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CHUONG 1 VI MACH (I1.C.))

1.1. KHAI NIEM MO PAU

Thiét bi dién tur 1a nhitng dung cy, mdy moc dung cac linh kién dién tr giap cho con
nguoi thuc hién mot chirc ndng nao d6 (may tinh, may in, may quét, may thu hinh...)

Mot thiét bi dién tir thuong c¢6 so d6 khdi nhu hinh sau (Hinh 1.1)

Thiét bi vao Mach dién tu .| Thiét bi ra
Ngudn nudi V6 may
<

Hinh 1.1: So d6 khoi mét thiét bi dién tir

Thiét bi vao: Bién d6i nhiing tin hi¢u khong dién thanh dién (déu ttr, ban phim, camera,
micro v.v...)

Thiét bi ra: Bién d6i cac tin hiéu dd duoc gia cong, xir Iy thanh nhitng muc dich can
khdng ché va diéu khién (dua ra loa, dau tir, hién thi 1én man hinh...)

Nguon cung cdp: Cung cap toan bd ning luong cho may hoat dong, ngudn cung cép la
nguén dién mot chiéu duoc loc rat ky va rt 6n dinh.

V6 mdy: Bao vé thiét bj bén trong va dé trang tri.

Mach dién tir: Phan quan trong nhat cta thiét bi dién tir, dong vai trd gia cong va xir Iy sd
liéu theo nhitng muc dich va chuong trinh dinh trude. Viéc gia cong va xir Iy nay can clr vao
dic tinh cta timg phan tir cia mach, cin ¢ vao nhitng dinh luat ghép ndi cac phan tir v6i nhau.
Bao gom:

a/Linh kién dién tir : Puogc chia lam hai loai

Pong vai trd chinh trong thiét bi gdm co: Transistor, Diode. Tin hiéu
dién qua no sé bi bién doi.

GOm c6: Pién tré (R), tu dién (C), cudn cam (L). Giap cho cac linh
kién tich cuc hoat dong. Chi gia cong so liéu chir khong xtr 1y s6 licu.

b/Mach dién:

Céc linh kién dién tir trén dugc lién két véi nhau theo cac dinh luat nhat dinh dé thyc hign
cac chtrc nang nhét dinh. C6 nhiéu dinh luat dé ndi cac phan tir voi nhau nhung chi ¢ hai
nguyén ly lam viéc chung :

Tin hiéu ¢ dau vao va dau ra déu bién thién lién tuc theo



thoi gian.

“Nguyén 1V s6 (digital): Tin hiéu ¢ dau vao va dau ra déu bién thién roi rac nham thuc
hién cac phép tinh toan. Nguyén 1y s tic dong nhanh va c6 kha niang rong 16n hon nguyén ly
tuong tu. TAt ca cac dai lugng déu co thé bién doi thanh roi rac (ta goi la sb hoa).

Thiét bi dién tr c6 cac yéu cau sau:

a/ Kich thudce nho: Gon, chiém it khong gian, trong luong bé nhung van giir nguyén tinh
nang.

b/ B9 tin cdy cao: Xac suat dé mach lam viéc binh thuong trong nhitng diéu kién cho
trude (khong dong nghia tudi tho véi do bén cua thiét bi).

¢/ Hiéu suat cao: Tiét kiém nang luong: % —1

1

P,: Cong suét ¢ tai.

P,: Cong sudt ngudn cung cap.

d/ Gié thanh ha.

Nhu vdy yéu cdu dau tién 12 giam nho kich thudc cua thiét bi da dwa dén viée giam nho
kich thudc céc linh kién trong mach. Diéu nay xuat hién viéc vi hinh hoa (micro modun) mach
dién, dan dén viéc ché tao vi mach.

1.2. PAI CUONG VE VI MACH

Vi mach con goi 1a mach tich hop (integrated circuit), goi tat 1a IC. C6 hinh dang bén
ngoai nhu hinh 1.2.

B aTsessy |
N 24pc |
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Hinh 1.2: Hinh dang cua vi mach
bay 1a cac mach di¢n tir chira céc linh kién tich cuc (transistor, diode) va linh kién thu
dong (dién tro, tu dién c6 dién dung bé), kich thude rat bé ¢& um (hodc nhé hon) duge két ndi
v6i nhau theo cong nghé silicon. TAt ca cac linh kién cua mach duoc ché tao déng thoi trén
mot dé (subtrate) 1am bang Silic. V6 ngoai ciia vi mach thuong 1am bang kim loai hodc bang
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chét déo (plastic) Céc linh kién trong vi mach khong thé tach roi nhau. Mdi vi mach s& dam
nhiém mot chirc ning dién tir nhat dinh nao d6 (khuéch dai, giai mi, 1ap ma, bo dém, bd
nhd...).

C6 dén hang triéu transistor trong mdt vi mach, s luong nay ngay cang ting do s luong
thong tin can xtr Iy ngy cang nhiéu. Mach dién tr ngay cang phirc tap, gom rat nhiéu linh kién
dién tir duoc tich hop lai. Hién nay, cong nghé silicon dang tinh td1 nhitng gidi han cua vi mach
tich hop va cac nha nghién ctru dang nd luc tim ra mot loai vat liéu moi co thé thay thé cong
nghé silicon nay.

Hé thdng trén mot vi mach (system-on-a-chip) SOC 1a mot hé thdng dién tir duge xdy
dung trén mat dé silicon. Y tudng ban dau 1a tich hop tat ca céc linh kién cua mot thiét bj dién
tor (may tang am, thu hinh, may tinh...) Ién trén mot vi mach don (hay con goi 1a mét chip
don). Hé thong SOC nay c6 thé bao gém cac khéi chirc ning s, twong tu, tin hiéu két hop
(mixed-signal) va ca cac khdi tao dao dong. Mot hé théng dién hinh bao gdm mét loat cac
mach tich hop cho phép thuc hién cac nhi€ém vu khac nhau. Tir 6 ta ¢6 mach tich hop khuéch
dai, mach 1ap ma, gidi ma, xur ly, bd nhd...

Su phat trién gan day cua cong nghé ban dan cho phép chung ta tich hop ngay cang nhiéu
thanh phﬁn vao mot hé théng trén mot vi mach SOC, c6 thé tich hop thém cac khéi nhu: bo xir
1y tin hiéu s6, bd ma hoa, giai m4,... tiy theo yéu ciu cua ting tng dung cu thé.

Hinh 1.3 cho ta cu tric bén trong va hinh dang bén ngoai vi mach Pentium IV

-

Ly o Technotoay
Pentiumd (42 millicn transistors) SR L SRR

*" Inside

Cross sectional view
Block Cell

Hinh 1.3: Cdu triic bén trong va hinh déng bén ngodi ciia vi mach Pentium IV
a/Cdu triic bén trong, b/ Hinh dang bén ngodi, ¢/ Ding trong mady dién todn cd nhan.
Vi mach can giai quyét cac van dé sau:



1. Khodng khéng gian ma sé heong cdc linh kién dién tir chiém cho:

Mot may tinh di¢n tr can dung dén hang triéu, hang vai chuc triéu b phan roi. Néu
khéng thuc hién bang vi mach, thi khong nhing thé tich cta n6 s& qua 16n ma dién ning cung
cap cho no ciing s& v6 cung phirc tap.

2. Do tin cdy(reliability) ciia hé thong dién ti: 1a 3o dang tin cdy trong hoat dong dung
theo tiéu chuén thiét ké. Do tin cay cua mot hé théng tat nhién phu thudc vao do tin cdy cua cac
thanh phan cau thanh va cac bo phan ndi tiép giita ching. Hé thdng cang phirc tap, s bo phan
cang ting va chd ndi tiép cang nhiéu. Vi vay, néu dung bo phan rdi cho cac hé théng phuc tap,
do tin cdy clia n6 s& giam thap. Mot hé thong nhur vy sé rat dé dang hu hong.

3. Tuéi tho trung binh t cua mot hé tho‘ng dien tw g5n1 n thanh phdn sé la:

I 1 1 1

=ttt —
tot ot t

[@1Vay néu mot transistor ¢ tudi tho 1a 10° gid, thi mot may tinh gdm 500.000 transistor
s& chi co tudi tho 1a 2 gid.

Céc thanh phan trong vi mach duoc ché tao dong thdi va cing phuong phap, nén tudi tho
vi mach xép xi tudi tho mot transistor Planar.

Néam 1947, John Bardeen va William Brattain cua phong thi nghi¢m Bell (Bell Lab Hoa
ky) phat minh ra Transistor tiép diém PCT (Point Contact Transistor), day 1a mot dot pha trong
nd luc tim ra thiét bi méi thay cho dén dién tir tiéu ton qua nhiéu ning luong. Dong dién vao
(bén trai hinh tam gidc) dugc truyén qua 16p dan dién (conversion layer) trén bé mit ban
Germanium va dugc khuyéch dai thanh dong ra (bén phai hinh tam giac.)

Niam 1950, William Shockley ciing & hang Bell phat minh ra transistor kiéu tiép hop. Day
1a mo hinh dau tién cua loai bipolar transitor sau nay. Viéc phat minh ra transistor 1a mot budc
tién vi dai cua ky thuat dién tr, m& dau cho viéc phat minh ra vi mach. Sau do, William
Shockley ro1 Bell Labs, thanh 13p Shockley Semiconductor tai 391 duong San Antonio tai
Mountain View California. Nhitng nhan vién dau tién ciia 6ng c6 Gordon Moore va Robert
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Noyce, 1a nhitng ngudi da sang 1ap ra Intel. Cong ty bat dau phat trién cac thiét bi silicon.

¢ 1/10/1956 William Shockley, John Bardeen va Walter Brattain dugc trao giai Nobel vat
1y cho nhiing nghién ctru vé chit ban dan va phat hién tac dong cua transistor

« 1957 Mot nhom goém 8 ngudi di roi Shockley Semiconductor Laboratory dé thanh 1ap
Fairchild Semiconductors. Py 13 cong ty dau tién chi tap trung phat trién silicon.

e 12 /9/1958 Jack Saint Clair Kilby ctia cong ty Texas Instruments (Hoa ky) phat minh ra
mach tich hop (Integrated Circuit) dau tién, mé dau cho thoi ky hoang kim cua vi dién tir, 1a
nén tang cua chip hién dai ngay nay. Piém quan trong trong phat minh cila Kilby 1 ¢ y tudng
vé viée tich hop tat ca cac linh kién dién tir cia mot mach dién tir trén mot tam silicon.

« Nam 1959, Jean Hoerni va Robert Noyce (cong ty Fairchild, My), sau nay 1a ngudi dong
sang 1ap hang Intel, thanh coéng trong viéc ché tao ra transistor trén mot mit phang silicon. Hinh
1.4 14 transistor v6i ca 3 cuc: goc (base), thu (colector) va phat (emiter) cting nam trén mot mit
phang.

1.52x1.52mm

Hinh 1.4: Transistor véi cd 3 cuee: goc, thu va phdt ciing nam trén mét mdt phang.
e Nam 1961, cling chinh Jean Hoerni va Robert Noyce da tao ra mach flip-flop (voi 4
transistor va 5 dién tro) trén mat silicon (Hinh 1.5).

|, 52mm

Hinh 1.5: Cdu triic bén trong mét vi mach flip-flop
« 19/4/1965 Gordon Moore nha sang 1ap Intel v&i bai viét “Bo sung thém céc thanh phan
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vao vi mach” dang trén tap chi Electronics da Cong bd Dinh luat Moore, du doan sd transistor
trén chip mdi nam sé& ting gip d6i trong vong 10 ndm t&i. Nam 1975 6ng di stra lai 1a cir 24
thang thi sd transistor lai ting gap d6i. Téi nay du bao ctia 6ng van con ding.

e Nam 1970, G.E.Smith va W.S.Boyle (AT&T Bell Lab., USA) tao ra mach CCD 8-bit.
Cung ndm 1970, J.Karp va B.Regitz (cong ty Intel, My) tao ra mach DRAM 1103 véi trén
1000 té bao nhd. (Hinh 1.6)

Hinh 1.6: DRAM 1103
« Nim 1971, M.E.Hoff, S.Mazer, I§ IEFl, F.Faggin (cong ty Intel, M) tao ra bo vi xtr ly
4004 véi trén 2.200 transistor (Hinh 1.7).

Hinh 1.7: Vi xu ly Intel 4004
« Nam 2000 Kilby dugc giai Nobel Vit 1y cho viéc ché tao ra mach tich hop. 42 nim sau
khi cong nghé nay ra doi.
« Nam 2004, cong ty Intel (M) ché tao chip Pentium 4 v&i trén 42 triéu transistor (Hinh
1.8).
Cung niam 2004, Intel tung ra chip Itanium 2 (9MB cache) phuc vu may chi, véi sb
transistor 1én td1 592 tri€u con.
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Hinh 1.8: Chip Pentium 4
e Nam 2005, nhom lién két gitta IBM, SONY, SONY Computer Entertainment, va
Toshiba gidi thi¢u chip CELL da 161 (multicore), hoat dong & tdc 6 4GHz.
Chua day 50 nam ké tir ngay Kilby dé xuét ra ¥ tuong vé vi mach, nganh cong nghé vi

mach da dat dugc nhitng thanh tyu ruc r6. Su tang trudng & tbe do chéng mat cia nganh cong
nghé vi mach 1a chia khoa quan trong bac nhat trong cudc cach mang cong nghé thong tin hién
nay.

1.2.3.Vo ngoai cua vi mach

Hién nay do chua thé ché tao dugc mot sd linh kién ¢6 tri sb 1on trong vi mach (tu dién co
dién dung 16n, cudn cam...). Do muc d6 tich hop ngay cang 16n, vi mach can két ndi véi cac
linh kién, cac thiét bi khac nén vi mach c6 nhiéu chan ra ngoai dé ndi véi cac linh kién, cac
thiét bi nay. C6 nhiéu kiéu vo boc khac nhau lam bang kim loai, gém (ceramic) hodc chat déo
(plastic), hién nay pho bién cac kiéu sau:

Loai SIP (Single in Package):

C6 hinh chit nhat, chan ra chia déu trén mot hang. Chan s6 1 dugc nhan biét nho mot
duong vach ngang hodc mot chdm (Hinh 1.9a)

Loai DIP (Dual in Package):

Chan vi mach duogc chia lam hai hang song song (Hinh 1.9b)

Loai QFP (Quad Flat Package): Dang hinh vudng, c6 4 hang chan ra dugc bé tri chung
quanh vi mach. Thuong gip & cac vi mach cuc 16n nhu cac Vi xtr ly. (Hinh1.9¢)
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Hinh 1.9a: Vo vi mach loai SIP Hinh 1.9b: Vo vi mach loai DIP
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Hinh 1.9c: Vo vi mach loai QF P

a/Dwa trén quan diém thiét ké vi mach: Nguoi ta phan loai dua trén mtrc d9 tich hop céac
phan tir trong vi mach. Chia lam:

Vi mach co nho SSI (Small Scale Intergration): Chtra vai chuc Transistor hodc vai céng
logic. Ra doi tur dau thap nién 60 (mach khuéch dai, mach lat...)

Vi mach cé vica MSI (Medium Scale Intergration): Chira vai chuc cong logic hoic hang
trdm transistor. Ra doi giira thap nién 60 (bd giai ma,thanh ghi, b dém...)

Vi mach cé lon LSI (Large Scale Intergration) : Chtra vai trim cong logic hodc hang
ngan transitor. Ra doi dau thap nién 70 (cac vi xtr 1y 4 hodc 8 bit, cira ghép ndi vao ra...)

Vi mach cuwe l6n VLSI (Very Large Scale Intergration): Chira vai ngan cong logic hodc

hang van transistor. Ra doi cudi thap nién 70 (cac vi xit Iy 16 hodc 32 bit ...)

Vi mach ULSI (Ultra Large Scale Intergration): Chira vai trim ngan cong hodc vai triéu

transistor. Ra doi dau thap nién 90 cho dén nay.
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Bdng 1.1: Muc do tich hop trong cac vi mach

Loai vi mach S6 lugng chirc nang Sb lugng Transistor Dién tich bé mat cua
mdi vi mach
SSI 2+20 100 3 mm”
MSI 20 + 100 500 8 mm”
LSI 100 + 50.000 100.000 20 mm’
VLSI 50.000 + 100.000 250.000 40 mm”
ULSI 100.000 +400.000 1.000.000 +4.000.000 | 70 mm”+ 150 mm*

b/Dwa trén quan diém siv dung: Tuy theo ban chat cua tin hiéu vao va ra nguoi ta chia
lam 3 loai sau:

Vi mach tuyén tinh (IC Analog): Tin hiéu vao va ra c6 bién do bién thién lién tuc theo thoi
gian. Con goi la vi mach tuong tu, vi mach thuat toéan.

Vi mach sé (IC Digital): Bién d¢ tin hiéu vao va ra c6 gia tri gian doan (thuong ¢ hai murc
dién ap). Con got la vi mach logic.

Vi mach chuyén doi: La cau ndi giira 2 loai trén gom:

*ADC (Analog Digital Converter): Tin hi€u vao 1én tuc, tin hiéu ra gian doan.

101100

B ADC

*DAC (Digital Analog Converter): Tin hi€u vao gian doan, tin hiu ra lién tuc.

e

1.3.VI MACH TUYEN TiNH
Vi mach tuyén tinh 14 nhirng mach td hop ma dién &p ra 1a mot ham lién tuc ddi vai dién

101100

ap vao.
Vi mach myén tinh con dugc goi 1a vi mach khuéch dai thuat toan (operational amplifier),
vi mach tuong tu.
Vi mach tuyén tinh c6 ky hiéu nhu hinh 1.10

b

Hinh 1.10: Ky hiéu ciia vi mach tuyén tinh

Vi mach tuyén tinh c6 hai dau vao va mot dau ra gom:
Pau vao ddo (-) : Tin hi€u vao va ra ngugc pha nhau 180 do
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Dau vao thuan (+) : Tin hiéu vao va ra ciing pha nhau

Mot mach khuéch dai tuyén tinh 1y twéng c6 nhitng dic tinh sau :
- Bién tré vao vo cung l6n R, =

- Dién tro ra bang khong R, =0

- Hé s khuéch dai vo cung lon K, =

- Dai tan khuéch dai v cung 16n

- Can bang mot cach 1y tudng : Néu U, = 0 thi U, =0

- Céc thong s6 khong bi bién doi theo nhiét do va d6 am

So d6 co ban cua vi mach tuyén tinh 13 khuéch dai vi sai. Pay 1a mach khuéch dai dung

hai transistor mac theo kiéu lién két emitter (Hinh 1.11).

+ e

S
T

Hinhl.11: Tang khuéch dai vi sai
Hai transistor st dung phai c6 cac théng sb hoan toan gidng nhau, tré khang vao Z, vo

cung lon.

Mach khuéch dai vi sai c6 dic diém rat quan trong la tin hi¢u ra ti 1€ v41 hi¢u sb cta hai
tin hiéu vao:

U,=K(U, -U,) (1.1)

K 14 hé s6 khuéch dai cia mach khuéch dai vi sai.

Tir (1.1) ta thdy: bat ky mot thang giang nao cua dién ap tin hiéu vao chung cho ca hai 16i
vao sé& bi khit 1an nhau va khong 1am anh huéng dén 16i ra.

Thuc té, tin hiéu ra ciia mach khong nhiing chi phu thudc vao hi¢u ) gitra hai tin hi¢u
vao, n6 con phuy thugc vao murc trung binh cuia hai tin hiéu do:
U, +U,

Ura
2
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.y Ura:K(Ul_U2)+E(U1+U2)
Nhu vay (1.1) c6 thé viét: 2

K 12 hé s6 khuéch dai trung binh

Vi mach tuyén tinh c¢é cau triic bén trong tuy thudc vao nhiém vu va yéu cau ki thuat caa
vi mach. D& xét cdu tric ctua vi mach thuat toan, ta co thé xét hai vi mach tuyén tinh thong
dung: 702 va 709.

a/Vi mach khuéch dai thudt todn logi 702:

Tuy theo hing san xuat né c6 nhicu tén goi khac nhau: pA702L, SN52702N... So db
nguyén 1y nhu hinh 1.12

Ry, (4)}E..

Hinh 1.12: So' d6 nguyén Iy ciia vi mach thudt toan logi 702

Tang thir nhdt: Gom T, va T cac ganh cta chung 1a R, R, day la tang khuéch dai vi sai
vol nguén dong 1a Ty, va Tg. Ty c6 nhi€ém vu bu nhiét.

T éng thwr hai: Bao gém T4 va Ts, dién &p ra cua tﬁng nay léy tr cuc C cua Ts. T, didu
chinh ganh ctia ting mot bang cach r& dong cac dién tré ganh R, va R, nhiéu hay it. Khi dién ap
O cuc B cua T, tang (ing véi dién 4p Base cua Ts giam) 1am cho dong dién cuc thu tang theo,
dua dén dién ap ¢ cuc thu T4 giam xudng, né giam twong dwong véi viée ting dién tré R, do d6
lam tang hé s6 khuéch dai toan bd. Emito cua T, duoc diu dat.

T éng thir ba: Bao gém 3 transsistorr Tg, T7 va Tg, trong d6 T¢ lam mach dinh muc dién
ap mot chiéu, nghia 13 n6 1am cho dién ap mot chiéu ¢ dau ra (chan 7) bang dién ap dat, Ts 1am
ngudn dong dién. Khi chua c6 tin hiéu, dién 4p cta T; & gan muc dat. Dién trd Ry, ndm trong
mach cuc C cua T, nén dua dién ap hoi tiép duong vé cuc B ctia T, lam cho hé sb khuéch dai
ctia T; tuy 1a mac theo C chung nhung van 16n rat.
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b/Vi mach khuéch dai thudt todn logi 709:

C6 so d6 nguyén 1y nhu hinh 1.13. Tuy theo hing san xuit n6 ¢ nhiéu tén goi khac nhau:
MA 709, K1YT 53, SN 72709.... Mach thuét toan 709 bao gdm 4 tang chinh.

T éng thir nhdt: Gom c6 T, va T, 1a mach khuéch dai vi sai T;; va Ty, duoc méc theo kiéu
thién ap dung diode dé 1am ngudn dong dién cho T, va T,.

T, éng thir hai: GOm cap T, Ts va Ty, T¢, day cling 1a t?lng khuéch dai vi sai méc theo kiéu
phirc hop dé ting tré khang vao va hé sd khuéch dai cua tang. T;s 1am nhiém vy bu nhiét cho
mach thién ap tﬁng hai. Cac transistor T4 va Tg con hop voi Rg, Ry 1am thanh mét mach hoi
tiép am tir cuc C cta T, vé 6n dinh nguén dong dién Ty;. Nguén dong dién nay con dugc on
dinh thém bé“mg mach hoi tiép am tir dau ra qua Rys, Ry, Ryg dén Tyo. Tys duoc dAu voi diém A
coi nhu diém gitra. Dién thé cua diém A duoc 6n dinh béng cac mach Ty, Ry, Rg va Ty,, Ty3,
Rs, Rg. Cac transistor Tz, T, T; con ¢o6 tdc dung on dinh dién ap nguén cho téng vi sai, T; [am
mach loc nguén.

PO

. {THE,
I

F
T Ry
. JAVE,

Hinh 1.13: So do nguyén 1y ciia vi mach thudt todn loai 709
T éng thir ba: Gom hai Transistor Tg va T, trong do Tg méc theo kiéu C chung va Ty méc
theo kiéu B chung. Pay 1a mach dinh mirc dién ap dé dua muc tin hiéu (thanh phan 1 chiéu)
xuéng gﬁn bﬁng - E, c6 nhu thé tin hiéu mdi cod thé tiép tuc khuéch dai béng T, Tz va Tha.
Téng thw tu: La téng cudi, g6m Ti,, T3 va Ty Day la t?mg c6 hdi tiép am sau béng Ris,
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Ry; va To, hé s6 khuéch dai cua t?mg nay khoang béng 3 va it phu thudc vao nhiét do .

Mach bu tan sd ¢ dau vao duge ndi gitra cuc B va C cua T4, mach bu tao ra mot hoi tiép
am, no gém mot dién trd mac nbi tiép vo1 mot tu dién.

Mach bu dau ra dugc ndi gitra C ctia Tg va E ctia T3, Tyy.

Tom lai, qua cach phan tich so dd nguyén 1y ctia mach khuéch dai thuét toan & trén, da
cho ta biét nguyén 1y cu tao chung bén trong ciia mot mach khuéch dai thuét toan. Tuy vay,
khi str dung cac mach khuéch dai thuat toan, ta khong can phai biét so dd nguyén Iy bén trong
cia mach ma chi can biét cac tham sb ciia nd gdm: so dd chan, cong suit, dién ap cung cip
...Cac tham sb nay do noi san xuét cung cip va ghi vao sach sé liéu (data book) hodc sb tay
hudng dan (handbook).

Vi mach tuyén tinh ¢6 2 cach méc co ban:

a/ Cdach miic ddio

Tin hiéu dugc dua vao dau vao dao (-). R, 1a dién tré hoi tiép (feedback), nd dua mot
phan ning luong tir du ra tré lai ddu vao. R, 13 dién tro tin hiéu. Pau vao thuan ndi dat (Hinh
1.14)

—_—
|
2 RZ
— My
|
by Ry J Upg
— AAN——- .
v
L . T L

Hinh 1.14: Cach mdc dao
Ta tim hé sé khuéch dai dién ap cua vi mach:
Ttr so d0 nguyén 1y ta co thé viét:
_ Ul — Uv _ Uv — Ur

L
R, R,

12
va

Coi mach 1a 1y tuong :

RVNOO
IVNO = Il~12

Do d6 ta c6 thé viét: u-u,_U-U
R, R,

(1.2)

Ngoai ra, xem hé sd khuéch dai 1a 1y tuong:
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K=o, U, ~ 0 Do dé (1.2) tr¢ thanh:
U _ UYupayUn - Ry
Rl

ra ha ra

R2 y Ul - 1{1
Vay hé s6 khuéch dai cua mach: K, = _R,
1
Déu trir cho biét dau vao va dau ra nguoc pha nhau.
b/ Cédch méc thuin
Tin hiéu dwa vao dau vao khong dao (+). Pién ap tir du ra dua trd lai dau vao dao qua bd
chia thé gdbm R, va R, (Hinh 1.15) . Tin hiéu vao va ra cung pha nhau.

l5

Hinh 1.15: Cich mdc thudn
Xem mach 13 Iy twéng va chimg minh twong tu nhu trén, ta c6 thé viét:
« U _R+R, R

=1+—
Ul Rl RZ
Khi cho R, >> R, thi hé s6 khuéch dai cta hai trudng hop trén 1a giéng nhau va bang:
u Rl

Tuy nhién cach mac ddo 6n dinh hon vi c6 hoi tiép am.

So dd thyc hién cac phép tinh co ban:
a/So dé thuwe hién phép céng: (Hinh 1.16):
I R

Un

ﬂY o
|

1
Hinh 1.16: So do thuc hién phép cong
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Coi dong vao béng 0 ta co: L[+ L+1=1
Mit khac, khi U= 0 (Coi hé s6 khuéch dai ctia mach 13 16n vo cing), ding thirc trén cé
thé viét:

Hay : U, =- (U; + U, + U3).
Nghia 13 dién 4p ra bang tong dién ap vao.
b/So dé thuwe hi¢n phép triv: (Hinh 1.17):
Tin hiéu dugc dua vao ca hai 16i vao dao va thuén:

Ej
R,
e MNP U
U, e AN - s
Rz
F4
. .

Hinhl1.17: So do thuc hién phép triv
Ap dung céac cong thirc tinh hé s6 khuéch dai trong trudong hop mic dao va thuan, ta co:
Ura:UZ R4 .R1+R2_Ul&
R,+R, R, R,
Néu chon R; =R, , R; =Ry, thi déng thirc trén trd thanh:

R
Ura = (UZ _UI)EA:
Nghia la dién ap ra ty 1€ véi hi¢u dién ap vao.
¢/So do ldy tich phdn: (Hinh 1.18):

T C
e
I

45}

S =
UU + Ura

L & &

1

Hinh 1.18: So d6 lay tich phén
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Coi dong vao bang 0 ta c6:
I] = If (1 3)
Mat khac coi U,= 0 ta co:

U
II=§1 (1.4)
du
Ma: [[=—C—= (1.5
: L
Thay (1.3), (1.4) vao (1.5) ta co:
U _ o4y,
R dt

dU —— udi=uU, - —Lledt
CR CR

ra

d/So dé ldy vi phén: (Hinh 1.19)

'_2} Ra
—|1” ATATAY
U.1 | Py _ Ura
| .
L ﬁ &
Hinh 1.19: So d6 lay vi phdn

Taco: I, =Ignhung 7, =C U,

A

. U
Vil F=- 14 nén
R

v, U, __pdY
dt R hay ° dt

Vi mach thuat toan dugc st dung rong rai trong cac mach khuéch dai.
a/Khuéch dai di¢én dp aGm tin
Vi mach BA328 duoc ding kha pho bién dé khuéch dai dién 4p am tan (Hinh 1.20).
BA328 thudc loai khuéch dai hai kénh (stereo). Pién tré R, R, quyét dinh hé sé khuéch
dai ctia Vi mach. Thuong ta giit nguyén R, chi thay doi R, dé c6 hé sb khuéch dai theo ¥ mudn.
Néu ta ting hé s khuéch dai 1én qua muc s& gay ra méo tin hiéu.
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T

Ry
In(Left) a70%2 L“;F 1 220
Y R2 470
pF 1004F | 022 F
lmDDpFQDKQ ;T ¢ I 100 KQ
— ‘ 3 1= Qut (Lert)
' l _—
e 4700 BA328 | 4
- + R 5 -Ute
T g Rao | !
— 120 k2 6 LT‘F out (Right)
|
‘ ; 1D+D|£JF 0226F 0
* |
In {Right} 47002 1”;F g == 470 pF 5
e 220
= 1000 pF
1

Hinh 1.20: Khuéch dai dién ap dm tdp dung vi mach /{hué’ch d:ai thuat toan BA328 o

R; va tu C tao thanh mgt vong hoi ti€p am di€n ap d€ sua déi duong dac trung tan so.
Thay ddi tri s6 cua dién tré R; ta ¢6 Am thanh loi trAm hodc loi béng theo y muén. R, cang
thip, hoi tiép Am cang sau, mach cang loi tram.

Tin hi¢u can khuéch dai c6 bién d¢ rat bé dugc dua vao chan 8. Tin hi¢u sau khi khuéch
dai duoc 1§y ra & chan 6.

Dién 4p cung cap cho ca hai kénh duoc dua vao chin 4 (+V) va chan 5 (-V,). Chéan 5
ddng thoi ciing 1a dat cua mach.

Nguén cung cap 9 VDC duoc loc bang R va C;.

Do d6 nhay cao va tin hiéu dau vao rat bé, ta phai dung day co giap boc dé dan tin hiéu
vao va ra nham loai bé nhiéu.

b/Khuéch dai cong sudt dm tin

Pé khuéch dai cong sudt Am tan ta co thé dung vi mach LA4440. Vi mach LA4440 thudc
loai khuéch dai hai kénh, c6 so @ khéi nhu hinh 1.21. Tuy nhién vi mach LA4440 c6 thé dung
dé khuéch dai cong suat am tan mot kénh.

Khi khuéch dai hai kénh (stereo), cong suit ra danh dinh 6W x 2. Khi st dung dé khuéch
dai mot kénh (mono), cong suat ra danh dinh 1én dén gan 20 W. Ngudn cung cip 12V dén 15V.

Chén 1va chan 7: Dau vao tht hai ctia LA4440.

Chan 2 va chan 6: Pau vao ctia LA4440.Tin hiéu 4m tin can khuéch dai dugce dua vao

Chan 4: Dau ra Mute

Chan 5: loc Ripple filter

Chan 8, 14: Diém mass cta vi mach

Chan 9 va 13: Bao vé qua ap
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1)NF1 é@ Power Amp GND1
|
s 13 B.S1
IN1
~3) 12 ouT1
e
mp
ND
uting
@ Vg
DC,-
]
N2 10 oUT 2
(9 B.S2

Power Amp GRD2

Hinh 1.21: So d6 khoi cdu triic bén trong LA4440
Chan 10 va 12: Pau ra cua vi mach
Chan 11: Nhén dién ap cung cip + Ve
So db nguyén 1y mach khuéch dai cong suat hai kénh (Hinh 1.22)

I == 1000 4

Bt

220 w +Vee
+ H
mput 1 : 11 13) 100 1000
. —(2) 12—
—3 R
— L A4440 = —
mnput 2 1000 o7
—— R
(i) (i) 14 100
104
n + . H I -
IOOﬂF IOOﬂF e
15

Hinh 1.22: Khuéch dai cong sudt dm tan dimg vi mach LA4440 mdc stereo
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Khi muén LA4440 cho ta mot cong suat 16n & loa, ta méc theo so dd nguyén 1y mach
khuéch dai cong suat mot kénh (Hinh 1.23)

—T[ 1000 w7
+\.‘YCC
é 13 IOOJuF

O—giHh

mput 1
O
= LA
B
L 100 5

Hinh 1.23: Khuéch dai_céng sudt am tan dimg vi mach LA4440 mdc mono

a/Tao séng hinh sin cao tan

Vi mach thuat toan c6 thé lam b khuéch dai trong khau khuéch dai cua bo tao song hinh
sin cao tan hodc 4m tan.

Hinh 1.24 1a mach tao séng cao tan dung vi mach thuat toan BA328, BA328 1a mdt loai vi
mach rét thong dung, rat dé kiém trén thi truong, hoat dong rat tin cay.

+ 9 —
L ]
j—T VR2
R4
c2
%mﬁ ﬁ
+ | |_
‘
BA379 — — C1
&2 ~CB -
| i 4 3 : | aut (HF =zine wawve)
[ R '
715 !
= R3
R2
AN ———
c3 c7 T o
L) I . b
R1 YR

Hinh 1.24: So do6 nguyén 1y ciia b tao séng cao tan ding vi mach thudt todn
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Téac dung cua ting linh kién:

Ry, Ry, VR, quyét dinh hé s6 khuéch dai cua vi mach

R;, Cs tao thanh mach hdi tiép am chon loc dé thuc hién viéc hoi tiép am O tan sd cao.
C,,C; L tao thanh khung dao dong Colpitts.

C; dén dién 4p tir dau ra (chan 3) ciia vi mach, qua khung dao dong Colpitts vé dau vao
(chan 1) @é thuc hién hoi tiép. Hai dién 4p nay cung pha nén hdi tiép 1a hoi tiép duong.

R4 va C, tao thanh bo loc dién cho nguén cung cép

BA 328: Vi mach thuat toan, dung dé khuéch dai tin hiéu.

Dién ap cung cap 9VDC

Hoat dong cua so dd:

Bo6 tao song cao tan trén thudc loai 3 diém dién dung. Khi dong mach dién, khung dao
dong hoat dong va tao ra dao dong hinh sin c6 tan sb xac dinh bﬁng cong thuec:

1

foz—
211 L&
C +C,

Dao dong nay 1a dao dong tat dan, néu chung ta khong c6 bién phap bu ddp ning luong bi
ti€éu hao dudi tac dung nhiét ciia di¢n trd 1am nén cudn day L.

Truéce khi tit mot phﬁn nang luong dugc dua vé dau vao thuén cua vi mach BA328, vi
dién ap hoi tiép va dién 4p tin hiéu cung pha (mic thuan) nén 1a hoi tiép duong, dam bao diéu
kién duy tri dao dong. Hé sb hdi tiép quyét dinh boi ty sb C; va C,

G
P=c,

2

Dién 4p héi tiép duoc didu chinh boi VR, nham bao dam diéu kién Kp = 1. Khi diéu kién
nay dugc dap ung, song dién tao ra c6 dang hinh sin rat déu dan va dep. Mach hoat dong on
dinh.

DPé mach khuéch dai chay 6n dinh va khuéch dai trung thuc, mot mach hoi tiép am chon
loc gff)m R;Cs dugc méc vao hai chan 2 va 3 caa vi mach. Hoi tiép am cang sau Vi mach
BA328 cang khuéch dai trung thyc, tuy nhién ta chi c¢6 thé thuc hién 4m hdi & mot muc nao do
vi con phai dam bao khau duong hoi nham duy tri dao dong.

Dao dong hinh sin cao tan duoc ldy ra & chan 3 1a dau ra ciia BA328.

b/Tao séng hinh sin am tin:

Hinh 1.25 1a so d0 nguyén 1y bo tao song hinh sin 4m tin ding vi mach tuyén tinh BA
328 trong khau khuéch dai. Trong do:

BA 328: Vi mach thuat toan, dung dé khuéch dai tin hiéu.

R,,R,, VR, dén bao: quyét dinh hé s6 khuéch dai ctia vi mach.

R;, C, tao thanh mach hoi tiép am chon loc dé thuc hién hoi tiép am & tan sb cao, Ry cang
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Ra

Lamp BA32E

R C3
’_+H 1 \ ] Out [ AFsine wave)
7018
T C4 i = Rs oV
€

Hinh 1.25: Mach tgo song am tén dung vi mach thudt toan BA328

bé thi hdi tiép 4m cang sdu. Tuy nhién, ta khong thé tuy tién ha tri s ctia Ry vi phai bao dam
khau duong hodi dé duy tri dao dong.

Hai cap RC tao thanh cau Wien.

C, dan dién ap hoi tiép tir dau ra ctia vi mach thuét toan vé dau vao dé thuc hién hoi tiép
duong.

R5 va Cs cung voi tu loc nguén tao thanh bo loc hinh 7 dé loc dién.

Dén bao tham gia khau quyét dinh hé s6 khuéch dai, thuc hién viéc thay d6i hé s6 khuéch
dai ctia vi mach BA328 mdt cach ty dong nham 6n dinh bién do song dién tao ra.

Mach hoat dong nhu sau:

Khi déng mach dién, ciu Wien s& tao dao dong 4m tan c6 tan s6 quyét dinh bang cong

’ 1 A ~ T A [N ’ . ’ \ A \ 5
thuc: £, =% Dao dong s€ tat dan, tuy nhién trudc khi tat né dugc dua vao dau vao cua

BA328 qua tu C,, dao dong dugc BA328 khuéch dai 1én sau d6 dua vé cau Wien dé duy tri dao
dong.

Song dién hinh sin 4m tan dugc liy ra ¢ dau ra ctia BA328. Khi dao dong ¢ bién do 1on
hon thiét ké (xac dinh tir trudc boi hé sd khuéch dai cua BA328), cuong do di qua dén bao 16n
hon, nhiét d¢ ting 1én, dién tré cua day toc dén bao ting theo 1am giam hé sé khuéch dai, bién
do song dién tao ra giam xuéng. Nguoc lai, khi dao dong c6 bién d0 nho hon thiét ké, cuong do
di qua dén bdo gidm xuéng, nhi¢t do gidm, dién tr¢ ciia nd giam theo lam tang hé s6 khuéch
dai, bién do song dién ra tang lén.

1.4.VI MACH LOGIC

Vi mach logic con goi la vi mach s6, lam viéc theo co ché nhi phan. Nghia 1a chung chi
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ton tai dudi hai trang thai dan hoan toan va tat han, dugc ky hiéu (1) va (0).

Trong hé théng logic, mot trong hai mirc dién 4p néi trén duoc goi 1a mot bit.

Néu chung ta quy udc mot trong hai mirc trén murc nao duwong hon 1a 1 va muc kia 13 0, ta
c6 hé thong logic duong nguoc lai 1a logic am (Hinh 1.26) .

Vi mach logic dugc phan ra thanh nhiéu ho: RTL, DTL, TTL, ECL, CMOS. Trong do6 ho
TTL dugc dung kha phd bién.

3V 5V
4y SU(I) =4V U(0) =4V 4V
SV 3V
0.2V 0,2V
0,1V U= 01V T =01V 0,1V :
ov ov
Logic duong Logic am

Hinh 1.26: Cac muc logic

Khi sir dung vi mach logic ta chil y d¢én nhiing dic trung sau :

alHé s6 chiu tdi: DO 1a sb céng cuc dai c6 thé mic déng thoi ¢ 16i ra cla céng da cho. Hé
sd ndy cang 16n thi kha ning logic ctia mach cang cao.

b/Hé 56 ghép mach 16i vao: Lbi vao cuc dai cia céng da cho.

¢/Thoi gian tré 13 thoi gian can thiét dé truyén xung qua mach

d/ Thoi gian déng mach 1a thoi gian ké tir lac 16i vao dat mot gia tri nao d6 trén mirc 0
dén luc 16i ra dat mot gia tri ndo d6 dudi mic 1.

e/Thoi gian ngdt mach 13 khoang thoi gian ké tir lac 16i vao dat mot gia tri nao d6 dudi
muc 1, dén lac 16i ra dat gia tri nao do trén murc 0

Mot thiét bj s& str dung nhiéu loai, nhiéu ho vi mach s6 khac nhau, cac tham sb cua cac vi
mach nay ciing rat khac nhau. Dé thiét bi dugc sir dung 1au bén, hoat dong 6n dinh ta can phai
luu y khi can phdi ghép cac vi mach sé véi nhau.

Trong thuc té sir dung, mot s6 cong logic trong vi mach s khong duogc sir dung dén, viée
du thtra nay lai hay xay ra, Thi du: mot mach s6 can 3 céng NAND hai 16i vao. Khong c6 vi
mach sb loai 3 cong NAND, ta phai dung loai 4 cong NAND hai 16i vao. Nhu vay, du mot
céng. Céng du thira nay do khong str dung lai gdy tr¢ ngai cho hoat dong ctia toan hé théng. Ta
phai xtr 1y viéc du thtra nay. Theo céac cach sau:

a/ Noi dau vao thira dén +Vee, Vpp, hodc -Vee, Vss sao cho chire nang logic ban dau cua
cong van khong thay doi.

b/ N&i cac dau vao cua céac céng thira d@én +Vcc, Vpp, hodc -Vee, Vs sao cho dau ra cta
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n6 ludn & trd thanh logic cao H, nghia 13 1am cho né tiéu thy cong suat it di.

Lam nhu trén, ngoai vi¢c gidm cong suat ti€u thu cua vi mach s, ta con thyc hién duoc

viéc chong nhiéu cho toan hé thong.

Sau day 1a mot s6 vi mach sb thong dung, thuong gap trong cac mach s6, khi thuc hién

cac bai tap, chung t61 cling thuong sir dung cac vi mach nay.

Bing 1.2: M4t s6 vi mach sé théng dung

MOS Cong

Ky hiéu S6 cong/ |S6  16i | Kyhiéu |S6 cong/ [S6 161
IC vao/cong IC vao /cong
7T4LS04 6 1 4069B |8 NOT
74LS05 6 1 NOT hé cuc C
74LS15 3 3 4073B |3 3 AND (C ho)
74LS21 2 4 4081B |4 2 AND
74LS32 4 2 4071B |4 2 OR
74LS00 4 2 4012B |4 2 NAND
74LS01 4 2 4023B |2 2 NAND (C ho)
741503 4 2 4068B |3 3 NAND (C ho)
74LS10 3 3 1 8 NAND
74LS11 3 3 NAND
74LS12 3 3 NAND C ho
74LS20 2 4 NAND
741822 2 4 NAND h¢ cyuc C
741830 1 8 NAND
741837 4 2 B dém NAND
741838 4 2 Bo dém NAND C
ho

74LS40 4 2 B dém NAND
74LS133 |1 13 NAND
741827 3 3 NOR
741828 4 2 B6 démNOR
741833 4 2 B dém NOR C ho
741586 4 2 XOR
7418386 | 4 2 4070B | 4 2 XOR
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74LS136 |4 2 XOR C hé
74LS13 |2 4 NAND + Schmitt
74LS14 |6 1 NAND + Schmitt
74LS132 |4 2 NAND + Schmitt
74LS125A | 4 4093B |4 2 Pém 3 tt véi E
74LS126A |4 4053B |6 Pém 3 tt v6i B
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CHUONG 2 CO SO TOAN HQC CUA PIEN TU SO
2.1 KHAI NIEM VE THONG TIN VA MA

Khai niém vé thong tin rat rong, & day ta quan tam chu yéu dén khai niém thong tin hep
hon theo 1y thuyét thong tin théng ké (hay 1y thuyét thong tin truyén tin hiéu).

Dé danh gia sd luong thong tin ngudi ta dua ra don vi thong tin 13 bit (binary digit).

Bit chinh 1a s6 lugng thong tin can thiét dé nhan biét mot trong hai trang thai c6 xac suét
xuat hién nhu nhau (p; = p, = 1/2) cia mdt di tuong hai trang thai nao d6 (c6 khi con goi 1a
d6i twong nhi phan).

Trén co s& bit thong tin, ngudi ta con dua ra cac don vi khac nhu byte:

1 byte = 8 bit, 1 kB (kilobyte) = 1024 byte

1 Megabyte = 1.048. 576 byte.

Byte 1a nhém tam bit ké lién nhau, tao thanh don vi dit liéu co s& cua may tinh c4 nhan.
Do duoc luu trit twong dwong mét ky tw, nén byte ciing 1a don vi co s& dé do sirc chira ctia may
tinh. C4u tric may tinh (d6i v&i hau hét cac bo phan).

Dua trén co s& sb nhi phan, nén céac byte dugc tinh theo luy thiura ctia 2. Thuat ngtr kild
(trong kild byte) va mega (trong megabyte) thuong dugce dung lam boi sé trong viéc dém byte,
nhung khong duoc chinh xac 1dm vi chung c6 ngudn gdc thap phan (co sb 10). Nhiéu nha khoa
vé may tinh da chi trich cac thut ngit nay, tuy nhién nhimg thuit ngit ndy van dugc dung vi
chung cho nhimg khai niém quen thudc theo cach dém thap phan va thuan loi trong viéc do
luong dung luong bd nhé.

Pé do tdc do truyén tin ngudi ta dung don vi baud :

1 baud = 1 bit/ gidy .

Dir liéu 1a nhimg ky hiéu Vat Iy ding dé biéu dién thong tin nham muc dich luwu tri¥, trao
d6i va xu y.

C6 nhiéu phuwong phap phan loai thong tin, & day ta chi dé cap dén phuong phép dua vao
dic tinh thoi gian ciia cac dit liéu biéu dién thong tin truyén di. Do 1a dic tinh roi rac va dic
tinh lién tuc cua tin hiéu. Tin hiéu duoc hiéu la su thuc hién Vat 1y cac dir liéu. Do d6 ta cé
thong tin lién tuc va thong tin roi rac.

a/Théng tin lién tuc: Thong tin lién tuc dugc biéu dién nho 1 hé théng cac dai lugng ma
gia tri cia chiing c6 dac tinh lién tuc theo thoi gian.

Dang thong tin nay thuong gip trong cac may tinh twong tu hoic cac thiét bi xtr 1y thong
tin lién tuc nhu xtr 1y hinh anh, 4m thanh thong thuong (khong qua bd bién d6i twong tur - sd).
Dang thong tin twong ty thudng gap trong thyc té cudc soéng.
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bThong tin roi rac: Thong tin roi rac dugce biéu dién bﬁng mot hé théng cac dai lugng ma
gia tri cia ching co6 dic tinh roi rac.

Dang thong tin ndy thudng gip trong may tinh s ciing nhu thiét bi diéu khién s6, do
luong s6, am thanh s ...

Céc thiét bi dién tir s6 13 nhiing thiét bi xur 1y thong tin. Cac ky hiéu Vat 1y dung dé biéu
dién thong tin nham muc dich luu trit, trao d6i va xu 1y ta goi 1a dir ligu.

Thong tin c6 thé dién dat ¢ dang thong thudng thong qua cac ky hiéu thong dung (chir sb,
ky tu ...) ma moi nguoi déu hiéu. Pong thoi thong tin ciing ¢ thé duoc biéu dién dudi dang dic
biét bat ky khac dang thong thuong, ta goi d6 14 ma. Muc dich dé bao mat, d& tinh toan va sira
chtra sai sot .

C6 nhiéu loai mi khac nhau tiy theo nhu cau sir dung. Trong dién tir s6 thuong ding mi
s0. D6 1a su twong tng gitta mot ky hiéu cua bd chir cai v6i tap hop cac con sé cia mot hé dém
nao dé. Viéc chuyén tir cac ky hiéu thong dung sang cac ma goi 1a 14p ma (con goi 1a mé hoa).

Trong thiét bi sd ta dung hai ky hiéu 0 va 1 goi 14 ma nhi phan. Ngoai ra con c6 cac ma
khac nhu thap phan, bat phan, thap luc phan. Ching ta thuong gap mot s6 ma sau:
a/ Mda BCD: Day 1a mot ma nhi phan tu nhién, trong d6 cac chir ) thap phan tur 0 dén 9

duoc bién diéu dudi dang 4 bit nhi phan twong duong cua no6. Pay 1a mét ma rt thuan tién va
hitu ich cho cac phép vao ra trong mach sb.

b/ Ma Gray: Rét thuan loi vi dé biéu dién hai s lién tiép ta chi can thay do6i gia tri cua
mot bit.

¢/Mi ASSCII: M3 trao d6i thong tin theo tiéu chuidn My.
2.2. CAC HE THONG PEM SO :

H¢ thong dém 1a t6 hop cac quy tac goi va bi€u dién cac con sO ¢d gia tri xac dinh. Nho
cac hé dém, ta c6 thé biéu dién mdt con s6 bat ky theo cac hé¢ thong so6 khac nhau. Hién nay ton
tai nhiéu h¢ thong dém nhung chi ¢o hai loai :

a/H¢ dém khéong theo vi tri :

H¢ thong dém ma gia tri vé mat s6 luong cua chir s6 khong phu thude vao vi tri ciia nd
nam trong con so.

Thi du: Hé théng dém theo chit s6 La ma

X = 10 don vi
XII = 12donvi
XXIX = 29 don vi

Gia tri cua cac chit s6 X & cac con so trén khong phu thudc vao vi tri ctia né nam trong

con s0. Khi biéu dién nhitng con s6 16n hé dém nay tré nén kong kénh, do dé hién nay nguoi ta



28

it dung. Ngoai ra hé¢ dém Lama chua c6 s 0 nén viée xir Iy s6 hoc gap nhiéu khé khan.
b/Hé dém theo vi tri:
Hé théng dém ma trong d6 gia tri mdi chir sé khong nhing phu thudc vao ban than chir sb
ma con phu thudc vao vi tri ctia né trong con s6 .
Hé dém theo vi tri thong dung nhét hién nay la h¢ dém thap phan .
Thidy: 1234 : Chit s6 4 biéu dién gia tri 4 don vi
5422 : Chit sb 4 biéu dién gia tri 4 x 10* don vi
4321 : Chir s6 4 biéu dién gia tri 4 x 10°don vi .
MOi hé dém theo vi tri ¢6 tip hop cac chit sé khac nhau can thiét dé biéu dién mot con sb
bét ky. Sb lugng cac chit s khac nhau d6 goi 1a co s6 ctia hé dém :
Hé dém thap phan (Decimal) :{0,1,2,3,4,5,6,7,8,9}

Hé dém bat phan (Octal) : {0,1,2,3,4,5,6,7}
Hé dém thap luc phan (Hexan) :{0,1,2,3,4,5,6,7,8,9,A,B,C,D,E F}
Hé dém nhij phan (Binary) : {0,1}

Hé thap phan duoc ngudi Hindu thiét 1ap vao khoang thé ky thir 5 va dugc ngudi Arab bd
sung thém ky hiéu 0. Pay 1a hé dém quen thudc nhat ciia con ngudi.

Trong céac hé dém trén, hé nhi phan c6 nhiéu vu diém vuot troi khi can tinh toan bﬁng cac
thiét bi dién tr, vi hé dém nay chi co hai chir s6 14 1 va 0 ing v6i hai trang thai 6n dinh ctiia mot
Trigger hodc ing v6i hai trang thai thong hodc khong thong cua mach dién.

Viéc chuyén trang thai tir 0 1én 1 va nguoc lai duoc thuc hién rat nhanh, nén téc do tinh
toan trong h¢ nhi phan nhanh hon cac h¢ khac. Do tin cdy cao.

Céc mach dién tur trong may tinh s€ phat hién sy khac nhau gitra hai trang thai (dong dién
mirc cao, dong dién murc thap) va biéu dién cac trang thai d6 dudi dang mot trong hai s6 nhi
phan 1 hodc 0. Cac don vi co ban cao/thdp, dung/sai, co/khong....duoc goi 1a bit Viéc ché tao
mot mach dién tr tin cdy co thé phan biét dugc sy khac nhau gitra 1 va 0 la tuong ddi dé dang
va ré tién, cho nén may tinh c6 kha ndng xir 1y nd1 bd cac thong tin nhi phan mot cach rat chinh
xéc, theo tiéu chuén, né mac it hon mot 15i ndi bod trong 100 ti thao tac xur 1y.

Nhuge diém cua hé 1a biéu dién dai, mat nhiéu thoi gian viét va doc.

Cac may tinh dién tr déu dung hé dém co s6 hai dé luu trit va biéu dién thong tin.

Mot nhém gém 4 bit céc sb nhi phan dugc goi 1a mdt nibble 777 du: 1011

Mot nhom gém 8 bit dugc goi la mét byte 7717 du: 10111101

Mot nhom gdm 16 bit duge goi 1a mot tir (word) 77/ di: 1011111000111100

Mot nhom gdm 32 bit duoc goi 1a mot tir kép (double word)

Thi du:10111110001111001011111000111100
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Nibble [T T 1]
Byte HEEEEEN

Word HEEEEEEEEEEEEN

Double Word HEEEEEEEEEEEEEEEEEEEEEEEEEEn
Hinh 2.1. Cac don vi do do dai cua hé nhi phan dan xudt tir bit

Chir s6 dau tién bén trai con sb cta hé nhi phan dugc goi 1a bit c6 nghia 16n nhét (MSB

Most significant bir), bit tin cting bén phai con sd ctia hé nhi phan dugc goi 1a bit ¢6 nghia bé
nhét (LSB Least significant bif)

Vi du mot s6 A ¢6 4 chit s6 a; duge biéu dién trong hé dém c6 co sb 1a B:

A(B) = azaza;ag

MB&i chit sb a, co thé c6 gia tri gitra 0 va (B-1). Ngoai ra chir ) a,co trong luong B;. Gia
tri ctia A 1a tong céc tich cia mdi chit s& a,vai trong lugng ciia no.

Mot cach tong quat ta c6 thé viét:

A= a B "'+a, B +..+a,B +a B +a,B7 +..

Thi du:

S6 7550,51 trong hé dém 10 :

7550,51 =7.10° +5.10> + 5.10' + 0. 10° + 5.10 "'+ 1.107

S6 101101,01 trong hé dém nhi phan:

101101,01 = 1.2°+0+1.2°+1.2°+0+12% 0+ 127 = 4525

S6 7550 trong hé 8:

7550= 7.8’ +5.8°+58'+0 = 3944

CAFE trong hé dém 16 :

12.16° + 10.16” + 15.16 + 14 = 51966

Nho cac hé thong dém ta c6 thé biéu dién mot con sd bat ky theo cac hé thong cac chir sd
khac nhau.

Ta c6 bang twong dwong giita cac hé dém (Bang 2.1):

Badng 2.1: Tuong duwong gitta cac hé dem

Hé dém 10
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 5 5
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6 0110 6 6
7 0111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10

Ta c6 thé chuyén d6i twong duong gitra cac hé dém:

a/Chuyén tiv hé dém 8 sang hé dém 2

Muén chuyén mot sb tir hé dém 8 sang h¢ dém 2 ta chi viée thay ddi mdi chir s6 theo hé
dém 8 bang mot sb twong duong theo hé dém 2 véi 3 cot sb:

(650,3)s = (110 101 000, 011),

b/Chuyén tiv hé dém 16 sang hé dém 2

Mubn chuyén mot sb tir hé dém 16 sang hé dém 2 ta chi viéc thay mdi chit sb theo hé dém
16 bang mot sb trong duong theo hé dém 2 véi 4 cot sb.

(B7A,D5);¢ = (1011 0111 1010, 1101 0101),

¢/Chuyén tiv hé dém 2 sang hé dém 8 hodc 16

Mubn chuyén mot s tir hé dém 2 sang hé dém 8 hodc 16 ta chia s6 nhi phan thanh ting
nhom 3 cot sb (hodc 4 cot s6), lay tir diu phay sang trai va sang phai. Cac nhom cudi cing bén
trai va bén phai néu chua du 3 (hoic 4) cot sb thi bo sung thém bang cac con s6 0. Thay mdi
nhom 3 cot sd (hay 4 cot ) bﬁng mot chit sb theo hé 8 (hay 16).

(1011101110,1011), = 010 111 001 101, 101 100 = (2715,54 )

(1101111011,101011),=0110 1111 0111, 1010 1100 = ( 6F7,AC )¢

d/Chuyén tir hé dém 10 sang hé dém 2
Mudn chuyén mot s6 tir hé dém 10 sang hé dém 2, ta chia lién tiép s6 d6 va thuong sb
nhan duoc cho 2, cho dén khi thuong s6 nhan duogc bé hon 2 (1 hoac 0). Thuong sb cudi cung
1a chit sb bac cao nhét ciia hé dém 2, cac chit sé con lai 1a sb du cta cac 1an chia trude nhung
theo chiéu nguoc lai..
97 : 2 = 48 du 1
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48 : 2 = 24 du O
24:2 = 12 du O
12:2 = 6 du 0
6 :2 =3 du 0

3 :2 =1 du 1
Vay : (97)1 = (1100001),

e/Chuyén tir hé dém 2 sang hé dém 10
(1101,11),=1.2°+1.2%+ 0+ 1.2°+ 1.2 +1. 2% = (13,75)10

f/Chuyén tir hé dém 16 sang hé dém 10
(B26E )14 = 11.16° +2.16* + 6.16 '+ 14 = (45678 )10

g/Chuyén doi gitra hai hé dém bat ky

Gia st ta can chuyén chit s6 x tir hé dém co sd B sang hé dém co sb C, trén co sd thuc
hién cac phép tinh can thiét theo hé dém co s6 C:

Trudc hét, ta biéu dién x dudi dang:

— n-1 n-2 o -1 -2
Xx= a, ,B" +a, ,B""+..+a,B°+a_ B +a_,B +..

Sau d6 biéu dién B va cac %theo hé dém co s6 C ddng thoi thuc hién cac phép tinh can
thiét theo hé dém co s6 C dé tinh tong .

Thi du:

Chuyén sang hé dém 10 cac sb sau :

x= (3A7,0)16=3.16+10.16' + 7.16° + 12.16™ = (935,75)19

x= (1101), =12°+12°+0+1 =(13);0

Néu mudn chuyén mot sd x tir hé dém B sang hé dém co sb C, trén co s¢ thuc hién cac
phép tinh can thiét theo hé dém co s6 B thi ta phai phan biét hai trudng hop: x 1a s nguyén va
x 12 s6 phan:

1/ Khi x 1a s6 nguyén ta chia lién tiép s6 x va thuong s6 nhan dugc cho co s6 C dén khi
thuong sd nhan dugc bé hon C. Thuong s cudi cung chinh 1a chit sb bac cao nhat cua x biéu
dién theo hé dém C, con céac chit s6 tiép theo s& 13 cac sd du ctia phép chia trude d6 nhung theo
chiéu nguoc lai.

Thidul: Chuyén s6 57 hé 10 sang hé nhi phan

57:2 =28 dul
28:2 =14 du O
14:2=7 du0
7 :2=3 dul
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3 :2=1 dul
Vay: (57)10 = (111001),
Thi du 2: Chuyén s6 3287 hé 10 sang hé 8:
3287:8 =410 du 7
410: 8 =51 du 2
51:8 =6 du 3
Vay: (3287)10 = (6327)g
Thi du 3: Chuyén s6 51966 hé 10 sang hé 16:
51966: 16 =3247 du 14
3247:16 =202 du 15
202:16 =12 du 10
Vay: (51966),p = (CAFE)
2/ Khi x 14 s6 phan ta nhan lién tiép x va tich s6 nhan dugc sau mdi phép nhan véi co sb
C. Céc phan nguyén nhan dugc sau mdi phép nhan cho ta tuan tu sb biéu dién sé phan x theo
hé dém C. Néu tich sb 16n hon 1 thi l4y tich sd trir di 1trude khi nhan. Néu tich s6 nho hon 1 ta
nhan binh thudng. Qua trinh s& chdm dit khi hiéu sé bang 0 hodc da dat dugc s6 1é theo yéu
cau .
Thi du 1: Chuyén s6 0,03125 thap phan sang nhi phan:
0,03125 x 2 =0,06250
0,06250 x 2 =0,125
0,125 x 2=0,25
0,25 x 2=0,50
0,50 x2=1
Vay: (0,03125);0= (0,00001),
Thi du 2: Chuyén s 0,8125 thap phan sang nhi phan:
0.8125x2=1,625

0,625 x2=125
025 x2=0,50
05 x2=1

Vay: (0,8125),0= (0,1101),
Thi du 3: Chuyén s6 0,625 thap phan sang thap luc phan:
0,625x16=10
Vay: (0,625)10= (A)is
2.3. CAC MA NHI PHAN DAC BIET
Trong hé thong s, ngoai cac sé nhi phan tu nhién, ta con sir dung ma nhi phan dic biét,
maé nay ciing sir dung hai con s6 1 va 0.
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M3 nhj phan BCD khong phai 1a mot hé dém ma 13 mot sy mé hoa cac sd thap phan bang
sd nhi phan. M4 BCD lam cho viéc d6i ra thap phan dé dang va don gian hon.

MBJi chir sé thap phan tir 0 dén 9 dugc biéu dién bang 4 bit nhi phan. Ta goi 1a ma hoa sb
thap phan bang nhi phan.

Trong mi ndy mdi chit s6 ciia mot sb thap phin duoc dién ta bang ma nhi phan tuong
duong, con hang cua chit s6 d6 (hang don vi, hang chuc, hang trim v.v...) van dtng & vi tri
theo hé thap phan. Nhu vay, thuc chat nd van 1a hé dém thap phan nhung cac ky hiéu dé dém 1a
cac tir nhi phéan 4 bit. Nghia 1a n6 vira ¢6 wu diém rd rang ciia hé thap phan vira c6 mat do cao
ctia hé nhi phan, nhd vay ta c6 thé xir Iy bang may tinh sb.

Bit ¢ nghia 16n nhét c6 trong s6 1a 8, bit cd nghia bé nhit ¢ trong sd 13 1 (BCD 8421)
ngoai ra con c¢6 cac ma BCD 4221, BCD5421, BCD7421 it thong dung hon. (Bang 2.2)

Bang 2.2: Bang ma BCD

S6hé 10 | BCD8421 BCD7421 BCD4221 BCD5421
0 0000 0000 0000 0000
1 0001 0001 0001 0001
2 0010 0010 0010 0010
3 0011 0011 0011 0011
4 0100 0100 1000 0100
5 0101 0101 0111 1000
6 0110 0110 1100 1001
7 1111 1000 1101 1010
8 1000 1001 1110 1011
9 1001 1010 1111 1100

Ta dung BCD khi cac thong tin can truc tiép dua vao dau vao va & dau ra cho ta két qua
truc tiép bang sd thap phan. Viée xir Iy thong tin dugc thuc hién bang nhi phan.Véi 4 bit ta c6
16 t6 hop xuat hién. Do d6 ma BCD con thira 6 to hop khong sir dung: 1010, 1011, 1100, 1101,
1110, 1111). Khi 6 t& hop nay xuat hién & két qua ta phai cong thém 6 (0110) vao két qua dé
c6 két qua chinh xac.

Phuong phéap chuyén mét sé thap phan thanh ma BCD

Ta viét cac s6 thap phan thanh nhi phan tuong tng, gitt nguyén vi tri cac hang (don vi,
chuc, trdm, ngan ...)

Thi du: Sb thap phan 3 7 9 2 3 0

Ma BCD 0011 0111 1001 0010 0011 0000
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a/ Chuyén md BCD thanh sé nhi phan
Buée 1: Chuyén ma BCD ra sd thap phan:
Ma BCD: 0001 0000 0011, 0101

S thap phan twong tng: 1 0 3, 5

Burée 2: Chuyén ddi s6 thap phan ra sé nhi phan:

(103,5)10 = (1100111,1),

b/Chuyén sé nhi phéin thanh ma BCD

Ta dbi s6 nhi phan ra s6 thap phan twong Gng, sau d6 mdi chir sé thap phan dugc thay
bang tir nhi phan tuong tng 4 bit.

(1100111,1), = (103,5);p0 = (0001 0000 0011, 0101) pcp

Céc s6 0 dimg trude mdi nhoém 4 bit van c¢6 ¥ nghia va ta khong duoc bo di.

Pay ciing 12 mi nhi phan. Trong bang ma Gray mdi dai luong tiép sau chi lam thay doi
trang thai cua 1 bit (Bang 1.3):
Bang 1.3: Bang ma Gray

S6 thap phan | SO nhi phan | Mi Gray
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101

Nho wu diém trén ma Gray duoc dung nhiéu trong thuc t& nhu truyén dong dién, diéu
chinh téc d6 quay cua dong co, trong cac hé thong do luong. N6 1am cho hé thong c6 do tin cay
cao.

Phwong phdp chuyén mét s6 nhi phan sang ma Gray

Buée 1: Viét sb nhi phan can chuyén.

Bude 2: Lay bit ¢6 nghia 16n nhat ctia s nhi phan chuyén xudng vi tri tin cting bén trai
ctia md Gray. Nhu vay bit bén trai ciia ma Gray ludn ludn 13 bit bén trai cta s nhi phan.

Burée 3 Dich 1ui bit s6 cot cao xudng thap dan. Ghi bit nay trén sb nhi phan tuong tng.

Burde 4: Thuc hién phép cong nhi phan (bd qua nhé néu cé). Két qua phép tinh mang
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xubng dong duéi 1am céc bit cia mi Gray.
Thi du: chuyén s6 nhi phan 1001 thanh ma Gray:
100
+1001
1101 Gray

Phwong phdp chuyén tir ma Gray sang sé nhi phin
Buée 1: Viét ma Gray can chuyén.
Burde 2: Dung bit bén trai cia ma Gray lam bit bén trai cta sé nhi phan.
Burde 3: Pua bit nay 1én trén bit tiép theo.
Buée 4: Thyc hién phép cong (bé qua nhé néu co), két qua ctia phép cong 1a bit tiép theo
ctia s6 nhi phan.
Bude 5: Tiép tuc cho dén bit cudi cung bén phai.
Thi di: Chuyén ma Gray 1000 sang s nhi phén:
111
+1000
1111

M3 dém vong 13 loai m3 ma mdi to hop ma chi chira mot bit 1 cac bit con lai 1a bit 0. Do
d6, viéc ghi ma duoc tién hanh bang cach dich lién tiép bit 1 tir phai qua trai (bang 2.4)
Bing 2.4 Md dém vong

Thap phan Mi dém vong
0 0000000001
1 0000000010
2 0000000100
3 0000001000
4 0000010000
5 0000100000
6 0001000000
7 0010000000
8 0100000000
9 1000000000

M3 ky tu ding dé ghi cac thong tin khong sé nhu chit cai, ddu cac phép tinh, cac ky tir
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Ma ASCII (American Standard Code for Information Interchanger)

M3 trao doi thong tin theo tiéu chuan M. St dung cha yéu trong may tinh c4 nhan (PC)
va trong hé thdng truyén tin.

M3 ASCII 1a mot ma nhi phan 7 bit dugc dung dé ma hoa cac ky tu trong xtr 1y van ban
(cac chir cai, chir sd, cac ky tir dic biét ...). SO ky tu tdi da co6 thé 1én dén 2'= 128. Bang 1.4 1a
bang ma hod cac ky tu cia ma ASCIIL. Trong bang chi c6 95 ky tu, tng vdi cac tor ma
bybgbsbsbsboby tir 0100001dén 1111110 13 ¢6 thé in va hién thi trén man hinh may tinh. Cac tir
ma con lai ding dung mi hoa céc ky tu diéu khién qua trinh truyén thong, do d6 nd khong hién

thi duoc 1én man hinh. Bit th 8 thudng 14 bit kiém tra chin 1¢ khi trao d6i thong tin.

Thi du
T ma Ky tu diéu khién Y nghia Iénh diéu khién

0000111 BEL Chuong

0001001 HT Lap bang hang ngang

0001011 VT Lap bang hang doc

0001010 LF Xubng dong

0100000 SP Gian cach

1111111 DEL Xoa

Bang 2.5: Ma ASCII
bsbgbs
000 |001 |010 |OI1 100 |101 |110 |111

0 0 0 0 NUL | DLE | SP 0 @ P ' p
0 0 0 1 SOH | DC1 |! 1 A Q a q
0 0 1 0 STX | DC2 | 2 B R b r
0 0 1 1 ETX |DC3 |# 3 C S c S
0 1 0 0 EOT |DC4 |$ 4 D T d t
0 1 0 1 ENQ | NAK | % 5 E U e u
0 1 1 0 ACK | SYN [ & 6 F Vv f \%
0 1 1 | BEL | ETB |/ 7 G \\ g u
1 0 0 0 BS CAN | ( 8 H X h X
1 0 0 | HT |EM |) 9 I Y 1 y
1 0 1 0 LF SUB | * : J Z ] z
1 0 1 1 VT |ESC |+ ; K [ k {
1 1 0 0 FF FS , < L \ 1 1
1 1 0 1 CR | GS - = M ] m }
1 1 1 0 SO | RS > N A n ~
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1 1 1 1 SI us |/ ? O 0 DEL

Thi du: Chit A: 1001000, chir a: 1101000

Ma EBCDIC (Extended Binary Code Decimal Interchanger Code) o

Str dung trong may tinh 16n, dugc phat trién boi hang IBM. Ma stir dung 8 bit d€ bicu thi
thong tin. N6 c6 kha ning biéu thi ky tw nhiéu hon ma ASCII nhung khong c6 kiém tra chan 1¢.

2.4. CAC PHEP TiNH SO HQC TRONG HE NHI PHAN

Nhu ta di biét cac hé thong sb chi lam viéc trong ma hé nhi phan. Cac nguyén tic thuc
hién cac phép tinh trong hé nhi phan cling tuong ty nhu trong hé thap phan.

Day 1a phép tinh 1am co s& cho cac phép tinh khac. Hai s6 nhi phan cong v6i nhau ciing
gidng nhu phép cong thap phan.

Mudn cong hai s6 nhi phén, ta viét ching chong 1én nhau, cc bit cing trong luong nim
trén cung mot cot. Cac s6 nhd dugc xem nhu mot bit méi dé cOng vabi bit ciia ¢t co trong
luong cao hon ké bén (tir phai sang trai). Ta c6 quy tic cong:

0+0=20
0+1 =1
1+0 =1

1+1 =0 nho6 1 cho vitri trén
1+1+1 =1 nho6 1 cho vitri trén
Truong hop 5 tng vé1 truong hop khi 2 bit da 1a 1, lai con nhd thém 1 & vi tri dudi dua
1én.

Thi du: 10101 111001,01
+ 10111 + 110110.11
101100 1110000,00

Ta co6 quy tac sau:

0-0=0
1-0=1
1-1=0

0-1=1 nhd 1 cho vi tri phia trén
D4i véi may tinh thi phép trir hai s6 nhi phan A- B duogc thuc hién dudi dang cong A+(-
B). Nhu vay, s6 nhi phan B phai mang dau am. Dé ghi dau - hodc + ciia mot s6 nhi phan, may
tinh dung thém mot bit goi 1a bit dau, dat ¢ vi tri cuc trai ctia s6 nhi phan voi quy tic :
1:- 0:+
Thi du: Mot s6 nhi phan 8 bit thi bit cuc trai thé hién dau, 7 bit con lai thé hién tri tuyét
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d6i ciia s do.
[1]001100 = -52
[0] 110100 = +52
Dé dién ta s6 4m may tinh thuong dung phan bu cip 2. Véi cach nay ta khong dung tri
tuyét di ciia n6 ma ding phan bu cip 2 ciia no.
Dé 14y phan bu cip hai mot s6 nhi phan, ta tién hanh nhu sau:
Burde 1. Lay phan bu cip 1 bang cach ddi cac bit 0 thanh 1 va 1 thanh 0
Bude 2: Cong 1 vao phan bu cap 1 dé c6 phan bu cap 2.
Thi du - Chuyén s6 0110100 sang phan bu cap 2:
Phanbucap 1 : 1001011
Phan bucap 2 : 1001011+ 1= 1001100
Ta xét cac truong hop cu thé sau:
Cong hai s6 duong: [0] 1001 (+9)
+[0]1 0100 (+4)
[0] 1101 (+13)
Cong mot sb duong va mét 6 Am ¢ tri tuyét ddi bé hon :
[0] 1001 (+9)
+ [1]11100 (-4)
[0] 0101 (+5)
Chii y: Ta viét -4 du6i dang phan bu cap 2 cta 4

Cong mot ) duong va mdt sb6 am c6 tri tuyét ddi 16m hon.
[1] 0111 (-9)
+ [0] 0100 (+4)
[1] 1011 (-5}
Vi bit ddu 1 1 nén két qua c6 dang phan bu cip 2. Ta phai chuyén sang tri tuyét dbi.
Cong hai s6 4m : [1] O111 (-9)
[1] 1100 (-4)
[1] 0011 (-13)
Nhu vay, khi két qua c6 bit ddu 1a 1 nd sé& 1a phin bu cip hai cua tri tuyét ddi, ta phai

chuyén sang tri tuyét doi.
Thi du: [1] 0011 (-13) ta tién hanh nhu sau:
Pua phan bu cip hai vé phan bu capl: 0011 — 1 =0010
Chuyén vé tri tuyét doi: 0010 — 1101
Trwong hop ddc biét:
a/ Khi 56 dwong it bit hon so dm:
Khi sé dwong it bit hon s6 4m ta thém s6 0 vao céac bit thiéu, thiéu bao nhiéu bit ta thém
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by nhiéu sb 0.
Thi du: +45
+-70
-25
(+45)10= (0) 101101
(70)10 = (1000110),
Chuyén sang phan bu cip hai: 0111010
Ta co: (-70),0=(1) 0111010
Thyc hién phép cong ta dugc:
(0) 0101101
+ (1) 0111010
(1) 1100111
Bit du 13 1, do d6 két qua khong phai 1a trj tuyét d6i ma 1a phan bu cip hai. Ta chuyén
sang tri tuyét doi:
1100111
- 1
1100110  tri tuyét ddi 1a: 0011001
b/ Khi s6 am it bit hon sé dwong:
Khi s6 am it bit hon s6 duong ta thém sé 1 vao cac bit thiéu, thiéu bao nhiéu bit ta thém
bay nhiéu sb 1.
Thi du: -45
+470
+25
(70)10= (1000110),
(+70)10= (0) 1000110
(+45)10= (0) 101101 Chuyén sang phan bu cap hai: 010011
(-45)10=(1) 010011
Thuyc hién phép cong ta dugc:
(0) 1000110

+(1) 1010011
(0) 0011001

Ciing thuc hién nhu phép nhan thip phan, nghia 13 nhan ting bit cta sd nhan véi cac bit
ctia s6 bi nhan (bét dau tu bit cuc phai co trong lugng nho nhat dén bit cuc trai c6 trong luong
16n nhat). Mdi tich viét mot hang va cling dich trai mot vi tri khi viét tich tha hai. Sau d6 cong
tung cdt co6 cung mdot mot vi tri.
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Ta c6 quy tac sau :

0x0=0
O0x1=0
I1x0=0
I1x1=1
Thidu: 1001
x 1011
1001
1001
1001
1100011

Vay phép nhan nhi phan c6 thé thyc hién bang cach dich va cong

Ciing giong nhu phép chia thap phan
1100011 | 10010
10010 101,1
0011011
10010
010010
10010
00000
Vay phép chia nhi phan c6 thé thuc hién bang cach trir lién tiép
2.5. PHEP CONG BCD
Phép cong BCD phirc tap hon phép cong nhi phan. Do ding 4 bit dé ma hoa nén s& xuat
hién 6 t6 hop thira. Dung 4 bit nhi phan vy s& c6 2* = 16 t6 hop xuét hién, Pé ma hoa ta chi
can dung 10 t6 hop, vi vay s& thira 6 to hop: 1010 (s6 10), 1011 (s6 11), 1100 (s6 12), 1101 (sb
13), 1110 (s6 14) va 1111 (sb 15). Su xuét hién cac t6 hop thira nay trong két qua s& gay ra 16i
du, 1am két qua sai.

Truong hop nay khong bao gid ¢6 cac to hop thira & két qua, vi vay ta thuc hién nhu phép
cong nhi phan.
Thidu: 25 0010 0101
+52 0101 0010
77 0111 0111
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Truong hop nay s& co cac t6 hop thira ¢ két qua, vi vy ta phai thuc hién viéc sta sai.
Viéc sura sai duoc thuc hién béng cach cong thém 6 (0110) vao td hop thtra. No1 nao co to hop
thira xuat hién ta cong ngay vao dé sira sai.

Thi du: 45 0100 0101

+77 +0111 0111

122 1011 1100

Két qua sai, ta stra sai bang cach cong 6 (0110) vao to hop thira

0100 0101
+0111 0111
1011 1100
+0110 0110
0001 0010 0010
Két qua ding.

Mi BCD ciing dung bit 1 1am dau 4m va bit 0 lam dau dwong. Bit ddu ciing dit & tin cing
bén trdi ma BCD.
S am khong duoc biéu dién bang trj tuyét doi ma bang phan bu cdp 10. Mudn tim phan
bu cdp 10 ta tim phan bu cdp 9 sau d6 cong 1 vao .
Thi du: (57)10=(0101 0111)pcp
(+57)10=(0) 0101 0111
Mudn tim -57, ta d6i 57 thanh phan bu cap 10.
Buée 1: Chuyén 57 sang phan bu cap 9: 42 (phan bu cap 9 clia mot s6 1a tong clia nd va
sd d6 bang 9).
Burde 2: Cong thém 1 vao phan bu cip 9 dé c6 phan bu cdp 10: 42 + 1 =43
Vay (-57)10=(1)43 =(1) 0100 0011
Thi du: +75
+-57
+18
57 chuyén sang phan bu cap 10 1a 43
Bai toan nhu sau:

(0) 75 (0)0111 0101
+(1)43 +(1) 0100 0011

(1) 1011 1000
Stra sai: + 0110 0000

(0) 0001 1000



42

Truong hop dac biét:
a/ Khi 56 dwong it cot hon 56 am:
Khi sb duong it cot hon s6 Am ta thém sd 0 vao cac cot thiéu, thiéu bao nhiéu cot ta thém
bay nhiéu sb 0.
Thidu: + 45
+-270
-225
Bai toan tré thanh:
(0)045  (0) 0000 01000101
+(1) 730 +(1)0111 0011 0000
(1)o111 0111 0101
Két qua 14 s6 Am nén khong phai 1a tri tuyét d6i ma 1a phan bu cdp 10. Ta chuyén sang
tri tuyét dbi.
(1) 0111 0111 0101 =-775 chuyén sang tri tuyét dbi ta duogc:
-775 ¢6 tri tuyét ddi: 225
b/ Khi s6 ém it cét hon sé dwong:
Khi s6 am it cot hon s6 duong ta thém s6 9 vao cac cot thiéu, thiéu bao nhiéu cot ta thém
by nhiéu s 9.
Thidu: - 45
+1270
+225
Bai toan tré thanh:
(1)955 (1) 1001 0101 0101
+(0) 270  +(0) 0010 0111 0000
(1) 1011 1100 0101
+ 0110 0110 0000
(0)0010 0010 0101
2.6. CAC HAM PAI SO LOGIC

Theo 1y thuyét tap hop, ta co thé coi dai sb logic 1a tap hop S cac doi tuong A,B,C...
trong d6 xéac dinh hai phép toan cong va nhan logic.
N6 ¢6 cac tinh chét sau:
Déi v6i moi phan tir A,B,C 6 trong S
I/SchtaA+BvaAxB (Tinh dong kin)
2/ A+B=B+A
AxB=BxA (luat giao hoan)
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3/A+(B+C)=(A+B)+C
Ax(BxC)=(AxB)xC (luat két hop)

4/ Ax(B+C)=AxB+AxC

5/ S chtra cac phﬁn tir 1 va 0 sao cho voi moi A thudc S :

A+ 0=A;Ax0=0;Ax1=A;A+1=1

6/ V&i moi phan tir A, S chira mot phan tir A (goi 14 phan bu cia A ciing c6 thé viét 1a
A hoic 1-A ) sao cho :

A+A=1;AxA=0

A+B=AB

AB=A+B (luat De Morgan)

A+AB=A+B
Bdang 2.5: Cac dinh ly cua dai so Boole

S6TT Dinh ly S6TT Dinh ly
1 A+0=A 12 AA+B)=A
2 A.1=A 13 A+AB=A+B
3 A+1=1 14 A(A+B)=AB
4 A.0=0 15 AB+AB=A
5 A+A=A 16 (A+B)YA+B)=A
6 A A=A 17 AB+AC=(A+C)A+B)
7 A+ A= 18 (A+B)(A+C)=AC+AB
8 A A=0 19 AB+AC+BC=AB+AC
9 AB+C)=AB+AC 20 (A+B)A+C)B+C)=(A+B)A+C)
10 A +BC = (A +B)(A+C) 21 ABC. cA+B+C4
1 A+TAB=A 22 A+B1C+.-ABC.

Céc bién s6 Bool c6 thé xir Iy bang cac toan tir logic: KHONG (NO), VA (AND), HOAC
(OR), KHONG HOAC (NOR), KHONG VA (NAND). Ba toan tir NO, AND, OR lam thanh
mot hé théng logic hoan chinh con mdi toan tt NOR, NAND la cac ham phu thudc.

a/Todn tir KHONG NO (phu dinh)

Néu A =1thikhéng A=A =0

Néu A =0thikhéong A=A =1

A va A c6 thé lay gia tri 1 hodc 0. Ta quy dinh 0 12 phan bu cua 1 va nguoc lai.
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b/Todn tiv VA
Con goi 14 toan tir giao: A VA B VA C = ABC = 1 Néu va chi néu A =B = C =1 con cic

truong hop khac déu bang 0. Toan tir VA ¢6 thé viét theo ky hiéu sau: AB, A.B hoic AN B
¢/Todan tir HOAC OR
Con goi 1a toan tir hoi: A HOAC B HOAC C = A+B+C = A U B U C = 0 néu va chi néu

A =B =C =0, cic truong hop khac déu bang 1.
¢/Todn tir KHONG HOAC NOR, KHONG VA NAND, 13 phu dinh cta 2 toan tir trén.
Céc toan tir duoc ky hi¢u nhu sau :

- > > D 2>

NO AND OR NAND NOR

Dé biéu dién mot cach tryc quan cac phép toan trong Pai sb logic ta dung gidn d6 Venn
theo nguyén tic sau:

Tap hop moi trang thai cia mot ménh dé X c6 thé biéu dién bang hinh hoc.

Ta quy dinh khi biéu dién trén mat phang, nhiing tdp hop ma ménh dé X 1a dung (g véi
trang thai 1) 1a dién tich nam trong mot vong tron. Con ngoai vong tron dién ta trang thai X=0,
nghia 1a ménh dé X 1a sai.

Néu chung ta xét 2 ménh dé X va Y trong d6 mién nghiém ding c6 phan chung, thi 2
vong tron dién ta cac tdp hop con X va Y chia mit phang lam 4 ving hodc 4 tdp hop con tuong
mg v&i nghiém dung ctia 4 ménh dé. Trong d6 vung (1) 1a ving chung cta “ X ding” va “Y
dang”.

Tir d6 ta thay:

-Toan tir va 13 toan tir giao, béi vi trong ving (1) “X va Y déu dung”

-Toén tr hoac 1a toan tir hop, boi vi trong vung (1), (2), (3), (4) 1a “vung X hoac Y dung”

AME

a/Khdi nigm vé Maxterm va minterm
Ta c6 ham logic 3 bién nhu sau:
F(A,B,C) = (A+B+C) (A+B+C) (A+B+C)
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Ta thay mdi s hang cta tich sb & vé phai déu c6 chira cac bién ciia ham & dudi dang truc
tiép (thi du A) hoic dang bu (thi du A) dugc goi 1a tich cua cac tong. Mdi tong trong ngoic
duoc goi la mot maxterm.Trong mdt maxterm moi bién chi xuat hién mot 1an (dudi dang bu
hoic dang chuan).

Ta ky hiéu maxterm bang chit M kém theo mét con s6.

Mot ham logic k bién c6 2" maxterm

Thi di: Ham hai bién F(A,B) c6 4 maxterm :

My= A+B M, = A+B M,= A+B M; = A+B

Tuong ty nhu trén, ta c6 khai niém vé& minterm trong d6 chi thay thé phép nhan logic vao
vi tri cac phép cong logic ddi v6i maxterm.

F(A,B,C) = ABC+ABC+ABC

Mot ham 2 bién c6 4 miterm nhu sau:

mg= AB m; = AB m,= AB m; = AB

Céc minterm dugc ky hi¢u béng chir m v&i mot chi sb .

b/Biéu dién ham logic biang hinh hoc - bing Karnaugh

Khi mét ham logic c6 s6 luong bién twong di bé (k < 6) nguoi ta thudng biéu dién ching
dudi dang mot bang goi 1a bang Karnaugh (con goi 1a ma tran Karnaugh). Thuc chat bang
Karnaugh 14 cach viét cai tién cua bang trang thai.

Theo phuong phap ndy, ham logic c6 k bién dugc biéu dién trén mot bang gdm co 2" ¢
vudng. Mdi 6 vudbng tmg v4i mot minterm cta ham can biéu dién.

Mudn biéu dién mot ham bang bang Karnaugh ta tién hanh nhu sau:

Buée 1: Lap bang Karnaugh tuong (mg vé6i sd bién cta ham nhung trong cic 6 vudng
chua ghi gia tri.

Buée 2: Trong cac 6 vudng cua bang Karnaugh, néu tmg v6i mot bo gia tri ctia bién ma
ham c6 gid tri 1 1 thi 6 vudng biéu dién minterm twoug tmg dugc ghi 14 1, nguoc lai ta dé trong

Chui y: thu tg hang va cot theo ma Gray
Thidy I: Ham 2 bién F = AB+AB

¥
BN 0|

Thidy2: Him 3 bién F=ABC+ABC+ABC+ABC
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Trong bang Karnaugh khéng nhitng cac 6 ké can khac nhau chi mot bién ma cac 6 dau
dong va cudi dong, dau cot va cubi cot cling chi khac nhau mot bién. Cac 6 do duoc goilao ké
can. Tinh chat nay dugc goi 1a tinh chét tudn hoan cia bang Karnaugh. Ap dung nhiéu trong
viéc t6i thiéu hoa ham trang thai.

2.6.5. Toi thiéu héa ham trang thdi

Trong thuc té ta can phai lam thé nao do, dé co thé thuc hién dé dang cac so dd mach dién
dung cac phan tir logic. Mot mach dién dung cang it phan tir cang d& thyc hién. Vi vy, ta can
tbi thiéu hoa cac phﬁn tr tao thanh mach béng cach tbi thiéu hoa ham trang thai.

Ta xét vai phuong phap thong dung va twong dbi don gian:

a/Diing tinh chét ciia dai sé logic dé bién doi truc tiép dang gidi tich ciia ham

Khi s bién it nguoi ta thuong dung phuong phap bién doi truc tiép dang giai tich cua
ham, bang cach dung cac tinh chat giai tich cia dai s6 Bool:

Thi du: Cho ham logic 4 bién : F(A,B,C,D)=AB+C+ACD +BCD

Hay: 1/V€& mach logic thyc hién ham trén

2/Tbi thiéu hoa ham trang thai trén

3/V& lai mach logic sau khi d téi thiéu hoa ham trang thai.

Pé v& mach logic trén, ta dung cac toan tir logic : OR , AND , NO (Hinh 2.1)

A AB
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Hinh 2.1: Mach logic chua t6i thiéu
2/Té6i thiéu héa ham trang théi
Dung phuong phap bién dbi truc tiép ta tdi thiéu hoa ham F nhu sau:
F(A,B,C,D)=AB+C+ACD+BCD
Taco: ACD+BCD=C(AD+BD)
Ham F(A,B,C,D) c6 thé viét lai:
F(A,B,C,D)=AB+C+C(AD+BD)
Ma: A+AB=A+B
Nén: C+C(AD+BD)=C+(AD+BD)
F(A,B,C,D)=AB+C+(AD+BD)=AB+C+D(A +B)

Theo dinh luat De Morgan: A+ B=AB

F(A,B,C,D)=AB+C+D(AB) = C+(AB)+(AB)D
Aip dung tinh chdt: A+AB=A+B tacé :
F(A,B,C,D)=C+AB+D

3/Vé lai mach logic sau khi da toi thiéu héa

Ttr ham da rat gon trén ta v€ lai so d6 : (Hinh 2.2)

A

E : ﬁ— }
Fia B

o fi

pel
Hinh 2.2: Mach logic sau khi da téi thiéu
b/ Phwong phap ma tran Karnaugh:
Ta c6 thé t6i thiéu hoa ham logic biéu dién bang bang Karnaugh theo cac budc sau:
Burée 1: Khoanh tron céc 6 ¢6 gi tri 1 khong thé két hop véi bat ky 6 nao khac. O két qua
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ta ghi minterm nay vao.

Bude 2: Xac dinh cac 6 chi két hop véi 1 6 khac mét cach duy nhat. Khoanh tron céc to
hop hai 6 nay lai voi nhau.

Bude 3: Xac dinh cac 6 c¢6 thé két hop voi ba 6 khac mot cach duy nhat. Néu tit ca 4 6 két
hop nhu vay khong bao tram hét cac nhém 2 6 thi ta khoanh tron nhém 4 6 nay lai. Cac 6 ¢
thé gop lai dé tao thanh nhom 4 6 theo nhiéu cach tam thoi bo qua.

Buoe 4 Thyc hién nhu trén voi nhom 8 6

Budée 5: Cac 6 chua duoc khoanh c6 thé két hop voi nhau hodc két hop véi cac 6 da duge
khoanh mot cach tity ¥. Ta két hop thé nao d6 cho s6 nhém 14 it nhat.

Tachuy:

- Cing mot s6 1 ¢6 thé tham gia nhidu nhom (6 két hop 1di c6 thé két hop lai)

- S6 6 & trong mdi nhom cang 16n, két qua thu duoc cang toi gian.

Thi du: Cho ham 4 bién: F(A,B,C,D) =2Xm (0,1,3,5,6,9,11,12,13,15)

Hay cuc tiéu hoa bang bang Karnaugh.

Tién hanh céc budc nhu trén :

* O mg khong thé két hop vai bt cir 6 nao khéc, ta khoanh vung 6 nay lai. Pay 13 6 tdi
gian s& c6 ¢ két qua. (Hinh 2.3a)

* Cac 6 mg va my,chi ¢ thé két hop v&i chi mot 6 khac, ta khoanh cac to hop nay lai tao
thanh nhém 2 6 (Hinh 2.3b). Céc 6 khéac c6 thé két hop dé trd thanh nhom 2 6 theo nhiéu cach
khac nhau tam thoi ta chua dé cap dén.

*C4c 6 my,ms,va m;s c6 thé tham gia vao cac nhom 4 6 theo mdt cach duy nhat, ngoai ra
ta cling thdy rang cac nhom 4 6 két hop nhu vdy khong bao tram hét cac nhém 2 6 nén ta
khoanh vong cdc nhom 4 6 nay lai (Hinh 2.3¢)

* Sau cuing cac 6 da dugc khoanh ving (Hinh 2.3d) . Ta c6 duoc két qua :

F(A,B,C,D)=ABCD+ABC+ABC+CD+BD+AD

Hinh 2.3a: O khéng thé két hop véi bdt cir 6 ndo
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Hinh 2.3d: Céc é di dwoc két hop
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CHUONG 3 CAC CONG LOGIC

3.1.KHAI NIEM CHUNG

Cac dai lugng nhi phan trong thuc té 1a nhirng dai lugng Vat 1y khac nhau (dong dién,
dién ap,ap suit...). Cac dai luong d6 co thé thé hién bang hai trang thai c¢6 1 hodc khong °0’.

Cac cong logic 1a cac phan tr dong vai tro chil yéu dé thuc hién cac chirc ning logic don
gian nhat trong cac so d6 logic nham thyc hién mot ham logic nao d6. Quan hé logic co ban
nhét c6 ba loai: AND, OR, NOT.

Cong logic gdm cac phan tir ¢6 nhiéu dau vao va chi c6 mot dau ra. Pau ra 1a t6 hop cua
cac dau vao.

Tir cac cong logic ta c6 thé két hop lai dé tao ra nhiéu mach logic thuc hién cac ham logic
phuc tap hon.

3.2 CAC CONG LOGIC CO SO:

Cong HOAC c6 2 hoidc nhiéu 16i vao va chi ¢6 mot 10i ra. Loi ra & mirc 1 néu c6 it nhat
mot 161 vao & mure 1 (Loi ra ¢6 tin hiéu khi mot 161 vao c6 tin hi¢u ).Ta c6 bang chan 1y sau:
Vao Ra

Y

A AtE
0 3 —
1 E
1
1

>—‘>—‘OO>
- O = O|W

Ta viét Y = A + B va n6i cong HOAC thuyc hién phép cong logic
Ta c6 thé xem cong HOAC nhu mot mach dién méc song song (Hinh 3.1)

A‘:,..--'?: Peéen
B __—
3 &

Q O
Nguon dién
Hinh 3.1: Cong hodc dimg cdc chuyén mach co khi
Trong mach dién & hinh 3.1, ta théy chi cAn mét chuyén mach A, B hodc C dong, den s€
sdng ngay.
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Céng logic OR thyc hién quan hé: mot sy kién s€ xay ra khi chi can mot diéu kién quyét
dinh su kién d6 dugc dap tng.

Cong VA c¢6 2 hoac nhi€u 161 vao va chi c6 mét 161 ra. Loi ra chi & mirc 1 néu tat ca 161
vao déu ¢ muc 1 (Loi ra co tin hiéu khi tat ¢4 161 vao déu c6 tin hiu).
Ta viét Y = AB va noi cong VA thuc hién phép nhan logic

Vao Ra
A B Y A _: AP
0 0 0 B——mr
0 1 0
1 0 0
1 1 1

Ta c6 thé xem céng AND nhu mot mach dién méc ndi tiép (Hinh 3.2)
Pen
A B C

Ny
ool
Nguon dién
Hinh 3.2: Cong AND diing cdc chuyén mach co khi
Trong mach dién & hinh 3.2 ta thay khi tat ca cac chuyén mach A, B, C déu dong, dén méi

sang dugc.

Céng logic AND thuc hién quan hé: mdt su kién s€ xay ra khi tat ca moi diéu kién quyét
dinh sy kién d6 dugc déap tng.

Con goi 13 cong dao. Cong chi c6 mot 16i vao va mot 16i ra. Cong KHONG thyc hién
phép phii dinh logic. Cong KHONG con goi 14 cong chan.

A Y
0 1
1 0

Vao ‘ Ra

ADGE
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3.3. CAC CONG LOGIC GHEP

Cong KHONG VA 1a cong VA bi phu dinh :

Vao Ra

m o
%

>—A»—a©o>
—_ O = O (W

Y
1
1
1
0

Cong KHONG HOAC 14 cong HOAC bj phu dinh
Vao Ra

o

%&
+
ma}

>—‘>—‘OO>
- O = O (W

Y
1
1
1
0

3.4. CONG KHAC DAU

Céng hodc loai trir con goi Ia céng cong modul 2 hoac la cdng khong nhd, goi tat 1a
EXOR. C6 biéu thirc logic Y=AB+AB hoic A®B
Ta c6 so dd mach nhuhinh 3.3:
A,

NN . S

AR + AR

o — -t

Hinh 3.3: So d6 logic Y=AB+ AB
Bang trang thai cia Y =AB+ AB
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A B|A| B | AB AB | AB+AB
0 0| 1] 1 0 0 0
0 1| 1] 0 1 0 1
1 0| 0] 1 0 1 1
1 1|0 0 0 0 0

So sanh voi cong logic OR, ta thay 3 trang thai dau 1 ctia cong logic OR chi khéc trang
thai thi tu, ta goi 13 cong logic KHONG ddng trj hay 1a HOAC loai trir (Exclusive OR), ¢6 ky
hiéu nhu hinh 3.4.

A
—

:?}'{C'R AE +AF
B
.7

Hinh 3.4: Ky hiéu cong XOR
Déu ra ctia cong XOR bang 1 khi hai dau vao khéac trang thai va bang 0 khi cung trang
thai. Néu nhiéu dau vao thi dau ra s& bang 1 khi s6 bit 1 ¢ dau vao 13 s6 1é va bang 0 khi s bit
1 & dau vao la sd chin

Mot cong logic khac cling thudng duge sir dung d6 13 cong Exclusive NOR (XNOR) con
goi 14 cong dong dau.
C6 biéu thuc logic AB+AB  hoic A®B

Mach logic dé thuc hién ham logic trén (Hinh 3.5)
A —_

A _
=nts
| B

¢ | Y =AE+AB

|Z AB

Hinh 3.5: So dé logic AB+AB
Bang trang thai cua mach trén :

A B|A| B | AB AB| AB+AB
0 0| 1] 1 0 1 1
0 1|1 0 0 0 0
1 ol 0| 1 0 0 0
1 10| O 1 0 1
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Ta thiy bang trang thai trén 1a dao cua bang trang thai XOR, nén goi 1a XOR dao hoic
1a XNOR. Cong XNOR c6 ky hiéu nhu hinh 3.6
A

g ) e

Hinh 3.6: Ky hiéu cong XNOR
Pau ra cua cong XNOR bang 1 khi hai dau vao cung trang thai va bang 0 khi khac
trang thai. Néu nhiéu dau vao thi dau ra s& bang 1 khi s6 bit 0 & dau vao 1a s 1é va bang 0 khi
sO bit 0 & dau vao 13 sb chin. Thi du: bang trang thai ctia mot cong XNOR 3 dau vao:

A B C Y
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

Ta thuong dung cac céng XOR va XNOR trong cac bd so sanh, bg cong...
Trong cac cong trén, hai cong NAND va NOR duogc dung rat linh hoat. Tir hai cong
nay, ta c6 thé tao ra cac cong logic co ban NO, AND, OR.
a/ Diing cdc cong NAND (Hinh 3.7)

Aa—4 — =& = AD.i
s D - v

A_CD._

D._‘f
D—Y

BE—e |

1

A

B:I)—Y
A

| B:D'—Y
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a 4 = g:D_Y

Hinh 3.7: Tao cdc cong logic tir cong NAND
b/ Diing cdc cong NOR (Hinh 3.8)

A——3 = s—P—%
AT I E N )
A =
. .
A
r - D
.
E
A
- A2
o E
E

Hinh 3.8: Tao cdc cong logic tir cong NOR
3.5. CONG LOGIC 3 TRANG THAI TS (THREE STATE)

Cong logic ba trang thai 1a cong logic ma dau ra ¢ thém trang thai thir ba goi 1a trang thai
treo ngoai hai trang thai 1 va 0. Pau ra Y c¢6 thé nam & mot trong ba trang thai sau:

Trang thai murc cao va mirc thip 1 hodc 0. Trang thai thir ba 1a trang thai treo hay con goi
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1a trang thai tong tré cao. Lic d6 dau ra Y tach ra khoi hé thong.

r

Hinh 3.9 m6 ta mach logic 3 trang thai:

A
B
T
B |
E:
C3

[

Hinh 3.9: Mo ta mach logic 3 trang thdi.

Khi K, déng dau ra co trang thai 0, Khi K; K, dong, dau ra co trang thai 1. Khi K; K,
cung tit, mach & trang thai tht 3 tong trd cao. Pau ra Y tach khoi mach (du thyc té nd van noi
v6i mach. CS (Chip Select) ding dé chon chip. CS sé& diéu khién mach ¢ trang thai thi ba. Khi
CS =1 (hoac 0 thi hai khoa déu mo, doc 1ap véi tin hiéu vao A, B.

Cong logic 3 trang thai duoc sir dung khi ta can ghép kénh cac tin hiéu can truyén luan
Iuu trén mot day dan AB (AB con goi 1a bus).

inl e—— out : ot
imle—

in 2 in? e—oI

C C
Hinh 3.10a: Trang thdi treo ¢ mirc thap Hinh 3.10b: Trang thdi treo o mirc cao
Uu diém noi bat ctia cac vi mach logic ba trang thai 1a ta co thé ndi dau ra caa vi mach Ién
cung mot kénh truyén chung. Diéu ndy 1am don gian rat nhiéu cho viéc tao 1ap kénh truyén sb
liéu trong mot hé th6ng logic. Hinh 3.11 cho ta mdt vi du vé viée ndi vi mach logic trén mdt
kénh truyén.

A bus E
ol | out out
i1l g | in 10— in 1e—oI
i e— in 2 e—— in 2 e—/|
s, i’ o

Hinh 3.11: Néi cdc vi mach logic véi mét kénh truyén chung
Néu tin hiéu diéu khién C, C, C ¢6 thtr tu thoi gian ¢ mic cao, thi cac tin hi¢u dir liu &
ba nhém dau vao sau khi da thuc hién quan hé logic s€ dua ra bus luan luu theo thur tu thoi gian
tuong tng. Dé cac cong TS hoat dong binh thudng thi & mot thoi diém bat ky chi cho phép mot
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cong duy nhit ¢ trang thai cong tac. Néu khong s€ xay ra trudong hop mdt lac co dén hai du ra
ctia cong cung thong véi bus, néu hai cong nay c6 dau ra khac trang thai mot & muéc cao, mot
& muc thap s& dwa dén hong cong.

3.6 CAC MACH LOGIC CO BAN

Trong k¥ thuat, cac céng logic dugc thuc hién béng vat chét. Trude khi c6 ky thuat di¢n
tr cac cong logic duoc thuc hién bang mach dién véi cac relay dién tir, cac phuong tién co
khi.Tiép theo 13 cac mach bang cac linh kién dién tir. Nhidu chirc ning logic phtrc tap da duoc
thuc hién theo nhiéu dang khac nhau, mdi dang goi 1a mot ho logic. Mdi ho ¢6 mot tinh chét, vi
viy, tuy cing mot chirc ning logic nhung tham s cac cong hoan toan khac nhau. Ta c6 cac ho
logic co ban sau :

Cong Logic ho nay dugc hinh thanh tir cac diode
Ta c¢6 so d6 nguyén 1y cong AND (Hinh 3.12) va cong OR (Hinh 3.13) ding diode sau:

+Uce
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Hinh 3.12 : So do6 nguyén 1y cong AND Hinh 3.13: So d6 nguyén Iy cong OR

Khi A, B va C déu ¢ murc thap, diode phan cuc thuan nén thong, c6 dong dién chay qua
dién tro tai R, dong dién nay gay sut ap trén dién tro R Dién ap tai ddu ra Y= 0.

Khi c6 mot dau vao & trang thai cao, diode trong ing bi phan cuc ngugc nén tit nhung do
diode kia van ¢ trang thai thong nén ngd ra van & muc 0.

Khi ca ba dau vao déu & muc cao, ca ba diode déu bi phan cuc ngugc nén tét, khong cé
dong dién chay qua diode do do6 khong gay sut ap trén dién tré R. Dién 4p ngd ra & mic cao Y
= 1. Phan tich tuong tu cho mach OR.

Ho DDL c6 vu diém 13 don gian, dé ché tao cac cong logic nhiéu dau vao, tan sd cong tac
cao, nhugc diém 13 hé sd ghép tai nho, chéng nhidu kém.

Hinh 3.14 13 so @6 nguyén 1y mach NAND ho DTL .

+
-
[ R
o
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Hinh 3.14: So d6 nguyén Iy mach logic NAND ho DTL

Khi ca 3 16i vao déu ¢ mirc 0. Ca 3 diode déu dan vi ca 3 déu phan cyc thuan. Dién thé tai
diém P s& thap. D, tit do phan cuc nghich. Transistor Q khong dugc dinh thién nén tit. Dong
cuc thu [.=0. Dién 4p 16i ra & mirc cao. Paura & trang thai 1.

Khi mét 16i vao nao d6 & muc 0. Diode tuong tmg s& dan. Phan tich twong tu dién ap 16i
ra & muc 1. Khi tat ca 16i vao déu ¢ mirc 1. Ca 3 diode déu tit vi ca 3 déu phan cuc nghich,
Dién thé tai diém P xéip xi dién ap nguén D, dugc phan cuc thudn nén thong. Transistor Q duogc
dinh thién, dong I, da 16n s€ lam cho Q bao hoa I.= I U= 0. Dién ap 16i ra & muc thép,
nghia la & tng v6i trang thai 0.

Pé tang kha ning chiu tai cho 16i ra, giam dugc thoi gian cat dong (ting téc do tac dong),
ngudi ta thay D, bang transistor (Hinh 3.15)

R; 1a dién tré dinh thién cho Transistor Q, méc theo kiéu C chung (mach 1ap lai cuc phat)

Khi mot hodc tit ca cac ddu vao déu & trang thai thip (muc 0) thi diode & dau vao s&
thong. Dién é&p tai cuc B ctia Q, thép, Q; khong dugce dinh thién nén dong cyc thu = 0.dduraY

O trang thai cao Y=1. Rs +Uge
R1 RC
Dy
o ¥ (o)
o ¢—o O o
B Do Dy
.—"7“ Q2
C D3
Ry
-Uee

Hinh 3.15: So do nguyén Iy mach logic NAND ho DTL ¢6 tang khd ndng chiu tdi
Khi tit ca céc 16i vao déu & mirc cao (muc 1), ca 3 diode déu phéan cuc nghich. Dong dién
chay tir ngudn cung cip qua R, dinh thién cho Q; 1am cho Q , thong bdo hoa va dau ra & muc 0.

a/ Céng logic NO ho RTL:
Pé thuc hién mach logic khong NO ta ¢6 so 6 sau (Hinh 3.16)

+Uee
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Hinh 3.16 So d6 nguyén ly cong NO ho RTL

Khi & dau vao (cuc B) 1a 0 Tranistor khong hoat dong, dong I. =0 .

Tur cong thire U, = U - R L. taco: U, = U, Pau ra & mic cao (1)

Khi ¢ d4u vao la 1 Tranistor hoat dong, dong I, = [ pa. Uc = 0. DPau ra & muc théip (0)

b/ Cong logic NOR ho RTL:

Cong NOR ho RTL c¢6 so d6 nguyén 1y nhu hinh 3.17.

Néu mot hodc tat ca cac 16i vao & mirc 1. Transistor s& dugc dinh thién. Dong I, du 16n
lam cho Q bao hoa I :=I¢yax, U= 0. Dién &p 16i ra & mirc thép. LdiraY & trang thai 0.

Néu tit ca cac 16i vao déu ¢ mirc 0. T, khong duoc dinh thién. Dong I,= 0, T khong hoat
dong I.=0 dién ap U= U,. Ldira Y ¢ trang thai I .

+Uee
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Hinh 3.17: So do nguyén 1y cong logic NOR ho RTL

Hinh 3.18 13 so d6 nguyén Iy ho TTL thong dung thyc hién cong NAND cé téc do tac
dong twong d6i cham do hang Texas Intrument ché tao.

+Upp
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]
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Q
A ;//\ ! ,j o 2 ¥{out)
_ Ty F‘ﬁ -2



60

Hinh 3.18: So do nguyén 1y mach logic NAND ho RTL

Q, 14 loai Transistor ¢ nhiéu cuc phat (c6 bao nhiéu 16i vao c6 bay nhiéu cuc phat ), cuc
B cua Q,; dugc dinh thién boi Ry, 16i ra 1a cuc C duoc ndi truc tiép vao cuc B cta Q,.Q, co6 tai
vira ¢ cuc thu vira & cuc phat, cuc C cua Q, duoc ndi truc tiép vao cuc B cua Qs, cuc E cia Q,
duoc ndi truc tiép vao cuc B cua Q4. Nhu vay, Q, dinh thién cho Q3 va Q4 hoat dong. Q4 1a
transistor ngo ra. Tin hiu ra léy ¢ cuc thu cua Q4. Transistor Q5 la transistor dém, c6 muc dich
thay thé dién tro tai R, cta Q.

Khi mot hodc tat ca 16i vao déu & trang thai 0, Q, thong. Dién ap & cuc C cia Q, thép,Qz
khong dugc dinh thién, dong cuc thu I, cia no béng 0. U, = U, , Q3 duoc dinh thién nén
thong. Dién ap ¢ cuc E cua Q, thép nén Q4 khong dugc dinh thién Qq tit I, = 0. Dién ap 16i ra
by gio bang dién ap cung cap trir di sut ap trén Rsva trén dién tré R, cta tiép giap EC cua Q;.
R, nay rat bé do Q; dang hoat dong ¢ ché d6 bao hoa.Vi vdy, ngd ra Y & trang thai 1.

Khi tit ca cac 16i vao déu ¢ trang thai 1.Tiép giap EB ctia Q, phan cuc nguoc con tiép
giap BC phan cyuc thuan. Q, lam viéc ¢ ché d6 nghich ddo. Pién ap ngudn theo Ry, cung cip
thién 4p cho Q,. Dong I, du 16n 1am cho Q, bao hoa 1am thong Q4. Dong 1.4 cuc dai do d6 U=
0.Ldira Y & trang thai 0. Lic ndy Qs van tit vi Q; khong duoc cung cap thién ap.

Tat ca cac phuwong phap ché tao trén (RTL , DTL , TTL ... ) ¢6 mét nhuoc diém chung 1a
téc do tac dong khong nhanh. Nhuoc diém nay xuét phat tir chd cac Transistor duge diéu khién
dén ché d6 bio hoa nén 1am ting thoi gian cham tré. Dé khic phuc nhugc diém nay, nguoi ta
ding mot phuong phéap ché tao khac 14 céng nghé ECL.

Hinh 3.19 1a so d6 nguyén Iy mot mach logic 1ap lai cuc phat ECL thyc hién cong logic
OR va NOR
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Hinh 3.19: So d6 nguyén 1) mach logic NOR va OR ho ECL

Khi tat ca 16i vao déu & trang thai 0, tat ca cac Transistor Q1,Q,2 Q3 déu tat, dién ap o
cuc thu cia né Xép xi V.. Céc transistor nay c¢6 cuc C dugc ndi véi 16i ra qua t?mg lap lai cuc
phat (Q ¢) nén ¢ 16i ra Y, cling ¢ trang thai 1. Céac cuc E cua Q |, Q ,, Q53 duoc ndi chung véi
cuc E cua Q 4, khi cac 16i vao & trang thai 0 thi dién ap ¢ cuc E ctua Q 4 cling & muc thép, Q4
thong. Pién 4p ¢ cuc thu cia Q 4 x4p xi khong. Cuc C cia Q 4 qua tang 1ap lai cuc phat (Q s)
nén & 16i ra Y, ciing & trang thai 0.

Néu mot hodc tt ca 161 vao & trang thai, cac transistor tuong Gmg s& thong. Dién ap & cuc
thu cta chiing xap xi 0. Qua tang 1ap lai cuc phat (Q¢) nén 16i ra Y, cling ¢ trang théi 0. Tuong
tu, 16ira Y, & trang thai 1.

Trong cac ho logic trén, ho logic TTL dugc st dung nhiéu nhit do nd c6 nhiéu vu diém:
tdc d6 dong maé cao, dién ap ra di 16m, kha ning chéng nhiéu 16n.

Ho ECL ¢6 uu diém nhu ciia TTL nhung tiéu thu cong suat 16n, muc dién ap ra thay doi
theo nhié¢t 0. ECL dugc dung nhiéu trong SSI va MSI c6 tdc do cao va siéu cao.

3.7. CONG LOGIC CO PAU RA 3 TRANG THAI TS (THREE STATE):

Hinh 3.20 14 so d6 nguyén Iy cong NAND ba trang thai

Paura Y cua céng NAND ba trang théi c6 3 trang thai: cao, thép, treo (trang thai co tro
khang cao).

Phén bén phai dudng dt nét ctia so d6 chinh 1a cdng NAND c6 hai ngd vao A va B. Phan
bén trai ciing 1a mot cong NAND c6 mot ngd vao, ddy chinh 13 ngd vao diéu khién C (ngd vao
diéu khién 3 mirc logic & ngd ra)

Khi dau vao diéu khién C ¢ murc thap (0), T, dua ra tin hiéu & mic cao (1) cho Q s. Mach
NAND bén phai véi hai dau vao A va B thuc hién quan hé logic NAND binh thudng.
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Hinh 3.20: So do nguyén 1y cong NAND 3 trang thdi

Khi dau vao diéu khién C ¢ murc thap (0), Q 4 dua ra tin hiéu & murc cao (1) cho Q s. Mach
NAND bén phai véi hai dau vao A va B thyc hién quan hé logic NAND binh thudng.

Khi dau vao diéu khién C & mirc cao (1), Q 4 dua tin hiéu ¢ mirc thap (0) cho NAND bén
phai, 1am cho Q4 Q7 Q 1o déu ngit, 1am cho dau ra Y c6 trd khang cao (trang thai treo)

3.8.CAC KHOI CONG LOGIC THONG DUNG

Céc mach logic OR, AND, NO, NAND, NOR dugc goi chung 1a céac céng logic.Trong h¢
thdng s6, cac cong d6 duoc sir dung 1ap di lap lai nhidu lan, do d6 ngudi ta san xuat nhing
mach tich hop logic chtra nhidu cong, ma theo thoi quen ta hay goi 14 vi mach logic. D6 1a cac
vi mach chtra mot sb cong logic co ban trong mot vo.

Thong dung nhét 14 loai 14 chéan chia lam 2 hang. Cac vi mach ho TTL dugc gidi thiéu la
ho 7400 va74LS00, loai CMOS thudc ho 4000. Dung phd bién 1a loai SN7410 do My san xuat
gdm 3 cong NAND, mbi cong c6 3 161 vao, mot 16i ra tong cong co 12 chén, hai chin con lai
ding cho ngudn cung cip. Mubn biét thém vé chi tiét cac vi mach Logic, ta tham khao sach sb
lidu (data book) hodc s6 tay huéng dan (handbook).

Céc hinh sau cho ta cu trac bén trong mot vai vi mach logic ho TTL/LS

a/ 7400/74LS00 (Hinh 3.21)

Chtra bon cong NAND. Pay 1a mot trong ngiing khdi cong co sé dé thiét ké cac mach sb
va rat dé sir dung. Ngudn cung cdp U, = +5V

AORHHOE
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Hinh 3.21: Cau tric bén trong ciia vi mach logic 7400/ 74LS00
b/ 7408/74LS08 (Hinh 3.22)
Chtra bén cong AND. Khong théng dung. Ngudn cung cap Ucce = +5V

AORODOE
)
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Hinh 3.22: Cau tric bén trong cia vi mach logic 7400/ 74LS00

a/ 4011: Chta 4 cong NAND. Puogc st dung rit rong rii trong thiét ké mach sd. Chirc
ning tuong tu 7400/74SL00. Ngudn cung cap Ucc = +3V = 15V. Cac chan khong st dung can
phai ndi vao chan 7 (ground) hodc 14 (U,,). (Hinh 3.23)
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Hinh 3.23: Cdu triic bén trong cia vi mach logic 4011
b/ 4049: Chira 6 cong NO. Ngoai cac tmg dung ddo tin hiéu logic va phdi ghép CMOS -
TTL, n6 thudng duoc ding trong cac bd dao dong va phat xung. Ngudn cung cap Ucc = +3V +

15V. (Hinh 3.23) 16 @3 @ @ (2 ) G &)

)
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Hinh 3.23: Cdu triic bén trong ciia vi mach logic 4049
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CHUONG IV TRIGGER

4.1 KHAI NIEM CHUNG:

Qua trinh gia cong va xur Iy s6 liéu trong hé thdng sb doi hoi ta phai nhé tam thoi va nhé
lau dai cac thong tin. Trigger hay con goi 1a mach 1at (Flip-Flop) 12 mét phan ttr nh¢ thong tin
co ban nhat.

Trigger 1a mot phan tir logic c6 2 trang thai on dinh va c6 thé xem nhu 1a mot 6tomat co
ban trong 1y thuyét 6tdmat vi trén co s trigger ta co thé tong hop nhiéu loai 6tdémat khac nhau.

Trigger 14 mot phan tir ¢6 nhiéu dau vao va hai dau ra. Hai dau ra c6 tinh lién hop nghia 1a
dau nay 1a dao cia dau kia va nguoc lai. Ta thuong ky hiéu Q va Q, Q va Qchi co thé ¢o hai
trang thai 1 0 va 1 hay thp (B) va cao (H).

Céc dau vao diéu khién trang thai logic ciia Q va hai dau ra va duoc goi tén tuy theo loai
Trigger. Trang thai cta cac dau ra khong nhimg phu thudc & cac dau vao ma con phu thudce vio
trang thai qua khir ciia n6. Nghia 13 trong mét diéu kién logic nhu nhau cta cac dau vao, dau ra
c6 thé chuyén trang thai hoic khong tuy theo trudce khi c6 kich thich né dang & trang thai ndo.

Vé thong tin, Trigger chi 1am nhiém vu nhé thong tin chir khong 1am bién d6i thong tin.
Madi trigger chi nhd mot bit thong tin. Trang thai cta trigger xac dinh ¢ dau ra cta nd va thuong
chu y & daura Q.

Trigger con goi la mach 14t Flip Flop

Trigger ¢6 ky hiéu tong quéat nhu hinh 4.1

L4i vao chinh 5 —>Q
—
L1 vao phy { ——>| Trigger
—
) —> Q
Loéivaochinh — >

Hinh 4.1: Ky hiéu cua mot Trigger
V& ciu tao chi tiét cac loai Trigger c6 thé khac nhau, nhung mdi Trigger van c6 thé duoc
coi nhur gdm hai phan chinh:
* Phan co ban cua Trigger.
* Phan diéu khién.
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a/Phan co bdn ciia Trigger

Phan co ban ctia mot Trigger gém hai mach dién tir giéng nhau. Mdi mach cé mét hoic
nhiéu dau vao va mot du ra (Hinh 4.2) v6i su quan hé vé mirc d6 dién thé giira dau vao va dau
ra nhu hinh 4.3

U cao

Vao 1 0 RalQ

Vao 2 . Ra2 Q

A d

U thap

U vao

Hinh 4.2: Phan co ban ciia mét Trigger — Hinh 4.3: Quan hé dién dp dau vao va dau ra

Mobi mach nhu trén cé dit tinh ctia ham NOT (hay hiéu tng ctia ham NOT chtr khong
nhét thiét phai 1a mach NOT). N6 duoc ndi voi nhau theo kiéu: dau ra 1 duoc dau vao dau vao
2 va nguoc lai, viéc ndi nhu vay tao thanh vong hoi tiép.

Giéa st dau ra cua mach 1 & trang thai cao (Q =1), nhu vay dau vao ctia mach 2 cling &
trang thai cao, ddu ra ctia mach 2 phai & trang thai thap (O = 0). Trang thai ndy thoa min mot
cach chinh xé4c trang thai dau vao ciia mach 1 1 trang thai thip. Ca hai dau vao déu théa mén,
mach ¢ trang thai 6n dinh (hay con goi 13 trang thai bén vimng). Tuong ty ta thiy trang thai Q =
0 (d4u ra ctia mach 1 ¢ trang thai thap) ciing 1a mot trang thai 6n dinh v6i 0 = 1.

Tom lai, mot Trigger co ban c6 hai trang thai on dinh. Néu ta khong c6 gi thay d6i & mach
thi nd c6 thé & mot trang thai 6n dinh va s& gitr mai nhu thé. Thuc té viéc nay khong c6 loi vi ta
khong biét trudc duge khi cung cap ngudn thi mach dang & trang thai nao (Q = 0 hay Q = 1).

Pé chu dong, ta can kiém soat duoc trang thai cua mach va lam mach thay ddi theo v
mudn, mudn duge nhu vay can phai c6 thém phén diéu khién.

b/ Phén diéu khién

Phan diéu khién Trigger c6 hai loai chinh: Diéu khién truc tiép va dicu khién dong bod
(Hinh 4.4). Cac dau vao diéu khién tryc tiép thuong dugc dua vao tryc tiép hai mach thanh
phﬁn cua Trigger, ching dung dé xac dinh truc tiép trang thai cua Q hoac budc Q phai & mdt
trong hai trang thai 1 hodc 0. Khi mot hodc cac dau vao diéu khién truc tiép dang hoat dong thi
Q khong tuan theo trang thai cua cac ddu vao dong bo. Cac dau vao nay thuong dung dé xac
dinh trudc trang thai ctua Q.

Cac dau vao dong bo diéu khién Trigger co ban qua trung gian ciia mot mach diéu khién
déng b0, dudi sy kiém soat ciia mot xung nhip dugc dua vao theo mdt dau vao riéng. Cac dau
ra Q va Q chiju su diéu khién cua trang thai logic ctia cic dau vao nay khi ¢ xung nhip (vi vy

ma co tén dong bo).
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bau vao diéu khién truc tiép

Déu vao diéu khién e——>
déng bo ® N M‘ach —— Q
diéu
khién
— dong
‘ bo Q
Dau vao xung nhip ¢ > >

!

Pau vao diéu khién tryc tiep

Hinh 4.4: So do khéi ciia mét Trigger
Khi khong cé xung nhip, cac dau vao c6 thé thay doi trang thai ma khong anh huéng dén
Q va Q. Céc dau vao diéu khién déng b thuong co tén khac nhau va day cling chinh 14 tén cia

Trigger. Mach diéu khién déng bd ¢6 thé nhan cac tin hiéu tir Qva Q dua trg vé.

Trigger thuong dugc phan loai theo dic tinh cua céc dau vao. Nhitng dédc tinh nay duogc
ghi trong bang chan 1y, hay bang mirc d6 dién thé (thp - cao), cho thiy cac trang thai khac
nhau cta Q theo cac trang thai dau vao.

Ta c6 cac loai Trigger nhu hinh 4.5.

F Trigger —J/

Khéng dong bo péng bd
Chd ts MS Logi thudng
RSFF DFF TFF JKFF

Hinh 4.5: Phan logi Triger
Trigger duoc chia 1am hai loai 13 dong b va khéng
dong bo.
Trigger dugc phan thanh RSFF, JKFF, TFF, DFF. Céc loai nay khi
hoat dong déng bo lai dugc chia thanh loai chu va t& (Master - Slave).
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C6 nhiéu loai trigger khac nhau, trong gido trinh nay ta dé cap dén mot sd trigger thong
dung.
4.3. TRIGGER RS (RSFF SET - RESET FLIP FLOP)

a/ Ky hi¢u

Hinh 4.6: Ky hiéu RSFF diéu khién tryec tiép

Trigger RS 1a loai 6tomat c6 hai trang thai, C6 hai dau vao md (set) va dong (reset), hai
dau ra bu trir cho nhau Q va Q. Ngoai ra SRFF ciing c6 mot dau vao déng b6 C (dau vao chuan
hoa theo thoi gian) dé dong bo cac hoat dong giita cac dau vao va dau ra ciing nhu dong bo
toan hé théng. RSFF ¢6 ky hiéu nhu hinh 4.6

b/ So dé logic:

RSFF duoc cau tao g@)m hai céng NAND (hinh 4.7), hoac NOR, trong do 16i ra cua céng
thir nhat dugc ndi Véogléi vao ciia cong thir hai va nguoc lai. Hai 16i vao con lai cia hai cong

Q

. @ T e

duoc dé tréng

A

: -

Hinh 4.7: So dé logic ciia RSFF
Trong ho TTL néu dé lo limg mot 16i vao nao d6 thi 16i vao d6 dwong nhién ¢ muc 1.

Mubn cho 16i vao nao d6 & mirc 0 ta ndi n6 véi dat.

Gia st ta ndi S véi dit, ta co:

* Cong N ¢6 mot 16i vao & muc 0 (dau vao S), 16irasé1a 1. Taco Q= 1.

* Cong N, ¢6 ca hai 16i vao déu ¢ mirc 1 vay 16ira 6 mirc 0. Taco Q =0

Taco:Q=1, Q=0 4.1)

Ngoai ra 16i ra Q lai dua nguoc trd lai dau vao cua N;. Cong N, c6 mot 161 vao bang 0 nén
16i ra ludn ludn bang 1. Q = 1 ngay ca khi S khong con ndi dat nira.



68

Tuong tu, néu R ndi dat thiQ=0, Q=1  (4.2)

Céc trang thai (4.1) va (4.2) van giir nguyén du ta khong con ndi dat S va R (nghia 13 khi
mot xung tao nén mot trang thai thi trang thai d6 van duy tri 6n dinh sau khi xung da hét va d6
la dac tinh cua nhd).

RSFF c¢6 khuyét diém 1a diéu khién tryc tiép. Khi mudn cho cac trang thai cua trigger thay
d6i dong bd véi cac xung nhip, ta ding loai RSFF diéu khién dong bo.

a/ Ky hiéu

RSFF diéu khién dong bd c6 ky hiéu nhu hinh 4.8. Ck 13 noi nhin xung dong b, day 1a
mot chudi xung vudng, rat déu nén con goi 1a xung ddng hd (clock pulse), dung dé dong bd
hoat dong cua cac Trigger.

—PCkr
—R o

Hinh 4.8: Ky hiéu RSFF dong bé.
b/ So do logic:
Dé co6 thé diéu khién dong bo, ta dua thém hai cong N3 va N,. Xung nhip Cx duoc dua
ddng thoi vao N3va Ny (Hinh 4.9)

e Ol

Hinh 4.9: So dé logic ciia RSFF dwoc diéu khién béi xung nhip Cy
Tir so d0 nguyén 1y trén va tir tinh chét cua cong NAND ta co:
Khi xung nhip Cy = 0 (khéng c6é xung nhip dén):
L6i ra ciia N3 va Ny ludn ludn & mire 1, bat ky R,S c6 gia tri nao.
Néu Q = 1 thi no giir nguyén la 1
Néu Q = 0 thi n6 giir nguyén 13 0
Nghia 14 trigger khong thay d6i trang thai khi khong c6 xung nhip dén.
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Khi xung nhip Cy =1 ( ¢6 xung nhip dén ):

S =0, R =0: Cac 16i ra ciia Ny va N, déu 1a 1. Ly luan tuvong tu nhu trén ta thiy cdc trang
thai ctia cc triger van khong ddi. Nghia 1a:

Qn = Qui KhiS=R=0

S=0,R=1:LdiracuaN;lallbiracuaNy1a 0 vi vay 16i ra cia N, 1a 0 (Q = 0) con 16i
ra cia N, 14 1 (Q=1). RSFF chuyén dén trang thai tit.

Nghiala: Q=0va Q=1 KhiS=0,R=1

S=1,R=0:LdiracuaN;1a0,18ira cia Ny 1a 1 vi vay 16i ra caa Ny 1a 1 (Q =1) con 16i
ra ciia N, 13 0 (Q= 0). RSFF chuyén dén trang thai mo.

Nghiala: Q=1va Q=0 KhiS=1,R=0

S =1, R =1: Ldi ra ciia N5 12 0, 16i ra ctia N, ciing 14 0 vi vay 16i ra cia Ny 1a 1 (Q =1) va
16i ra ctia N, ciing 1a 1 (Q=1). Piéu nay khong phu hop vé mat logic vi hai 16i ra Q va Q phai
nguoc trang thai nhau. Ty theo 16i vao nao ting tir 0 1én 1 nhanh hon va tuy theo tinh chat
khong d6i xtg clia mach ma ta c6 mot trong hai trang thai sau:

Hoicla Q=1,Q=0

Hoicla Q=0, Q=1

Nghia 1a khi S = R = 1 thi RSFF dan dén trang thai khong rd rang, can phai tranh. Cap
SR = (11) bi cam, khéng sir dung.

Ta c6 bang trang thai ctia RSFF nhu bang 4.1 :

Bdng 4.1: Bang trang thai cua Trigger RS

S R Qn+1 Trang thai tiép theo

0 0 Q. RSFF giit nguyén trang thai cli
1 0 1 RSFF chuyén dén trang thai mo
0 1 0 RSFF chuyén dén trang thai tat
1 1 ? RSFF lap 10, khong xac dinh

Béng trang thai ddy du ciia RSFF dugc trinh bay ¢ bang 4.2:
Bing 4.2: Bang trang thdi day di ciia RSFF

Q| R | S | Quy
010 0 0
010 1 1
0|1 0 0
0 |1 1 X
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1 10 0 1
1 10 1 1
1 1 0 0
1 1 1 X

Ta t6i thiéu hoa ham trang thai bang bang Karnaugh ctia RSFF

@NRS o0 01 11 10
010 [1 0
1 1 1 0
Tu bang Karnaugh ta dugc:
Q,.. =R SQ, +RSQ, +RSQ, +RSQ,
Qi = EQn +RS
Qn+1 = EQn +S

bay chinh l1a phuong trinh dac trung ciia RSFF

4.4. TRIGGER JK (JUMP KEEP FLIP FLOP)

Pé khic phuc truong hop S = R = 1 ctia Trigger RS nguoi ta ché tao loai JKFF, JKFFla
loai Trigger van ning c6 nhiéu tmg dung nhat trong dién tir sd. JKFF ¢6 ky hiéu nhu hinh 4.10

Hinh 4.10: Ky hiéu cua JKFF
Ngoai cac dau vao nhu RSFF, JKFF con ¢6 thém hai dau vao dic biét
e Pr( Preset) : Bat trudc trang thai 1 cho JKFF
e Cl(Clear): X6a cho daura Q ciia JKFF vé 0

JKFF ¢6 so dd logic nhu hinh 4.11
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Pr
J Q
‘ N3 e M
Ck
L . . ]

cH

N2

Cl e
Hinh 4.11: So do logic ciia JKFF dwoc diéu khién boi xung nhip Cy
So d6 nguyén 1y ciia JKFF phuc tap hon RSFF, nhung chung ¢ wu diém 1a khi ca hai dau
vao déu co tin hiéu (J =K = 1) thi trang thai tiép theo 1a nghich dao cta trang thai cil.
Bdng 4.3: Bang trang thdi cua Trigger JK

J K Qn1 Trang thai tiép theo

0 0 Qn JKFF gilt nguyén trang thai cti
1 0 1 JKFF chuyén dén trang thai mé
0 1 0 JKFF chuyén dén trang thai tat
1 1 Q, Nghich dao trang thai ci

Nhu thé 3 trang thai dau cta JKFFgiéng nhu SRFF nhung trang thai the tu (trang thai
khong 10 rang cuia RSFF ) s€ la:

Khi J=1, K=1 thi Q. = Gn . Nghia la v61 mot tuan tu xung nhip vao thi dau ra sé chuyén
lan luoc (1,0,1,0...).Khai niém luan phién nhau cac trang thai d6i 14p duoc goi 1a sy bap bénh
(basculement) va c6 khi con goi 1a dong mé (on-of¥).

Bang cach chung minh twong tw nhu RSFF, ta ¢6 phuong trinh dic trung cia JKFF:

Q.. =JQ+1Q

a/Diu vao chinh truwée (preset): Chinh truéc mot Trigger nghia 1a 1am cho trang thai
ctia dau ra Q = 1 khi khong c6 xung nhip dén.
Khi P, = 0 (ndi Pr xubng dat); C,= 1; Cy = 0 thi Triger dugc dit trudc trang thai 1 (Q = 1)
b/Pdu vao xéa (clear): X6a mot Triger nghia 14 1am cho trang thai ciia dau ra Q = 0 khi
khong c6 xung nhip dén.
Khi C;=0; P,=1; C,= 0 thi Triger c6 trang thai 0.
Chu ¥ rang cac 16i vao C;va P, 1a nhiing 16i vao khong dding bo, nghia 1a né khong can
ddng bo vai cac xung nhip, cac xung nhip c6 thé duoc dua vao bat ky lac nao sau khi trang thai
cta Triger dd duoc dat trudéc mot cach khong déng bd (nhd cac 161 vao P, va C)). Céc 161 vao
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khong déng bo nay phai dugc dua vé céc trang thai P.= 1, C, = 1 trudc khi cac xung nhip dén
dé cho Triger c6 thé lam viéc voi cac xung nhip nay.

Bang 4.3 cho ta cac diéu kién can thiét cho phép Triger 1am viéc dong bd véi cac xung
nhip (dong 1) va dé x6a (dong 2) hodc dit trude (dong 3).

Bdng 4.3: Piéu kién hoat dong cua Cl va Pr

C C P, Q
Cho phép 1 1 1
Xoa 0 0 1
Dat trudc 0 1 0 1
4.5.TRIGGER D (DELAY FLIP FLOP)

Trigger D 1a loai FF chi c6 mot dau vao diéu khién. duoc dung nhiéu trong viéc luu trir
trong cac mach s6. Co ky hi€u nhu hinh 4.12a,b

D o+—— —D Qr—
— Dk
a— —1 o
Hinh 4.12a: DFF dong bo Hinh 4.12b: DFF khong dong bo

N6 ¢6 phuong trinh dac trung 1a: Q,.=D (4.1)
Béng trang thai:

D Qn+1

0 0

1 1

D=0thi Qu =0 D=1thi Qu =1

Nhu vay, véi Trigger D thi trang thai ¢ 16i ra sau khi c¢6 xung nhip dén gidng trang thai ¢
16i vao trude khi c6 xung nhip dén. Nghia 1a tin hiéu dau ra bi tré so voi tin hiéu ddu vao mot
khoang thoi gian nao do. Trigger D dugc sir dung lam don vi tré, hodc goi la mach chdt.

DFF ¢6 so d nguyén 1y nhu hinh 4.13

T o—g«

Cy o—

1C

Hinh 4.13: So d6 logic ciia DFF dwoc diéu khién béi xung nhip Cy
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4.5.3.Tao DFF tiwr JKFF:
Ta c6 thé dung JKFF dé tao ra mot DFF:
Phuong trinh ddc trung cua JKFF:
Q1 =1JQ, +1Q, (4.2)
Chuyén 4.1 sang dang 4.2:
Qw1 =D =D (Q,+Q,)=DQ,+DQ, (4.3)
So sanh 4.3 va 4.1 ta co:
D=1]
K=D
Tir d6 ta c6 so dd cia DFF dugc thiét ké tir JKEF nhu hinh 4.14

Hinh 4.14: Tao DFF tir JKFF

Néu ta thém vao JKFF mot mach dao nhu hinh v&. Sao cho K 1a nghich ddo cua J thi ta c6
Triger D :

4.6.TRIGGER T (TOGGLE)

4.6.1. Ky hiéu:

Trigger T ¢6 2 dau ra Q va Q,, mot dau vao T. TFF c¢6 chirc ning duy tri va chuyén doi

trang thai tuy thudc tin hiéu dau vao T. Co ky hi¢u nhu hinh 4.15

Hinh 4.15: Ky hiéu TFF
N6 c6 phuong trinh dac trung ctuia TFF la:
Qo = Tan +TQn (4.4)
Khi T = 0 thi Q41 = Q, (gilt nguyén trang thai cii)
Khi T =1 thi Q,+; = Q, (nghich dao trang thai cil)
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Béng trang thai:
T Q. Quer
0 0 0
0 1 1
1 0 1
1 1 0
Nghia la:
Ty O
I Q
0 Qn

Tir bang trang théi ta thdy Trigger T thay doi trang thai mdi khi c6 xung nhip dén. Nhu
vay v6i kich thich lién tuc & dau vao thi ddu ra ciing thay ddi trang thai lién tuc.

Phuong trinh dac trung cua JKFF:

ntl — JGH +an (4.2)
So sanh 4.2 va 4.4 ta co:
J=T
K=T

Tu d6 ta co so dd cua TFF duoc thiét ké tir JKEF nhu hinh 4.16

Hinh 4.16: Tao TFF tw JKFF
Tir hinh 4.16 ta thay JKFF c6 thé bién dbi thanh TFF bang cach cho J = K = 1. Nghia la ta

nbi 2 dau J va K lai 1am mot va goi 1a dau vao T.
4.7: TRIGGER CHU - TO (MASTER - SLAVE)

Trigger ch - t& 13 Trigger c6 hai phan 13 hai Trigger, c6 hai khéi diéu khién riéng nhung
lai c6 quan hé v&i nhau. Mot Trigger dugce goi 1a chu (master), mot Trigger 1a té (slaver) (Hinh

4.17)




Hinh 4.17: So d6 khéi mot Trigger MS
Trigger chu thuc hién chirc nang logic co ban cua hé
Trigger t& nh¢ trang thai cua h¢ sau khi thuc hién xong viéc ghi thong tin. Dau ra cta hé
12 dau ra cua Trigger t6. Mdi trigger dugc didu khién bing mot xung nhip khac trang thai,
nghia 1a néu Cy chii = 0 thi C, t6 bang 1.

Du6i sy diéu khién cua xung nhip, viéc ghi thong tin vao trigger MS duoc thuc hién qua
4 budc sau:
Cach ly chu té.
Ghi thong tin vao chu
Cach ly giita dau vao va chu
Chuyén thong tin tir trigger chi1 sang trigger td.
Xung nhip dugc dua vao trigger chu Cyy = 1 nén thong tin dugc dua vao trigger chu.
Dau vao dong bo cua trigger té do tac dong cua cong dao nén khong nhan xung dong bd Cyg =
0, trigger chii va trigger t& bi cach ly. Sau khi két thiic xung dong bd Cqy = 0 1am cach ly gitra
dau vao va trigger chu. Do tic dong ciia cong dao Cys = 1, trigger té mod chuyén thong tin tir
trigger chil sang trigger t§. D¢ tranh loan nhip, qua trinh ghi théng tin can phai duy tri xung
nhip mdt cach chinh xac.

RSFF c¢6 so db logic nhu hinh 4.18

Master Slaver

P!
g v
1
E
'@

kS

10

Hinh 4.18: So d6 logic cia Trigger RSFF chii té
RSFF chu té gdm hai trigger mic nbi tiép sir dung chung mét xung nhip, nhung trudc
khi dua vao trigger t6 xung nhip phai qua céng dao, nho vdy xung nhip cung cap cho hai
trigger luon luén nguoc du nhau.
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Khi chwa co6 xung nhip Cyy = 0: Trigger chu ngét, trigger t& c6 Cys = 1 nén hoat dong,
nhan thong tin tir trigger chu, cach ly t& véi dau vao.
Khi ¢é xung nhip Cyy, = 1: Trigger cht nhan thong tin vao, Cys = 0 trigger t& bi ngat,
daura Q va Q duy tri trang théi cil.
Q"' =S+RQ;,
RS=0
Khi Cyy dot bién xuéng 0, trigger chu ngét, Cis lén 1, trigger t& tiép nhan thong tin da
dugc trigger cha ghi nhé trude dé, trigger t& chuyén trang thai.
Q"' =S+RQ

RS=0
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CHUONG 5 CAC HE LOGIC TO HQP

5.1. KHAI NIEM

Trong cac thiét bi sd, su gia cong va bién d6i thong tin dugc thyc hién nho cac hé théng
mach logic t6 hop (combinational logic) ma mét sé chirc ning chinh cta chung nhu sau:

Trong cac khau bién doi thong tin, cac hé logic t6 hop c6 thé thuc hién chic ning chuyén
d6i tir ma s nay sang ma s6 khac hodc chuyén doi ma tir dang song song sang dang nbi tiép va
nguoc lai...

Trong cac khau gia cong thong tin, cac hé logic to hop co thé thuc hién nhiéu chic ning
khac nhau nhu giai ma, chon kénh, phan kénh, hodc thuc hién cac phép tinh s6 hoc trén co s&
cac ma s6 khac nhau...

Trong thuc té k¥ thuét, cac hé logic to hop thudng duogc st dung phdi hop véi cac thiét bi
s6 khac, hodc cac thiét bi twong ty dé tao ra cac thiét bi hé lai nhiéu chirc ning. Cac hé logic to
hop chi str dung chi yéu cac cong logic. Trong khau bién ddi thong tin, cac hé logic t6 hop c6
thé chuyén dbi tir ma hé nay sang ma sd hé khac.

N6 ¢6 so d6 khéi tong quat nhu hinh 5.1

X %YO
X1 Hé logle —— Y,
Xz tShop [T > Yz

Xn Yo

Hinh 5.1: So do khoi tong qudat hé logic té hop

Heé logic t6 hop c6 n 16i vao m 16i ra. Mdi 16i ra 1a mot ham cua cac bién dau vao theo

phuong trinh téng quat: Yo =11 (Xo, X1,...5 Xp)
Y1 =1 (Xo, X15..-5 Xp)
Y, =15 (Xg, X15..+5 Xp)

Nhu vay, ham ra cta hé logic t6 hop chi phu thudc cac bién dau vao ma khong phu thudc
vao céc trang thai trude do cua he, nghia 1a trang thai dau ra duoc thiét 1ap ngay sau khi co tac
dong & dau vao.

Hé logic t6 hop dugc st dung nhiéu trong hé théng s6. N6 s& thuc hién nhitng nhiém vu
ma két qua dau ra chi 1a t6 hop cla cac trang thai dau vao, nhu 1ap ma, giai ma, chuyén d6i
ma...Trong chuong nay ta phan tich va nghién ctru hoat dong cta cac ing dung do.
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5.2. MA HOA

Dé xur 1y, ché bién cac thong tin trong hé thdng s, ta chi co dugc cac bit 1 va 0. Diéu nay
lam cho chiing ta gap nhiéu khé khan khi doc va hiéu mot chudi dai va rat dai cac con s6 1,0
d6. Vi vay, thong tin dua dén tir cac dung cu bién doi (Ban phim, chudt ...) phai duoc mi hoéa.
Sau khi may xu 1y xong ta lai phai giai ma trudc khi dua ra chi thi. Viéc ndy goi 1a bién doi ma,
n6 1 phuong tién dé chuyén doi giira ngdn ngir thudng ngdy ra ngdn ngir may.

Ta lay vi du véi so d6 khbi mot may tinh cAm tay (Hinh 5.2)

> —>| Tinh toan — >

Hinh 5.2: So d6 khoi mét may tinh cam tay

Céc s thap phan (tir 0 dén 9) dugc danh vao tir ban phim s& dugc bo mi hoa bién thanh
cac s6 nhi phan. Khéi don vi tinh toan tién hanh xur Iy dé cho mot két qua nhi phan. Khéi giai
ma chuyén sb nhi phan thanh s6 thap phan va dua dén bo chi thi hién sd bay doan.

Céc b0 1ap ma va giai ma 1a nhitng bo dich ma dién tir, bd ma hoa dich ngdn ngtr thuong
ngay ra ngdn ngir may, bo gidi ma thi ngugc lai .

Dé thyc hién viéec ma hoa va giai ma ta dung cac hé thong mach logic t6 hop.

Chung ta biét rang, c6 thé sir dung mot nhém ma hé nhi phan c6 4 chir s6 dé biéu dién cac
con s hé thap phan tir 0 dén 9, qua trinh ndy dugc goi 1a ma hoa. Ta ciing c6 thé ma hoa cac
chir cai (A,B,C ..), cac ky hiéu dic biét (&,%,#...) hodc ca mot tap 1énh cia may tinh sd ..

Véi mot chudi cac sd hé nhi phan ¢ k chit s6 ta s& co 2°bo gia tri khac nhau c6 thé dai
dién cho 2" ky hiéu hodc 1énh can ma hoéa. Nhu vay, néu sb ky hi¢u hoac s6 1énh can dugc ma
héa l1a N thi ta phai c6 :

N <2

C6 2 truong hop xay ra :

*N = 2k: S6 bo gia tri ctia nhém ma gdm k chir s6 vira di dé biéu dién N ky hiéu .

*N < 2k: S6 bd gia tri cia nhom ma gém k chit s6 nhiéu hon sb ky hi€u hodc s6 1énh can
biéu dién. Nhu vay sé& thira mot sd gia tri khong dung dén goi 1a s6 t6 hop thira, cac to hop thira
nay co6 thé dugce ding vao cac muc dich khac nhau nhu phat hién va sta sai trong qué trinh
truyén thong tin. Trong mot sb truong hop ta phai co bién phap stra sai khi cac to hop thira nay
xuat hién trong cac két qua tinh toan.

B6 ma hoa thap phan ra ma BCD c¢6 nhiém vu bién d6i (dich) tin hiéu hé dém co sd 10
sang ma BCD 8421.
Dung 4 chir s6 hé nhi phan (ky hiéu 12 A;A,A;Ay) dé ma hoa cac s6 tir 0 dén 9 cua hé



muoi theo ma BCD ta c6 :

S6 hé 10 AsALA A,
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

Nhu vay, mot chi s6 cia ma BCD c6 thé xuat hién nhiéu 1an dudi dang 1 (hodc 0) tai
cing mot vi tri mg véi nhiéu sd khac nhau. Ta thay chit s & vi tri B bang 1 d6i véi cac sb
2,3,6,7 hé 10. Nhan xét nay cho ta thdy rang mach ma héa nay cé dic tinh cia ham OR va ta c6
thé viét (voi dau + 13 ky hiéu phép cong logic ):

A=2+3+6+7
Vay, mudn bién d6i cac sd thap phan tir 0 dén 9 sang ma BCD 8421 ta dung 4 phan tir OR
Ap=1+3+5+7+9
A=2+3+6+7
A=4+5+6+7

nhu sau : Bit :

A3=8+9

Ta c6 so do nguyén Iy mach ma héa hé 10 - BCD 8421 (Hinh 5.3)

L I ]
01
Vao thap phan

Ao

Ra BCD

Hinh 5.3: So' d6 nguyén Iy b6 ma héa thdp phin sang BCD
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Gia sir cAn ma ho4 s 3. Ta 4n phim sb 3, mét dién thé mirc cao (+U) dugc cung cip cho
duong sb 3 con cac dudng khac khong duge cung cap nén ¢ mirc thip (0V). Cac dudng ra A va
B c6 dién thé & mirc cao con cac duong C va D van ¢ murc dién thé thap, nghia 1a ta ¢c6 0011 &
ngo ra.

Thuc té, mach mé hoa nay duogc ché tao thanh mét vi mach, né c6 so do khdi téng quat

- A,

hoat dong nhu hinh 5.4. 1 — o
2 —@ o A,
3 —O
i1 —O o — —_ Ay
5 —@ 74147
5§ —O d— A:
;
8
9

Hinh 5.4: So d6 khoi tong qudt b ldp ma ding vi mach

Khi c6 mot dau vao tac dong, bo 1ap ma tao ra mdt tir nhi phan tuong ing & 16i ra va chi
mot ma thoi. Pbi véi bo ma hoa dang wu tién, khi co nhiéu dau vao tac dong dong thoi thi tir
logic & 16i ra s& tmg véi ddu vao c6 sd hang cao nhat. B ma hoa trén chi ¢6 9 dau vao tir 1 dén
9 (khong c6 s 0), tac dung & murc thip tirc 1a mirc 0, biéu thi & cac vong tron & 16i vao. Binh
thirong chung & mirc cao vi 16i vao dé lo limg. Luc d6 ngd ra s& tng véi s6 0 trong hé dém 10.

Ngb ra binh thuong & mirc cao (hodcl logic), khi hoat dong thi & mirc thap (hodc 0 logic).
Céac bo dao ¢ 16i ra dé dua cac ngd ra tré lai dang thong thuong. Nhu vay, khi ca 9 dau vao
khéng co tin hiéu gi ca (ing voi tat ca ngd vao déu 1a 1), cac ngd ra & mirc cao A3AAAqdéu &
mtrc 1. Nghia 1 s6 0 Gmg voi ngd ra 13 1111 nhung khi qua cic bo dao s& thanh 0000 phu hop
v6i dang thong thuong. Ta ¢ bang trang thai ciia bo ma hoa trén.

Vao Ra
123456728 9 A3 A ALA
HHHHHHHH H HHHH
XXXXXXXX B B HHB
XXXXXXXB H B HHH
XXXXXXBHH HB BB
XXXXXBHH H H B B H
XXXXBHHH H HBHB
XXXBHHHH H HBHH
XXBHHHHHH HHBB
XBHHHHHH H HHBH
BHHHHHHH H HHHB

Chii thich: B: mac thap (Bass), H: murc cao (Haut), X: Chi tin hiéu vao khong twong thich



bé mach hoat dong ta dua vao dau vao cac xung vudng. Bo ma hoda c6 dac di€m la duoc
tac dong cua sO 1on nhat c6 tin hi€u vao thap (B). Vi du néu ¢c6 mot B ¢ 5 va 9 tin hi€u ra sé la

1001 twong tmg véi sb thap phan 9.
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5.2.3.B9 ma hoa bat phédn — nhi phdn

Véi cach 1am tuong tu ta ¢ thé thiét ké bo ma hoa bat phan — nhi phan

5.3. GIAI MA
5.3.1 Khai niém

Giai ma la qua trinh nguoc lai qua trinh ma hoa. Nghia 1a tir mgt bd gia tri ctia cdc nhom

mi k chir s6 hé 2 ta tim lai dugce 1 trong N ky hiéu hoac Iénh twong tng.
Trong bd giai ma chi c6 mot dau ra c6 gia tri logic 1 tng voi mot té hop bién dau vao
nao do, con cac dau ra khic co gia tri logic 0. Pau ra ¢ gia tri 1 nay s& kich hoat bo hién thi

hoat dong, bao cho ching ta biét két qua ra.

Pau ra bo gidi ma 1a 2, 3 hodc 4 bit. Thi du bd gidi ma nhi - bat phan, c6 ma vao 3 bit va

2% =8 t6 hop & dAu ra cho 8 dau ra tir 0 dén 7 (Hinh 5.5)

Hinh 5.5: So d6 khoi tong qudt bo giai ma nhi - bdt phén 3 bit
Thi du: Pau vao:100 (s6 4) thi dau ra 4 s& c6 trang thai 0 (trang thai tac dung), moi dau ra

khac déu ¢ trang thai 1.
5.3.2. By giai md nhi-bat phan

B0 giai ma nay c6 3 bién dau vao, 8 dau ra va c6 bang trang thai:

Pau vao

Pau ra

AL AL A,
000

O =

—_ o O O
S — = O
O =

01234567
10000000
01000000
00100000
00010000
00001000
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00000100
00000010
00000001

U G U w—y
—_ = O
—_ O =

8 dau ra, vao moi thoi diém chi c6 mot dau & muic 1, con cac dau ra con lai & mirc 0.
Tt bang trang thai ta thiét 1ap so do logic cua by giai ma trén nhu sau (Hinh 5.6)

ANDE
l 701117
. — °
'_
ANDT
* (1103
L L ]
u AR 50101
> . L
»——
ANDS
* 471003
L . L
AND4
* 370117
. — °
1
I AND3
* 2(010]
» &
AMD2
* 1{001)
> I_|_\‘ &
‘_4,—|_/
AMDT
* 0(00ay
> I_'_\' &
. [ ] ] » ] I
Ao EZ .-"-\1 E1 A ED

Hinh 5.6: So dé logic b gidi md nhi - bdt phén
Khi str dung ta dua dién ap vao dau vao tuong timg dé c6 mirc 1.
Thi du: May tinh thuc hién xong phép tinh va dua két qua vao bd giai mi, gia sir dién ap
vao A, A, A,, luc d6 du ra ciia cong AND 6 & mirc 1 con cac dau ra cac cong AND khéc &

mirc 0, murc 1 ndy s& kich hoat bo chi thi lam hién thi s6 5.

B giai md BCD ra thip phin c6 nhiém vy chuyén mi BCD & ngd vao thanh sb thap phan
tuong (mg & ngd ra. Trong mdi thoi diém chi c6 mot dau ra duy nhit hoat dong. Cac dau ra cé
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1ap céc thiét bi chi thi (LCD , LED ...) dé chi thi cac két qua ¢ ngd ra. Cac dau ra déu hoat dong
& muc thip, dau ra & trang thai 0 1a dau ra c6 tac dung (binh thuong & mirc cao) vi vay khi dung
ta phai dau thém céc bo ddo & ngd ra dé dicu khién cac chi thi thap phéan thap sang .

N =4 nén bang trang thai c6 16 hang, chi st dung 10 hang, 6 hang con lai khong hiéu luc.
Ta c6 bang trang thai sau:

Pau vao BCD Pau ra thap phan

S6 CDBA| 0123456789
0 BBBB| BHHHHHHHHH
1 BBBH| HBHHHHHHHH
2 BBHB| HHBHHHHHHH
3 BBHH| HHHBHHHHHH
4 BHBB| HHHHBHHHHH
5 BHBH| HHHHHBHHHH
6 BHHB| HHHHHHBHHH
7 BHHH| HHHHHHHBHH
8 HBBB| HHHHHHHHBH
9 HBBH| HHHHHHHHHB
HBHB| HHHHHHHHHH

Khong HBHH| HHHHHHHHHH
hiéu luc HHBB| HHHHHHHHHH
HHBH| HHHHHHHHHH

HHHB| HHHHHHHHHH

HHHH| HHHHHHHHHH

5.4. CAC HE CHUYEN POI MA

Cac hé chuyén d6i ma c6 nhiém vu chuyén doi tir mot ma nay sang mQt ma khac. Pau vao
la cdc ma nhi phan, dau ra cling 1a cdc ma nhi phan thudc mdt ma khac.

Thi du: bd chuyén dbi nhi phan sang Gray, dau vao 1a cac sb nhi phan, dau ra ciing 1a cac
s6 nhi phan. Trong thuc té ta sir dung nhiéu bd chuyén d6i ma khéac nhau, sau day la cac bd
chuyén d6i ma thuong gip nhét .

Sau khi tinh toan cac mi nhi phan BCD can phai duoc bién d6i (dich) ra sb thap phan.
Thiét bi dich ngdén ngit may ra s6 thap phan 1a mot thiét bi rat thong dung trong mach sé. Trong
k¥ thuat dé thuc hién viéc hién thi cac sb tir 0 dén 9 nguoi ta dung mot tap hop gom 7 thanh
phat sang. (Hinh 5.7).

MJi thanh phat sang nay c6 thé duoc didu khién dé duoc bat tit mot cach doc lap. Tuy
theo s6 doan dugc bat sang ma ta co dugc cac chir s6 tr 0 dén 9.
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a—{=

=80
e

g =

[ad
a

—=Fa
Hinh 5.7: Dén hién thi 7 thanh dimg LED
Pé ché tao dén 7 thanh ta c6 thé dung nhiéu phuong phap khac nhau, trong d6 c6 2

phuong phap duogc sir dung rong rii nhat:

a/Phwong phap dung L.E.D ( Light Emetting Diode) :

LED hay con goi 12 Diode phét quang 1a mot loai diode duoc ché tao tir hop chét ban dan
Gali-Axénic hodc Gali-Phospho. LED s& phat sang khi phan cuc thuén.

Tuy theo chit ché tao LED phat ra cic mau khac nhau (d6 , xanh 14 cdy ...). Anh sang
phat ra, do hién tuong két hop cta dién tir va 16 trong, c6 cuong d6 sang thay ddi theo cudng
d6 dong dién qua tiép giap (theo quan hé phi tuyén). (Hinh 5.8 a,b).

" = B -

Hinh 5.8 a: Phan cuc thugn LED sang Hinh 5.8b: Phan cuc nghich LED tat
Vi kich thuéc rat nho nén véi phuong phap niy ta co thé ché tao cac dén 7 thanh (1a 7

diode) véi kich thudc rat nho. Céac diode trong dén thuong cé anode chung hodc cathode chung
dé giam nho sé diy ndi ra ngoai. Hinh 5.9 cho ta so d6 mot dén 7 thanh dung LED c6 cac
cathode dau chung va ndi dét, vi vay chan nao ciia LED c6 murc logic dwong LED d6 sé& sang
1én. Dé bao vé cac diode, ta nén dau nbi tiép mot dién trd R véi mdi LED.

TR TrERTR

|||
]
Hinh 5.9: Ben 7 thanh dung LED cathode chung
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b/Phwong phap dung LCD ( Liquid Crystal Display )

Dung LED tuy tiéu hao ning luong di nho nhung van con kha cao (gan 20 mA cho mbi
LED), nén hién nay ngudi ta ding loai tinh thé 1ong LCD. Tinh thé 1ong LCD goém 2 miéng
thity tinh xép song song v6i nhau, & giita 1a diy dan va hdn hop tinh thé 16ng duoc tao thanh
hinh dang can thiét (dang diém hodc dang thanh).

Khi c6 tac dung cua dién truong, hdn hop tinh thé long s& d6i mau khién cho mit ta c6 thé
trong thay duoc, Hién thi kiéu nay tiéu thy rat it ning lugng cho nén duoc dung rat phd bién.
Chung c6 thé duoc st dung dé ché tao thanh nhitng man hinh 16n chtra hang triéu diém ciing
nhu cdc dén 7 thanh nhu dén LED. Khac véi dén LED khi sir dung LCD can co mot tin hiéu
“mit sau” (backplane) dang song vudng voi tan sb tir 30 Hz dén 200 Hz .

Hinh 5.10 13 bd chuyén d6i ma BCD ra mi 7 thanh théng dunag .

BCD in

to seven segment

BCD to seven segment
Hinh 5.10 : Bé chuyén doi md BCD - 7 thanh
Bo chuyén d6i ma trén 13 vi mach 7447A. Pau vao 1a BCD 4 bit va 3 dau vao phy, trong
d6 LT (Lamp Test) 1a dau vao thir dén, LT sé& cho cac thanh vao mach lam viéc dé xem su hoat
dong cua den. Hinh 5.11 cho ta théy viéc hién thi cac s6 thap phén tir 0 d¢én 9 dung 7 doan.

_=—

OCc oo c
_:,II_I] oo adog

Hinh 5.11: Hién thi cac s6 thap phan tw 0 — 9 dung dung cu 7 doan

¢/Bé chuyén doi ma BCD sang 7 doan:
B6 chuyén d6i ma BCD sang 7 doan ¢6 ky hiéu nhu nhinh 5.12
a

Hinh 5.12: Ky hiéu bg chuyén déi ma BCD — 7 doan



86

Theo hinh 5.12, ta thAy mot doan sé& hién thi cho nhiéu chir sb.

Thi du: doan a s& hién thi cho cac 6 0,2,3,5,7,8 hodc 9. vi vay, ta co thé viét cho ca 7
doan nhu sau:

a=12x(0,2,3,5,6,7,8,9)

b=%x(0,1,2,3,4,7,8,9)

c=2(0,1,3,4,5,6,7,8,9)

d=2%(0,2,3,5,6,8,9)

e =2(0,2,6,8)

f=12(0,4,5,6,8,9)

g=12(2,3,4,5,6,8,9)

Pé thuc hién viéc chuyén d6i ma BCD sang 7 doan, ta dung cac vi mach 7447, 74247 cac
LED duogc méc anode chung, hoac 7448, 4511 cac LED dugc méc Cathode chung. Mbi IC s&
diéu khién @& LED hién thi tir 0 dén 9. Cac dién trg dugc thém vao ¢ nham bio vé cac doan.
Hinh 5.13 cho ta mét so d6 st dung vi mach chuyén ddi 7448 .

Pau vao RBI (Ripple Blanking Input): Pau vao x6a ndi tiép.

Pau vao LT (Light Test): Dung dé thir hoat dong ciia cac doan

I I
|
Ra|Ro [Re| Re| R, Rf-Rg
LT abcdef g
REBO
RBI 7448

a [8 lc Ip

Hinh 5.13: Mach chuyén d6i md BCD — 7 doan ding IC 7448

Chuong 2 ta di biét phuwong phéap 1y thuyét chuyén d6i nhi phan sang ma Gray. Thi du
chuyén s6 nhi phan 1011 sang ma Gray
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Theo yéu ciu cua phép chuyén ddi, ta thiy chi co6 cong XOR mdéi dap tng viéc chuyén
ddi. Tur cac cong logic Exclusive OR (XOR), ta c6 thé xdy dung mach chuyén d6i ma nhi phan
sang md GRAY. Néu s6 nhi phan c6 n bit thi s6 cong XOR str dung: n - 1.

So do nguyén 1y bo chuyén doi s nhi phan 1011 sang ma Gray & hinh 5.14

1 1

Hinh 5.14: Mach logic chuyén déi nhi phan — Gray
S6 nhi phan can chuyén c6 4 bit nén ta dung 3 cong XOR. Pau vao cong XOR trude ndi

vao dau vao cong XOR tiép theo.

Tir phuwong phap 1y thuyét chuyén d6i ma Gray sang nhi phan. Thi du: chuyén mi Gray
1110 sang s6 nhi phan 4 101
1110
1011
Ta thiy cong logic can sir dung chinh 14 cong XOR. S luong cong XOR sir dung: n - 1.
Trong d6 n 1a sb bit st dung.
Hinh 5.15 14 so d6 nguyén 1y bd chuyén d6i s6 ma Gray 1110 sang s6 nhi phan

1 1

Hinh 5.15: Mach logic chuyén déi Gray - nhi phdn
S6 nhi phan can chuyén c6 4 bit nén ta ding 3 cong XOR. Pau ra cong XOR trude ndi

vao dau vao cong XOR tiép theo.
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5.5.B0Q SO SANH:

Day 1a mot chirc nang logic cho phép so sanh hai s6 nhi phan. Thi du A va B. N6 s& chi ro
& dau ra A = B, A< B hoiac A>B. Hinh 5.16 cho ta ky hiéu mot bo so sanh.

Hinh 5.16: Ky hiéu bo so sanh.
Mot trong 3 16i ra s& 1én 1 dé kich hoat bo hién thi hién thi két qua so sanh, hai dau ra con
lai & murc 0.

Mudn so sanh A = a, va B = by, trudc hét ta thiét 1ap bang trang thai cho bd so sanh. Bang
trang thai 12 co so gitp ta thiét 1ap so d logic.

bo a, S (A=B) S, (A>B) | S, (A<B)
0 0 1 0 0
0 1 0 1 0
1 0 0 0 1
1 1 1 0 0

Tir bang trang thai ta viét dugc cac phwong trinh sau:
S=a,b,+a,b,=a, Db,(5.1)
S, =a, b,(5.2)
S, =a,b,(5.3)
S=1khiA=B, S,=1khiA>B, S,=1khiA<B
Theo cac phuong trinh (5.1), (5.2),(5.3), ta v& dugc so d6 nguyén 1y ctia bo so sanh 1 bit

nhu hinh 5.17 dpe * ° - A B
I A<B
Dpe—e s

Hinh 5.17: So dé logic bg so sanh mét bit
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Trong trudng hop A va B mbi s6 ¢ 2 bit s& c6 4 kha ning:
A=00,01, 10,11
B =00, 01, 10, 11

a/ So sdnh bing:
Bang trang thdi néu A = B
a a b, by Phuong trinh So thu tu
0 0 0 0 a, a, b, b, 1
0 1 0 1 a, a, b, b, 2
1 0 1 0 a, a, b, b, 3
1 1 1 1 a,a, b, b, 4

Phurong trinh néu A = B
Goi S 1a két qua ra khi A = B, tir bang trang thai ta thiét 1ap cac phuong trinh dau ra:
S = (a,a,b,b,) T (@,a,b,b,) + (a,3,bb,) + (aa,b,b,)
=3, b,(@, b, +a,+b,)+a b @, b, +a, b,)
=(a, b, +a, b,)(a, b, +3, b,)

V@y S = (a, ®b,)(a, ®b,) (5-4)

b/ So sanh A > B:

Badng trang thdi néu A > B

Ta 6 6 truong hop danh thir tu tir 1 dén 6

a a b, by Phuong trinh SO thir tu
0 1 0 0 a a, b, b, 1
1 0 0 0 aa, b, b, 2
1 0 0 1 a, a, b, b, 3
1 1 0 0 a,a, b, b, 4
1 1 0 1 a a, b, b, 5
1 1 1 0 a a, b, b, 6

Phuwong trinh néu A > B
Goi S, 1a két qua ra khi A > B, cac phuong trinh c6 sb th tu 1 va 6 cho ta:
a1"105160 +a1a0b160 =4, B0 (a Bl +a, b))

=a,b,(a, ®b,)
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Céc phuong trinh ¢6 s thir tu 2, 3, 4, 5 cho ta:
aa, b, b, +a,a,b,b,+a,a,b,b, +aa,b,b,

—a, b,(a, b, +a, b, +a, b, +a, b,)

= algl[(m +(a,® bo)j|

o

:al

Vay: S, =a, b,(a, ®b, ) +a,b, (5.5)
¢/ So sanh A < B:
Tir nhin xét: Moi lan A = B hoic A > B thi khong thé c6 A < B, ta di dén két luan: A <
B néu khong phai A > B.
Tir cac phuong trinh (5.4) va (5.5) ta vé& so dd nguyén 1y ctia bd so sanh 2 bit nhu hinh

5.18
dpg e D':
D> a-s
d| e :JD:
o “I»—> A<B
e
bie— o A>B

v )
R |
Hinh 5.18: So d6 logic bé so sanh hai bit
5.6 MACH SO HOQC:
Mach s6 hoc gitip ta thuc hién cac phép tinh sé hoc nhi phan. O chuong 1 ta biét ring cac

phép tinh s6 hoc déu duoc thuc hién tir mach cong, trong ky thuat s6 ¢6 hai mach cong la mach
ban cong va mach cong toan phén .

Mach ban cong gitp ta cong hai s6 nhi phan, trong d6 mdi sb nhi phan chi c6 mot bit. Tt
cac tinh chit cta phép cong nhi phan ta co:

0+0=20
0+1=1
1+0 =1

1+1 =0 nhd 1 cho vitri trén
Nhu vay mach ban cong c6 hai dau vao cho hai s6 nhi phan 1 bit A va B, hai dau ra cho
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téng s6 S va nhé Cy (Hinh 5.19)
A(ao )

B (bo)

Hinh 5.19: So d6 khéi tong qudt mach ban céng
Bang trang thai bo ban cong

a b Tong s6 Nhé (Cy) | Phuong trinh
S Co

0 0 0 0

0 1 1 0 ab

1 0 1 0 ab

1 1 0 1 ab

Cdc phuong trinh
Ttr bang trang thai ta viét duoc cac phuong trinh sau ctia mach ban cong

S=ab+ab=a®b
Cyo=ab
So dé nguyén Iy mach ban cong
Tir cac phuong trinh thu duoc ta vé so d6 so d6 logic mach ban cong nhu hinh 5.20

Hinh 5.20: So d6 logic mach ban céng
5.6.2.Mach cong toan phan (full Adder)
Mach cong toan phan gifip ta cong hai s6 nhi phan, trong d6 mdi s6 nhi phan c6 nhiéu bit.
Day 1a truong hop thuong gip nhat.
Thi du: a,a;ag + bybybg
Ta phai cdng cac hang don vi (trong ) 0), trong $6 1, trong s6 2 cho dén hét.

Thi du: 1 1 1 «, nhé
ik
1 [0 |1
1

111 11 To
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Ta thdy ngay con s6 c6 trong s6 1 A; d c6 thé c6 mot con sd 1 nhé tir phép cong cac con
s6 ¢o trong s6 0 A, dua 1én. Nghia 13 ta can phai dua thém vao két qua ¢ hang trén s6 nhé ma
phép cong & hang trong s6 dudi C,.; dua lén.

Nhu vay mach cong toan phan c6 ba dau vao: Hai dau vao cho hai s6 nhi phan nhiéu bit A
va B va mot cho bit nhd C,,; tir phép cong hai bit ding trudc. Hai dau ra cho tong s6 S, va nhd
C. (Hinh 5.21)

A(ag a4, az,...)
Cn-1
B(bo, by,by,...)

Hinh 5.21: So d6 khéi tong quadt mach céng toan phan
Bang trang thdi bo toan cong

Ch a b S, C, Phuong trinh
Sh Ca
0 0 0 0 0
0 0 1 1 0 abc
0 1 0 1 0 abc
0 1 1 0 1 abc
1 0 0 1 0 abc
1 0 1 0 1 abc
1 1 0 0 1 abce
1 1 1 1 1 abc abc
Cdc phuong trinh

Tir bang trang thai ta viét dugc cac phuong trinh sau ctia mach toan cong
Phuwong trinh ciia tong: S, =abc +abc+abc+abe
—(@b+ab)c +(@b+ab)c
ma ab+ab=a®b
viab+ab=a®b
Nén S,=@@®b)c+(a®b)c

N6 co dang: AB+AB=A®B
Nghiala: S, =(a®b)®c hayS, =(a®b)®C_,(5.6)

Phuong trinh ciia nhé:C,=abc +abc+abc+abc
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=ab(C+c)+(ab +ab)c
Co =ab+(ab +ab)c
Vay: Cp =ab+(a@®b)c
Hay: C,=ab+(@®b)C_, (5.7)
So do logic mach cong toan phan:
Tu cac phuong trinh (5.6), (5.7) ta v€ so d6 nguyén 1y ctia mach cOng toan phan (hinh
5.22) Cn-1

Ae
Sn

) B

—

Hinh 5.22: So d6 logic mach céng toan phdn
Ta thdy mach toan cong chinh 1a két hop hai mach ban cong (Hinh 5.23)
Cn— 1

A

Hinh 5.23: So d6 khéi tong qudt mach céng toan phin
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CHUONG 6 HE LOGIC TUAN TU

6.1. KHAI NIEM

Ngoai hé logic to hop, trong dién tir s6 con co cac hé logic tuan tu (sequential logic). Do
1a cac hé thong logic ma ham ra tai mdi thoi diém khéng nhimg phu thudc vao cac bién (hé 2)
dau vao & chinh thoi diém d6, ma con phu thudc vao cac bién dau vao & cac thoi diém trude do.
Céac bién nay duogc lai trong cac bo nh¢ cua hé (vi vay hé logic tuan tu con duoc goi la
cac hé logic c6 nhd). Noi cach khéc, h¢ logic tuan tu 1a cac hé logic phu thudc vao cac trang
thai cua hé. Cac ph?ln tir tham gia vao hé sé hoat dong theo mdt trat tu nhét dinh. Khi trat tu nay
duoc hoan tat thi trang thai trén dau ra méi duoc thiét lap.

Mot cach tong quat, ta co thé biéu dién cau tric mot hé logic tuan ty nhu hinh 6.1

) Ea
WVao Hé logic
to hop
Hung nhip ‘ Trigger Ea

Hinh 6.1: So d6 khoi tong quat hé logic tuan tir

Tur hinh 6.1 ta théy mot h¢ logic tuan tu bao gém hai khdi:

a/ Khoi logic t6 hop: C6 nhiém vu diéu khién viéc thu nhan va dua ra cac thong tin vao
ra, ciing nhu diéu hanh moi hoat dong cia cac Trigger.

b/Khéi cdc Trigger: Dong vai trd cac bd nhé cua hé, ching ¢6 nhiém vy nhd cac thong tin
trung gian. Nhu vay, t hop cac trang thai cua cua cac Trigger & mot thoi diém ndo d6 chinh 13
trang thai ctia hé. Khi s6 Trigger cia hé ting 1én thi sb trang thai cta hé cling ting theo. TUr cac
Trigger ta ciing co thé lay cac thong tin ra.

Dbi véi viéc thiét ké cac hé logic tuan ty, can phai chi ¥ vong hoi tiép gitra phan hé to
hop diéu khién va cac Trigger, hodc giita cic Trigger v6i nhau.

Viéc duwa mot xung nhip c6 d6 6n dinh cao vao dé dong bd cac Trigger c¢6 ¥ nghia rat 16n,
n6 hinh thanh hai loai két cdu thudc hé logic tuan tir 1a dong bo va khong dong bd.

Toém lai, cac hé logic tuan tu st dung chu yéu cac Triger, chung déu 1a cac mach logic ké
tiép, Trong cac hé logic tuan tu c6 hai hé thdng thong dung nhét 14 cac bé dém va mach ghi.

6.2. BQ PEM

Trong qua trinh tinh toan, diéu khién, ty dong hoa... thuong can phai ghi lai mot s6 trang
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thai xay ra theo mot thir tu nhét dinh nao dé, nhu sb xung nhan dugc theo thu tu thoi gian, sau
do trang thai nay dugc ghi vao by nhé. Viée dém duge thue hién nho bo dém (counter).

B6 dém con duoc dung trong may tinh dé ghi nhan tht ty cic 1énh cia mot chuong trinh,
sau d6 may tinh s€ thuc hién ty dong. Puoc dung lam bd chia tan sb6 diéu chinh duogc (diéu
chinh hé s6 chia) nham thyc hién phép tinh mot cach don gian.

B6 dém 1a mot trong nhiing mach dién tr ) quan trong su dung cac trigger, thuoc hé
logic tuan tu, trong d6 s6 luong trigger c6 trong b dém quyét dinh dung luong ctia bo dém.

Con goi 1a bd dém ndi tiép. Cac xung dém chi dwa vao dau vao cua Trigger thir nhat,
Trigger nay lai diéu khién Trigger tiép sau no.

a/ B$ dém tién nhi phin khong dong b 3 bit

B6 dém tién nhi phan khong dong bd 3 bit c6 so d6 logic nhu hinh 6.2. Pay 1a bo dém nhi
phan cau tao tir JKFF, diu ra cua Trigger thir nhat dugc ndi vao 16i vao dong bo cua Trigger

thr 2 va ctr ndi tiép nhu vay cho dén Trigger cudi cung . AL A
2

.T?

pulse in ' l l Jn[l - trﬁ a
S l l

i
- Hinh 6.2: Bé dém tién khéng dong bé 3 bit

Bo dém c6 mot ddu vao cho xung dém va nhiéu dau ra. Nhitng dau ra thuong 13 nhiing
dau ra Q cta Trigger. Vi Q chi co thé c6 mét trong hai trang thai 1 va 0 cho nén su sip xép cic
dau ra nay cho phép ta biéu dién két qua dudi dang mot sé hé nhi phan c6 sé bit bang sb
Trigger dung trong bo dém.

Bo dém tién nhi phan khong ddng bo 3 bit (con goi 1a b dém mod 8) c6 dung lwong tdi
da 1a 7 (mot chuc) sau d6 quay lai dém chuc khac. N6 khong tu dimg lai khi dém hét dung
lugng cua no.

Cac 16i vao JK cia Trigger dau chung véi nhau va dé lo limg (Iubén ludn & trang thai 1).
Cac dau vao Cl dau chung v6i nhau va d4u vao chuyén mach S;. Trudc khi dém, ta dong S, dé
ndi dat Cl, nham diéu khién cac dén chi thi vé 0 truéc khi dém.

N6 ¢6 biéu d6 xung nhu Hinh 6.3

Cac Trigger déu c6 dau vao JK ludn luén & mirc 1 nén s& chuyén trang thai mdi khi c6
xung dén.Ta thay :
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Xung vao dém ] \l/

Xung qua Trigger 1 V—

Xung qua Trigger 2

Xung qua Trigger 3 -

Hinh 6.3: Biéu do xung diwra vao ddau vao dong bo
*Trigger thi nhat thay doi trang thai mdi khi c6 xung dén .
*Cac Trigger sau chi thay d6i trang thai khi 16i ra Q cua Trigger trudc nd chuyén tir 1 vé 0
*Voi 3 Trigger mac ndi tiép, sau 8 xung bd dém tro lai trang thai dau. Vi vay véi n
Trigger ndi tiép c6 thé dém dén 2",
Bing 6.1 Bing trang thdi ciia bo dém khéong dong bé 3 bit

Xung dém A, A A
0 0 0 0
1 0 0 1
2 0 1 0
3 0o 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 11 1
0 0 0 0

b/B$ dém Iii nhi phén khéng dong b ba bit
Khi can phai dém lui ta mac mach nhu hinh 6.4.

Tg T
) 4
Pulse in L
-

‘-\‘.‘e
= Hinh 6.4: Bé dém lii khéong dong bé 3 bit
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Khac v6i bd dém tien, bo dém Iui c6 céc dau ra lay ¢ daurabu (Q=1)

Luc méi bat dau dém cac dén déu sang nén ta co chi thi 111 (sd 7), sau d6 sé dém lui dan
theo s6 xung vao. Bang trang thai ngugc véi bang trang thai ctia by dém tién.

¢/ B6 dém thudn nghich khong dong b

B6 dém thuin nghich con goi 1a bd dém hon hop, nghia la dém theo ci 2 chiéu:

Mdi xung vao lam ting s6 dém lén 1.
Mdi xung vao lam giam s6 dém 1

Nhu trén ta d3 biét, mudn dém theo chiéu nghich ta chi viéc ndi 16i vao ctia mdi Trigger
v6i 16i ra Q cua Trigger trude nd. Khi mot Trigger nao d6 ¢6 161 ra Q chuyén trang thai tir 1 vé
0 thi 16i ra Q ciia n6 chuyén trang thai tir 0 1én 1 va do d6 lam Trigger ké tiép (dugc ndi véi

Q) chuyén trang thai. Mdt chuyén mach (Hinh 6.5) s€ lam nhi¢ém vu ddo mach khi can dém

tién hoac dém lui.

J Q. —el1 —J O —
T s T
’Ckn et
— R, Qo—=e2 — K, O —

Hinh 6.5: Chuyén mach co khi ciia bo dém thudn nghich
Chuyén mach S dugc chuyén vao Q (vi tri 1) khi dém thuan va Q (vi tri 2) khi dém
nghich. Chuyén mach S trong thuc té duge thay thé b::ing bo chuyén mach logic (Hinh 6.6)

count down

Hinh 6.6: Chuyén mach Logic bo dém thudn nghich

Néu X =1 (dé X lo limg) ta thuc hién dém tién. Lac d6 cong NAND N, c6 mot dau ¢
muc 1, tr bang trang thai cua NAND ta co6: Néu mot dau vao cla céng NAND ¢ trang thai 1 thi
dau ra sé& 1a dao ctia dau vao kia. Vi vdy, ddura cia N, 1a Q.

Cong NAND ciia N, ¢6 mot dau vao 1a 0 nén dau ra luon ludn 1a 1, du dau vao kia & bat
ky trang thai nao.

Néu X =0 (néi dét) ta thuc hién dém Iui. Luc d6 N, c¢6 mdt dau vao & muic 0 nén dau ra
luén ludn & mire 1. Pau ra cia N, nhan trang thai 1. N, c6 mdt dau vao & muc 1 nén dau ra la
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nghich dao ctia dau kia (lic d6 1a Q) néndauraN,1a Q.

Tuong tir, N5 c6 mot dau vao ¢ mic 1 nén ddurala Q .

Pau ra Q cua Trigger thir nhat duge dau véi dau vao dém cia Trigger tiép theo
nén b dém s& thuc hién viée dém 1ui.
d/Bj dém khéng dong bg N phin

Khi can dém trén mot hé dém co sd N khac 2, nghia la can mot bd dém dén N bat ky, ta
c6 thé dung mot chudi n Trigger lién tiép, trong d6 n 1 s6 nho nhat théa man diéu kién 2" >N,
sau d6 dung phuong phap hoi tiép dé xoa di cac trang thai khong can thiét.

V6i bd dém dén 10 (N = 10) phai dung 4 Trigger (n = 4), vi s6 n nho nhét thoa
mén bat ding thirc 2" > 10 1a 4. Tiép d6 ta dung mach hdi tiép sao cho khi dém dén N (trong
truong hop nay 13 dém dén 10) thi tit ca Trigger phai trd vé trang thai 0. Nhu vdy bo dém 10
chi lay 10 trang thai trong s6 16 trang thai.

Mach hoi tiép c6 thé dung cong NAND, 16i ra ctia né dugc ndi dong thoi véi tat ca cac 16i
vao x0a (Cl) cua cac Trigger.
Ta c6 bang tuong dwong ctia 2 hé dém thap phan va nhi phan (Bang 6.2)
Bdng 6.2: Bang twong dwong giita thap phan va nhi phan.

Pém thap phan Pém nhi phan

Qi Q Q1 Q
0 0 0 0 O
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 O
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 O
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 O
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Nhu vy s6 10 viét trong hé dém co s6 hai 1a 1010. Khi xung thtr 10 dén, dau ra cia b
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dém phai1a Qy=0,Q,;=0,Q,=0,Q; =0, thay vi Qy =1, Q; =0, Q, = 1, Q; = 0. Mudn viy, ta
dua Q; va Q; vao mach hoi tiép do céng NAND dam nhan, mach nay s€ dua dau ra cta Q, va
Qs vé lai dau vao C, dé xoa trang thai cua Trigger 1 va 3 vé 0. Mubn dém dén mét sd khac 10,
ta cling thyc hién nhu trén.

Ta c6 so do logic ctia bo dém dén 10 nhu hinh 6.7

T3
I - b al
K o
TD T.1 2
, ——

=P
f=l=

[

=
f=1lF="

*—

e
=1

Hinh 6.7: So do logic bé dém tién khong dong bé dem dén 10

B6 dém khong dong bo c6 khuyét diém 1a gy ra mot su tré giita cac lan chuyén trang thai
lién tiép, vi sy chuyén trang thai ctia Trigger thr 2 tré di phu thudc vao su chuyén trang thai vé
0 cua Trigger truéc nd. Dé su chuyén trang thai ctia cac Trigger sau khong con phu thudc
Trigger thir nhit ngudi ta sir dung bo dém ddng bo (con goi 13 bd dém song song).

Pic diém cua bd dém déng bd 1a su thay doi trang thai ctua bd dém chi phu thudc vao
xung dém hay xung ddng bd, nghia 1a xung dong bod dugc dua vao dong thoi tat ca cac Trigger
ctia bo dém. Do d6 qua trinh chuyén trang théi chi phu thudc vao sy truyén lan tin hiéu chuyén
(chuyén tir cot s6 thap sang cot s6 cao ).

Nhu vay, bo dém déng b0 s :

* Thuc hién viéc chuyén trang thai cia cic ting & cung 1 thoi diém.

* Cac Trigger c6 thé thay doi trang thai ctia né hodc khong (tiy theo trang thai trude do
ctia n6) nhung cing mot thoi diém.

* Xung dém duoc dwa vao dong thoi tat ca cac Trigger.

a/Bé dém dong b 2 bit

Bo dém dong b 2 bit c6 so dd logic nhu hinh 6.8

Cac dau vao JK cua Trigger tho nhat diu v&i nhau va dé lo ling (Jo =Ko = 1), dau ra Qo
ctia Trigger thi nhat ddu vao dau vao JK ciia Trigger thir 2. Cac du vao dong bo (dau vao
dém) d4u voi nhau. Nhu vay cac xung dong bo tac dong dong thoi dén cac Trigger. Cac dau Cl
dau v6i nhau va déu vao cong tic Sy, trudc khi dém ta an cong tic S; xudng dat dé dua cac
Trigger vé trang thai 0 (Qy = Q; = 0).

Khi suon 4m cuia xung thir nhat tac dong vao dau vao dém, Trigger thir nhat T, chuyén
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Tg T4
Fulse in e ] 0 :TJE
I HH - K O
\5;1
'

L Hinh 6.8: So do logic bé dém tién dong bg 2 bit
trang thai Qq =1J 1; K, = 1. Trigger tht hai T, gitt nguyén trang thai vi trudc d6 Qy = 0. Xung
tiép theo Trigger thi nhat chuyén trang thai, luc d6 Trigger thir hai ciing chuyén trang thai (vi
trude do J; = K; = Q= 1), nghia la ca hai déu chuyén trang thai.

Viy: Trigger thir nhat luén ludn c6 dau vao JK & trang thai 1 (lo limg trén cao) nén luon
ludn thay do6i trang thai mdi khi c6 xung dén, cac Trigger tiép sau thay doi trang thai chi khi
nao Trigger trudc nd O trang théi 1 .

b/Bé dém dong b 3 bit

Con goi 1a bd dém ddng bo Mod- 8. C6 so dd nguyén Iy nhu hinh 6.9

{D ?® T
Tg T Tg
' 1 10 1 n—
Fulze in 'R i 4l T =

\501 L L

1

— Hinh 6.9: So d6 logic bo dém tién dong bé 3 bit
Trigger thir nhat T, c6 dau vao JK ludn ludn ¢ trang thai 1 vi vay s& chuyén trang thai mdi
khi ¢6 xung dén. Lbi ra Q, ctia nd dau vao 16i vao J; K cia trigger thir hai va mot dau vao caa
cong AND. Pau vao con lai ciia cong AND ndi vao 18i ra Q, cta Trigger thir hai, dau ra ciia
cong AND dau vao dau vao J, K, cua trigger thir ba T;. Céng AND c6 nhiém vu stra sai trong
qua trinh dém.

Xung dém duogc dua dong thoi vao cac dau vao dong by Cy cua cac trigger. Cac dau vao
x6a Cl dau chung véi nhau dé chuyén trang thai cac trigger vé 0 trudce khi dém.
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Khi suon sau ciia xung dém thir nhat dua dén C, cua trigger thir nhat. Li ra Q ciia né
chuyén trang thai 1én 1, cc trigger con lai gitr nguyén trang thai 0 (vi J, =K, = J, =K, = 0).

B0 chi thi hién s6 001.

Khi suon sau ctia xung thtr hai dén, 16i ra Q, chuyén trang thai vé 0, Q; chuyén trang thai
1én 1, Q, van & trang thai 0. BO chi thi hién s6 010.

Khi suon sau ctia xung dém tht ba dén, 16i ra Q, lai chuyén trang thai 1én 1, Q, van giit
nguyén trang thai. Do cong AND c6 mot 16i vao bang 0 nén 16i ra bang 0 vi vy Q, khong
chuyén trang thai. Bo chi thi hién s6 011 .

Khi sudn sau cua xung dém thir tu dén, 16i ra Q, chuyén trang thai vé 0, Q, ciing chuyén
trang thai vé 0. Do cong AND c6 hai 16i vao déu bang 1 nén 16i ra bang 1 vi vay Q, ciing
chuyén trang thai tir 0 1én 1. Bo chi thi hién s6 100 .

Qua trinh tiép dién nhu vay cho dén khi dém dén 7 bo chi thi quay vé trang thai dau

¢/Bé dém dong bé 4 bit

Con goi 1a bd dém ddng bo Mod 16. N6 ¢6 so 6 nguyén 1y nhu hinh 6.11 va gian dd
xung nhu hinh 6.10.

Trude khi dém ta ndi cac dau ra Cl xudng dat dé tat ca Trigger déu chi thi 0 bang cach
nhin cong tic S; . Ag

O
A

L
(‘
(}1 T2 ’—Di AQ

@
To T T2 T3 Aq
Fulse in O—TE | = o /. t rjq ?'— =
» »
3 |

T
:TL Hinh 6.10: So do logic bé dém tién dong bg 4 bit

Khi suon sau ctia xung thir nhat tic dong vao, Q, s& chuyén trang thai tir 0 1én 1 (do J, K,
ludn 1udn & trang thai bap bénh 1). Q, , Q, , Qs, van giit nguyén trang thai. Bo chi thi hién sb
0001.

Khi suon sau cua xung thir hai tac dong vao, Q, chuyén trang thai vé 0, Q, chuyén trang
thai 1én 1 vi trude do Qq dang & trang thai 1. Q,, Qs gilr nguyén trang thai 0. BJ chi thi hi¢n $6
0010.

Khi suon sau cua xung thir ba tic dong vao, Q, chuyén trang thai Ién 1, Q, van & trang
thai 1 vi trude d6 Qq & trang thai 0. Q,, Qs van & trang thai 0. B chi thi hi¢n s6 0011.

Khi suon sau ciia xung thir tu tic dong vao, Qo chuyén trang thai vé 0, Q; ciing chuyén

f=1 =]

=V

= O

-

W
==}
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trang thai vé 0 vi trude do Qo ¢ trang thai 1, Q, chuyén trang thai 1én 1 vi G; ¢6 hai 16i vao déu
O trang thai 1 nén 16iral1a 1 nén Q> chuyén trang thai, Qs van & 0. Bo chi thi hién s6 0100.

Khi suon sau cuia xung thir 11 tdc dong vao, Q, chuyén trang thai tir 0 1én 1, Q, van giir
nguyén trang thai vi trudc d6 Q, ¢ trang thai 0, Q, giir nguyén trang thai 0. Trudc d6 cong G,
c6 mot dau vao 1a 0 mot dau vao 1a 1 nén dau ra 1a 0, Q, giir nguyén trang thai. Qs ciing gt
nguyén trang thai 1 vi G, c6 hai 16i vao déu & trang thai 0 nén 16i ra bang 0, Q; khong chuyén
trang thai. BO chi thi hién s6 1011.

6.3. BO GHI DICH (Shift Register)

B ghi dich con goi 1a thanh ghi dich, ¢6 hai nhiém vu 14 luu gilt tam thoi dir 1iéu va dich
ting bit theo xung ddéng hd. Dir liéu luu trit trong bd ghi dich, duédi tac dung ctia xung dich
(shift) c6 thé tuan tu dich trai hodc dich phai. Phan tir cau thanh bo ghi dich 1a cac trigger D. Vi
viéc dich duogc tién hanh dong thoi ddi véi mdi phan tir, nén céc trigger ndy hoat dong theo ché
d6 dong bo. B ghi dich duocphan loai nhu sau:

Theo cach dich: Bo ghi dich mt huong (trdi hodc phai), bd ghi dich hai huéng (trai va
phai), bo ghi dich vong.

Theo cdich dwa tin hiéu vao va liy tin hiéu ra: B ghi dich vao ndi tiép ra ndi tiép hoic
ra song song, bd ghi dich vao song song ra ndi tiép hoic song song, bd ghi dich da ning.

Hinh 6.11 14 so dd nguyén ly mét bd ghi dich 4 bit. Dt liéu dua vao bén trai, dich phai,
liy ra song song hodc ndi tiép.

Di 1iéu ra song song

Qs Q1

dd liéu vao

dd liéura
néitiép

L

c
—®
Xung dich

Hinh 6.11: So d6 nguyén Iy bé ghi dich mot huéng
Bo ghi dich mot hudng trén ding trigger D. Pau ra Q cia mdi trigger dugc ndi véi dau
vao cua trigger tiép theo. Dau tién ta nbi dat Cl dé dwa cac dau ra Q vé 0. Dir lidu duoc dua vao
D cua trigger thu nhét. Khi suon duong ctia xung déng ho xuét hién, tin hiéu ma hoé duoc dich
vao trigger 1, ddng thoi trang thai cuia mdi trigger ciing duoc dich dén trigger tiép theo.
Gia st & dau vao ta dua tr ma 1101. Dudi tac dung cua xung dich, qué trinh dich dugc
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ghi & bang 6.3
Bdng 6.3: Qua trinh ghi dich tw ma 1101 trong bo ghi dich.
Cx Tur ma trong bo ghi dich
S thir tu Trigger 1 Trigger 2 Trigger 3 Trigger 4
0 0 0 0 0
1 1 0 0
2 1 1 0 0
3 0 1 1 0
4 1 0 1 1

Nhu vy, sau 4 xung dong ho tir ma 1101 da dich vira hét vao b ghi dich. Luc nay ta co
thé 14y ra 4 bit song song cta tir ma 1101 & 4 dau ra Q cua cac trigger. Pau ra Q, cua trigger
cudi cung c6 thé lam dau ra ndi tiép ctia 1101, vi chi cdn qua mot thoi gian 4 xung dong hd nita
thi & dau ra Q cua trigger cudi s& co 4 bit ndi tiép dich ra. Ta thdy bo ghi dich nay c6 dau vao
noi tiép, dau ra ndi tiép va song song. Mot cach tong quat ta ¢ bang trang thai bo ghi dich 4 bit
sau (bang 6.4).

Bdng 6.4: Bang trang thai bo ghi dich 4 bit
G | Q3 Q Q1 Qo

0 0O 0 0 0
1 Dy, 0 0 0
2 D, D, 0 O
3 D, D, D, 0
4

5 0 D; D,
6 0 0 D,
7 0 0 0

Tir bang trang thai ta thay:

Néu l4y ra song song thi sau 4 xung dong hd (tong quat 13 n xung cho b ghi dich n bit)
dir liéu da duogc ghi vao bd ghi.

Néu 14y ra ndi tiép ta cin 7 xung dong hd (tong quat 1 n -1 xung cho bo ghi dich n bit).

Nhu vay bd ghi dich mét hudng trén co thé déng thoi chuyén chudi tin hiéu tir ndi tiép
sang song song hodc 1am tré chudi nay di n — 1 chu ky xung dong bo.

Bo ghi dich hai hudng c6 thé dich phai hodc dich tréi tiy theo tin hiéu diéu khién, bo ghi
dich hai hudng c6 thém mot sé cong logic dé thay doi cac mdi lién lac giita cac trigger, nham
thay d6i hudng dich. Hinh 6.12 cho ta so dd nguyén 1y bo ghi dich hai huéng phai va trai.

Viéc thay ddi hudng dich duoc tién hanh nhd dau vao diéu khién Dg. Khi Dy = 1 bd ghi
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dich s€ thuc hién dich phai. Khi D = 0 bd ghi dich s€ thyc hién dich tréi.
Qs3] Q1 _ Q1 Qo]

J—[}.., .
-]Dx T §
O Vao néi tiép dich trai Vao néi tiép dich phai©

Hinh 6.12: So d6 nguyén Iy b ghi dich hai huéng
6.3.3.B¢ ghi dich dung vi mach:

Dé thyc hién bo ghi dich, cac nha ché tao vi mach da san xuat vi mach 74194. Bo ghi dich
nay ¢ 10 cira vao va 4 ctra ra. (hinh 6.13), ABCD 13 bon dau vao nap song song. Dsg va Dg; 14
cac dau vao nap ndi tiép. Pau vao nbi tiép dich phai Dgg nap s6 liéu vao vi tri A = Qs rdi dich

Pau vao diéu khién

Hinh 6.13: Vi mach ghi dich 74194
phai. Pau vao ndi tiép dich trai Dg; nap sb liéu vao vi tri D = Q, roi dich trai. Pau vao Cl x6a
céc trang thai ciia trigger va cho vé 0. Pau vao xung nhip Cy s& khoi dong ca 4 trigger khi xung
nhip chuyén tir thap 1én cao. Cac dau vao diéu khién s& diéu khién bd ghi dich dich phai hodc
dich tréi.
6.3.4.B6 ghi dich lam b$ dém vong
B ghi dich ¢6 nhiéu ing dung trong mach sb. Mot trong nhing tmg dung ciia né 1a bd
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dém vong. Ma dém vong 1a loai mi don gian vé phuong phap ma hoa ciing nhu giai ma. Bang
6.5 cho ta mi dém vong 10 bit.
Bdng 6.5: Ma dém vong 10 bit

Thap phan | Ma dém vong
0 0000000001
1 0000000010
2 0000000100
3 0000001000
4 0000010000
5 0000100000
6 0001000000
7 0010000000
8 0100000000
9 1000000000

Tir bang trang thai ta thay mdi t6 hop ma chi c6 mét bit 1, cac bit con lai 1a bit 0. Nhu
vay khi dém tir 0 dén 9, ta thay ¢ dau ra lan luot 1én 1, do d6 viéc dém (giai ma) duoc tién hanh
bang cach dich lién tiép bit 1 tir phai qua trai.

Hinh 6.14 13 so @ nguyén 1y bo dém vong 4 bit

Q4

Hinh 6.14: So d6 nguyén Iy bo dém vong 4 bit
Dung 4 bit nén ¢6 16 t6 hop xuat hién:

10\00—,\-0100 QOO 0101 1190 —0110 1191%1110

0001<—0010 (?111 [1010 1001<—0011 1011 <—0111
a b c d e
Trong d6 dd hinh a dugc dung vi phu hop véi ma vong. Lay D, = Q, bang cach ndi ddu ra
Qo vao D. Xung nhip dugc dua vao déng thoi ddu vao Cy cta cc trigger.
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CHUONG 7 CHUYEN POI TiN HIEU

7.1.TIN HIEU TUONG TU VA TiN HIEU SO

Tin hiéu twong tu (analog) thuong 13 nhitng dién thé hodc dong dién co dang bién thién
lién tuc theo thoi gian. Thong tin ma cac tin hiéu twong tr mudn truyén dat cho con ngudi 1a
bién do cua nd. Bién do nay 1a mot ham theo thoi gian.

u = f{(t) i=g(t)

Tuy theo dang cua fva g ma ta co thé két luan dugc vé ban chat cua tin hiu u, i trén.

Tin hiéu lién tuc c6 thé bién ddi mot cach lién tuc gifra cac gia tri cuc dai va cuc tiéu cua
dién ap hay dong dién.

Tin hiéu s6 (digital) chira thong tin ¢ vi tri cic xung hay su thay doi dot ngdt ctia bién do
(so voi tin hiéu thot gian chuén) con tri sb tuyét ddi cua bién do xung khong quan trong.

Tin hiéu s6 chi c6 hai mirc gian doan (Ung v&i trang thai ctia mot mach 1at) ctia dién ap.

Céc thong tin can xit Iy c6 thé & dang s6 hodc dang twong tw, nhung khi tinh toan hodc xit
ly thong tin may tinh lai chi hoat dong theo co ché nhi phan. Vi vay ta phai chuyén cac tin hiéu
khong phai s6 thanh s (ADC), sau khi tinh toan, xit Iy xong cac két qua can phai hién thi theo
tin hiéu twong tu nho b chuyén doi sb twong tu (DAC).

Nhu vay, ban chét cua hai loai tin hiéu tuong tu va s6 hoan toan khac nhau.Tin hiéu tuong
tu thuong gip trong thuc té do tinh chat lién tuc theo thoi gian ctia nd phit hop véi cc hién
twong vat 1y thong thuong. Con tin hiéu sb thi chi xuat hién trong céc thiét bi s6, thudng duoc
dung nhu mot hinh thirc trung gian rat thuan tién trong viéc do ludng, tinh todn va xit 1y tin
hi€u, n6 thuong khong xuét hién truc tiép trong cac hién tugng thuc té. Pé thuc hién viée ghép
ndi cac hé théng s6 véi cac thiét bi tuong tu, chung ta phai thyc hién viéc chuyén doi gitra hai
loai tin hi¢u nay.

7.2. BO BIEN POI SO - TUONG TU

B bién doi S6 - Tuwong tu DAC (Digital Analog Converter) ¢ so d6 khdi téng quat nhu

hinh 7.1 VAo nhi phdn

a, N Ra tuong ty
G ————> Uy ()
DAC V
Q— > _/
a, ——————> e
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DAC tiép nhan mot mi s n bit nhi phan song song & 16i vao va bién dbi thanh dién ap
hoic dong dién tuwong tng ¢ 16i ra. Dong dién hodc dién 4p ra tir DAC 13 ham ctia mi s & 16i
va0 va c6 bién thién phu hop véi ma sb nay.

Pién 4p U; con goi 1a U chuan, ddy 1a mot dién ap mot chiéu (DCV) rat 6n dinh nam trong
DAC. Dién ap ra U ¢6 dugc 1a do su phan chia dién ap mot chiéu nay.

Ta c6 bang trang thai cia mot DAC 4 bit (bang 7.1).

Dong Vao nhi phan Ra tuong tu
Az Ay A A (V)
8 4 2 1
1 0 0 0 0 0
2 0 0 0 1 1
3 0 0 1 0 2
4 0 0 1 1 3
5 0 1 0 0 4
6 0 1 0 1 5
7 0 1 1 0 6
8 0 1 1 1 7
9 1 0 0 0 8
10 1 0 0 1 9
11 1 0 1 0 10
12 1 0 1 1 11
13 1 1 0 0 12
14 1 1 0 1 13
15 1 1 1 0 14
16 1 1 1 1 15

Tu bang trang thai ta cé:

Dong 1: Tat ca cac dau vao déu1a 0, daura1a 0 Volt .

Dong 2: Ung véi dau vao A, hoat dong & muc 1, lic d6 dau vao 1a A3 A, A; Agla 0001
dau ra cho ta 1 Volt .

Dong 3: Ung véi dau vao A, hoat dong & mirc 1, lac d6 ddu vao Az A, A; Ayla 0010 dau
ra cho ta dién ap 2 volt.

Dong 5: Ung v6i dau vao A, hoat dong & murc 1, lic d6 dau vao Az A, A, Agla 0100 dau
ra cho ta dién ap 4 volt.

Dong 9: Ung voi dau vao A, hoat dong ¢ mire 1, lac d6 dau vao A; A, A; Agla 1000 dau
ra cho ta dién ap 8 volt .
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Nhu vay can ¢6 mot su can béng nao do gitra cac dau vao Az Ay A; Ay. Su can béng nay
la 8 cho Aj, 4 cho A,, 2 cho A;va 1 cho A,.
Tir d6 ta thdy mot DAC phai ¢ so d6 khdi nhu hinh 7.2.

Vao nhiphan |
Qy
Ra tuong tu
a, —
Bo khuéch
a, daqiténg -

DAC céu tao tir 3 phan chuc nang:
DAC s& phan chia dién ap nay theo cac sd
nhi phan & dau vao, dé co dién ap ra.
Lu6i duoc can bang vé tri s6 thé nao do cho thich hop véi cac dau vao
nhi phan 8421.

Pua timg dién ap ra theo bang chan 1y. Thong thuong bo khuéch
dai téng la mdt vi mach thuat toan. Ludi dién tré s€ lam thay ddi hé sd khuéch dai caa mach
khuéch dai tong, nho vay ta co dién ap ra tuong tng.

Nhu vay, dau vao DAC 14 nhimg chuyén mach tuong ty, duoc diéu khién béi cac sb nhi
phan ma ta mudn chuyén d6i sang twong tu, khi s nhi phan & muc 1 chuyén mach twong tng
doéng lai, & muc 0 thi mo ra. Cac chuyén mach nay s€ ndi cac dién tré twong g voi vi mach
lam thay ddi hé sb khuéch dai ctia vi mach va tao nén dong dién hoac dién &p & dau ra tuong
ng v6i ma sé dau vao.

Dic tuyén cia mot DAC 1y tudng voi ma nhi phan 3 bit dwge mé ta & hinh 7.3.

L& ra tuong tu da chudn hod

Sl 2o T
ol el
gs | L&iratuong tu :
a8 ly tuong |
3/8 |
2/8} |
1/8 :
O 1

OJOOO]O]OOH]OO]O]HO]HM_ o 3
0 1/8 2/83/8 4/8 5/8 6/8 7/8 MA SO VAO
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Pai lugng ra twong tu khong lién tuc ma roi rac, béng mot trong tdm gia tri co thé c6. Mdi
gia trj ing v6i mot trong 8 t6 hop ctia ma nhij phan 3 bit & dau vao.
Véi DAC 3 bit, dién ap ra tir 0 dén 10V (FS = 10V) dién ap ra cuc dai c6 thé c6 duoc 1a

A 17 5 X A [N r ’ 7. A . 5 A oL 2 A \ \ FS X
8,75V. B0 16n cua moi nac dién ap ra ing voi su chuyén dich cia mdt bit ¢ dau vao la o moi

10V

23

nat dién ap ra la =1,25V.

Tuy timg tng dung ta dung DAC véi s bit khac nhau. DAC c¢6 s bit cang 16n thi khoang
cach dién ap mdi nat cang nho, do phan giai cang cao. Ciing v4i FS = 10V DAC 8 bit s& c6 256
muc dién ap khac nhau, mdi nét dién ap la: 3,906 mV.

Pay 1a phuong phap don gian nhat dé xay duyng mot bd DAC. Mach DAC loai dién tro
trong lugng gém co6 mot nguén dién ap chuan, cac khoéa logic, cac dién tro voi tri s6 co ty 1€
nhu sau: R, R/2, R/4, R/8 ... R/ 2™, m6t vi mach tuyén tinh 1am nhiém vu khuéch dai téng.

Xét mot bo DAC 4 bit loai dién tré trong luong véi so dd nguyén ly nhu hinh 7.4

Vdo sé

——— R, = 150 kQ
A-?:I A Aw[ A-:-J, R, = 75 kQ
Ks /K [ Ky K R.=37.5kQ
R,= 18,75 k&
R. = 20 kQ
R,ﬂ R° l?'Z R]
s
+—
—— Ra tuong tu
U =3V | >;'—®_
1 =

Ui,: Bién ap chuan mdt chiéu rat 6n dinh.

Ry, Ry, R3, Ry: Ludi dién tré

IC: Bo khuéch dai téng, day 1a mgt vi mach thuat toan

Ry dién tré hoi tiép.

K, K;, K, K; Cac khoa logic, khi tiép nhan bit 0 khoa s€ md ra lam cho mach hé, khi tiép
nhan bit 1 khoa dong lai lam cho di¢n ap chuan U;, duoc nbi voi dién trd tuong img R, Ry, R;
hodc Ry Thong qua cac khoa ta cé thé thay ddi hé sb khuéch dai dién ap cua vi mach, nho vay
thay d6i dugc dién ap ra (U,). Dién ap U, nay chinh 14 tin hiéu twong ty trong Gng véi tin hiéu



110

s6 & dau vao.
Tir so d6 nguyén 1y ta thiét 1ap bang trang thai cho DAC trén.
Tat ca khoa K déu tat. Bién ap vao bang 0 do d6 dién 4p ra bang 0.
Khoéa Ky nhan bit 1 nén dong lai, ta tinh dién 4p ra cua DAC :
Hé sb khuéch dai dién ap cua so dd :
R, 20000

K, =—t= = 0,133
R 150000

Tt cong thirc tinh dién ap ra cua DAC :
Up=UpxK,=3x0,133#04V
Khoéa K; nhan bit 1 nén dong lai. Tuong ty nhu trén, ta cd dién ap ra

tuong ung:
20000 566
75000
V. =3x0,266 = 0,8V
Khoa K, nhan bit 1 nén dong lai. Tuwong tu nhu trén, ta c6 di¢n ap ra

tuong ng:

K, =20000_ 533

37500

V,, =3x0,533=1,6V

2 khoéa K; va K, cung nhan bit 1 nén cuing dong. Trudong hgp nay ta phai
tinh dién tré vao tuong duong:

L=2sRe 550000
R, +R;
K - 20000,
25000

V., =3x0,8=2,4V

V61 phuong phép tinh tuong tu, ta c6 thé tinh duogc dién ap ra cho tat ca cac dong con lai.
Tir cac két qua nhan dugc & trén, ta viét bang trang thai cia DAC nay nhu bang 7.2

Dong Vao nhi phan Ra tuong tu
As Ay A A (V)
1 0 0 0 0 0
2 0 0 0 1 0,4
3 0 0 1 0 0,8
4 0 O 1 1 1,2
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5 o I 0 0 1,6
6 o 1 0 1 2,0
7 o 1 1 0 2.4
8 o 1 1 1 2.8
9 1 0 0 0 32
10 1 0 0 1 3,6
11 1 0 1 0 4,0
12 10 1 1 4.4
13 1 1 0 0 4.8
14 1 1 0 1 5,2
15 1 1 1 0 5,6
16 11 1 1 6,0

Ta ciing c6 thé dung phuong phép sau dé tinh dién ap ra cho mdi dong:
Tir so dd nguyén 1y ta thdy: Khi khoa K nao d6 duoc ndi véi dién ap ngudn chuin U, thi
s& cung cap cho vi mach tuyén tinh mot dong dién c6 cuong do:

- U}i;_Rf (a, 2" "' +a, ,2"*+a, 2" +..+a,2") (7.1)

ra

trong d6 Ay + A,y co6 gid tri 0 hodc 1

O dau vao tiép nhan mot thong tin s6 4 bit 1011 (s6 11), dudi tac dung cua cac bit
nhi phan nay khoa Ky, K, K5 dong lai, mot dong dién tong I, chdy qua vi mach tuyén tinh. Ta

duoc :

— in Uin Uch
Itg— R + 5 + 5
2 8

1 2 8 U.

I =U (—+—+—)=11.—2

tg m(R R R) R
A U.

Vay U, = [ [Ry= 11 R‘“ R,

Thur lai bang cong thire tong quat (7.1) ta co:

Uin Rf
R

U = Ui, %(23 +2'+2% =11

Ap dung cong thirc tong quat (7.1) ta dé dang viét duoc bang trang thai ctia cac DAC dién
tré trong luong. Loai DAC dién trd trong luong c6 thé mo rong cho cac thong tin s6 ¢ sb bit
cao hon.
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B6 DAC loai dién tré trong luong c6 vu diém 1a don gian, nhung c6 khuyét diém 1a do
chinh xac va tinh 6n dinh ctia két qua phy thudc nhiéu vao d6 chinh xac cua cac dién tro. Khi
sO bit thong tin s6 ting 1én thi tri s6 dién trd ciia ludi dién tro cling ting 1én, tri sb clia cac dién
tr& nay phai co ty 18 nhét dinh, tuan theo quy luat 8 4 2 1 cho 4 bit. Ché tao cac dién trd co ti 18
dung nhu trén rat kho khin va tén kém. Ngoai ra, dién ap ra con phu thudc vao ca do 6n dinh
cua di¢n &p vao.

Giai quyét cac khuyét diém caa DAC loai dién trd trong lwong, ngudi ta ché tao loai DAC
R - 2 R. Ludi dién trd cua loai nay khong doi hoi ty 1€ tri s6 cua cac dién tro, Cac dién tré cua
lu6i dién tro chi co 2 tri s6 1a R va 2R (vi du 10 kQ va 20 kQ) va duoc goi 1a ludi chia dién thé.
Do chinh xac cia DAC chi con phy thudce vao do 6n dinh dién ap cta ngudn dién vao. Khuyét
diém cua loai nay 1a sd luong dién tré nhiéu hon so véi DAC loai dién tré trong luong véi cing
s0 bit. Hinh 7.5 14 so d6 nguyén Iy mot DAC 5 bit loai R- 2R.

16 8 4 2 1

Digital in
‘/ ‘/ ‘/ / 20kQ 20k 0
10kC2
==
—"in
3v0C 10k
10kQ
Ri=81k 0
10kC2 P
0k G2 Rl Analog out (V)
. .
: N 1

Tir so d6 nguyén 1y ta thiy ddi voi DAC R — 2R, cac khoa K ludn 1udn ndi dat du thong
tin s6 c6 bit 1 hay 1a bit 0. Khi & bit 0 khoa K ndi dét that su, con khi & bit 1 khéa K ndi dat qua
dau vao cua bd khuéch dai tong. Nhu vay, dong dién qua cac dién tré ndi v6i khoa K ¢o gia tri
¢ dinh d6i véi mdi dién tro, khong phu thudc vao trang thai ctia cac khoa K. Ciing nhu DAC
dién tr¢ trong luong, DAC R — 2R st dung nhiéu khoa K, thong tin s6 ¢6 bao nhiéu bit ta phai
dung béy nhiéu khoa K. Khi nhan trang thai 1 khéa K d4u vao Uy, khi nhan trang thai 0 khoa K
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nbi dat. Ludi dién tro cia DAC R- 2R ¢6 thé v& theo mang dién tro hinh T. So d6 nguyén 1y
ctia DAC trén c6 thé v& lai nhu hinh 7.6

R'rZBkQ
OF Amp IC
10k €2 10k 02 10k 2 10EQ _ Analog out (W)
+ i
20kQ2 & 20K Q2 0k Wk Sonp0 20k —
R R = R - -
/n Digital in
[ ] » Y ™
_ —I1

Goi I, 1a dong dién téng chay qua vi mach khi cac khoa K twong tmg voi sd nhi phan dau
vao dong lai, Ta co: Uy, = [ Ry

Mot cach téng quat vai mot DAC R — 2R n bit (tir Ag cho dén A,.;) ta ¢ thé tinh theo
cong thure sau:

U,=U, ZI"{i{ (@""2"" +a" 72" + . +a"2%) (7.2)

Trong d6 Ag + A1 c6 gia tri 0 hoac 1

Thi du: O dau vao DAC tiép nhan sb nhi phan 5 bit 10101 (s6 21).
Ta c6 bit co trong lugng nho nhat 1a 1 nén chuyén mach 2% ndi voi Uy, va dong dién do nd
cung cap cho vi mach tuyén tinh:

2y=Ys 1 _U

n

T 16 2R 32R
1(22) = Ui, L = &
4 2R 8R
1(24):$'L:$
1 2R 2R
1 1 1
I, =12%) +I12H+12Y = U, (—+—+—

Ma Uy, =R 1,
1

A 1 1 21
Nén U, =U, R,(—+—+—)=U, R;(—)
32 8R 2R 32R
Nghiém lai bang cong thtc tong quat 7.2
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R 21
=U, —=—(2"'+2*+2°)=R,U,, (——
in 25R( ) f ~in (32R)

7.2.4.D¢ phan giai
Do phan gidi cia 1 DAC 1a mét dac trung quan trong, duogc do béng sb bit tin hiéu vao
hay do bang [ ctia budc nhay dau ra so v6i toan thang.
Thi du: DAC 4 bit thi budc nhay cuc tiéu ctia dién ap dau ra 1a 1/15 cua toan thang .
Ta c6 biéu thirc xac dinh do phan giai [ :
/ =
Dai véi DAC 4 bit ta ¢6

1)(100 vO1 n la so bit cua tin hi€u vao .

R % =57 x100=67%

Nghia la dbi véi mdi mQt gia tri nhi phan, dién ap ra cua DAC bién d6i 6,7% dién ap cuc
dai daura .
Tuong tu do phan giai cﬁa DAC 5 bit :

R %= x100=3.2%

Nhu vay so voi DAC 4 b1t, DAC 5 bit ¢6 dJ phan gidi cao hon. Mgt DAC con dugc danh
gia bang d6 chinh xac, do tuyén tinh va téc d6 hoat dong.

7.2.5: Vi mach chuyén doi sé - twong tu.

Pé thyuc hién viéc chuyén ddi s6 - tuong tu, ta co thé dung vi mach AD75421. Pay la vi
mach 12 bit CMOS loai R — 2R, né ¢6 so 6 chan nhu hinh 7.7

Hinh 7.7: So do chdn vi mach ADC AD7541
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7.3. BO BIEN POI TUONG TU - SO

Cac thong tin (dién ap, dong dién ...) thuong & dudi dang twong ty, mudn tién cho viéc xir
Iy ta phai bién d6i sang dang so, viéc bién doi nay thuc hién nho bo bién doi twong tu - s6 ADC
(Analog Digital Converter), nghia 1a mot dién ap lién tuc bat ky & dau vao sé& cho ta tin hiéu sd
tuong tng ¢ dau ra (Hinh 7.8)

Vao tuong tu A )
Fasd

Xung nhip

Xung nhip: Do mot may phat xung c6 tan sé khong doi tao ra, cic xung nay s& dua vio
cong G.

Léi vao twong fw: Noi nhan dién 4p tuong ty can bién d6i thanh sb.

Qua trinh bién ddi tin hiéu sb sang tuong ty dugc minh hoa boi dac tuyén truyén dat cua
mot DAC 3 bit nhu hinh 7.9. Tin hi¢u tuong tu U, duoc chuyén thanh mot tin hi€u c6 dang bac
thang déu. Vi dac tuyén truyén dat nhu vay, mot pham vi gia tri cua U, duoc biéu dién béng
mot gia tri dai dién b;?aJng sO thich hop. Céc gié tri dai dién bang sd 14 cac gia tri roi rac. V&i mot

© /

|
I Q
I

ADC N bit thi mdi nat trén hinh thang chiém mot gia tri:
U

Amax

Q:ULSB :F
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V61 Uamax 12 gid tri cuc dai cua dién ap tuong tu & dau vao bd chuyén doi.
Gia tri cia Upgg hodac Q goi 1a mire luong tir (mot nat cua hinh thang). Tin hi€u s6 nhan dugc ¢
dau ra la tin hi¢u ro1 rac, nén trong qua trinh chuyén doi s€ xuat hién mot sai sO goi la sai s

luong tur Aug,. AU, =%

B6 chuyén d6i twong tu - s6 ADC thuong c6 so dd nguyén 1y nhu sau (Hinh 7.10)

Clockpulsein ¢ CEUIEr Digital out

A

e - Me Te O

Campratar

Vs DAC -+
- 4B

- A
Analog in

Mot may phat xung c6 tan s6 khong doi, cung cip cac xung cho céng G. Cong nay chi mo
khi 16i ra bd so sanh dién ap 1a 1. S6 xung sau khi qua cong s& dugc dém bai bd dém co s6 2,
ngd ra ctia bo dém ciing 1a 16i ra cia ADC, ddy ciing chinh 1a tin hiéu s twong tmg véi tin hiéu
tuong tu can chuyén doi. S6 nhi phan & 16i ra cua bo dém con dugce dua vao bd bién dbi S6 -
Tuong tw DAC. Ldi ra cia DAC s& 13 mot dién ap hdi tiép ti 16 voi sd xung qua cong. Ching
nao ma dién ap héi tiép Uy con nho hon dién ap twong ty U, can bién ddi thi cong con mé cho
xung vao bd dém. Khi dién ap hoi tiép 16n hon hodc bang dién 4p twong tur can bién d6i thi 16i
ra ctia bo so sanh bang 0 va cong G dong lai khong cho xung nhip vao b dém. Do d6 s6 dém
ghi dugc & may dém 1a mot sb nhi phan biéu dién dién ap tuong tu & 16i vao.

Bang 7.3 cho ta bang trang thai cia mot ADC 4 bit

Dong | Vao tuong tu Ra nhi phan
(V) Ay A A A
1 0 0 0 O 0
2 0,2 0 0 O 1
3 0,4 0 O 1 0
4 0,6 0 O 1 1
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5 0,8 0o I 0 0
6 1,0 o 1 0 1
7 1,2 o 1 1 0
8 1,4 o 1 1 1
9 1,6 1 0 0 0
10 1.8 1 0 0 1
11 2,0 1 0 1 0
12 2.2 10 1 1
13 2.4 1 1 0 0
14 2,6 1 1 0 1
15 2.8 11 1 0
16 3,0 11 11

Dé biét duoc hoat dong cua ADC trén, ta gia thiét dua vao dau vao bién doi mot dién ap
0,75 Volt. Theo bang chan 1y dau ra sé& 1a 0100.

Gia st bang trang thai cia DAC ¢6 trong cau tric cia ADC nhu bang 7.4, ta phan tich cac
chu ky xay ra trong ADC dang khao sat. Cac chu ky nay thyc té xay ra rat nhanh (Bang 7.5).

Dong Vao nhi phan Ra tuong ty
Az Ay A A V)
8 4 2 1
1 0 0 0 0 0
2 0 0 0 1 0,2
3 0 0 1 0 0,4
4 0 0 1 1 0,6
5 0 1 0 0 0,8
6 0 1 0 1 1,0
7 0 1 1 0 1,2
8 0 1 1 1 1,4
9 1 0 0 0 1,6
10 1 0 0 1 1,8
11 1 0 1 0 2,0
12 1 0 1 1 2,2
13 1 1 0 0 2,4
14 1 1 0 1 2,6
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15 1 1 1 0 2,8
16 1 1 1 1 3,0
Chu ky bPon vi Trang thai hién tai ctia cac dau vao Két qua & dau ra
B0 so sanh A=0,75V,B=0V
A>B C=1
Cong Va E=I,C=1 F =1 cong VA mé
1 B dém Nhan xung nhip thi nhat Dém xung nhip thr nhit
B6 hién sd Pau ra A hoat dong Hién thi 0001
ADC Nhan s6 nhi phan 0001 Dién 4p ra: 0,2V
B0 so sanh A=0,75V,B=0,2V
A>B C=1
Cong VA E=1,C=1 F =1 cong VA mo
2 Bo dém Nhan xung nhip thtr hai Pém xung nhip thir hai
B6 hién sb Pau B hoat dong Hién thi 0010
DAC 0010 Di¢n &p ra: 0,4V
B0 so sanh A=0,75V,C=04V
A>B C=1
Cong VA E=1,B=1 F =1 cong VA mo
B dém Nhéan xung nhip thir ba DPém xung nhip th ba
3 B0 hién s6 Pau A va B hoat dong Hién thi 0011
DAC Nhan sé nhi phan 0011 Dién ap ra: 0,6V
B0 so sanh A=0,75V,C=0,6V
A>B C=1
4 Cong VA E=1,B=1 F =1 cong VA mo
Bo dém Nhéan xung nhip thir tu Dém xung nhip thir tur
B hién sb Pau C hoat dong Hién thi 0100
DAC Nhan s6 nhi phan 0100 Dién 4p ra: 0,8V
B0 so sanh A=0,75V,B=0,8V
A<B C=0
Cong VA E E=1,C=0 F =0 cong VA dong lai
5 B6 dém Khoéng nhan dugc xung nhip B6 dém dung dém
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B6 hién sb Pau C van hoat dong Van hién thi 0100
DAC Van nhan sb nhi phan 0100 bién &pra: 0,8V

O chu ky 1, by so sanh c6 A =0,75V ,B =0V, dau ra cta bo so sanh & muc 1, theo tinh
chat cua cong VA, ta c6 16i ra cia ndé ¢ mirc 1 (ca 2 16i vao déu bang 1). Cong VA cho xung
dém thtr nhat di vao bo dém. B6 dém ting 1én 1 (dém dén 0001). B chi thi sé hién s6 0001. Bo
bién doi s twong tu (DAC) nhan s6 0001 & dau vao cho mot dién ap twong tng 0,2 Volt & 16i
ra (xem bang 7.5). Dién ap nay 1a dién ap hoi tiép duoc dua vé dau vao B cia bo so sanh.

Cac chu ky tiép theo cling twong tu nhu vay, cho dén chu ky thir 4 thi dién ap hoi tiép 1ay
ra tir bo bién ddi DAC 14 0,8 V. Chu ky thir 5 nhu sau: B§ so sanh c6 dau A = 0,75 V va dau B
=0,8 V. Vay A < B nén 15i ra ctia bo so sanh C= 0. Cong VA c¢6 mot 16i vao nhian mic thap,
daura ¢ muc 0, céng VA dong lai, bo dém nhj phan khong nhan duogc xung dém, no dung dém
6 0100. Nhu vay khi cho ADC nhan mot dién &p twong tu 0,75 V & 161 vao, ta s& nhan duoc sd
nhi phan 0100 ¢ 16i ra.

B6 bién d6i ADC trén 1a 4 bit, ciing nhu DAC ta ciing c6 ADC c¢6 do phan giai 1a 8 bit va
12 bit duoc dung rat phd bién.
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	CHƯƠNG IV                                    TRIGGER 
	6.1.KHÁI NIỆM 
	Ngoài hệ logic tổ hợp, trong điện tử số còn có các hê logic tuần tự (sequential logic). Đó là các hệ thống logic mà hàm ra tại mỗi thời điểm không những phụ thuộc vào các biến (hệ 2) đầu vào ở chính thời điểm đó, mà còn phụ thuộc vào các biến đầu vào ở các thời điểm trước đó. Các biến này được “nhớ” lại trong các bộ nhớ của hệ (vì vậy hệ logic tuần tự còn được gọi là các hệ logic có nhớ). Nói cách khác, hệ logic tuần tự là các hệ logic phụ thuộc vào các trạng thái của hệ. Các phần tử tham gia vào hệ sẽ hoạt động theo một trật tự nhất định. Khi trật tự này được hoàn tất thì trạng thái trên đầu ra mới được thiết lập.  
	Hình 6.1: Sơ đồ khối tổng quát hệ logic tuần tự 
	Từ hình 6.1 ta thấy một hệ logic tuần tự bao gồm hai khối: 
	a/ Khối logic tổ hợp: Có nhiệm vụ điều khiển việc thu nhận và đưa ra các thông tin vào ra, cũng như điều hành mọi hoạt động của các Trigger. 
	b/Khối các Trigger: Đóng vai trò các bộ nhớ của hệ, chúng có nhiệm vụ nhớ các thông tin trung gian. Như vậy, tổ hợp các trạng thái của của các Trigger ở một thời điểm nào đó chính là trạng thái của hệ. Khi số Trigger của hệ tăng lên thì số trạng thái của hệ cũng tăng theo. Từ các Trigger ta cũng có thể lấy các thông tin ra. 
	Đối với việc thiết kế các hệ logic tuần tự, cần phải chú ý vòng hồi tiếp giữa phần hệ tổ hợp điều khiển và các Trigger, hoặc giữa các Trigger với nhau. 
	Việc đưa một xung nhịp có độ ổn định cao vào để đồng bộ các Trigger có ý nghĩa rất lớn, nó hình thành hai loại kết cấu thuộc hệ logic tuần tự là đồng bộ và không đồng bộ. 
	Tóm lại, các hệ logic tuần tự sử dụng chủ yếu các Triger, chúng đều là các mạch logic kế tiếp, Trong các hệ logic tuần tự có hai hệ thống thông dụng nhất là các bộ đếm và mạch ghi.  



