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Mé Pau

Cung véi su tién bo cua khoa hoc va congnghé , cac thiét bi dién tir dang va sé
tiép tuc duoc (ng dung ngay cang rong rdi va mang lai hiéu qua trong hau hét
cac linh vuc kinh té , ki thuét ciing nhu trong doi song x& hoi . Tiép nhan
nhitng thanh tyu khoa hoc d6 ngay nay viéc gia cong va truyén dat xu ly tin
hiéu trong céc thiét bi dién tir tir don gian dén hién dai déu duwa trén co so
nguyén ly sé , vi nhitng thiét bi 1am viéc trén co s& nguyén 1y sb c6 nhiing uu
diém hon han céc thiét bi nguyén 1y twong tu , dic biét 1a trong k¥ thuat tinh
toan ki thuat do ludng va diéu khién va dac biét hon voi su gitip d& cua may
tinh dugc ¢ng dung rong rai ngay nay .Tuy nhién tin hiéu ty nhién bao gom
cac dai luong vat Iy ;hoa hoc , sinh hoc 1a cac dai luong bién thién theo thoi
gian hay néi cach khac né 1a dai luong tuwong tu , dé phdi ghép ngudn tin hiéu
tuong tu VGi nguon xir 1y sb , nghia 1a d&é xur ly tin hiéu thong qua mot hé
théng sé ta phai c6 mach chuyén doi tin hiéu tir dang tuong tu sang dang s6
ADC , tin hiéu sau khi duoc chuyén d6i dugc xu ly qua mot hé théng xu ly tin
hiéu s6 va duoc tra lai dang tin hiéu ban dau , d6 1 tin hiéu twong tu thong
qua mach chuyén doi tin hiéu sé - twong ty DAC . Ngay nay cling vai su bing
no cua cdng nghé thong tin may tinh déng vai tro hét sic to 1on va tham nhap
ngay cang siu vao doi song kinh té,xa hoi va dac biét gop phan vao viéc
nghién ctu phét trién nhitng nghanh khoa hoc mai nhu hé thdng tu dong hoa
do luong va diéu khién bang may tinh ma ta s& dé cap dudi day .Dé mad rong
tam tng dung ciling nhu kha ning can thiép sau cia ki thuat may tinh vao céc
linh vuc khac nhau . Ching ta phai c6 méi quan hé chat ché giira ching, nghia
la kha ning két n6i may tinh cling nhu viéc két ndi may tinh vai thiét bi ngoai
Vi , tly theo yéu cau va nhiém vy cu thé ciing nhu vat tu thiét bi c6 trong tay
ma viéc thiét ké mot hé thong ghép ndi may tinh khac nhau véi nhidu muc
dich khac nhau cho ta biét duoc kha ning lam viéc , do chinh xac cua hé

théng ciing nhu do tin cay cua hé thong .

10



CHUONG1. BQO CHUYEN POI TUONG TU SANG SO - ADC
1.1SO PO KHOI:

B6 chuyén d6i tuong tu sang s6 — ADC (Analog to Digital Converter) lay
murc dién thé vao tuong tu sau d6 mot thoi gian s& sinh ra ma dau ra dang sb
biéu dién dau vao twong tu. Tién trinh bién ddi A/D thuong phirc tap va mat
nhiéu thoi gian hon tién trinh chuyén d6i D/A. Do d6 c6 nhiéu phuong phép
khac nhau dé chuyén ddi tir twong tu sang s6. Hinh vé& 1.1 1a so do khéi cua

mot 16p ADC don gian.

17— LénhSTART_I_L
Clockl | I | I |

B& o sdnh

BCO

(End OFf
Cormersion —
fin higu bd o kSt
thiic qud trinh
chuyén déi)

K&t qud dang =5

Hinh 1.1 So d6 téng quat caa mot lop ADC

Hoat dong co ban cua I6p ADC thugc loai nay nhu sau:

@Xung lénh START khai dong su hoat dong caa hé thong.

@Xung Clock quyét dinh bo diéu khién lién tuc chinh sta sé nhi phan luu

trong thanh ghi.
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@S nhi phan trong thanh ghi dwgc DAC chuyén dbi thanh muc dién thé
tuong ty VAX.

@B6 so sanh so sdnh Vax Vi dau vao tuong tu VA. Néu Vax< Va dau ra
cua b so sanh 18n muac cao. Néu Vax> Va it nhat bang mot khoang Vr (dién
thé ngudng), dau ra cua bd so sanh s& xuéng muac thap va ngung tién trinh
bién d6i s6 nhi phan ¢ thanh ghi. Tai thoi diém ndy Vax Xap xi Va. gia tri nhi
phan & thanh ghi 1a dai luong sé twong duong Vax va cling 13 dai luong sb
tuong duong Va, trong gii han d6 phan giai va do chinh xéac cua hé théng.
®Logic didu khién kich hoat tin higu ECO khi chu ky chuyén dbi két
thic.Tién trinh ndy c6 thé ¢ nhiéu thay doi dbi vai mot sé loai ADC khac,
cha yéu 1a sy khac nhau & céach thirc bo dicu khién sira d6i s6 nhi phan trong
thanh ghi.

1.2 CAC CHI TIEU KY THUAT CHU YEU CUA ADC

D3 phan giai.

Do phan giai cua mét ADC biéu thi bang sb bit caa tin hiéu sé dau ra. S6
lugng bit nhiéu sai s6 lugng tir cang nho, d6 chinh xac cang cao.

@Dai dong dién tre dau vao.

Muc logic cua tin hiéu s6 dau ra va kha nang chiu tai (ni vao dau vao).

@Do chinh xac tuong doi

Néu ly tuong hoa thi tit ca cac diém chuyén ddiphai nam trén mot duong
thang. P9 chinh xac twong ddi 14 sai s6 cua cac diém chuyén doi thuc té so
véi dac tuyén chuyén doi Iy twong. Ngoai ra con yéu cau ADC khdng bi mat
bit trong toan b pham vi cong tac.

@Tdc @6 chuyén dbi.

Téc do chuyén ddi duoc xac dinh thoi gian boi thoi gian can thiét hoan thanh
mot lan chuyén d6i A/D. Thoi gian nay tinh tir khi xuat hién tin hiéu diéu

khién chuyén doi dén khi tin hiéu s6 dau ra da on dinh.
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@Hé sd nhiét do
Hé s nhiét do 1a bién thién twong dbi tin hiéu sé dau ra khi nhiét o bién doi
10°C trong pham vi nhiét d6 cong tac cho phép voi diéu kién mirc tuong tu
dau vao khong doi.
@Ti s6 phu thudc cong sut
Gia st dién ap tuong tu dau vao khong doi, néu ngudn cung cap cho ADC
bién thién ma anh huong dén tin hiéu s6 dau ra cang lon thi ti sé phu thudc
ngudn cang lon.
©Cong suat tiéu hao.
1.3 CAC BUOGC CHUYEN DOI ADC
Qua trinh chuyén d6i A/D nhin chung dugc thuc hién qua 4 budc co ban, do
la 1y mau - nhd mau - luong tir hoa - ma hoa. Cac bude d6 ludn ludn két hop
véi nhau trong mot qué trinh thdng nhat.
Pinh ly lay mau
Déi véi tin hiéu tuong ty V thi tin hiéu lay mau Vs sau qua trinh lay mau c6
thé khéi phuc tro lai V, mot cach trung thuc néu diéu kién sau day thoa man:
fs 3 = 2fimax
Trong d6 fs  :tan s lay mau

fimex © 12 giGi han trén cua giai tan s6 tuong tu

Hinh 1.1 biéu dién cach ldy mAu tin hiéu twong tu dau vao. Néu biéu thuc trén
dugc thoa man thi ta c6 thé ding bo tu loc théng thap dé khoi phuc V, tir Vs.

Vi mdi lan chuyén d6i dién ap ldy mau thanh tin hiéu sb tuong tng déu can co
mot thoi gian nhat dinh nén phai nhé mau trong mot khoang thoi gian can

thiét sau mdi lan 1dy mau. Pién ap twong tu dau vao duoc thuc hién chuyén
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d6i A/D trén thyc té 12 gia tri V, dai dién gia tri nay la két qua cua mdi lan lay

mau.

Hinh 1.2 Lay mau tin hiéu twong tu dau vao.

Lwong tir hoa va ma hoa.

Tin hiéu s6 khong nhiing roi rac trong thoi gian ma con khong lién tuc trong
bién d6i gié tri. Mot gid tri bat ky cua tin hiéu s6 déu phai biéu thi bang boi sb
nguyén lan gia tri don vi nao do, gia tri nay la nhoé nhat duoc chon. Nghia 1a
néu dung tin hiéu sé biéu thi dién &p lay mau thi phai bat dién &p ldy mau hoa
thanh boi s6 nguyén lan gia tri don vi. Qué trinh nay goi 1 luong tir héa. Pon
vi dugc chon theo qui dinh nay goi 1a don vi lugng tir, ki hiéu D. Nhu vay gia
tri bit 1 cia LSB tin hiéu sé bang D. Viéc ding ma nhi phan biéu thi gia tri tin
hiéu s6 1a md hda. M nhi phan c6 duoc sau qua trinh trén chinh 13 tin hiéu
dau ra ciia chuyén doi A/D.

Mach lay miu va nhé miu.
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Khi ndi truc tiép dién thé twong tu véi dau vao caa ADC, tién trinh bién doi
c6 thé bi tac dong nguoc néu dién thé tuong tu thay doi trong tién trinh bién
d6i. Ta co thé cai thién tinh 6n dinh cua tién trinh chuyén d6i bang céch st
dung mach lay mau va nhd mau dé ghi nhé dién thé twong tu khong ddi trong
khi chu ky chuyén di dién ra. Hinh 1.3 1a mot so ¢4 cta mach ldy miu va
nh& mau.

A % A o
Bdu vio difu khign
dang &5

o~ e
Exn ddn

Bl Ch_T_ vioola
duvido ADC
hting tuf ‘

Hinh 1.3 So d6 ctia mach ldy mau va nhé mau.

Khi dau vao diéu khién = 1 luc nay chuyén mach dong mach & ché do lay mau
Khi dau vao diéu khién = 0 luc nay chuyén mach hé mach ché do gitt mau
chuyén mach dugc dong mot thoi gian da dai dé tu Cp, nap dén gia tri dong
dién cua tin hiéu tuong tu. Bo khuéch dai dém A, dit tré khang cao tai dau
vao nham khéng xa dién thé tu mot cach dang ké trong thoi gian chuyén doi
ctia ADC do d6 ADC chu yéu s& nhan duoc dién thé DC vao, tuc 13 Vo.

Trong thyuc té nguoi ta st dung vi mach LF198 (hinh 1.4) 1a mach S/H tich
hop ¢6 thoi gian thu nhan dix liéu tiéu biéu 1a 4ms Gng véi Ch = 1000pF, va
20ms ¢ng véi Cn = 0.01mF. Tin hiéu may tinh sau d6 s& mé chuyén mach dé
cho phép Cy, duy tri gia tri cia n6 va cung cap mirc dién thé tuong tu tuong

ddi 6n dinh tai dau ra A,.
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ANALOG INPUT (O

SAMPLE

LOGIC
INPUT —

Y —

ov HOLD

Hinh 1.4 So db chan cua LF198

1.4 ADC DANG SONG BAC THANG

So d6 khoi

Phién ban don gian nhat caa I6p ADC sir dung bo dém nhi phan lam thanh
ghi va cho phép xung nhip day b dém ting mdi mot budc cho dén khi Vax>
Va. Pay goi la ADC song dang bac thangvi dang séng tai Vax c0 tirng bac di
1én. Nguoi ta con goi 1a ADC loai bo dém.

Bigm &y

Analog /N o Y, il> ECO —
1nput A 1
p 1.1 B& 5o sdnh &"ﬁ
_ Res=t
1
=g
] 55
L}
DAC ] o G
o] d=m Clock
.
=g
sung B K&t qud
Khdi Béng [ dang & ;
> L

Hinh 1.5 DAC dang song bac thang
Cac thanh phan cua DAC dang séng bac thang hinh 1.5 gom: mot bo dém,

mot DAC, mot bo so sanh tuong tw, mot cong NAND 3 ngd vao diéu khién.
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Pau ra cua bo so sanh dung 1am tin hiéu £GC(End Of Conversion — két thic
chuyén d6i).

Hoat dong cia bé ADC dang song bac thang

Gia str VA, tic muc dién thé can chuyén d6i 1a duong thi tién trinh hoat dong
dién ra nhu sau:

@ Xung Khoi Bong duge dua vao dé Reset bo dém vé 0. Mirc cao cua xung
Khéi Pong cam khong cho xung nhip di qua céng AND vao bo dém.

@Néu dau ctia DAC toan bit 0 thi dau ra cia DAC s& 1a Vax = OV. Vi
Va>Vax nén dau ra bo so sanh ZOCsE 1én muc cao.

@Khi xung Khoi DPong vé thap thi cong AND cho phép xung nhip di qua cong
nay va vao bo dém.

@Khi gia tri bo dém tang 1én thi dau ra DAC la Vax sé ting mdi 1an mdi bac,
nhu minh hoa hinh 1.5.

®Tién trinh cu tiép tuc cho dén khi Vax 1én dén bac vuot qua Va mot khoang
= V1. Tai thoi diém nay ngd ra ctia bo so sanh EOCvE thap va cAm khong cho
xung nhip di vao bd dém nén bo dém sé& ngimg dém.

Tién trinh chuyén doi hoan tat khi tin hiéu £0Cchuyén tir trang thai cao xuéng
thap va noi dung cua bo dém 12 biéu thi dang sb cua dién ap tuong tu VAo Va.
Bo dém s& duy tri gié tri sd cho dén khi ndo xung Khoi Bong ké tiép vao bét
dau tién trinh chuyén d6i mai.

D¢ phan giai va d§ chinh xac cia ADC dang song bac thang.

Trong ADC dang song bac thang c6 nhiéu yéu té anh huéng dén sai s6 cua
quéa trinh chuyén doi nhu: kich c& béac thang, tic d6 phan giai cua DAC cai
trong don vi nho nhat. Néu giam kich c& bac thang ta c6 thé han ché bét sai s6
nhung ludn c6 khoang céch chénh léch gitra dai luong thuc té va va gia tri gan
cho né. Pay goi 14 sai s6 luong tir.Ciing nhu trong DAC, dé chinh xéac khéng

anh huong dén d6 phan giai nhung lai tly thudc vao do chinh xac caa linh
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kién trong mach nhu: bd so sanh, dién tré chinh xac va chuyén mach dong cua
DAC, ngudn dién quy chiéu,...Muc sai s6 = 0.01% gia tri cuc dai (day thang)
cho biét két qua ra tir ADC c6 thé sai biét mot khoang nhu thé, do cac linh

Kién khong 1y tudng.

Thai gian chuyén déi.
Thai gian chuyén d6i 1a khoang thai gian gitra diém cudi caa xung khoi dong
dén thoi diém kich hoat dau ra ciia Z0C. Bo dém bat dau dém tir 0 1én cho dén
khi Vax vurot qué Va, tai thoi diém d6 EOCxubng muc thap dé két thdc tién
trinh chuyén d6i. Nhu vay gia tri cia thoi gian chuyén doi tc phu thudc vao
Va. Thoi gian chuyén d6i cuc dai xay ra khi Va nam ngay dudi bac thang cao
nhat . Sao cho Vax phai tién 1én bac cudi cung dé kich hoat Z0C,
Véi bo chuyén dbi N bit, ta co:

tc(max) = (2N — 1) chu ky xung nhip
ADC 6 hinh 1.5 s& 6 thoi gian chuyén doi cuc dai

tc(max) = (21— 1)xIms = 1023ms
Poi khi thoi gian chuyén doi trung binh duoc quy dinh bang ¥ thoi gian
chuyén doi cuc dai.
Véi bo chuyén dbi dang séng bac thang, ta co:

{ »(Max)
_— s
2

) M-l

telavg) = chu kv xung nhip

Nhuoc diém cua ADC dang s6ng bac thang 1a thoi gian chuyén doi tang gap
d6i vai tiing bit thém vao bo dém. Do vay ADC loai nay khdng thich hop Véi
nhitng tng dung doi hoi phai lién tuc chuyén doi mot tin hiéu twong tu thay
d6i nhanh thanh tin hiéu sb. Tuy nhién véi cac tng dung téc d6 cham thi ban
chat twong ddi don gian cia ADC dang s6ng bac thang 1a mot uu diém so voi
cac loai ADC khac.
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1.5 ADC LIEN TIEP - XAP XI

Bo chuyén ddi lién tiép - xap xi ( Successive Approximation Convetr-SAC)
la mot trong nhiing loai ADC thdng dung nhat. SAC ¢6 so 6 phic tap hon
nhiéu so véi ADC dang s6ng bac thang. Ngoai ra SAC c¢on cé gia tri tc ¢d
dinh, khéng phu thugc vao gia tri ciia dau vao twong tu.

Hinh 1.6 1a mot cdu hinh co ban cua SAC, tuong tu cau hinh cua ADC dang
s6ng bac thang. Tuy nhién SAC khong sir dung bo dém cung cap dau vao cho
DAC ma thay vao d6 1a thanh ghi. Logic diéu khién sira d6i noi dung luu trén
thanh ghi theo ting bit mot cho dén khi dir liéu & thanh ghi bién thanh gia tri

s6 twong duong véi dau vao tuong tu Va trong pham vi do phan giai cia bo

chuyén doi.
WV
- Xung nhi
COMP __ Xungnhip
r

h h 4

Logic dign [** START
khign — BOC

Yy h 4

Thanh ghi
didu khi€n

WEE LEE

YYY¥Y h 4

-
-

Hinh 1.6 So d6 khbi ADC lién tiép xap xi.
Hoat dong ciia ADC lién tiép — xap xi nhu sau:

Mach ADC hoat dong theo luu d6 hinh 1.7.
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Hda maoi bit

Bitdiumi MSE

EXnh bit =1

@ =
Khing
' Ré&i

E¥n bit
nhd hedn

K&t thiie chuydn
ddi kSt qud hign
dién tai thanh ghi

E.ET;HL'IC |

Hinh 1.7 Luu d6 hoat dong

Chung ta c6 thé giai thich hoat dong caa ADC nay bang cach dua vao luu db.

1.6 ADC NHANH
B6 chuyén doi nhanh (flash converter) 1a ADC téc d6 cao nhat hién nay c6
mat trén thi trudng, nhung so d6 mach phuc tap hon cac loai khac. Nhu vay

sb lugng bo so sanh qua 16n da gigi han kich ¢& cua ADC nhanh.
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Hinh 1.8 La so d6 caa mot ADC nhanh

ADC nhanh ¢ hinh 1.8 c¢6 d6 phan giai 3 bit kich thudc bac thang 1a 1V. Bo
chia dién thé thiét 1ap mirc quy chiéu cho tirng bo so sanh dé c6 dugc 7 muc
tng véi 1V ((trong s6 cia LSB ), 2V, 3V, ...7V (day thang). Pau vao tuong
tu Va duoc ndi dén dau vao con lai caa ting bo so sanh.

Vi Va< 1V thi tit ca du ra ctia bo so sanh déu 1én mic cao. Vi Va> 1V thi
tir mot dau ra tré 16n sé xuéng murc thép. Pau ra ctia bo so sanh dugc dua vao
bd ma hoa wu tién tich cuc & muc thép sinh dau ra ung voi dau ra c6 s tht tu
cao nhat & mirc thap ciia bd so sanh. Ly luan tuong tu ta s& c6 duoc bang gia

tri nhu bang 1.1a

Badng 1.1a Bang su that caa ADC nhanh 3 bit
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ADC nhanh ¢6 d6 phan giai 1V vi dau vao tuong tu phai thay doi mdi lan 1V
ma&i c6 thé dua dau ra s6 I1én bac ké tiép. Mudn c6 do phan giai tinh hon thi
phai ting tong s6 mac dién thé vao (nghia 1a stir dung nhiéu dién tré chia thé
hon) va téng sb bo so sanh. N6i chung ADC nhanh N bit thi can 2N — 1 bo so
sanh, 2N dién trg, va logic ma hoa can thiét.

Thoi gian chuyén ddi

Bo chuyén d6i nhanh khong can thiét tin hiéu xung nhip vi tién trinh nay xay
ra lién tuc. Khi gia tri ddu vao thay doi thi dau ra cua bo so sanh s& thay doi
lam cho ngd ra ctia bd ma hoa thay doi theo. Nhu vay thoi gian chuyén doi 1a
thoi gian can thiét dé xuat hién mot dau ra s6 mai dap lai mot thay doi & Va.
Thai gian chuyén doi chi phu thudc vao khoang tré do truyén caa bo so sanh

va bo ma hoa. Vi vay ma ADC nhanh c6 thoi gian chuyén dbi vo cliing ngan.

CHUONG II- CHUYEN POI SO SANG TUONG TU DAC
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Trong k¥ thuat sd, ta thay dai lwong sé ¢6 gia tri xac dinh 1a mot trong hai kha
nang 13 0 hoac 1, cao hay thap, dung hodc sai, vv... Trong thuc té ching ta
thay rang mot dai lugng sé (chang han murc dién thé) thuc ra c6 thé co mot gia
tri bat ky nam trong khoang xac dinh va ta dinh rd cac gia tri trong pham vi
xac dinh s& ¢d chung gia trj dang sé.

Nguoc lai trong k¥ thuat tuong tu dai luong twong tu ¢d thé lay gid tri bat ky
trong mot khoang gia tri lién tuc. Va diéu quan trong hon nita la gié tri chinh
xéac cua dai luong tuong tu 1a 12 yéu té quan trong.

Hau hét trong tu nhién déu 1a cac dai luong twong ty nhu nhiét do, ap suat,
cuong d6 anh sang, ... Do d6 mudn xu Iy trong mot hé théng ky thuat so, ta
phai chuyén do6i sang dang dai lwong s6 méi c6 thé xir 1y va diéu khién céc hé
théng duoc. Va nguoc lai ¢d nhiing hé théng twong tw can duoc diéu khién
chung ta cling phai chuyén doi tir sé sang tuong tu. Trong phan nay ching ta
s& tim hiéu vé qué trinh chuyén d6i tir s6 sang twong tu -DAC (Digital to
Analog Converter).

Chuyén d6i sé sang twong tu 1a tién trinh 14y mot gia tri dugc biéu dién dudi
dang ma sé ( digital code ) va chuyén d6i né thanh murc dién thé hodc dong
dién ti 1& v6i gia tri s6. Hinh 2.1 minh hoa so d khéi ctia mét b chuyén do6i

DAC.
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Binary || |———Anaog
|npu[ —_ DAC Ig
— 1 output
1

Hinh 2.1 So d6 khoi ctia mot DAC

2.1 O PHAN GIAI

Do phan giai (resolution) cua bo bién d6i DAC duoc dinh nghia 13 thay doi
nhé nhat c6 thé xay ra & dau ra tuong tu boi két qua cia mot thay doi ¢ dau
Va0 sb.

Do phan giai caa DAC phu thudc vao sb bit, do d6 cac nha ché tao thuong an
dinh d6 phan giai cia DAC & dang s bit. DAC 10 bit c6 d6 phan giai tinh
hon DAC 8 bit. DAC ¢6 cang nhiéu bit thi do phan giai cang tinh hon.

Do phan giai ludn bang trong sé cua LSB con goi 1a kich thudc bac thang
(step size), vi d6 1a khoang thay doi cua Vout khi gia tri cua dau vao sb thay

d6i tir budc niy sang budc Khac.

Edy thang [ cc dai D 157

3N

2%
~ |
o~ '\
thfi gi
B phdn gidi = kich thndc bac thang = 1V tgan

Hinh 2.2 Dang song bac thang cua 1 DAC
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Dang s6ng bac thang hinh 2.2c6 16 murc vai 16 trang thai dau vao nhung chi
c6 15 bac gitra mic 0 va muc cuc dai. Vi DAC c6 N bit thi tdng sé muc
khac nhau s& 1a 2Mva tong sé bac s& 1a 2N — 1.
Do d6 d6 phan giai bang véi hé sé ty 1é trong mdi quan hé gitra dau vao va
dau ra cia DAC.
Pau ra tvong tu = K x dau vao sb

Véi K 1a mirc dién thé (hodc cudng do dong dién) & mdi bac.

Nhu vay ta co cong thuc tinh d§ phén giai nhu sau:

K

A
b6 phan giai=K = (ZN -1
oAl oo o
Véi © 7% la dau ra cuc dai ( day thang )
N 12 s6 bit
Néu tinh theo phan tram ta c6 cong thirc nhu sau:
kich thu'éc bfc thanp

% d phiin gidi= x 100%
Piu ra cu'e dai(ddy thang)

2.2 DO CHINH XAC

C6 nhiéu cach danh gia do chinh xac cd hai cach théng dung nhat 1a sai sé
toan thang (full scale error) va sai s tuyén tinh (linearity error) thudong duoc
biéu bin & dang phan tram dau ra cuc dai (day thang) cua b chuyén doi.

Sai s toan thang 1a khoang léch ti da & dau ra DAC so véi gié tri du kién
Iy twong duogc biéu dién ¢ dang phan tram.

Sai s6 tuyén tinh 1a khoang léch téi da ¢ kich thudc bac thang so véi kich

thudc bac thang 1y tudng.
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Piéu quan trong cia mot DAC 1a d6 chinh xac va do phan giai phai tuong
thich véi nhau.
2.3 SAI SO LECH

Theo 1y tudng thi dau ra cia DAC s& 1a 0V khi tat ca dau vao nhi phan toan
1a bit 0. Tuy nhién trén thyc té thi mac dién thé ra cho truong hop nay sé rat
nho goi 12 sai s6 léch ( offset error). Sai s6 nay néu khong diéu chinh thi s&
duogc cong vao dau ra DAC du kién trong tat ca cac truong hop.

Nhiéu DAC c6 tinh ning diéu chinh sai sé 1éch & bén ngoai, s& cho phép
chung ta triét tiéu do 1éch nay bang cach ap moi bit 0 & dau vao DAC va theo
ddi dau ra. Khi d6 ta diéu chinh chiét ap diéu chinh do 1éch cho dén khi nao
dau ra bang OV.

2.4 THOI GIAN ON PINH

Thoi gian on dinh (settling time) 1a thoi gian can thiét dé dau ra DAC di tur
zero dén bac thang cao nhat khi dau vao nhi phan bién thién tir chudi bit toan
0 dén chudi bit toan 1a 1. Thyc té thoi gian 6n dinh 1 thoi gian dé dau vao
DAC 6n dinh trong pham vi +1/2 kich thudc bac thang (46 phan giai) cia gia
tri cudi cung.

Thoi gian 6n dinh c6 gia tri bién thién trong khoang 50ns dén 10ns DAC Vi
dau ra dong co thoi gian on dinh ngan hon thoi gian 6n dinh cua DAC ¢6 dau
ra dién thé.

2.5 TRANG THAI DON DIEU

DAC c6 tinh chat don diéu ( monotonic) néu dau ra cia no ting khi dau vao
nhi phan ting dan tir gia tri nay 1én gia tri ké tiép. No6i cach khac 1a dau ra bac
thang sé& khéng c6 bac di xudng khi dau vao nhi phan ting dan tir zero dén day
thang.
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Ti s6 phu thudc dong:

DAC chit lugng cao yéu cau su anh huéng cua bién thién dién ap ngudn
d6i vé6i dién ap dau ra vo cung nho .Ti s6 phu thudc ngudn 12 ti s bién thién
murc dién ap dau ra véi bién thién dién 4p ngudn gay ra no.

Ngoai c4c thong s trén chiing ta can phai quan tim dén cac thong sé khac
ctia mot DAC khi sir dung nhu: cac muc logic cao, thap, dién tro, dién dung,

cua dau vao; dai rong, dién trg, dién dung cia dau ra; hé sb nhiét, ...

2.6 DAC DUNG PIEN TRO CO TRONG SO NHI PHAN VA BO
KHUECH PAI CONG
Hinh 2.3 1a so @6 mach cua mot mach DAC 4 bit ding dién tro va bo khuéch

dai dao bén dau vao A, B, C, D ¢ gié tri gia dinh lan luot 1a OV va 5V.

E =1k
[ ._/JK/\_ £
WEB
+3 oo
- -—/\;k\/\—- -
Op Amp L »
+ Veout
B 0—/&|§/\—-
1 Voo
A ._/\91(\/\_

Bduvio =8
0% hodc 5%

Hinh 2.3 DAC dung dién tro 6 trong s6 nhi phan va bo khuéch dai cong

Bo khuéch dai thuat toan (Operational Amplifier — Op Amp) dugc dung
lam bo cong dao cho tong trong s6 ciia bon murc dién thé vao. Ta thiy céc

dién tré dau vao gidm dan 1/2 lan dién tré trudc nod. Nghia 1a dau vao D

27



(MSB) ¢6 RIN = 1k, vi vay bo khuéch dai cong chuyén ngay mirc dién thé tai
D di ma khong 1am suy giam (vi Rf = 1k). Pau vao C c¢6 R = 2k, suy giam di
1/2, twong tu dau vao B suy giam 1/4 va dau vao A giam 1/8. Do d6 dau ra bd
khuéch dai duoc tinh béi biéu thirc:

Voyr = —(Vp + %Vr: + %Vﬂ + %Vﬂ)
ddu am (-) biéu thi bo khuéch dai cong & day la khuéch dai cong dao. Dau 4m
nay ching ta khong can quan tam.
Nhu vay ngo ra cua bd khuéch dai cong la muc dién thé tuong tu, biéu thi
tong trong sd cia cac dau vao. Dya vao biéu thire trén ta tinh duoc cac muc
dién ap ra twong Gng véi cac td hop ciia cac ngd vao (bdng 2.1a)
Bdng 2.1a Pau ra tng véi didu kién cac dau vao thich hop ¢ 0V hodc 5V.

WE ddu vao MNgd ra

oot
(volts)

0
-0.625 —LEE
-1.250
-1.875
-2.500
-3.125
-3.750
-4.375
-5.000
-5.825
-5,250
-5.875
-7.500
-8.125
-8.750
-9.375 — WISE

'l
td

i i a Lt i s el 1150 T T T O Y Y U
(e i el L B T I e O o S e T D T L T
[ I I TR o R I R T T e o
OO O 2Ok ORFR Ok O O =

Do phan giai cia mach DAC hinh 2.2 bang vdi trong s6 ciia LSB, nghia 14
bang x 5V = 0.625V. Nhin vao bdng 2.1a ta thiy dau ra tuong tu ting 0.625V
khi s6 nhi phan & dau vao tang 1én mot bac.

2.7 DAC R/2R LADDER
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Mach DAC ta vira khao sét str dung dién tro ¢ trong sé nhi phan tao trong s6
thich hop cho tirng bit vao tuy nhién cé nhiéu han ché trong thuc té, han ché
I6n nhit d6 1a khoang cach chénh léch dang ké & gia tri dién trg gitta LSB va
MSB, nhat Ia trong cac DAC c6 d6 phan giai cao (nhiéu bit), diéu nay rat kho
cho viéc ché tao cac IC c6 do bién thién rong vé dién tre dé co thé duy tri ty 16
chinh xac.

Pé khic phuc dugc nhuge diém ndy ngudi ta da tim ra mot mach DAC dap
tmg dugc yéu cau d6 1a mach DAC mang R/2R ladder, cac dién trd trong
mach nay chi bién thién trong khoang tir 2 dén 1hinh 2.4 13 mot mach DAC
R/2R ladder co ban.

+Vprp

= 1=1r=1r=
- - aed -7 R

1

| rd
|

: IR IR

:1 Ji 2 [~
| ],
1

zéj 4‘3 ZFU Z:XU
B, E- E

3
LsE) (MSE)

Hinh2.4DAC R/2R ladder co ban.

Tir hinh 2.4 ta thdy duoc cach sap xép cac dién tro chi co hai gid tri duoc su
dung 1a R va 2R, dong lour phu thudc vao vi tri ctia 4 chuyén mach dau vao
nhi phan BoB1B;B3 chi phdi trang thai ctia cac chuyén mach nay. Dong ra Iout
dugc phép chay qua bo bién doi dong thanh dién (Op-Amp) dé bién dong

thanh dién thé ra Vourdién thé ngd ra Vour dugc tinh theo cong thirc sau.
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Véi B 1a gié tri dau vao nhi phan, bién thién tir 0000 (0) d¢én 1111(15)

—WAL g a5

B2 phan giai =
PAu ra cuc dai xac dinh duoc khi B = 1111, = 15;4ta co:

—5Fx15
B&u ra cuc dai = T =-9.37¥

2.8 DAC VOI DPAU RA DONG

Trong céc thiét bi ky thuat sé doi luc ciing doi hoi qué trinh diéu khién
bang dong dién, do d6 ngudi ta da tao ra cac DAC véi ngd ra dong dé dap tng
yéu cau d6. Hinh 2.5 1a mot DAC véi ngd ra dong twong tu ty 16 voi dau vao
nhi phan mach DAC nay 4 bit, c6 4 duong dan dong song song mdi dudng co
mot chuyén mach diéu khién trang thai caa mdi chuyén mach bi chi phéi boi

mtc logic dau vao nhi phan.

+ger
S S S JR
2
< R 1 < 2R I < 4R 1o < 8R
IDJ, 2 l [ 4 l I & l n:hu:-,-'én mach déng
Irx\ :_E,\ Ir\, Ir\.{ khi bit vao =1
L L ] || Zowr
5 ; : 5
' i | SRy
A A A4
MSB | |Lem
Hs B> Bg

L

-

BEduvienk phdn (0 hadc 17

Hinh 2.5 DAC c6 dau ra dong co ban
Dong chay qua mdi duong 1a do mic dién thé quy chiéu Veer va gia tri dién

tré trong dudng dan quyét dinh gi tri dién tro cd trong sb theo co sd 2, nén
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cuong do dong dién ciing c6 trong sb theo hé s6 2 va téng cuong d6 dong dién
ra lout S& 1 tng cac dong cua cac nhanh.
II:I II:I

I|:|
Topr = B3><ID+BE><?+ le?+ BDXE (6)

VR.E‘F

Vi Iy =

DAC véi dau dong ra c6 thé chuyén thanh DAC c¢6 dau ra dién thé bang cach
ding bo khuéch dai thuat toan (Op-Amp) nhu hinh 2.6

Iour

Hinh 2.6 N&i voi bo doi dong thanh dién thé
O hinh trén loyr ra tir DAC phai néi dén dau vao “ - ctia bo khuéch dai thuat
toan hoi tiép am cua bo khuéch dai thuat toan buoc dong lour phai chay qua

Re va tao dién ap ngo ra Vour va duoc tinh theo cong thuc:
Vour = —dour X Ry

Do d6 Vour sé la mirc dién thé tuong tu, ty 1& véi dau vao nhi phan cia DAC.

29DACPDIENTROHINH T

Hinh 2.7 1a so 6 DAC dién tro hinh T 4 bit trong so d6 ¢6 hai loai dién tro 1a
R va 2R dugc mac thanh 4 cuc hinh T ndi day chuyén, cac Ss, S, S1, So 1a céc
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chuyén mach dién tr. Mach DAC nay dung bo khuéch dai thuét toan (Op-
Amp) khuéch dai dao Vrerla dién ap chuan 1am tham khao, Bs, B, By, By 1a
ma nhi phan 4 bit Vo 1a dién 4p twong tu ngd ra. Ta thiy cac chuyén mach
chiu su diéu khién caa sé nhi phan twong tng véi cac cong tac: khi B; = 1 thi

cong tic S; dong vao Vrer, kho B = 0 thi S; nbi dat.
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Hinh 2.7 DAC dién tré hinh T

Nguyén Iy 1am viéc cua DAC nay ciing don gian ngudi doc c6 thé giai thich
duoc hoat déng cuia mach dua trén hinh v& va nhiing kién thirc da hoc, ching
ta chi can cho lan luot cac bit B; bang logic 1 va 0 ta sé tinh duoc Vour sau d6

dung nguyén Iy xép chong ta sé tinh duoc dién ap ra.

g = _Ver (5 2% 4 B 2% 4 B2+ B,2%)

Ll s
24

Biéu thirc trén chiing t rang bién d6 dién ap twong tu dau ra ti & thuan véi
gia tri tin hiéu sé dau vao, ching ta cd thé thay rang déi voi DAC dién tro

hinh T N bit thi dién 4p twong ty dau ra Voursé la.

v
Vour = —%(B 22+ B, 2 L+ B2+ B,27)
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Sai S6 chuyén déi
Déi voi mach DAC dién trg hinh T thi sai s6 chuyén d6i do cac nguyén nhan
sau:
e Sai léch dién &p chuan tham chiéu Vrer
Tir céng thie trén ta cd thé tinh sai s6 chuyén d6i DA do riéng sai sb léch dién

ap chuan tham chiéu Vger gy ra nhu sau:

Fit'd

QT

= —ELN (Bya 2V + By, 27+ L+ B 2N+ B 2" WA,

Biéu thic trén, cho thay sai sb cua dién ap tuong tu AVour ti 1¢ véi sai léch
AVger Va ti 16 thuan véi gia tri tin hiéu sé dau vao.

e Su troi diém 0 cua khuéch dai thuat toan
Sy troi diém 0 caa bo khuéch dai thuat todn anh hudng nhu nhau déi véi moi
gia tri tin hiéu sb dugc bién doi sai s6 DVour do troi diém 0 khdng phu thudc
gia tri tin hiéu sb.

e PDién 4p roi trén dién trg tiép xdc cua tiép diém chuyén mach
Cac chuyén mach khong phai 1a 1y tuong, thuc té dién 4p roi khi ndi théng
ciia mach dién chuyén mach khdng thé tuyét dbi bang 0 vay dién ap roi nay
dong vai tro tin hiéu sai s6 dwa dén dau vao mang dién tré hinh T.

e Sai sb cua dién tro
Sai s dién tro ciing gdy ra sai so phi tuyén, sai s6 cta cac dién tré khong nhu
nhau tac dong gay sai s6 chuyén d6i DA cua nhimg dién trd khac nhau vé vi
tri 1a khac nhau.
Toc d6 chuyén doi
DAC dién tro hinh T cdng tac song song (cac bit tin hiéu sé dau vao duoc dua
vao song song) nén cé téc do chuyén doi cao, thoi gian can thiét cho mot lan

chuyén d6i gdm hai gai doan thoi gian tré truyén dat cuaa bit tin hiéu vao xa
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nhat dén bo khuéch dai thuat todn va thoi gian can thiét dé bo khuéch dai

thuét toan 6n dinh tin hiéu ra.

C6 nhiéu phuong phap va so dd mach gilp tao DAC van hanh nhu di gidi
thiéu, sau day 1a mot s6 dang mach DAC co ban sé& gilp ching ta hiéu ro va

sau hon vé qua trinh chuyén doi tir s6 sang tuwong tu.

2.10 DAC DUNG DPIEN TRO CO TRONG SO NHI PHAN VA BO
KHUECH PAI CONG

Hinh 2.81a so ¢ mach cua mot mach DAC 4 bit ding dién tré va b khuéch
dai dao bén dau vao A, B, C, D ¢ gié tri gia dinh lan luot 1a OV va 5V.

R = 1k
WEHE
+~F oo
i -~ . P -
Jp Amp =
+/|/ ot
B -—/\s’k\/LlI
_ oo
A ‘—W
L=EB

BEdu wio =5
0% hoac 577

Hinh 2.8 DAC dung dién tré cd trong sb nhi phan va bo khuéch dai cong

Bo khuéch dai thuat toan (Operational Amplifier — Op Amp) duoc dung
lam bd cdng dao cho téng trong sb ctia bdn mirc dién thé vao, ta théy cac dién
tré dau vao giam dan 1/2 1an dién trd trude nd nghia 1a ddu vao D (MSB) ¢
Rin = 1k, vi vay b0 khuéch dai cong chuyén ngay muc di¢n thé tai D di ma
khong 1am suy giam (vi Rf = 1k). Pau vao C ¢6 R = 2k, suy giam di 1/2,
tuong tu dau vao B suy giam 1/4 va dau vao A giam 1/8. Do d6 dau ra bo
khuéch dai dugc tinh boi bicu thuc.

1 1 1
v =—(VFp+ —Va+ —VFp+ =V
aurT (D 7 [y 4 i) Q A)
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DAu am (-) biéu thi bo khuéch dai cong & day 1a khuéch dai cong dao, dau am
nay chdng ta khéng can quan tam.

Nhu vay ngd ra cia bo khuéch dai cong 1a mic dién thé twong tu, biéu thi
tdng trong s6 cua cac dau vao dua vao biéu thic trén ta tinh duwoc cac muc
dién ap ra twong (g véi cac td hop cua cac ngd vao(bang 2.1b) .

Bang 2.1b Pau ra ung véi diéu kién céc dau vao thich hop ¢ 0V hoic 5V

Wa diu vao Mgd ra

oot
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-0.625 —L3ZB
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-1.875
-2.500
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-3.750
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=7.500
-8 125
-8.750
-9.375 — WISB
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2.11 DAC R/2R LADDER

Mach DAC ta vira khao sét str dung dién tro ¢ trong sé nhi phan tao trong s6
thich hop cho ting bit vao tuy nhién cé nhiéu han ché trong thuc té, han ché
I6n nhat d6 1a khoang cach chénh léch dang ké & gia tri dién tro gitra LSB va
MSB, nhat I trong cac DAC c6 d6 phan giai cao (nhiéu bit), diéu nay rat kho
cho viéc ché tao cac IC c6 do bién thién rong vé dién tre dé co thé duy tri ty 16
chinh xac.

Pé khic phuc dugc nhuoc diém nay, nguoi ta da tim ra mgt mach DAC dap

tmg dugc yéu cau d6 1a mach DAC mang R/2R ladder cac dién trd trong
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mach nay chi bién thién trong khoang tir 2 dén 1.Hinh 2.913 mét mach DAC
R/2R ladder co ban.

+Vprr

1 | Mour
inn

Hinh 2.9 DAC R/2R ladder co ban

Tir hinh 2.9ta thay dugc cach sap xép cac dién tré chi co hai gia tri dugc st
dung 13 R va 2R dong lour phu thudc vao vi tri ctia 4 chuyén mach, dau vao
nhi phan BoB1B,B3 chi phdi trang thai ctia cac chuyén mach nay. Dong ra Iout
duoc phép chay qua b bién d6i dong thanh dién (Op Amp) dé bién dong

thanh dién thé ra Vour dién thé ngd ra Vour duoc tinh theo cong thuc sau.

-V
Vour = ;EF xB

Véi B 1a gié tri dau vao nhi phan, bién thién tir 0000 (0) dén 1111(15)

2.12 DAC VOI PAU RA DONG

Trong céc thiét bi ky thuat sé doi luc cling doi hoi qua trinh diéu khién
bang dong dién d6 ngudi ta di tao ra cac DAC véi ngd ra dong dé dap tng
yéu cau do, hinh 2.10 1a mot DAC véi ngd ra dong tuong tu ty 1& véi dau vao

nhi phan. Mach DAC nay 4 bit, c6 4 duong dan dong song song mdi dudng
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c6 mot chuyén mach diéu khién trang thai caa mdi chuyén mach bi chi phdi

boi muc logic dau vao nhi phan.

F 2R 4R BR
Dl ?l 4 l 8 l chuyén mach déng

L0 Ve
i : : éRL
L
WSE LSE
Es E, By Eg
" -

BEduvionhl phdn (0 hodc 1)

Hinh 2.10 DAC c6 dau vao dong co ban

Dong chay qua mdi duong 1a do mirc dién thé quy chiéu Vger va gia tri dién
tré trong duong dan quyét dinh gia tri dién tré co trong sb theo co s6 2, nén
cuong d6 dong dién ciing co trong s6 theo hé s6 2 va téng cudng do dong dién
ra lout S& & tdng cac dong cua cac nhanh.

“'TEI “'rl:l

I
T =B.wl. +B. 24+ B =215 2
T 3 ] 2 2 1 4 o E

E:’;-.FEEF

V@i Iy =

DAC véi dau dong ra c6 thé chuyén thanh DAC c6 dau ra dién thé bang cach
ding bo khuéch dai thuat toan (Op Amp) nhu hinh 2.11
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Hinh 2.11 N6i vé6i bo d6i dong thanh dién thé

O hinh trén loyr ra tir DAC phai néi dén dau vao “ - ctua bo khuéch dai thuat
toan hoi tiép am cua bo khuéch dai thuat toan budc dong lour phai chay qua

Rr va tao dién ap ngo ra Vour va duogc tinh theo cong thuc:
Vour = —dour X Ry

Do d6 Vour sé la mirc dién thé tuong tu, ty 1& véi dau vao nhi phan cia DAC.
2.13DAC PIENTROHINH T
Hinh 2.1214 so d6 DAC dién tro hinh T 4 bit trong so d6 ¢6 hai loai dién tro 1a

R va 2R dwoc mac thanh 4 cuc hinh T ndi day chuyén cac Ss, Sz, S1, So 1a céc
chuyén mach dién tir. Mach DAC nay dung bo khuéch dai thuat toan (Op
Amp) khuéch dai da0 Vrerla dién ap chuan lam tham khao, Bs, By, By, By la
ma nhi phan 4 bit. Vo 1a dién 4p twong tu ngd ra ta thiy cac chuyén mach chiu
su diéu khién cia sb nhi phan twong tng véi cac cong tac: khi B; = 1 thi cong
tac S; dong vao Vger, kho B; = 0 thi S; ndi dat.
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Hinh 2.12 DAC diéntré hinh T

Nguyén Iy 1am viéc cua DAC nay ciing don gian ngudi doc c6 thé giai thich
dugc hoat dong cua mach dya trén hinh vé va nhiing kién thtrc da hoc, chung
ta chi can cho lan luot cac bit B; bang logic 1 va 0 ta sé& tinh duoc Vour sau d6
ding nguyén xép chong ta sé tinh duoc dién ap ra:

Voor = — B (B 23 + B,2* + B2' + B,2°)

QT 2

Biéu thirc trén chiing to rang bién d6 dién ap twong tu dau ra ti & thuan véi
gia tri tin hiéu s6 dau vao ching ta co thé thay rang doi véi DAC dién tro hinh

T N bit thi dién ap twong ti dau ra Vour & 1a:

4
Vour = _ﬁ(gm_lz”'l + By, 2V 4+ B2+ B, 2"

Sai S6 Chuyén Doi
Dbi véi mach DAC dién tré hinh T thi sai s6 chuyén doi do cac nguyén nhan

Sau:
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e Sai léch dién ap chuan tham chiéu Vrer
Tur cong thuc trén ta c6 thé tinh sai s6 chuyén dbi DA riéng, sai s6 léch dién

ap chuan tham chiéu Vger gy ra nhu sau:

A

o = —ELN(BN_I gl +BN—2 2y +5121 + E,]ED)ﬂVRgF

Biéu thirc trén, cho thay sai s6 cua dién ap tuong tu AVour ti 18 véi sai léch
AVrer VA ti 16 thuan vai gid tri tin hiéu s dau vao .

e Su troi diém 0 caa khuéch dai thuat toan.
Sy troi diém 0 caa bo khuéch dai thuat todn anh hudng nhu nhau d6i véi moi
gia tri tin hiéu s duoc bién d6i, sai s6 AVour do tréi diém 0 khéng phy thudc
gia tri tin hiéu sb.

e Dién 4p roi trén dién trg tiép xdc cua tiép diém chuyén mach.
Cac chuyén mach khong phai 1a 1y tuéng, thuc té dién ap roi khi ndi théng
ciia mach dién chuyén mach khong thé tuyét d6i bang 0, vay dién ap roi nay

dong vai tro tin hiéu sai sé dua dén dau vao mang dién tré hinh T.

e Sai sb cua dién tro .
Sai s dién tro ciing gdy ra sai so phi tuyén, sai s6 cta cac dién tré khong nhu
nhau, tac dong gay sai s6 chuyén d6i DA cua nhiing dién tré khac nhau vé vi
tri 1a khac nhau.
Téc d chuyén doi:
DAC dién tré hinh T ¢dng tac song song (céc bit tin hiéu s6 dau vao duoc dua
vao song song) nén cé téc do chuyén doi cao, thoi gian can thiét cho mot lan

chuyén d6i gdm hai gai doan thoi gian tré truyén dat cua bit tin hiéu vao xa
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nhat dén bo khuéch dai thuat todn va thoi gian can thiét dé bo khuéch dai

thuét toan 6n dinh tin hiéu ra.

Ung dung ciia DAC trong gii ma am thanh.

2 6 )

DAC (hay con goi 1a D/A, D2A hay D-to-A) 1a viét tat ciia cum tir Digital
Analog Converter — bo chuyén doi tin hiéu dién tir thanh analog, ngay céi tén
d3 noi 1én cong dung cta thanh phan quan trong hang dau trong hé thong nghe
nhac nay. S¢ di can t6i DAC boi ampli chi nhan tin hiéu dang analog, trong
khi cac tap tin nhac s6 lai luu trit duéi dang tin hi€u dién tr va day chinh la
nhiém vu cua DAC.

Mot bd DAC hoan chinh duoc sir dung dé thay thé cac mdy choi nhac pho
bién truéc day nhu ddu CD, may quay dia than, bang dia cdi... V&i do thuan
tién vé mat luu trlt, quan 1y 4p dao. Tuy nhién, DAC khong chi ton tai dudi
dang mot thiét bi chuyén biét (stand alone DAC), ma con duoc tich hgp san
vao céc thiét bi choi nhac k¥ thuat s nhu may nghe nhac, may tinh, TV hay
dién thoai... dudi dang chip DAC chuyén trach xtr ly tin hiéu am thanh. Qua
do, mot s may nghe nhac cao cap nhu Astell & Kern AK100 véi phan mém
tién tién va ngd xuat Lineout ¢6 thé str dung nhu DAC cho ca hé thong 16n.

Khi khong di kém amply, mot minh DAC géq nhu khong thé khién loa hay tai
nghe phat ra nhac. Do vay, trong tho1 gian gan day, nhiéu nha san xuat DAC
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chuyén nghi€p c6 xu hudng tich hop ca mach amply, preamp hodc headamp
cho DAC song day thuong chi la lva chon gon gang, chir khong mang tinh t61
uu ve chat lugng.

Khi quan tdm dén chat luong trinh dién cia DAC, nguoi ta thudng quan tim
déu tien dén chip DAC thu:(mg du:()’c coi la trai tim cua he théng Chip DAC
hiéu gom samphng rate (S6 lin ldy mau) va bit depth (Dung luong 1 mau), do
chinh xéc, cling nhiéu tinh ning khéc. Song chét luong téng thé cia DAC phu
thudc khong kém vao mach di kém vay nén du tich hgp chip DAC cao cap
cling chua chéc trinh dién dugc dang cap hi-fi.

Gia tri cia mot bd DAC hoan chinh dya trén nhiéu yéu td dau tién va quan
trong nhét ludn la kha nang trinh dién chinh xac, song céac tinh ning di kém
nhu cong két ndi, man hinh hién thi hay thiét ke vat ligu ciing chi phbi dang
ké. Ngoai ra, nhiéu nguoi cling quan tim dén yeu t6 thuong hiéu va phuong
thire san xuat. Nhimg bo DAC dang DIY( tu thiét ké va lap rap) thuong co
hiéu ning cao cho chit luong rat tot so voi gia thanh nhung chat luong phu
thudc vao so do mach giai ma va linh kién sir dung.

2.14 SO PO KHOI CHUC NANG VA NHIEM VU CUA KHOI DAC.

So @6 chirc ning va nhiém vu ciia khoi DAC

Nhiém vu cta khdi DAC

Mach DAC ¢6 nhiém vu bién d6i dong dit liéu (Data) am thanh nbi tiép dudi
dang tién hiéu Digital thanh tin hiéu a@m thanh Analog dé cap cho mach
khuéch dai am tan, do tin hiéu 4m thanh trong dia CD bao gio clng la am
thanh Stereo ttrc c6 2 kénh am thanh riéng biét dugc ghép tuan tu va lién tiép
v6i nhau nén phai c¢6 thém mach tach kénh Iy ra 2 tin hiéu L-R riéng biét
trong chudi ndi tiép do
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LRCK dén R-LPF
S =) >
ack | Seral
Input fliter L-AMP
DATA |
iy = — " \dén L-LPF
/
7
L-AMP

Hinh 2.13 So d6 khdi DAC

Nguyén ly hoat dong ctiia mach DAC

Trong may CD yéu cau caa mach DAC nhu sau .
Bién d6i DAC 16 bit .

Téc do thay ddi :48Khz/2 kénh.

Do méo hai :0.003%.

Dai rong :96dB.

Hoat dong caa mach nhu sau .
Khdi Data sé dau vao .

Thuc hién ddng thoi cac nhiém vu : Tach Data kénh L va R thanh 2 kénh
riéng biét — Chuyén ddi Data vao ndi tiép thanh song song . Qué trinh tach
kénh duoc thé hién théng qua dang séng nhu hinh 2.14.
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LRCK

N LEFT L RIGHT
DATA
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T'SJ:I.F.[ W LEFT TSMFIE N RaCHT
Chudi data kénh Chudi data kénh
trdi L) phii R)

Hinh 2.14Dbinh dang tach song data thanh 2 kénh riéng biét R-L .

Trong do6 :

e BCK déng vai tro 1a xung clock dé dich chuyén bit data

e LRCK déng vai trd dé phan duong chon Data kénh trai va phai tuong
ung voi muc 0 va 1.

e Ung voi LRCK=1 thi cho cac bit Data qua kénh L.

e Ung vsi LRCK=0 thi cho cac bit Data qua kénh R.

Khéi loc sé Digital ¢6 nhiém vu khdi phuc céc bit Data mot cach chinh xac
hon.

Khéi DAC sau khi c6 céac tir md caa kénh L va R twong ang véi mot muc
lugng tir , khdi DAC thuc hién chuyén dbi tin hiéu sb sang tuong tu .

Cac Opamp dong vai tro nhu phan tir khuéch dai dém . Tin hiéu ra cua 2
Opamp s& dua dén mach loc théng thap LPF dé khoi phuc lai 4m thanh twong
tu cua kénh L va R.
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CHUONG 3 : THIET KE VA LAP RAP MACH DAC CHO CAC
THIET Bl AM THANH.

3.0 GIOI THIEU VE Y TUOGNG MACH .

Mach chuyén d6i DAC déng vai trd quan trong trong cudc séng caa con
ngudi chdng ta, nhat 1a khi khoa hoc ki thuat phat trién moi tha da duoc s6
hoéa thi viéc khodi phuc lai mot cach chinh xac dé phi hop véi mac cam nhan
ctia con ngudi doi hoi phai c6 mot bo chuyén d6i DAC . Bén canh nhitng tin
hiéu twong ty nhu nhiét d6 &p suat ... Thi tin hiéu am thanh ngay nay ciing
duoc luu trir va xu 1y dudi dang so, vi vay viée thuong thie lai mot ban nhac
thi can phai c6 mot bo chuyén doi tin hiéu am thanh sé sang tin hiéu &m thanh
tuong tu .Sau day 1a so dd khdi cua mach DAC.

R-AMP
LRCK \\dén R-LPF
s ﬁ /.-—}
sck | Seral *‘//
Input fllter L-AMP
DATA |
— — — '\\ﬁ'n L-LPF
/
. 7
/
L-AMP

Hinh 3.1So d6 khéi ciia mach DAC
Trong lan nghién ctru do an tot nghiép nay em thuc hién viéc thiét ké

bo chuyén d6i DAC cho thiét bi am thanh sir dung IC TDA1541cua
hang Pillip san xuat .
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Hinh 3.2IC chuyén di DAC TDA1541

Pay 1a dong IC giai mé tin hiéu &m thanh 16 bit thong dung trong céac
bo chuyén d6i DAC ciing nhu cac dau dia CD trén thi truong hién nay .
Viéc sir dung TDA 1541 c6 rat nhiéu wu diém, nhu gia thanh ré , tin
hiéu am thanh sau khi khéi phuc tét , kha nang kha nhiéu triét dé |, rat
dé tim kiém linh kién, chinh vi vay viéc lva chon TDA1541 cho viéc
thiét ké mach 1a hoan toan hop Iy .

Mach bao gom bén phan :

Mach ngudn cung cip cho toan bo hé théng
Mach nhan va xu ly tin hiéu sé dau vao
Mach loc ki thuat s6 am thanh

Mach chuyén d6i DAC

Mach khuéch dai dém tin hiéu dau ra

Sau day s& tim hiéu ting phan cia mach .

3.1 MACH NGUON .

Trong mach sir dung nhiéu loai ngudn khac nhau dé phl hop voi ting
phan cua mach, ngudn 6n &p hoat déng theo nguyén tic ngudn bu , tng xir
ly tin hiéu sé dau vao sir dung ngudén DC 5V , tang bién d6i DAC sir dung
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ngudn +5V , tang khuéch dai st dung ngudn +15V va -15V DC . Chinh vi
mach str dung da dang cac loai ngudn khac nhau nén d6i véi ting tang ta
phai thiét ké mot mach 6n &p ngudn riéng dé phu hop véi yéu cau cua hé
théng.

3.2 MACH ON AP NGUON 5V DC 1A

So dd nguyén ly .

12VDC-40VDC
S p2 R12 :
3A 390 = =
—TEXT> | Yo | DIODE e | E
E= CTEXT= CTEXT> OuUT 5V
= — =TEX]T=

AN,

7205
ETEXT= Sv1
—— o o= o
o
=
= OUT &5v
— LTEXT
—— C34 .- C39 —1— C40 C——= C41
104 470UF 104 ESSS 7ouF

—TEXT= =TEXT= —TEXT= —TEXT=

Hinh 3.3 So d6 6n ap ngudn 5V DC
Thong so chinh ciia mach
Pién ap dau vao tir 12V DC dén 40V DC
Dién 4p dau ra 5V-1A

C6 bao vé qua tai bang cau chi 1A

C6 bao vé chong dong nguoc
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Linh kién can c6 trong mach

Coc ngudn dau vao 3A - Diode 3A - Cau chi 1A - Ty hda 470uF — 50V
Tu dién khong phan cuc 104 - LED b4o nguédn va dién tré LED - On &p 7805

Nguyén tic hoat dong ciia mach

Nguyén tic hoat dong cua mach trén 12 mach 6n ap 5V kha don gian si dung
7805, mach c6 bao vé chdng dong nguoc, bao vé qua tai. Cong suat dau ra
kha thap (5W) mach duoc s dung nhiéu trong cac mach diéu khién, mach
cap nguodn cho cac mach tin hiéu...Mach chi xoay quanh chitc niang on dinh
dién &p cua con 7805, bay gio ching ta hiy di phan tich mach dé hiéu ré mach
hoat dong nhu thé ndo? Do mach sir dung linh kién 6n &p 7805 nén hoat dong
cua mach chinh la sy hoat dong bén trong cua 7805.

Trén thuc té thi linh kién 6n 4p 7805 duogc ding rat nhiéu trong cac mach dién
diéu khién dung dé cdp nguon 6n dinh cho mach, véi wu diém 1a dé ghép néi,
dé thiét ké vé6i chi phi thap, ngudn dau ra én dinh. Nhuge diém caa no 1a cong
suat dau ra kha thap (1A) va hoat dong khong 6n dinh khi c6 nhiéu bén ngoai,
hoat dong duoc & giai nhiét do kha cao 1a 0 -125° C.
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LM7805 PINOUT DIAGRAM

LM7805 1 —] Lu7s0s|— 3
input | output
2
ground

Hinh 3.4 C4u tao chan IC 7805

7805 c6 3 chan cho ta két ndi véi nd : Chan 1 1a chan ngudn dau vao, chan 2
la chan GND , chan 3 Ia chan ly dién &p ra.

Chan 1 - 2 (Chan dién ap dau vao) day la chan cip ngudn dau vao cho 7805
hoat dong dai dién ap cho phép dau vao 16n nhat 1a 40V, theo datasheet thi dai
dién 4p dau ra 12 5V ta nén cho dién ap vao 1a 35V dé mach luc nao ciing hoat
dong 6n dinh dién ap khong bi 1én xudng do nguon dau vao + Chan 3 ( Chan
dién ap dau ra), chan nay cho ching ta lay dién ap dau ra 6n dinh 5V, dam
bao dau ra 6n dinh luén nam trong giai tir (4.75V dén 5.25V).

Pam bao thong s6 Vi - VO > 3V. Théng sé nay phai luon dam bao khi cap
ngudn cho 7805, tirc 1a dién ap cap vao cho 7805 phai nam trong 8V dén 40V.
Néu dudi 8V thi mach 6n ap khdng con tac dung. Thong thudng nguoi ta
khong bao gid cap ngudn 8V vao ca ma ngudoi ta phai cdp ngudn Ion hon it
nhat 1a gap doi ngudn dau ra dé trang trudng hop sut ap dau vao sinh ra nguon
dau ra khéng 6n dinh trong thoi gian ngan.
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DPam bao tan nhiét tét cho 7805 khi chay vai tai. Khi cdng suit ting 1én thi do
7805 la linh kién ban dan nén rat ndng khi tai 16n . Dé tranh hong linh kién va
cho linh kién hoat dong trong diéu kién thudng thi can phai tan nhiét tét .

Thanh phan lec ngudn va lec nhiéu.

Nhu chung ta d3 biét thi cac tu C1 va C4 1a c4c tu hoa dung dé loc dién &p. Vi
day la dién ap 1 chiéu nhung chwa dugc phang van con cac gon nhap nhé nén
c4c tu nay co tac dung loc ngudn cho thanh dién 4p mot chiéu phang

+ Tu C1 12 loc ngudn dau vao cho 7805. Tu ndy la tu hda phai c6 dién dung
du 16n dé loc phing dién ap dau vao va dién &p tu chiu dung phai I6n hon dién
ap dau vao

+ Tu C4 14 loc ngudn dau ra cho 7805. Tu nay ciing 1a tu hoa dung dé loc
ngudn dau ra cho bang phang

Trong thanh phan mot chiéu con c6 cac song diéu hoa bac 2, 3..., séng nhap
nhd c6 tan sé cao, nhidu bén ngoai. Cac song nay anh huong dén hoat dong
cua 7805. Néu trong mach ton tai nhitng thanh phan séng nay s& lam sai s6t
kho phat hién trong mach 1am cho mach hoat dong khéng on dinh Hai tu loc
nhidu tan sé cao C2 va C4. Tu nay phai 1a tu khdng phan cuc, tu Ceramic. Hai
tu nay loc cac thanh phan trén cho dau ra dam bao cho mach hoat dong binh
thuong.
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Thanh phan bao vé va chéng dong ngwoc .

Pé bao vé cho 7805 chlng ta can phai dung 1 cau chi bao vé cho 7805.
Truong hop 7805 qua tai (>1A) thi cau chi s& dut. Do d6 cau chi s& bao vé
treong hop nay.

Chébng dong nguoc hay bao vé mach chong dong nguoc 1a mach nao ciing
phai c6 trong mach 1 chiéu. Tranh dugc truong hop ngudi st dung lip nguoc
ngudn sinh ra hong mach va chay mach. Diode 3A c6 tac dung bao vé hién
twong lap nguoc nguon dau vao dé bao vé mach diéu do rat quan trong trong
mach 1 chiéu .

3.3 MACH NGUON ON AP + - 15V DC .

o1



. in 7E1S  cwt +168v
A0O0E L gnd . +
—T =T | 1ha
H CToT MNaQ04
’ in 7915 ouwt 16
4000 F l and
30V i 10=F 7 TRAG04
20

Hinh 3.5 So dd nguyén 1y caa mach ngudn 15V

Mach dugc thiét ké két hop dé tao ra ngudn +-15V DC sir dung 2 ic 6n ap
7815 va 7915.

7915 7815

?g'%
J
M203

GND ouT
IN GND

Hinh 3.6Hinh anh chan thuc té cua ic 7815 va 7915

Chan - cua cau diode dugc ndi véi chan sé 1 cia 7815 dé tao ngudn 15V DC
suat ra chan s6 2 chan sé 3 caa ic duoc ndi ngi nguon OV cua bién &p .
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Chan + cua cau diode dugc ndi véi chan sb 3 cua ic 7915 dé tao ngudn -15V
DC dé xuét ra chan s 2 . Chan sb 1 cua ic duoc ndi vai dudng OV cua bién ap

Ngoai ra c4c thdng sé khac ciing twong tu nhu mach ngudn 5V & trén .

3.4 MACH NHAN VA XU LY TiN HIEU PAU VAO SO

Gidi thiéu vé mach

Mach nhan tin hiéu dau vao am thanh sé hét sitc quan trong va bét bugc phai
c6 ddi véi hau hét cac bo chuyén DAC roi hodc dau CD . Phan 16n cac bo
chuyén DAC déu nhan tin hiéu vao qua cong SPDIF mét chuan giao dién do
Sony va Phillip d5ng phat trién, day ciing 13 mét trong nhirng chuan giao dién
thong dung nhat trong céc thiét bj 4m thanh ki thuat sb hién nay .

Hinh 3.7Chuan két ni cua thiét bj am thanh
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Nhiing thiét bi am thanh c6 hd tro chuan nay sé& gidp cho viéc truyén tai am
thanh mot céch chinh xac, trong sach, khong bi suy hao truyén tai. Pac diém
ki thuat caa FPDIF cho phép nhiéu loai cap khac nhau va viéc két ndi phai két
ndi dén thiét bi da ting st dung .

Quay trg lai véi mach nhan va xu Iy tin hiéu dau vao, vi mach DAC dugc
thiét ké dé nhan am thanh sé dau vao théng qua SPDIF nén can phai c6 mot
mach chuyén dung dé xir Iy tin hiéu. N6 c6 tac dung tiép nhan va xu ly tin
hiéu spdif dau vao,tach tin hiéu Data va Clock dé cung cap cho phan tiép theo

IC duoc chon cho nhiém vu trén 1a CS8414 do hang Cristal san xuat . Pay 1a
chip chuyén dung dé xt ly tin hiéu &m thanh s6 ndi tiép va tuong thich véi rat
nhiéu tiéu chuan giao dién dau vao nhu AES/EBU , SPDIF, IEC958 , EIAJ ...

Hinh 3.8 IC cs8414-cs
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Trong mach nay tdi sir dung CS 8414 dang chan dan c6 dé cim vi 1y do day 1a
loai d& tim kiém va chiic ning thi twong tu cac dang con lai nhu Cs8412 .

+5V Analog  +5V Digital

N ™
A 1,
0.1 pF .1 pF
2 : T
WA+ WD+ =
211 AGND MCK ;: )
VERF 12 » Audio
9 RXF SCK Diata
Rg::eiver SDATA ??‘ Processor
ircuit
(See Appendix A) 10 ) pvy FSYMNC
CS8414
13
Channel Status 16 CS12/FCK Microcontroller
andfor = SEL c "
Error/Frequency |4 25 |epr U 14 ar
Reportin 27, 26 ,
9 €—===26 CEF bits caL |18 i Logic
FILT
470 0 DGND

&
0.068 pF g

Hinh 3.9So0 d6 nguyén ly mach nhan va xt ly tin hiéu dau vao .

Thuc chat mach nhan va xi ly tin hiéu &m thanh s dau vao cua DAC chi mét
IC Cs8414 d¢am nhiém. Ngoai ra con mot sé linh kién khac bén ngoai nham
hd trg cho mach hoat dong t6t hon chir khéng c6 tac dung gidp mach chay
ding chuc nang .

Vi vay viéc phan tich hoat dong caa mach chinh 1a viéc tim hiéu vé cau tao va
hoat @dong cua IC Cs8414.
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3.5 PHAN TICH CAU TAO VA HOAT PONG CUA MACH SO DUNG
CS8414

Nguyén ly hoat dong.

Cs 8414 dugc cung cap ngudn 5V DC cho viéc hoat dong cua IC , IC tiép
nhan 2 ngudn VD la ngudn Digital va VA Ia ngudn Analog , trén thuc té ca
hai nguon nay déu 12 ngudn 5V DC nén khi thiét ké mach c6 thé du chung lai
véi nhau . Hai tu héa C2 va C3 ¢ gié tri 12 47uF va tu gém 0.1uF ¢4 tac dung
loc nhiéu ngudn dé IC hoat dong chinh xac hon.

Pé tach ra 3 xung LRCK, BCK va Data thi dau vao |a xung coacial tir dau ra
cua CD

Chan sb 7 va chan s6 22 lan luot 12 VD va VA trong mach ching duoc ndi
véi nhau chung ngudn 1a 5V DC

Ung véi 2 chan VD va VA 1a chan sé 8 va chan 21 1a hai chan duoc ndi Véi
dat .

Hai chan s6 9 1a RXP va chan sé 10 RXN la 2 chan nhan chudi tin hiéu am
thanh sé truc tiép tir cong SPDIF thdng qua trg 75Qc6 tac dung phan ap tin
hiéu va tu gém 0.1uF 1am nhiém vu loc nhiéu tin hiéu . Chan RXP duoc ndi
Véi tin hiéu muc cao con chan RXN dugc ndi véi tin hiéu & mac thap.

Céc chan 23(Mo)18(M)24(M;) 17(Ms) lan luot 1a cac chan thiét 1ap ché do
lam viéc cho IC chuyén xir ly tin hiéu am thanh sé nén c6 rat nhiéu ché do
lam viéc khac nhau . Trong mach nay vi phan chuyén d6i DAC chi xt 1y duoc
am thanh 16 bit nén Cs8414 dugc thiét 1ap hoat dong & ché do xu Iy tin hiéu
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am thanh 16 bit . Khi d6 chan M0 va M2 duoc ndi véi nguon 5V DC con M3
va M1 duogc ndi véi dat.

Chan 16(SEL) duoc ndi véi ngudn nham muc dich stra hoic b néu co 18i xay
ra trong qua trinh giai ma.

Chan 13(FCK) duoc nbivéi chan sé 9 cia IC 74HC4040 thyc hién chic niang
nhu mot bd so sanh tan sé caa tin hiéu dau vao va tan s6 dao dong noi cua IC

Chan s6 20(FILT) dugc ndi dat théng qua tra 470Q va tu 68nF

Chan 11(FSYNC) Ia chan cap xung cho phép

Chan 12 (CLK) cap xung clock cho chip giai md DAC dang sau

Chan 26 (Data) xuat dit liéu sau khi da phuc hdi va dugc tach tin hiéu clock

CAu tao va cac thong s ki thuat cua Cs8414

S7



CS8414

cllte 28(] VERF
CdiF1 []2 27(] celF2
CelFo [|3 26|] SDATA
CbiE2 []4 25(] ERF
CalE1 [|5 24[] m1
COIED [|6 23[] Mo
vD+ [|7 22[] vA+
DGND [|8 21[] AGND
RXP []@ 20(] FILT
RXN []10 19[] McK
FSYNC [| 11 18[] M2
SCK [|12 17[] M3
CS12/FCK [|13 16[] SEL
u[]14 15[] €BL

Hinh 3.10 So dd cac chan cua CS8414

Bang 3.1  Chuc nang cac chan ctia Cs8414

S4 thix ty chan

Churc nang

Bit lva chon khi SEL & mac cao

Thiét 1ap didu khién

Thiét Iap diéu khién

Thiét Iap diéu khién

gl bW N -

Thiét 1ap didu khién
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6 Thiét Iap diéu khién

7 Cung cap ngudn cho phan ki thuat s6
8 Noi dat phan ki thuat s6

9 Nhan tin hiéu tich cuc

10 Nhan tin hiéu tich cuc

11 Cap tin hiéu fsync

12 Cung cap tin hiéu CLK

13 Tan s6 dao dong noi

14 User dit liéu dau ra

15 Bit dau kénh trang théi

16 Chan lya chon

17 Thiét 1ap ché do hoat dong
18 Thiét 1ap ché do hoat dong
19 Master clock

20 Bo loc

21 Noi dat thanh phan Analog
22 Cung cap nguoén thanh phan Analog
23 Thiét 1ap ché do hoat dong
24 Thiét 1ap ché do hoat dong
25 Co bao 10i

26 Dit ligu dau ra

27 Bao céao

28 Gia tri co bao 10i
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VD+ DGND VA+ FILT AGND MCEK M3 M2 M1 MO

C53414 '1 8] 2 20 2 19 17] 18] 24 23
' 3 ¥ 6
Audie 12
P_\'P“'g—" Serial Port :' :
i ;fjsﬁ_ﬁr =< Clock and Data Becover _ De-MUXY
RXNg—m
™ —|_" Fegisters 4
| vux fege MUX |
T'.S 16 }55 4 *—'3 l‘ lf 2}_ L:i ;'.5
C512 SEL cCorC Cb/ Ce/ Cd/ Ce ERF CEL
FCK E0 E E2 FO F1 F2

Hinh 3.11S0 dd cau tao cua IC Cs8414

Bang 3.2 1a c4c ché @6 hoat dong cuia Cs8414

f SDATA

SCKE
FSYNC

VEFF

<
-

<
N
<
w
<
N

binh dang hoat dong

Out L/R 16-24 bit

In L/R 16-24 bit

Out L/R tuong thich 125

In L/R tuong thich 12S

Out WSYNC 16-24 bit

Out L/R 16 bit LSBJ

Out L/R 18 bit LSBJ

Out L/R MSB last

Giong dinh dang 1 khong lap lai cac 16i

OO N0 W DN O

Giong dinh dang 2 khdng lap lai céc 16i

[HEN
o

Giong dinh dang 3 khdng lap lai céac 15i

[EEY
[EEN

SCK dau vao

[EEY
N

Nhan NRZ dur liéu

[EEY
w

Nhan di li¢u Bi

[HEN
SN

Resever

[HEN
(6

R Rl Rl R R R R R oOloOooolololo

PP PO OOOR PR PP EFPOO O O

P FRPIOO KR RFRPOIORFRIEFRP OO F Kk OO
llell Jdiell JNell Jiell Jiell JNell JNell _jie

Thiét Iap lai
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M1 MO

No. M2
0 0
1 0

FSYNC (out) ____| Left | Right [
sekeuwy | LT L L Lo oL T L o L e
soatafout) _ImsB] [ [ " [tsB] [mss] [ [ [isB]  [mss]
FSYNC (in) | Left | Right -
5CK{in]|_|_|_|_[—|_|_|_: L RN
spataut) _(MSB[ [ | fise] [mse] [ [ fise] [wss]
FSYNC (out) | Left | Right _
sekuy | LT LI AT T P LI T r LT LT
SDATA (out) [wse] ~ [Lss mss[ ~ [LsB MSB
FSYNC (in) | Left | Right
sekam L LML T L T LT
SDATA (out) [msB]  [Lse mse]  [LsB MSB

spaTAfout) [mse] [ [ [use] [mse[ [ T [isB] [msB]
FSYNC (out) | Left | Right —
S T I S [ S [ I S I SO o I
sonma (58] [wee] TS [
e——16 81— k—— 16 Bits ——|
FSYNC (out) o | Right —
S G I [ I S A [ U I
SDATA (ou) (LS8 | mss] ____[Lss mss| [
e——18 gits ——! le 18Bis \
FSYNC (out) | - | o =
SCK o AN IO A S I S I
SDATA (out)[4SB Lss| [mss s8] " [mss]

Hinh 3.12  Gian d6 xung céac ché do hoat dong cua Cs8414
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Bang 3.3 Céc 16i thuong gip

E2 El EO Loi

0 0 0 Khéng cd bit

0 0 1 Hiéu luc bit cao

0 1 0 AM

0 1 1 Truot mau

1 0 0 CRC Eroor

1 0 1 Loi chan lé

1 1 0 L6i ma Bi-pha

1 1 1 Khong co khoa

Bang 3.4Mau tan sb giai ma

F2 F1 FO Sample Frequency

] 0 0 Owut of Range
0 0 1 reserved
0 1 0 reserved
0 1 1 96 kHz +4%
1 0 0 88.2 kHz 4%
1 0 1 48 kHz +4%
1 1 0 44 1 kHz 4%
1 1 1 32 kHz +4%
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Bang 3.5Pic diém Digital cua cs8414

Parameters Symbol Min Typ Max Units
High-Level Input Voltage except RXP, RXN ViH 2.0 = - vV
Low-Level Input Voltage except RXP, RXN ViU - = +0.4 v
High-Level Output Voltage {lp = 200 pA) Vo (VD+) - - - v

1.0

Low-Level Output Voltage (lg =-3.2 mA) Voo - - 0.5 v
Input Leakage Current lin - 1.0 10 HA
Input Sample Freguency: (Note 3) Fs 284 - 100 kHz
Master Clock Frequency (Note 3) MCK 7.28 |256xFg | 25.6 MHz
MCK Clock Jitter f - 200 - psRMS
MCK Duty Cycle (high time/cycle time) - 50 - %

Bang 3.6Thong so ki thuat cia cs8414

Parameters Symbol Min Typ Max Units
Power Supply Voltage VD+, VA+ | 4.75 5.0 5.25 v
Supply Current Vis+ 1 - 20 30 mA
VD+ Io - 20 30 mA
Ambient Operating Temperature: (Note 2) Ty 0 25 70 °C
Power Consumption Po - 175 315 mW

63



+5V Analog  +5V Digital

AV ™,
0.1 pF L L 0.1 pF
22 7 BN
VA+ VD+ -
21 _{ AGND MCK ;: >
VERF =" > Audio
g SCK Data
Raf:eiulrer RXF SOATA :13? Processor
rcuit
(See Appendix A) 10 f o FEYNG
CS8414
13
Channel Status CS12/FCK Microcontraller
16 "
andfor » SEL C
Error/Frequency |4 25 |rpr U 14 or
Reporting | g 27,26 | -
g ” 6 C/E-F bits caL 18 Logic
FILT
470 @ DGND

Hinh 3.13So d6 két ndi cua cs8414

3.6 PHAN TICH CAU TAO VA HOAT PONG CUA MACH LOC DUNG
IC SAAT7220

Gi6i thiéu vé mach

IC dugc dung dé loc sé chinh 1a SAA 7220 do hang Phillip san xuat , SAA
7220 1a mot bo loc ky thuat sb am thanh duoc thiét ké cho cac hé théng am
thanh k¥ thuat s6 .

Cac SAAT7220P / A (chip A) dau dugc thiét ké cho cac ang dung am thanh k
thuat s6 sir dung mot tan s ty 18 1y mau 44.1kHz (+ 10%). N6 ciing c6 thé
dugc st dung cho 32kHz (x 10%) va 48kHz (khdng co6 dung sai).
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Cac SAA7220P / B(chip B) l1a mot phién ban cai tién cua thiét bi 'A' cho 1dB
hiéu suit tét hon trong dai thdng caa b loc FIR, dat duoc bang céch sir dung
hé s ROM khéc nhau. Cac SAA7220P / A can a + 5% bu dip dé cho hiéu
suat t6i wu khi str dung véi cac TDA1541 kép DAC. Tuy nhién, véi phién ban
'B' nay bu dap 1a khdng con can thiét cho hiéu suat t6i wu.

Hinh 3.14 IC SAA7220

Nguyén ly hoat dong
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SAA 7220 duoc cung cap ngudn +5V cho IC hoat dong, pin 22 23 24 duoc
ndi voi nguon VD +5V va qua tu xudng mass , tu 0.1uF trén c6 tac dung loc
nhiu ngudn dé IC hoat déng chinh xac hon .

Pin s6 1 nhan tin hiéu & ma nhi phan tir IC 74HC4040 va dugc cap xung cho
phép hoat d6ng & muc thap or cao tir Pin s11caa cs8414, tin hiéu xung clock
tir chan sd 12 cua cs8414 duoc dua vao chan sd 2 cua saa7220 va tan sb dao
d6ng thach anh 11,289Mhz duoc dua vao Pin sé 11 cua saa7220 gidp IC 1am
viéc 6n dinh hon.

Pin s 4 nhan dir liéu sau khi da dugc phuc héi va dugc tach tin hiéu clock tir
pin 26 cua CS8414.

Pin s6 15 1a dau ra Data, clng véi xung clock & chan sé 16 (CLBD) va lva
chon tir 6 chan 18 (WSBD ) dugc dua tai b DAC.

Sy suy giam duoc Kiém soat boi cac dau vao ATSB tai pin 22, khi dau vao la
tich cuc thip mau duoc nhan véi mot hé sb suy hao 12 db , néu dau vao 1 cao
hé s6 nhan 1a 1.
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Hinh3.15S0 do khéi bo loc ki thuat s6 SAA7220
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wsas [ U 24] Voo
cLas [z | 23] FAISB
pase (3] 37 ATSE
EFABR E l_'ﬁ.' ns
"o (5 ) ne
SCas | 8 193] m.c
SmAS % sanreze E WSO
ac {3 mE:
xsvs [ @ 18] CLBD
xouT [¥0] 16] caBO
wipd {11 14] poem
Vas [12] 3] vesT

TEAOGTAD

Hinh 3.16So do6 chan cua saa7220

Bang 3.7Chtic nang cac chan cua SAA 7220.

Stt | Chén Chtrc nang cac chan

1 WSAB Lwa chon tir

2 CLAB DPau vao xung clock

3 DAAB Dir liéu dau vao

4 EFAB Co bao 10i

5 n.c Khong két noi

6 SCAB Subcode clock

7 SDAB Subcode data

8 n.c Khong két noi

9 XSYS Hé thong xung clock dau ra

10 | Xour Pau ra dao dong thach anh 12MHz
11 | X Dau vao dao dong thach anh 12MHz
12 | Vss Noi mass

13 | TEST Kiém tra dau vao chén

14 | DOBM Audio so ra

15 DABD

Dir liéu ra (dir liéu ra duoc dua truc tiép vao
DAC)
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16 |CLBD Dau ra xung clock téi DAC

17 |nc Khong két ndi

18 | WSBD Lya chon tiéng dwa téi DAC

19 |nc Khong két noi

20 [n.c Khong két ndi

21  |nc Khong két ndi

22 | ATSB Attenuation (khi & muc tich cuc thap kiém soat
dau vao nay cung cip 12dB)

23 | MUSB Mute (diéu khién dau vao hoat dong thap)

24 | Vpp Ngudn +5V

Bang 3.8Céc thong so ki thuat phan cing

Tham s Ki hiéu Gia tri

Dién &p cung cap pin 24 Voo -0.5t00.7V
Dién ap dau vao I6n nhat Vi -0.5V to+125V
Nhiét do an toan Tstg -55 t0+125°C
Nhiét d6 mt xung quanh Ves -20 to +70°C
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Hinh 3.18Gian d6 xung dang song cua dit liéu dau ra tgi bo DAC
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3.7 PHAN TICH CAU TAO VA HOAT BONG CUA MACH
CHUYEN DOl DAC DUNG TDA 1541

Gié6i thiéu vé mach .

Pay 1a phan quan trong nhat caa bd chuyén d6i DAC .Chip DAC c¢6 tac
dung chuyén doi tin hiéu Digital sang tin hiéu analog c6 nghia la né sé
chuyén doi tin hiéu spdif thanh dong dién cuc nhé khi nhan dong thoi 3
tin hiéu Data , Clock , FSYNC tir mach xu ly tin hiéu dau vao. Trong
thiét ké caa mach DAC c6 nhiém vu chuyén d6i tir tin hiéu sé sang
tuong tu chinh 12 IC TDA1541 do hang Pillip san xuat .

Pay 1a 1 IC chuyén dung dung dé chuyén doi tin hiéu &m thanh sb 16
bit sang tuong tu , ndé dugc danh gia 1a mot trong nhiing IC cho chat
luong dau ra tét nhat hién nay .

Véi nhitng vu diém nhu

Tan s6 dap ung (tr 40Hz dén 15kHz), | +0.05, -0.70 Tot
dB:

Do on, dB (A): -86.5 Tot

Pham vi hoat dong, dB (A): 86.5 Tot

IMD + P on , %: 0.031 Trung binh
nhiéu caa am thanh -84.2 Rat t6t
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Hinh 3Z. Frequency response

200 300 500 1000 2k

Dai tan s6 Pép ung
Tu 20 Hz t61 20 kHz, dB -1.86, +0.05
Tu 40 Hz t61 15 kHz, dB -0.70, +0.05

Va véi nhiéu vu diém khéc thi TDA 1541 hoan toan c6 thé dap tng
duoc yéu cau cua nguoi sir dung hién nay.

Hinh 3.20  CAu tao va cac thong sd ki thuat cia TDA1541 .
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Hinh 3.21 So dd cAu tao cua IC TDA1541

BCK | 2
DATA L/DATA E
DATA R/scK [ 4]

GND (A) | 5

TDA1541

pECOU [9 |
pECOU [10]

DECOU |11

DECOU |12

pecou [13]

GND (D) |14

24] pECOU

23] pECOU
22] pEcou
21] pECOU

20] DECOU

19] oecou
18] oecou
[17] ne.
5] o

‘E] Vob2

Hinh 3.22 So do chan caa TDA 1541
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Bdng 3.9CA&c chirc nang cua TDA 1541.

stt Chan Chirc nang cac chan
1 LE/WS Nhan xung chot cho phep hoat dong
2 BCK Prau vao xung clock
3 DATAT/DATA Dir liéu vao bén trai
4 DATA R/SYS Dir ligu vao bén phai
5 GND (A) Noi dat thanh phan anolog
6 AOR Kénh ra bén phai
7 DECOU Cach ly
3 DECOU Cach ly
o DECOU Cach ly
10 DECOU Cach ly
11 DECOU Cach ly
12 DECOU Cach ly
13 DECOU Cach ly
14 GND (D) Noi dat thanh phan ki thuat so
15 VDD2 Cap nguon 15v
16 1.C. beé trong
17 n.c. be trong
18 DECOU Cach ly
19 DECOU Cach ly
20 DECOU Cach ly
21 DECOU Cach ly
22 DECOU Cach ly
23 DECOU Cach ly
24 DECOU Cach ly
25 AQOL Kénh ra bén phai
26 VDD1 Cap ngudn -5v
27 OB/TWC bau vao ché do chon
23 VDD Céap nguodn +5v

Nguyén ly hoat dong ctia mach.

IC TDA 1541 duogc cung cap ngudon Analog +5V cho chan s6 27 va 28 ,

cap nguon Analog -5V cho chan

26 va Va=-15V cho chan 15.
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Véi dau vao OB / TWC két ndi véi mass , dix liéu dau vao phai & ché do
ghép thoi gian. N6 dugc di kém véi mot tir chon (WS) tir chan 18 cua SAA
7220 duogc dua vao chan sb 1 va mot tin hiéu xung clock duge dua vao chan 2
(BCK) cua TDA1541 va mot hé thdng dau vao xung clock riéng biét duoc
duwa vao chan 4(SCK) ctia TDA 1541 gitip hé théng hoat dong én dinh hon va
tuong tmg ta c6 dau ra 1a Analog kénh trai AOL chan 25 va kénh phai AOR
chan sb 6.

Véi OB / TWC két noi véi VA=+5V ché do 1a nhu nhau nhung dinh dang dix
liéu phai dugc bu nhén 2,

Khi dau vao OB / TWC duoc két ndi (VDD1) hay Va= -5V thi Data tir chan
s 15 ctia SAA 7220 dugc dua dén chan sé 3 cia TDA 154, di kém véi d6 1a
xung clock BCK va mét chét kich hoat dau vao(LE). Véi ché do nay duoc
Iura chon dir liéu phai dugc trong hé nhi phéan.

Pung hiéu suat 16-bit duoc thuc hién boi mdi kénh sir dung ba ngin hoat
dong 2-bit, hoat dong trén cac yéu té6 dong phu hop véi nguyén tac, két hop
véi mot bo chia dong thu dong 10-bit, dua trén bic xa rong.

Bang 3.10Lua chon dau vao Input.

OB/TWC MODE PIN1 PIN 2 PIN 3 PIN 4
SV simultaneous LE BCK DATAL DATAR
ov time MUX OB WS BCK DATA OB SCK
+5V time MUX TWC WS BCK DATATWC |SCK

Bang 3.11Céc thong s6 ki thuat phan ctng .
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Tham s6 Ki hiéu Gia tri

Pin 28 0to+7V
Pin 26 0to-7V

Pin 25 0 to-17V
Nhiét do luu trix -55 to 150°C
Pham vi nhiét @6 moi T amp 20 t0 70°C

truong xung quanh

X 1y tinh dién

-1000 to 1000V

Céac dic diém cua tdal1541.

Vop=+5V; Vpps = -5V, Vppz = 12V, Tgme = + 25 °C; measured in Fig. 1;

unless otherwise specified.

PARAMETER SYMBOL MIN. TYPR. MAX. UNIT
Supply
Supply voltage ranges
pin 28 Voo 4,0 5,0 6.0 W
pin 26 Voot 4.5 5,0 6.0 v
pin 15 ooz 14 15 16 v
Supply currents
pin 28 lop - 45 thf mA
pin 26 —lpoi - 45 thf maA
pin 15 —lppz - 25 thf mA
Resolution Res - 16 = bits
Inputs
Input current (pin 3 and pin 4)
digital inputs LOW (< 0,8 V) I = = thf maA
digital inputs HIGH (= 2,0 V) iy - = thf A
Input frequency
at clock input (pin 4) fsox - - 12 MHz
at clock input (pin 2) feck - — 6 MHz
at data inputs (pin 3 and pin 4) foaT = = 6 MHz
at word select input (pin 1) fwis - — 200 kHz
Input capacitance of digital inputs Ci - 12 - pF
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Oscillator
Oscillator frequency

with internal capacitor fosc 150 200 250 kHz
Analogue outputs (AOL; AOR)
Qutput voltage compliance Voo tbf - tbf my
Full scale current les 3.4 4,0 4.6 mA
Zero scale current + lzg - tbf - nA
Full scale temperature coefficient

Tamb = —20 to +70 *C TCrs - +200 %108 | - K-1
Linearity error integral

at Tamp = 25°C E4 - 0,5 - LSB

at Tamp = —20to +70 °C = - thf - LSB
Linearity error differential

at Tamp = 25°C Ean - 0.5 1 LSB

at Ty = —20to +70 *C Ega - thf - LSB
WS

THWS

DATA ><

=

=

MSB

tHDBk

Dinh dang cua tin hiéu dau vao; thoi gian ghép tai fsck = fsck

(dinh dang 12S)
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SCK

T
tHB e

BCK

CrATA X

FZo9s348

Dinh dang cua tin hiéu dau vao; thoi gian ghép tai fsck = 2 x
fsck.

LE j LE “,
T T
M—ta—=— | =—TLa TFBRL —— TRBFL
““k h
Ll T i

TSDa—e—] D L tHOoB |
DaTA L LsE k msa
DATA A LS8 X MsB

TZOs3Iaa

Dinh dang cua tin hiéu dau vao; dix liéu dong thoi

3.8 MACH KHUECH PAI PEM TIN HIEU PAU RA DUNG IC AD711
Giéi thigu vé mach

Mach khuéch dai dém tin hiéu dau ra ciing 1a thanh phan rat quan trong va
khong thé thiéu trong bo chuyén d6i DAC, vi sau khi chuyén doi tin hiéu ra
thuong thi rat nho chi vai chuc mV khong du dé cung cap cho loa hoat dong.
Chinh vi vay trudc khi xuat ra lao nd can phai duoc khuéch dai. Mach khuéch
dai sir dung trong mach 12 mot Opam don, n6 c6 hai nhiém vy 1a khuéch dai
dong phu hop voi tai dau ra va khuéch dai &p 18n khoang vai von dé loa c6 thé
nhan duoc.
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Hinh 3.241C khuéch dai don AD711.

N6 duoc danh gia 1a mot con Opam don hoat dong véi hiéu suat khuéch dai
cao, nhidu va tiéng dn sinh ra thap, cai thién dugc chit luong tin hiéu, gia
thanh linh kién ré va dé tim kiém ... Sau ddy 1a so d6 mach khuéch dai mot
kénh, con kénh con lai twong tu. V&i nhiéu vu diém vuot trdi va so dé6 don
gian AD711 di c6 mat trong rat nhiéu san pham cta cac hang noi tiéng veé san
xuat amply nhu Sony , Phillip ... Chinh vi thé viéc tim hiéu vé mach ciing 1a
viéc nghién ciu cau tao va cac thong so cua IC AD711 .

So d6 nguyén Iy va cach hoat dong ciia mach

R3 +H18Y
1.8k
L E i
[
[
2.2uF
=TEXI —— C26
ua 22uF
|| n <TEXT: Ug
1 . ; R4 RS- ca7 R-OUT
SHEE esoimtoogmer  SSEAED i
- . = .E W . = .E W 3 —_— 1guF_ 1T
ADTATAP < @ cog” RE | <TExT>
TET ADTETAP [l 1E|<E T
. <TEXT il =TEXT=

F2Duf o
=ETEXT=

Hinh 3.25 So d6 nguyén Iy hoat déng cia mach khuéch dai dém
Chan 4 va chan 8 cua IC Ia hai chan cap ngudn 15V DC va -15V DC hoic

18V DC va -18V DC cho mach hoat dong . Tin hiéu nhé duoc dua vao chan
s6 2 khuéch dai khong dao qua IC théng qua tu loc R23 va C39. Chan sé 6 1a
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chan out cua tang khuéch dai dém trudce khi dua vao chan 3 chan vao cua tang
cong suat. Mot phan tin hiéu dua tré lai chan 2 dé sua 15i néu c6. Cudi cing
tin hiéu dugc dua ra qua chan sé 6 cua ting cong suat sau khi khuéch dai du
I6n qua tu C75 va C73 va dién tro R15.

Cau tao va thong sb ki thuat cia mach .

S
OFFSET NULL

1
INVERTING
inpuT L2 :D‘LE Vg
NONINVERTING
oy L2 & | ouTPUT

""'*E AD711 | ] OFFSET NULL

Hinh 3.26S0 d6 chan va chirc nang cua AD 711.

Bdng 3.12 Chtrc nang cac chan cia AD711

wn
O
(@)
>0
QD
>

Chtic nang

offset null

DPau vao dao A

Pau vao khong dao A

Cap nguon -18V

Offset null

Ngo ra

Cap nguon +18V

O N0 B WN -

nc

Cac thong sé phan cang cua AD711.

e Bang thong tin hiéu nho .
e Dauratdi da 600Q, 10 V.
e (Cong suat biang thong 140KHz.
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Téc do xoay 90v/us .

Dién ap cung cép 1a -12V va +12V hoic -18V va +18V.
C6 kha nang bu dé dat duoc sy 6n dinh .
Nhiét d6 hoat dong tir -40°C dén 80°C.

Dic tuyén cia cac dic diém dién hinh

25

2.25

20

1.75

bién ap vao

m
2 _\\
20
\\ %%znix
Vg= =15V

15 \
10 \\
5 \\
0 ™ -

100k ™ 10M

INPUT FREQUENCY - Hz

20

=0 -Amps
a. =3

INPUT BIAS CURRENT [V

=
=

=]

-
(-
-

1wnv
_“ "N

OUTPUT SWING FROM 0V 10 = VOLTS
=
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3.9 MOT SO HINH ANH MACH VA SO PO NGUYEN LY

L

FELELERE H"‘I'_ EETE

e

4 ||| it f {j—a

Hinh 3.27  So d6 nguyén Iy cua mach chuyén d6i DAC 16 bit
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Hinh 3.28  So dd mach in duoc vé& bing phan mém proteus 8.1

VYRR RE T YR
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Hinh 3.29Hinh anh thuc té cia mach

Hinh 3.30 Mach ngudn .

85



Hinh 3.31 Mach chuyén d¢6i DAC dugc néi vai mach nguon

KET LUAN

Qua qué trinh nghién ctu va tim hiéu dé tai , em da hiéu thém duoc
nhiéu kién thicc vé cach thic 1am viée cling nhu cau tao cta mot b
chuyén d6i DAC. D6 an da trinh bay tong quan bd chuyén doi sé -
tuong tu, twong tu - $6 Vi tri , vai tro , cac théng sb va kién tric co ban
cua bo chuyén doi nay . Tuy mach DAC trén chi dong mot phan vai trd
trong cac hé théng am thanh nhung né rat quan trong va khong thé
thiéu . Mach duoc @ng dung rat nhiéu trong cac hé thong am thanh trén
thi truong hién nay ciing nhu 1a cac bo DAC roi . Mach duoc thiét ké
véi tiéu chi chét luong tét, thuc hién don gian va chi phi téi uvu nhét cé
thé pht hop véi wu cau cong viée ciing nhu thoi gian hoan thanh . Mach
dam bao dugc vu cau dit ra trude hki thiét ké va thuc hién . Tuy nhién
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do dung lai & mac do nghién ctiu va thuc hién tha cdng nén mach
khdng c6 tinh thim my cao , duong mach khdng c6 tinh chuyén nghiép
va chat luong khdng thé bang cac thiét bi twong duwong trén thi truong .
Em di ¢ ging thuc hién va hoan thién mach mot cach tbt nhat cé thé
v6i kha nang ciia minh nhung khong thé tranh duoc sai s6t , em mong
nhan duoc sy gop Y chan thanh tir cac thay co gido trong khoa dién —
dién tir cua trudng dé san pham cd thé hoan thién va phat trién hon nita
. Em xin chan thanh cam on céc thay cd trong trudng Pai Hoc Dan Lap
Hai Phong da day dd em trong sudt qua trinh hoc tap tai truong . Bic
biét em xin chan thanh cam on t6i thiy D Anh Diing di tan tinh hudng
dan dé em hoan thanh dd an nay.

Em xin chén thanh cam on !
Hai phong ngay 27 thang 6 ndm 2016

Sinh vién thyc hién
Nguyén Van Lam
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Pham Minh Ha 1997 , K¥ thuat mach dién tir , NXB Khoa hoc va Ky

thuat .

http://vinacel.hcmute.edu.vn

http:/vhav.vn

http:/members.chello.n

http://www.dientuvietnam.net/forums/forum.php

http://www.alldatasheet.jp/datasheet-

pdf/pdf/56849/BURBROWN/PCM56.html

http:/www.alldatasheet.com/datasheet-pdf/pdf/87252/
CIRRUS/CS8414.html
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