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~ DAC: Digital to
Digital Converter
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This signal-chain block diagram can apply to almost any system that measures or controls physical parameters. The sensors on the left
side provide the input signals, and outputs go to actuators, displays, or other transducers.

13 June 2023



?\:ﬁ navninn aT"m™m noayn
ADC 70T 172X - AWNINN pwnn

Data acquisition is the sampling of the real world to generate data that can be
manipulated by a computer. Data acquisition begins with the physical phenomenon
or physical property of an object (under investigation) to be measured.

Physical Sensor, Signal Digital

Variable Transducer Conditioner Output

Physical Signal Analog to Digital Digital Data:
Phenomena Conditioning: (A/D) Converter: Buffering
Displacement Amplification, Input signal Structure
Temperature Isolation, Filtering, Sampling rate Length
Pressure Linearization Resolution Storage
Light Range (Bit) Analysis
Force Gain
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: . Analog-to- : e
Signal Sensor Signal digi’?al Driver Application
Source (Transducer) Conditioning Software Software

converter

00101001 12.256 Ibf
01001011 43.643 Ibf

10001011
10110101 SLER by
10001011 84.299 Ibf
01001011 96 124 Ibf

o 00101001
J’leul& 01001011 oZote
10001011 33.009 Ibf

Physical Noisy electrical Conditioned Digitized and Raw binary Processed

phenomena signal signal sampled data information data
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Figure 7.2 The effect of sample rate on signal frequency and amplitude interpretation



W nN'ATN VOYUN
¥ NN'ATN QX DIATA NIND 7W ATNNITNWY? .nnfaTn uswn  »
f.>2f mixa *7anopnn YTNN DUAYOn AN NIy

TN N'YNNN AN N NNTNA DINIX CDITANN DIFNTN ©
TN N'XNNN NIDIMI NI NFNTTNA DNINIXD ITNN' NNAT
Alias frequency ,nnaTn

Original signal ic: f :L_l_
2 - —@— Signal samples Itfrequency is: 1, 2 ¢
s Reconstructed signal | - The aliased frequency is:
R T f f
£ 1 f=—"-¢ for e<=
A 2 2
E 0 - @ | £ This phenomenon is called
14 l “folding", since f, is a mirror
| | | I | | | l | image of fm around L .
0 100 200 300 400 500 2

Time (s)
13 June 2023 10



13 June 2023

11



=N

UI’

l

vi—s{ ADC >

Digital
output

Qutput=x= —
Vi

+/- 1/2 LSB X171 XY

M7219-TN — NAYyTn 7112
FS

n

AV =Q=LSB =

:M719-2 — NN 7TIA
FS

2n—1

AV =Q=LSB =

13 June 2023

Quantization

No. of Steps<

23-1=7

— 111

110

101

100

011

Digital Output

H
.........................

o (NXTI0AR) NYLVIATT — 70T 17N FYUNN

= Minimum

............

,/‘+ Resolution

(1LSB)

FSR(Full Scale Range)

Z5(7Zero Scale)

Quantization Error

+0.5L5B

-0.5LSB

0.123 0250 0.375 0.500 0625 0.750 @gj 1.000
-

Analog Input  FS(Full Scale)

12



DAC — n21fax 01T punn

DAC ?v n7ivoa o7 11711 157 ,DAC 7v nooian ADC 7v n71von

1172 NIX

7v "Dona”
20T NIX

13 June 2023

cs

Do

Cn

switches

Voltage
reference
n Iatche_s and Resistar
n transistor netwark

!

.

—oVout

13



x(t)

DAC — n17ax "70"arT punn
n'X719102'N

‘T'N719701'N e
Zero order hold oox YT10n —

qQ'¥1 X7 jno'n

Time

Linear Interpolation mx17 —
n'nyn jno'n °

Time

[12'0 N'¥719701'N —
Low pass Interpolation
n'nyn jno'n °

13 June 2023

Time

14



17011 T 172X PYNNT DTN
DAC 7y nooian ADC -a axu'arT

Analog _ Analog
input, v, reference, V,
-t DAC
Digital
gutput
*
. | Control - '
Clock » lagic »1 Counter
FS =

13 June 2023

/Ana[og input

DAC output

FS

Analog input

DAC ocutput

Time

15



-

=<

ADC Successive Approximation

Analog _ Analog F5 .
input, v; reference, V, ﬂ?lﬂg input
E— | |
DAC , : |
! | DAC output
|
Digital I | !
output I | |
I } I SAR output
(SAR} Successive MSB | | LSB |
approximation 1 | 1 I[ 0 l
Clock 1 register and control 0
Time
- 111
111
110 < 1o
101
/ N 01—
T 400
—— 100
N oy = 01
A 010
010 001
oo
Qoo

13 June 2023 16



Simultaneous or Flash A/D Conversion

Reference
resistor ladder

<‘VR{‘, Vy 2% 1 comparators

R: |
2 >—)
b ‘_>_,
R —— N-BIT
>—') Encoder > Digital
T Output
R
. o —)
e
R
2

13 June 2023 == 17



vcc

Voltage follower

v Sample and Hold - "01rT 21728 punn
Sample and Hold
vee circuit
Control signal =
Q1
o l——j" + >'_ vour _\\ MOSFET
Cy / ]
l \ Vl.n—+/ Voltage follower
Hold capacitor Lc
= __Holding capacitor
Settling Dreop
time _ _ + o .
T v Acquisition time
— Faecithrough + Aperture time
Acqttl_::.;tlﬂ"_... < ' + Settllng time
| - |- Arerure Limit the sampling
interval and hence
HOLD SAMPLE HOLD Sampling rate
START n
13 June 2023

—

Output

18



N Single Channel Data Acquisition

Transducer p—{ Amplifier ——  Filter —— S/IH™ ] ADC jg&%;tai
u

i

13 June 2023 19



N Multi Channel Data Acquisition

MULTIPLEXER

DRIVER
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—> Control
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Digital
output

 —

Issue: This arrangement cannot perform Simultaneous sampling
Possible solution: Multiple S/H before the MUX
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Multi Channel Data Acquisition
Long Distance

Remote Signal

0. — | H r
transducer conditioner Transmitte

Digital serial
transmission

Issue: Transmission noise

Solution: Digital transmission
Requires: Local S/H & ADC (as part of the Signal conditioner)

for each channel
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Based on frequency measurements (or time).
No need for A/D convertors.

Examples:
Encoders
Oscillators or resonators.
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LVDT - LC sine-wave oscillator
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