Chucng 10

Th.S Bang Ngoc Khoa
Khoa Dién - bién Tu

Transducer: bién d&i dai luong vét ly thanh tin hieu dien
Analog-to-digital converter (ADC)

Digial system: xi ly tin hieu
Digital-to-analog converter (DAC)
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= Nhiéu phuang phap ADC s dung DAC

= V¢ duoc s dung dé xac dinh ngo ra full-
scale.

= Trong trudng hop tong quat, ngd ra analog
= K x gia tri 5 ng6 vao

= DAC 4 bit, ngod ra dién ap tuong tu
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= Ngo ra clia bd bién d6i DAC khdng hoan
toan la tin hiéu analog bdi vi nd chi xac
dinh & mot sb gia tri nhat dinh.

= VGi mach trén, ngd ra chi co thé cb nhiing
giatri, 0,1, 2, ..., 15 volt.

= Khi s6 ngd vao tang lén thi tin hiéu ngo ra
cang giong vdi tin hiéu tuong tu.

Budc nhay

---------

= Budc nhday aia bo bién doi D/A duc dinh
nghia la khoang thay doi nho nhat aa ngd ra
khi cé arthay dai gia tri ngd vao.

= B bién dai D/A N bit: sH muc ngd ra khac
nhau =2”~N, 5 busc nhay =2/N-1

= Busc nhay = K = V_/(2N-1)
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Budc nhay

= BuGc nhay = 1 volt
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Vi du 10-1

= Can st dung bd DAC bao nhiéu bit d€ c6 thé
diéu khién motor thay déi téc d6 moi 2 vong.

Computer s DAC
_0-1000 rpm




BCD for most
significant
digit (MSD)

BCD for least
significant
digit (LSD)

Ngo vao BCD

= Trong $H aia nhimg ngd vao khac nhau
= Ngb vao 2 s5 BCD
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Step size = weight of A,,.
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Mach bién do6i D/A
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e — Input code
D C B A Vour (volts)
1 kv 0 o o o0 0
D Ry=1kv 0 0o o 1 -0.625+— LSB
MSB AN 0 0 1 0 -1.250
S 0 0 1 1 -1.875
= W o 1 0 o -2.500
4k -0 ] 1 (4] 1 -3.125
A P 0 1 1 0 -3.750
oV,
B amp oM m oa a4 A -4.375
Vg 3
8 kv 1 0 0o 0 -5.000
A 1 0 0 1 -5.625
LsB B 1 0 1 0 -6.250
S 2 1 0 1 1 -6.875
Digital inputs:
OV LSV, 11 0 o ~7.500
1 1 0 1 -8.125
(a) 1 1 1 0 8,750
1 1 1 1 -9.375«— "yl
scale
Buwdéc nhay= |5V(1K/8K)| = .625V ®)

Max out = S5V(1K/8K + 1K/4K + 1K/2K + 1K/1K) = -9.375V 12
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Mach bién ddi D/A

---------

= V3Gi nhitng mach bién d6 D/A & trén, trong
sO cac bit dugc xac dinh dua vao gia tri
clia cac dién tré.
= Trong m6t mach phai st dung nhiéu dién
tré vGi nhitng gia tri khac nhau
= B6 DAC 12 bit
- Dién trg MSB = 1K
- Dién trg LSB = 1x212 = 2M

= Mach sau chi si dung 2 gia tri dién trd




= Nhiéu bo DAC dudc tich hgp vao trong

nhitng IC, mot sd thdng sb tiéu biéu clia nd

= Resolution: budc nhay cia bd DAC

= Accuracy: sai sO sai s6 cua bo DAC

= Offset error: ngd ra cua DAC khi tat ca ngd vao
bang 0

= Settling time: thai gian yéu cau dé DAC thyc
hién bién doi khi ngd vao chuyén doi tu' trang
thai all 0 dén trang thai all 1
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= AD7524 (Figure 11-9)
=« CMOS IC
= 8 bit D/A
= SU’ dung R/2R
= Max settling time: 100 ns
» Full range accuracy: +/- 0.2% F.S.
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Khi ngd vao CS va WR & murc thap, OUT1 13 ngd ra analog.

Khi ca 2 & mirc cao, OUT1 duogc chét va gia tri nhi phan ngd vao
khdng duoc bién déi & ngd ra.

*0OUT2 thdng thudng dugc néi dat
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Ung dung DAC

= Control
= SU' dung ngd ra s6 clia may tinh dé diéu
chinh tdc d6 cia motor hay nhiét do.

= Automatic testing

= Tao tin hiéu tir may tinh dé€ ki€ém tra mach
annalog

= Signal reconstruction

= Tai tao tin hiéu analog tu tin hiéu s6. Vi du hé
thong audio CD

= A/D conversion
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Vi du 10-2

---------

= SIr dung DAC dé diéu chinh bién dd cua
tin hiéu analog

Analeg signal in % —+
Vier

. —> D7
Binary number . . Analog 3 %
determines : 2
scaling factorof — 3| pp
oufput. Smaller analog signal out

Vour = Vrer % binary
256

DAC

Bién doi A/D

---------

= ADC — miéu ta gia tri analog ng6 vao bang
gia tri s6 nhi phan.

= ADC phtic tap va tén nhiéu thdi gian bién doi
hon DAC

= MGt s6 ADC st dung bé DAC la mot phan
cla nd

= MOt opamp dudc st dung lam b6 so sanh
trong ADC
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Bién doi A/D

= B6 dém nhij phan dudc st dung nhu' la mot
thanh ghi va cho phép xung clock tang gia tri bd
dém cho dén khi I/, >V,

Analog input

1
Vo =——+ —|—0 — Start command J_I—

Control

unit e cioek— LTLILILIL

Op amp

Comparator EOC
{end of conversion)

— D/A - Register =
converter -
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Digital result

= Léng START bit dau qua trinh bién &

Control unit thay ddi gia tri nhi phan trong thanh
ghi

Gid tri nhi phan trong thanh ghi duoc bién di
thanh gia tri nhi phan V,,

Bo so sanh so sanh V,y Wi V,. Khi V, < V,, Ngd
ra by so sanh & mic cao. When V,, > V,, ngd ra
co mic thap, qua trinh bien doi ket thuc, gia tri nhi
phan nam trong thanh ghi.

Bs phan diéu khién s3 phat ra tin hiéu end-of-
conversion signal, EOC. 24
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Bién doi

Clock
Junnnro
L e - =
- L1
Comparator J ST.kﬁll_
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B complete-
Vax :: — = coun:_er stops
~- EOC i.
Digital _ ] =l
result Start —_—
. Time
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Microcomputer A0G L
START _|'| |'| | |'| |'|_
ot | |l
£oc |_| U
00001111 00001100 00001010 Digital value
==y
Dang séng thé hién qua trinh may '
tinh thiét I3p mot chu trinh bién doi
la luu gia tri nhi phan vao bd nhé.
26
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= C4 thé gidm sai s6 lugng tir bang cach tdng s6
bit nhung khong thé loai bé hoan toan

Vax &

Volts

3.72

M Approximate range of V,
values that produce
digital output = 3734.

t
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Voltage

= Sau khi két thuc mot qua trinh ADC ta sé
cd gia tri nhi phan cia mot mau.
= Qua tri khoi phuc tin hiéu analog nhu sau

Analog input
< d signal

Time

Voltage

< d Filtered
digitized reproduction

h

AD output

Time
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= Aliasing
= Nguyén nhan 13 do tan s& 18y mau khdng dung
= Gidi han Nyquist
= Tan s6 18y mau phai it nhat I6n han 2 [an tan s6 cao
nhat cua tin hiéu ngd vao.
= LAy mAu & tan s6 nhé hon 2 [An tan s6 ngd vao sé&
tao nén két qua sai khi khoi phuc tin hiéu.
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30
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= SU’ dung rong rai han ADC

= Phirc tap hon nhung c6 thai gian biét doi
ngan hon

= Thdi gian bién ddi cd dinh, khéng phu
thudc vao gia tri analog ngo vao

= Nhiéu SAC dugc tich hgp trong nhirng IC
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Co hai ngd vao analog cho phép hai ngod vao vi sai.
Ngudng xac dinh tai £1/2LSB. Vi du, budc nhay la
10mV, bit LSB sé & trang thai 1 tai 5mV.

IC c6 thanh ghi xung clock bén trong tao ra tan s6

f =1/(1.1RC). Hoé&c cb thé str dung xung clock bén
ngoai.

NEu sur xung clock cb tan s6 606kHz, thdi gian bién
ddi xap xi 100us.

SUr dung nGi dat riéng bdi vi dat cua thiét bi s6 ton
tai nhiéu do qué trinh thay d6i dong dot ngdt khi
thay ddi trang thai.
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Flash ADC

T6c dd bién ddi cao

Mach phurc tap hon nhiéu

= Flash ADC 6 bit yéu cau 63 b0 so sanh tucng tu

= Flash ADC 8 bit yéu cau 255 b6 so sanh tuang tu

= Flash ADC 10 bit yéu cau 1023 b0 so sanh tuong tu
Thdi gian bién ddi — khdng sir dung xung clock
do véy qua trinh bién dai la lién tuc. Thdi gian

bién ddi rat ngan chi khoang 17 ns.

BO bién ddi flash 3 bit dugc miéu ta nhu hinh sau
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Mach I8y mau va gilr

Digital control
input*

> p—=@—> To ADC input

Qutput
Analog Cp
input

“Control = 1 sswitch closed -sample mode
Control = 0 =switch open -hold mode
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