channels feed to a single
converter.

camg

- Effective conversion speed ...

for multiplexed ADC o +

depends on number of

channels used.

« Sample-and-hold normally
precedes the converter.

N e,
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SUCCESSIVE _—
APPROXIMATION ADC a

5 3 $ il 1 .
Arduino ADC | ma:;.am | [TEamsamm | [ o |
33; IR 0;:“ H

* 2 3| x| HHE a5 Y
6-channel 10-bit ADC H 1 ;

>
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I NTEG RATI N G slart r—p0 i :: L.WUI'I[EF
] _r_"-" |_'R

y

T

& digital
oulput

CONVERTERS %ft} oo [
f% :

| |_r_,/‘( I-—-I T ———

“Tgr \m nter uum

qft

Slowest of the commonly used converters. Typlcal
conversion time is many milliseconds.

Can be made very accurate and precise - used in DVMs
(several conversion per second).

Uses timing to determine digital value of unknown
(input) voltage.

N
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INTERFACING WITH AN ADC

= Successive approximation ADC - use AD673 as example

HGITAL

W N Cowwon cowe Convert timing
e |_I MSH
MD& s = _Er_ DET "Iru-r;'\"l. " t .
AMALDG ot sar || s _L‘L" DBE CONVERT R tes
COMMON oo e R —L}_" DBA o

i DAz [ —["17_" DB tnsc N
Y, B DB — T \
. DR

Eﬁfm /{ A %' nEs = Vg + Vo 'i||
| lciock! p ' 7
BIPCLAR b——d _DL‘, e . o
EE.TE‘EE""""% i S Reading timing
— Vigg + Vi,
DATA DE EE—
A - EMABLE 2
to tho [+
HIGH v HIGH c
BURIED ZEMER REF IMPEDANCE OH IMPEDANCE
_— (oumeo zenenser] | apg7 0B0-087 e )
READY o)
|-I— tig —»
Ly — | s
ne* [1] e ems 20] DATA ENABLE -
IDENTIFIER COMNVERT L _— -
ne* 2] [19] NC te
oy —— i
Lse DBa [3] 18] BATA READY B

DE1 E E DIGITAL COMMON
pE2 [5| AD673 [16] BIPOLAR OFFSET

TOP VIEW
DB3 [6] O e [15] ANALOG COMMON

DE4 E E AMALDG IN 5

_ 1
U
DES [#] [13] v- mj_’
=l R
MS8 DE7 [11] v+ DATA BUS

e -

AD
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ANALOG-TO-DIGITAL ;
(A/D) CONVERSION T

ADC with Serial Output
= Reduce pinouts and package size

N
15t
I

ADTATE/ADTATTIADTATS

ir

= (Can be easily interfaced with a microcontroller or a
microprocessor with built in serial interface (SCLK, SDATA,

T/R)
= Sample rate limited by the maximum SCLK rate.
= Use AD7476 as example - 1 MSPS 6 pin ADC

I 1
T , STTT.
L I __, !
HWE 2 Eﬁ Ir-l tearvenT -i
b - g -

GND [ 2] :g;:;?‘; 5] SDATA : I‘"} I il ! —
vm[3] AD7478 [4]scik e L4 W“’f_ ] s |_|1| L

TOP VIEW ’ i L \ - b ity -

(Mot to Scalg) - b 1 i-tlr-l- i 1 oo

THREE-STATE

DE x DEO

.
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