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LOINOI PAU

_ Chuang ta dang sbng trong ky nguyén ma cac san pham cdng nghé cao da tham

nhap vao moi linh vyc dori sdng — xa hoi. Céng nghé nano — vat fieu moi; céng nghé
thong tin sb, cong nghé robot théng minh;- céng nghé sinh. hoc; cbng nghé nghién
otru v sur sbng va nhidu céng nghé tién tién khac nira d& thuc sw lam thay ddi thé
gi@i trong nhirng thap ky qua. : : _ ‘

Ky nguyén cong nghé so da va dang tiép tuc phat trién khéng ngirng nham théng
minh hoa va hién dai héa hé thong, néng cao chéat lwong cac hé théng truyén thong
va didu khién. Sy bung nd cla cac san ph&dm céng nghé cao ngay nay phan nhiéu
dua trén sw ra doi va phat trién cta cong nghé ky thuat sé va hé théng théng tin sd.
Co thé k& dén rat nhidu (ng dung cla ky thuat sé trong cudc séng nhu: hé thong
truyén hinh sé; thong tin di déng sb; may anh ky thuat s cac thiét bi MP3/MP4; cac

thiét bi didu khién sb, ww... , ‘ ' - _

Trwéng Dai hoc Su pham Ky thuat Hung Yén ia treong dai hoc sw pham ky
thuat l&n nhét cda khu vuc phia Bic. Muc tidu cha nha treong 12 tré thanh trudrng
dai hoc dinh hwéng thwc hanh/ing dung hang du trong khu vire véi nhiém vu dao
tao ky sw cong nghé cho cac cong ty, doanh nghiép va ct* nhan su pham ky thuéat

cho cac truong chuyén nghiép va day nghé gop phan vao céng cudc cong nghiép

hoa, hién dai hoa dat nwdc. Chinh vi thé, ngoai viéc tap trung dao tac kién thic ly
thuyét chuyé&n mén, sinh vién cAn phai dat dwgc cac nang e ngh& nghiép can thiét.
Cac ndng lwc nay dwgc hinh thanh théng qua qua trinh hoc tap Iy thuyét, thuwc
hanh/thi nghiém, théng qua cac dd an mén hoc, dd an tét nghiép va thyc tap tai cac
cong ty, doanh nghiép. '

V@i sw gitp d& clda Dy an giao duc dai hoc Viét Nam — Ha Lan, cong v&i kinh

nghiém nhiéu ndm nghién clru va giang day tai Truwdng dai hoc Suv pham Ky thuat
Hwng Yén, tap thé cac giang vién Khoa bién - bién tlr da cho ra doi bd sach Ky
thuat Dién — Dién tl. Cudn Ky thuat sé 1a mot trong nhirng cudn sach thudc bo sach
nay. :
Muc tiéu ctia cudn sach nham cung cAp cac kién thirc Iy thuyét tdng quan va day -
A0 nhéat vé phwong phap phan tich va tdng hop mach sé cho sinh vién, gidng vién va
cac ky su, ky thuat vien chuyén nganh Dign — Dién tir. B&n canh do, cac bai tap
luyén tap va cac vi du (rng dung thuc ti&n, da dwoc tac gia kiém nghiém théng qua
cac bai thye hanh/thi nghiém, sé& duoc bé sung vao trong ndi dung clia cudn sach.
V&i chu tric nhw vay, ngudi doc ¢ thé dé dang doc va tw hoc. Kinh nghiém cho
thay, nguwdi doc sé nhé& rat Jtét ya hirng tha voi nhirng gi ma ho dwoc doc va thwe
hanh, hon la ho dwoc nghe



Cudn sach cling I3 tai liéu tham khao rat cé ich cho tat ca cac sinh vién dang
theo hoc cac nganh Ky thuat dién tl, Vién théng, Kién truc may tinh, Tin hoc, Tu
dong hoa, Do ludng, Biéu khién,.... & cac trwdng Cao ding va Pai hoc.

Noi dung cubn sach gdm cé 6 chuwong:

Chwong 1: Trinh bay cac khai niém co ban cha hé théng so cac hé thong sb
dém, cac phép tinh sé hoc va cac loai ma,

Chwong 2: Trinh bay co sé tban Ioglc ‘cac phu’o’ng phap biéu dién va téi thidu
hoa ham logic.

Chwong 3: Gidi thiéu vé cac thong s, cAu tao va hoat dong cla: cac vi- mach
logic. - - . : : ST :

Chu’omg 4; Trlnh béy cac phuo’ng phap phan tlch va thlet ké mach té ho’p, cac
mach logic t& hop thwdng gap, cac tng dung. :

Chwong 5: Trinh bay cac phwong phap phan tlch va thiét k& mach. day, cac
mach logic day thwé&ng gap, cac irng dung. C :

‘ Chwo’ng 6 Trlnh bay cac bd chuyén déisé — tu'o’ng twrva tu=0ng tr - sb.

Trong mai chuong, sau madi phan ly thuyet déu c6 cac vi du cu thé va cac wng ,
dung duoc giai thich ré rang glup nguai doc hidu rd van dé, cac hé thong ba| tap
'cu0| mo: chirong gitp ngwréi hoc nam virng cac kién thwc da hoc. '

Céc tac gia xin chan thanh cam on cac dong nghlep trong Bo mén Ky thuat Bién
t&r cla treong Bai hoe Sw pham Ky thuat Hung Yen da dong gop nhleu y kién bé ich
cho viéc soan thao.

N§i dung cubn sach da du’o'c dung tam tai Ileu glang day cho cac 1&p Pai hoc va
Cao. dang trong nhleu nam, tuy nhién khong thé tranh khoi nhikng thiéu sot. Chung
toi rat mong nhan dwgc y kién déng gop clia cac ban dong nghlep, ban doc de kip
thoi chinh sira, bd sung cho Ian tal ban sau.

Moi y kién dong gop xin gui vé: Khoa bién - Daen tu tru’cmg Pai. hoc Sw pham
Ky thuat Hung Yén, huyén Khodi Chau, Hwng Yén hosc Cong ty Co phan sach
bPai hoc va Day nghe — Nha xuat ban Gido duc Viét Nam, 25 Han Thuyen Ha Ni.

Céc-téc gié :



Chlro'ng 1
KHAI NIEM CO BAN CUA HE THONG SO

1.4. KHAI NIEM TiN HIEU SO

V& co ban c6 hai cach bié_u dién gi'él tri cia dai lugng, d6 1a tong tu (analog) va
s (digital). | | o |

— Biéu dleﬁ dang tuong tu trong cach bidu dién dang tudng tu, mot da1 lugng
duoc bidu dién bang hiéu dién thé, cudng do dong dién, hay s6 do chuyen dong tuong
quan v6i gia tri cta dai luong do. -

Vi du, dong hd do vén téc trong xe 616, k1m do phai léch trong 1’rng véi the @b
h1en tai cua xe va d9 1éch nay phai thay d01 tire thi khi vén tdc xe tang hay giam.

Mot vi du khéac vé dai luong tuong tu la chiéc micro. Trong thlet bi nay, blen do
hi¢u dién thé dau ra ludn ty le vai cuong do song am tac dong vao mang rung cia
micrd O diu vao.

Céc dai luong tuong tu c6 mot dic diém rit quan trong do la: Dai luqng_ tuong tu

c6 thé thay déi theo mdt khoang gia tri lién tyc. - o - o
~ Biéu dien dang sb: Trong cach bidu dlen dang so da1 luomg duge biéu dlen '
bang céc biéu tucng g0i 13 ky s6 (dlglt)

Vi du, dong hd hién s, hlen thi thoi glan trong ngay nhu glor phut giay dudi
dang sb thap phan Tuy thoi glan trong ngay thay dbi lién tyc, nhung sb hién cua dong
hé sb 1ai thay. d4i ting budec, mdi buorc la mot phut hay mot giay.

-No6i cach khac, cac dai lugng sb co dic diém 1a gia tri cla no thay dm theo tung
budc 1ol rac. . , ‘ _

Vi tinh rdi rac trong biéu dién dang sb nén khl doc gia tri cua dal luong sb, khong
h& ¢6 sy mo hd: , ‘ :

a) Uu diém cuaa ky thuat sb so véi ky thudt twang tw
~ Do st dung chuyén mach nén nhin chung thlet bi s6 de thlet ké hon.‘ o
. —Thong tin duge Ivu trit dé dang.

~ Tinh chinh xac va do {in cdy cao hon.

—Co thé 1ap trinh & didu khin hé théng sb.

—it anh huong boi nhleu

—Nh1eu mach sb ¢6 thé duge tich hop tren mot ‘chip IC
b) Gioi han cua ky thuat so

Mic di hé théng sb c6 rat nhleu up, diem, nhu’ng bén canh do vin c6 mot sb han
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ché. Do hiu hét cac dai lugng vat 1y déu c6 ban chét [a twrong tw, nén mudn tan dung
dugc hé théng k¥ thudt sb thi chung ta phai thuc hién cac bude sau: :

—Bién dcn déu vao dang tu‘crng tu thanh dang sb (A/D).

— Xir 1y tin hiéu sb.- ' -

—Bién d8i diu ra dang s thanh dang tuong tu (D/A).

Tuy nhién, qué trinh trén duge coi 1a qua trinh tit yéu dbi v6i hé théng s6.

O mot s6 hé thong, dé tan dung ca wu diém cua k¥ thuat so va k¥ thuat tuong tu
ngudi ta ding ca hai hé théng. Trong cac hé théng lai ghep nay thi v1ec quan trong la
phai xac dinh ducrc phén nao cua hé thong nén su dung ky thuét sé va phan naoc nén
str dung ky thuat tucmg tu.

1.2. TRANG THAI NHI PHAN VA MUrC LOGIC

Tfong hé théng 1()7 thudt sb, thong tin duoc xir 1y ddu biéu didn dudi dang nhi
phan. Bat ky thiét bi nao chi c6 hai trang thai hoat dong déu'co thé bidu dién duorc cac
dal luong dudi dang nhj phan. '

Vi du, mét céng tic chi cé hai trang thai hoat dong la déng hodc mdo. Ta cé thé
quy itéc cong tic mo bidu dién nhi phén 0 va cong tac déng bicu dién nhj phéan 1. Vi
quy wée nay ta c6 thé bidu din sé nhi phan bit k. ‘

Cé vo sb thiét bi chi ¢ hai trang thai hoat dong hay vén hanh ¢ hai diéu kién ddi
1ap nhau nhu: bong dén (sang/tdi), didt (dAn/khong din), role (ngit/déng),...

Trong thiét bi dién tir sb, thong tin nhi phin duoc bidu dién bing higu dién thé
(hay dong dién) tai ddu vao hay diu ra ciia mach. Thong thuong, sé nhi phan 0 va 1
duoc bidu didn bing hai mirc dién thé danh dinh. Vi du: 0V c6 thé biéu dién béng nhij
phén 0 va +5V biéu din bing nhi phan 1. Trén thuc té, cac sd 0 hodc 1 dugc biéu
dién bing mot khoang dién thé quy dinh ndo d6. Vi du, khoang dién thé tir OV dén
0,8V duoc quy dinh 1a mire logic 0 va tir 3V dén 5V duoc quy dinh 1a mac logic 1.

Déi voi hé théng k¥ thudt sb gid tri chinh xdc cia hiéu dién thé hay dong dién la
khéng quan trong, chi cin né nim trong khoang quy dinh mirc logic 0 hay 1.

1.3. KHAI NIEM BIT, BYTE, WORD

— Bit (binary dlglt — s6 nhi phédn): La m6t trong hai sé 0 va | dung trong céc thiét bi
sb dé biéu thi cac sb, cac ky tw va c4c 1énh may. Bit la don vi nho nhét ctia théng tin.

—Byte: Hiu hét may tinh déu thao tac va luu triv thong tin, dit li¢u nhi phén theo
timg nhoém 8 bit, chinh vi vay chudi 8 bit nay c6 tén 14 byte.

—Word — tir: Thong tin dit li¢d dugc tao thanh tir mdt don vi co ban-goi 1a tur
(word) Tuy theo tirng loai may, 1 tir co thé 1a 8 bit, 16 bit, 32 bit,...Cac thiét bi chi
truyén di hay nhan vao nguyén 1 tir hay nhiéu tir chir khong pha1 chi vai bit cia tir.
Tuy nhién don vi nhé co ban la-bit. :
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1.4. CAC HE THONG SO PEM

1.4.1. Cac hé théng sb dém st dung trong k§ thujt sb

D& bidu difn céc sb do, cac dai luong vat 1y ta ¢in ¢ac hé théng s6 dém. Trong
mot hé théng sb dém bét ky, mdt con s6 duoc bidu didn dudi dang mot diy cac chit s
lien tiép. Nhu viy, Gng véi mdi tp hop cac chir s6 dung dé biéu dién cac con s

ching ta s& duge mdt hé théng deém khac nhau. Ngudoi ta goi co s6 cia hé dém la s
chit b khac nhau ding dé biéu dién céc con sb trong hé dém do. :

O O O

Trong k¥ thuét sé, cO bbn hé thdng sb dém quan trong la: - |
_Hé dém thap phan (Decimal): con duoc goi la he co s 10, n6 six dung 10 chi sb
&3 bidu dién cac con s0, 10 chir 6 d61a:0,1,2,....9.- : o

—Hé nhi phén (Binary): con duoc goi 1a hé co s6 2, n6 st dung hai chir sb dé bidu
didn 1At ca cac con sb, hai chirsd d61a0val.

—~Hé bat phan (Octal): con duoc goi 1la hé co s 8, no sur dung 8 chit s6 dé biéu
di®n 14t ca cac con s0, 8 chit so dola: 0,1,2,..,7. ' C

_ Hé thap luc phan (Hexa): con duoc goi 14 hé co 56 16, n6 s dung 16 ky hiéu dé
bidu dién tit ca céc con sb, 16 ky hidu do1a: 0,1, 2, .., 9,A,B,C,D,E, F.

Céc hé théng sb dém chung ta noi & trén 1a cac hé théng dém theo vi tri, tirc la gia
iri caa cac chir sb phi_ithu@c vao vi tri ctia no trong con sd. Vi thé trong cac con sb,
chit sb6 dau tién duoc goi la chir sb (bit) c6 v nghia nhéat (MSD. — Most Significant '
Digit), titc cd trong s 16n nhét va chi sd cubi cung la chir sb (bit) it y nghia nhét
(LSD - Least Significant Digit), tirc ¢6 trong so bé nhit.

1.4.2. Chuyén dbi gitra cac hé théng sé dém
a) Chuyén doi tir cac hé théng sb6 dém khac sang hé thap phan

Néu co sbé A trong hé théng dém B thi ta ¢6 thé chuyén ddi sang hé thdp phan
theo cong thac sau: ' ' S
(A)s =2, B" + a,,B" ... +aB +a. BT+ +amBT - (1.4.2.1)
Trong do: S ' - | L

A 14 mot sb (A = ay_1 an-2..- 2, 31 4. 8.m)
B B‘lé‘ qor"éé, cia hé dém;' OIS ay <B -1

n 13 sb chir sé trong phin nguyén

m 1a s& chit sé trong phén thap ﬁhén

a,) 1a chir s c6 ¥ nghia nhét

a_p, la chir sb it ¥ nghia nhét

k 1a» A 5 ~ A s . - e
BX 1a trong s cha ¢hifsd.0.viirl k;voik=-m=+n-—1.



Vidu1.4.2.1: : S
(1101,01),=1.2°+1.22 +0.2' +1.2°+ 02 ' + 1 2‘2—(13 25),0
(12,4)s = 1.8" + 2.8°+ 4.8"! |
(13,8)16 = 1.16" + 3.16° + 8.16" : ,
b) Chuyén do: tir hé thdp phén sang cac hé thdng sé dém khac
Véi phan nguyen ta thuc hién chia lién tlep sb thap phan cho co sé ciia hé dém
cho dén khi thuong bang 0 va thyc hién lay so du theo thir ty s6 du cudi cung fa chit
s6 c6 ¥ nghia nhit va s§ du dau tién 1a chit s6 it ¥ nghia nhét. ' ‘
Véi phén 1¢ sau déu phdy, sy chuyén dbi dugc thuc hién béng cach nhan lién tiép
“co sd ctia h¢ ¢ém va giit lai phan nguyén duoc sinh ra tir trai qua phal '
Vidyu 1.4.2.2 Chuyen (18,250 sang hé nhi phéan,
Giai:

Phén nguyén thuc hién chia lién tlep cho 2 cho den khi thucmg bang 0 nhu trén hinh
1.4.2.1: :
Vay (18)10 = (10010)2

V&i phén 1¢ thue hién nhan lién tlep voi 2 nhu trén hinh 1. 4 2. 2

0,25 05 0,0 -

x 2. x 2 E x.2
05 10 0,0

() . W

Vay: (0.25)10 = (0,01),

Ta c6: (18,25)10 = (10010,01),

(Kiém tra lai két qua bing cach chuyén tir hé nhj phan sang hé thip phan nhu da
hoc & muc trudce).

Luu y, sy chuyén d6i khéng phai ludn luon chinh xac, noi chung mét lugng gan
twong duong c6 thé duge xac dinh bang su két thic qua trmh nhén ta1 dlem mong mudn.
Vi du 1.4.2.3. Chuyén d6i (23,15)10 sang hé bat phan ‘ '

Giai:

Phén nguyén: 23| 8

Vay: (23)10= (27)s



" Phén 1&- - : ‘0,156 0z 06 0.’.8

x 8, x8 . . x 8
Sl o e - |aB
1 .

Vay: (0,15)10~ (0,114)g
Ta c6: (23,15)10 = (27,114)s
(Kiém tra lai két qua bing cach chuyen 1r hé bat phan sang he thap phan nhu da
hoc & muc trudc). . -
 Tuong tu, lay vidu chuyén tir he thép phén sang thap luc phan
¢) Chuyén dbi tor hé nhj phan sang hé bat phan va nguoc lai

V&1 3 bit nhi phén ¢é thé tao ra duoc (2° =8) 8 t4 hop s nhi- phan 3 bit khac

nhau. Nl vy, mdi ky sb bat phan co thé duoc biéu dién bang nhém ma nhi phan ba
bit khac nhau. Khi nhap dit liéu vao may tinh thi ba bit nhi phén c6 thé duoc biéu
dién bing mdt ky sb bat phan 1a rat thudn tién. Trudc khi dir lxeu duoc xi ly thi né

dwoc tai tao thanh dang nhi phén béng cac mach chuyén ddi.
pé chuyen tir hé nhi phan sang he bat phén ta thyc hién nhom sé nhi phan thanh
tirng nhom ba bit va chuyén sang ky sb bat phan tuorng ung.
Péi v6i phin nguyén thuc hién nhom tr phai sang trai, déi voi phén lé thuc hién
nhom tir trai sang phai. Néu nhém cubi cing khong du 3 b1t thi thém bit 0 vao.
Ngugce lai, chuyén tir bat phan sang nhi phan doi tung ky sb bat phan thanh tung
nhom nhi phén 3 bit.

Bang chuyén dbi:

Sb hé 8 0 1 |2 3 4 | 5 6 | 7

séhe2 | 000 | 001 | 010 | 011 | 100 | 101 110 | 111

Tir bang chuyén dbi trén ta c6 thé d6i bét ky s& hé 2 nao sang hé 8 hodc ngugc lai.
Vidu142.4: | | S | -
(001 011 001 010 101,101 010 100) = (13125,524)s -

(713,26)g = (111 001 011,010 110),
d} Chuyen tr hé nh: phan sang he thap luc phén va ngu’o*c lai

Twong tu nhu muc (¢) & diy ta nhém timg nhoém 4 bit. Bang chuyén dbi:

S6 Hexa 0 1 2 3 4 5 6 7
SH nhi phan 0600 0001 0010 | 0011 0100 | 0101 | 0110 | O111
Sb Hexa 8 9 A B | C D E | F
S nhi phan 1000 1001 1010 | 1011 {1100 | 1101 1110 | 1111

C6 bbn bit nhi phan oG hétae dwes((21) 16t hop sé nhi phan 4 bit khic nhau.
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M3i td hop ctia bén bit nhi phéan c6 thé bidu didn bing mét ky sb thap luc phan. Nhu
vdy, khi nhép dit liéu vao may tinh thi bén bit nhi phan dugc biéu dién duéi dang cac
ky sb Hexa rit thuén tién. S6 Hexa dwgc bién ddi thanh dang nhi phéan trudc khi
chung duoc xir 1y béi mach sé.
Vidy 1.4.2.5:

(0101 0010 0111 1011 1001,1001 1011), = (527B9,9B)4

(5AC,9E)15 = (10110101100,1001111);
e) Chuyén tir hé bat phan sang hé thap luc phan va ngwoc Iai
Do chuyén dbi qua lai gifta hé 2 va h¢ 8, gilta h¢ 2 va hé 16 rit nhanh chong nén
khi chuyén tir hé 8 sang hé 16 hodc ngucc la1 ta dung hé 2 lam trung gian,

Vidu 1.4.2.6:
C(723)s = (11101001 1, = (1D3);6

(C4)16 = (11000100)> = (304)s
1.4.3. Phép dém trong cac hé théng so ‘dém

Ciing tuong tu nhu hé 10, d01 VO’l he 8 hoac hé 16 do né gdm 8 hoac 16 ky tu nén
khi dém dén 7 hodc F né quay tré ye 0 va ky sb trude nb tang thém 1 don vi.

Vldu1431 .
He8012345671011 1213 1415 161720

Hel6012 EFlOll lE]FZO
Quy thc dém trong hé 2: Sau mdi lan dem bxt c6 trong sb la 1 (2 ) s€ dao bit
(1 sang 0 hodc 0 sangl), cOn d6i voi cac bit khac s& dao bit khi bit ngay sau né
chuyén tir 1 sang 0.
Vi du: 0,1,10,11,100,101,110,111,1000,.
Sé tlep theo cua sb nhi phin gom n bit 1 1a so gom (n + 1) bit vcn bit 1 dau tién va
n bit 0 tiép theo. :

1.5. CAC PHEP TiNH SO HOC TRONG HE NH| PHAN
1.56.1. Cong nhi phan
Phép cdng hai so nhi phin dugc tién hanh glong nhu cong sb thap- phan Tuy

nhién, chi ¢6 bdn truong hop c6 thé xay ra trong phep cong 2 bit nh1 phan tai vi tri bat
ky 4o la: - : :

1) 0+0=0

2) 1+0=1

3) 1+1=10(bang 0 nhé1)

4) I+1+1~11(banglnhol)

Truorng hop cubdi cung xay ra-kii ha1 b:t o vi trf nao 46 déu la 1 va ¢6 nhé tit mdt
vi tri trirde do. ' : ‘ S
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. Phép cong l1a phép tinh quan trong nhét, sau nay ta s& thdy cac phép trir, nhin,
chia ddu dugc thuc hién théng qua phép cong.

Vidy 1.5.1.1: |
1011 (1o - 11,011 (3:375)10
+1000 ( 8)o - +10110 {2,750
10011 (19)o 110,001 (6.125)0

Khong cin xét phép cdng hon hai s6 nhi phéan cliing mot luc, boi vi & tht ca cac hé
théng k¥ thuét s6. hé mach thuc su thuc hién phép cong chi c6 thé cong mdi 14n hai
sé. Khi phai cong hon hai 8, n6 s& cong hai s& dau tién trudc, rdi cong tiép két qua
v6i sb thir ba, va cir thé! Po khong phai 1& mét khuyét diém nghiém trong, vi may tinh
hién dai c6 kha nang thuc hi¢n mot phép cong trong vai ns.

"~ Phép cong la phép tinh sb hoc quan trong nhét trong hé théng ky thuat sb. Ta s&
théy, cac phép trir, nhén, chia dugc thuc hién ¢ hiu hét may vi tinh va may tinh bam
hién dai nhat thuc ra chi ding phép cong lam phép todn co ban ciia ching. o

1.5.2. Bidu didn cac sé ¢o6 dau

Do da sb may tinh xir 1y ca sé am 1&n sé duong, nén cin c6 d4u hiéu ndo do dé
bidu thi déu cua sé (+ hay —). Thudmg thi ngudi ta thém vao mot bit goi la bit diu,
théng thuong chip nhan bit 0 Ja bit déu biéu thi s6 duong va bit 1 1a bit ddu biéu thi
sb am. Bit ddu nay duoc thém vao & vi tri ngoai cling bén trai. Hé théng phd bién nhét
dé biéu dién sb nhi phan cb diu 1a hé bu hai. Trude khi xem xét didu nay dugce thyc
hién ra sao, ta phai tim hiéu cach thanh 1ap sé bl 1 va sb ba 2 ciia mot sd nhi phan:

Q4 bl 1: D& co sb bt 1 cia mat sb nhi phén, ta thay m&i bit 0 thanh bit 1 va bit
| thanh bit 0. N6i cach khéc la dao tét ca cac bit cia s6 dé.

Vidy 1521 S6nhiphénbandau: . 1001011
Pao mbi bit dé thanh l4p dang bk 1: 0110100

S& di ngudi ta goi la sé b 1 vi tong 2 bit co trong sb tuwong Umng trong hai sb noi
trén ludn bang 1. ' : '

_Sé b 2: B hai cia mdt sé nhj phan dugc hinh thanh bing cach ldy bu 1 cta sb
d6 va cong thém 1 don vi. ' ' '

Vidu 1.5.2.2:
84 nhi phan ban dau: ‘ 1001101
sébutl - ' 0110010
Cong 1 d& hinh thanh dang bl hai: v 1
S& bu hai ciia s6 nhi phan ban dau: 0110011

Bit 2 cia s6 bi 2 chinh 14 sé nhi phan ban déu.

* Quy tic tim 56 bt 2: '

_ Néu bit it.y nghia nhat{LSB) T 0 Thi gitf nguyen cac bit tir LSB dén bit 1 cubi
cliing, cac bit con lai thyc hien dao bit. :
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Vidu 1.5:.2.3:

Bit 1 cudi ciing ..

L——-——) LSB

x 3 ' r

S0 ban dau: 109100 ‘ S6bu2: 011100
Dao bit . LL Giir nguyén _

— NéuLSB a1 thi g11.r nguyén LSB cac b1t con lai thyc hién dao bit.
VI du 1.5.2. 4

LSB ‘
s6 ban dhu: 1101001 6 bi 2: 0010111

[
Dao bit :j—/ Gir nguyen

* Biéu dten sé co dau trong hé b 2: .

Hé bu hai bleu dién nhiing sb ¢6 d4u theo cach sau day: :

+ Néu 1a sb duong, tri tuyét déi duoc biéu dién theo dang nhi phén thuc sir cua no
va bit diu 1a 0 duoc dat vao trude MSB (bit o ¥ nghla nhét).

+ Néu la sb am, tri tuyét dbi duoc biéu dién & dang bu 2 va bit dau la.1 dugc dat

trudc MSB. :
Vi du 1.5.2.5. Biéu din (+52)10 va (520 bang 8 bit trong hé bu 2

Gidgi: Ta ¢, bit tdn cing bén trai 12 bit diu, bay bit con lai bleu dién cho tr1 tuyet doa_
nhu sau: :

.. po110100 - Bidu dién gia tri (+52)10
. Bit ddu 1 ‘

11001100 . Biéu dién gia tri (-52)10

Bit déu (_T

S& df hé ba 2 duge diang dé biéu dlen nhung sb ¢6 diu boi vi nhu ta s& théy, n6
cho phép thuc higén phép. trir nhung thyc ra Ia phep cdng.

Khi chuyen sang dang b hai ta thuc hién ddi voi ca bit diu, thl sb bu hal cua mot
s6 bidu didn s6 am cia s6 dé.

1. sénhi phan thiee sw

T_, Dang bt hai car trl tuyet dbi

Vi dy 1.5.2.6. -
(+52)10= 00110100 .~ Lﬂommo (=52)10
(-52)10 = 11001100 - BUZ 50110100 = (+52)10

* Gid tri thip phéan cia s6 nhi phin tfbnrr hé b 2:
Néu ta c6 by_iby_2...bp 14 58 nhi phén cé déu du‘oc biéu dién trong hé bu 2 th1 ta co
thé chuyén dbi sang hé thap phan theo cbéng thire sau:

b,ibygeby -5, 27 KRNy AR +---+’b020'-

Trong do: b,-; 1a bit déu.
12



Vi du 1.5.2.7. Tim gié tri thap phan tuong ting clia cc s nhi phan ¢6 diu duge bidu dién
- {rong h¢ bu 2 nhu sau:
a) 01100101
b) 10110101

Gidi: .
a) 01100101=—027+12 +125+02 +023+122+02 +12°—(101),0
~ b) 10110101 =-1. 27+026+12 +1.24+0.2° +122+02 1.2 = (=750
* Tnmng hop dac blet 7 dang biéu then bit 2: '

sé nhi phan c6 (n + 1) bit, trong do6 bit. diu 1a 1, va n bit trong tri tuyet dm déu la |
‘ blt 0 thi s thap phan tu’ong duong la —2". Lo

' V| dy 1.5.2.8. o
1000 = (=27 = (-8)g:  (100000) = (=2);, = (32
Do do ta co the phat biéu rang toan bo khoang glat tr1 ma (n + 1) bit biéu dién duoc &
hé bu 2 ¢6 ddu la tor __—2“ dén —(2"-1). T_ong cong c6 2™ gla tri khac nhau ke ca 56 0

1.5.3. Cdéng trong hé bu 2

8 day bit ddu cua mdi so duoc thao tac theo cung cach thu’c vm cac bit tri tuyet
d6i. P6i voi hé b 2 thi yéu ciu sb bi cong va sb cong phai cé cung sb bit.

Thuc hign céng cac bit cd trong so twong Gng voi nhau néu két qua co s6 nha thi
cdng vao bit co trong s6 cao hon ké tiép do. ‘
- Khi thue hign phép cong, s6 bit quy dinh cho sb bi cong, s6 cong va két qua la .
nhu nhau Vi tri clia bit diu va céc bit tri tuyét dbi 1a tuorng g, néu két qua co bit
nh¢ cudi cung 1a 1 duge sinh ra thi bit nay duoc bo di va két qua 1a nhung b1t con lai.

Vidu 1.5.3.1. V01 s6 bit quy dinh cho tri tuyet (1‘01 la 7, thuc hién cfng (+%ho. VO’l (- 4)10_
trong hé b 2.

Giai:

00001001 (+9)o
C+1.1111100 (40
100000101 (+B)o

L. Bitddu R .
Bit nhé& nay duoc bd qua, két qua 130 0000'101 (+5)1o _

Sw tran sé: Khi so bit quy dinh cho biu dién tri tuyet d01 cua ket .qué khong du
thi s& gwy ra su tran sé Vao vi tri blt diu lam cho két qua bi sa1 :

Vi du 1.5.3.2, Quy dlnh s bit bidu dién trj tuyet déi la 7, thuc hlen phep cdng (+120)1(J voi
" (+23)p trong hé bu 2. .
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Giai:

01111000 (+120)10
+0 0010111 (+23)10
“TH00T111

Bit diu sai Tri tuyét ddi sai

Hién tugng tran sb nay chi xay ra khi cong hai sé duong hodc hai sé am. Muén
phat hién hién tuong tran sb, kiém tra bit dau clia sb bi cong va sb cong. Néu s6 bi
cong va sb cong ¢6 bit diu khac nhau thi khéng cén kiém tra tlep, néu sb bi cong va
56 cong cung diu th1 phai kiém tra bit ddu cia két qua. Néu kiém tra thiy két qua co
bit d4u nguoc voi s6 bi cong va sb cong thi c6 nghia 13 di xay ra hién tugng tran 50,
phai danh sb bit nhiéu hon cho phép tinh. Méy vi tinh ding mot mach dac biét dé phat
hién moi trudmg hop tran so va bao két qua sai.

Trong truong horp mubn tang sb bit dé khong c6 sb nhé hoac khong xay ra hién
tuong tran sb thi ch1 can lip lai bit cé ¥ nghla nhét (bit ddu). '

Vidy 1.5.3.3. Ta c6 sb nhj phan c6 ddu trong he bu 2 dugc biéu dién bang 4 bit 1a 1001 va

0110. Khi ta muén bidu dién n6 bing 8 bit chi can lap lai 4 1an bit dAu tién thi gi4 tri cua

cdc sb 1a khong thay _dql. . | _
1001 = 11111001 _ (=28 +20 =27 420425 424 4+ 2° 4+ 2°)

- 0110 = 00000110 | |

1.5.4. Trir trong hé bua hai

Phép trir dung trong hé bu 2 that ra lién quan den phep cdng v khong khac véi
truong hop ap dung cho phép cong da xét & muc trude.

~ Phép trir duge thue hién bang cach cdng sb bi trir véi sb b hai cua sd trir,
Vi du 1.5.4.1. V6i sb bit quy dmh cho tri tuyét dbi 1 7, thuc hién phep trir (+19)10 cho

(+14)0 trong hé bu 2.
Giai:

Ta thyc hién 1iy bu 2 ciia 00001110 dé& c6 11110010 rdi thuc hién phép cong:
00010011  (+19)0 '
+1 1110010 (-14)10

10 0000101 (+ 5)10 _
Két qua la (0 0000101)z = (+5)0

1.5.5. Nhan nhj phan
" Puoc thuc hién hét nhu nhén 6 thip phan. Qua trinh nay thit ra con don gian
hon, do ky sb ciia s6 nhén chi 14 0 hoiic 1, vi vdy ta ludn chi nhén cho 0 hay 1.
Vi du sau minh hoa nhan hai so-nhi phan khong dau. | '
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1001 (9
x 0011 (3)c
1001

03381 Tich sb trng phén

0000 o -
0011011 {27)c  Tich s6 cudi cing

Trong vi du nay, sb bi nhan va sb nhén & dang nhi phan dich thuc va khéng su
dung bit ddu. el

Phép nhan trong hé bi hai: ‘ :

Trong nhitng méy tinh c6 st dung dang bitu dién b 2 phep nhén duoc thuc hién
theo cach thuc vira md ta trén, voi didu kién ca sé nhan 13n s6 bi nhan déu & dang nhi
phéan thuc su. S

Pau tién xac dinh bit ddu cia hai s6 nhan dé xac dinh b1t diu cua két qua theo quy téc:

— Néu bit d4u 1a nhir nhau thi tich 14 sb duong. ‘

— Néu bit déu la khac nhau thi tich 1a s6 4m.

Cac budc tiép theo c6 cac kha ning nhu sau:

+ Néu hai s6 cin nhan déu duong, thuc hign-bd bit déu, tr1 tuyet déi cua chung da
& dang nhi phin thue sy va duge nhan O chmh dang deé. Tlch sb6 két qua, di nhién la
duong va dugce gan bit diu1a 0. s '

+ Néu hai sd 1a 4am, thyc hién bu hai cua mdi sb dé chuyen thanh s6 duong. Bo bit
déu, thue hién nhan tri tuyét déi. Tich sé két qua van 1a duong va duoc gan bit déu 0.

+ Néu 1a mét sb am va mot s& duong, thyc hién lay bu 2 cta sb am dé chuyen
thanh duong. Bo bit- déu; thue hién nhan tri tuyét dbi. Tuy nhién, két qua phai am do
cac sb ban diu trai ddu. Vi vay, tich sé sau do dugc chuyen sang dang bu hai va duoc
gan bit ddu ta 1. _ ‘ '

Vi du1.5.5.1. Nhiin hai s6 nhj phan co déu sau: 01001100 va 11010110.
Giai: IR

S6 thit nhét ¢6 bit ddu 12 0 nén né 1a sb duong. 3

86 thit hai o bit ddu-1a 1 nén n6 1a s6 4m, phai liy bt hai dé chuyén thanh sé
duong: = . . 11010110—>00101010 L

Bit ddu cta két qualal. ' o

. Thyc hién phep. nhén hai tri tuyét d6i nhw trén hinh' 1.5:5.1.

- Do két-qua- la mot s6 4m nén'két qua sau khi nhan duoc 14 y bu ha1 va them b1t dau
Ial: B 1100110001000—>0011001111000 '

- Két qua cudi‘cing: 1 0011001111000
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1001100
x 1010110

0000000 .
+1001100

10011000
.+ 1001100

111001000
- +-0000000 - -

111001000
+ 1001100

. 11010004000
4 0000000 '

11010001000
+ 1001100

1100110001000 . . Kétqua sau khinhan

_ Hinh 1.5.5.1. Thwc hién-phép nhan

1.5.6. Chia nhj phan |
Vi du, chia hai sé nhj phan khong dAu:

..a); 1001 |11 o by e10
- -o11 oo . - 100
0011 . - - . . ol0..-
0011 - S e
0

Phep trr, trong cac phep chla thuorng duorc thuc hlen bang cach cdng voi bu hai -
cua sb trur. : o ‘ ‘ :
Chia trong hé bit 2 : FRT

Daéu tién phai xéc dinh bit diu cua két qua theo bit dau cua s6 bi chla va ) chla
theo quy tic nhu dbi véi phep nhan. Lay bu hai so am, sau khi‘ta d co ca hai sé la
duong. Qua trinh thuc hién phép chia déi voi hai sé duorng du'O‘c tién hanh nhu sau:

— Ban dau thuong s6 12 0. A

- Lay sé'bi:chia cong voi bit hai cua s chia ta nhin duge phin sé du diu tién.
Néu sb du do la duong hodc 0 thi céng thém 1 vao thuorng sb va chuyen sang bu’oc
tiép theo. Néu sb du bang 0 hoac 4m thi qu4 trinh chia két thae. . :

— L4y sb du da nhan dugc & bude trén cOng v6i birhai ctia s§ chia ta nhén phéan sé
du thir hai. Néu sb du do 1a duorng hodc 0 thi ldp lai qua trinh 61 voi s du vira nhén
'duoc Thuc hién cho den kh1 so du bang 0 hodc am thi qua trinh chia két thuc.

Nhu véy, thuong sb c6 gla tri bang so lan cong v01 bu 2.cia sb chia.

Sau khi nhin duoc thucmg sb ta 5& tuy tung trurorng hap dé dua ra két qua cubdi
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cing. Néu bit ddu cia két qua la 0 thi két qua cudi cing chinh la thuong so nhén
duge, néu bit ddu cta két quala 1 thi két qua cudi cing 1a b hai cia thuong sb.

Vi du 1.5.6.1. Thuc hién chia hai sb nhi phén co6 da_u: s_q bi chia 01100100 va s6 chia
00011001.
Giai:

+ Bit d4u cia ca hai sb 12 duong nén két qua ciing la so duorng
+ DAu tién thuong sb 12 0: 0000000
+ LAy sb bi chia cong véi bu hai cua sb chia:

01100100
+ 11100111

01001011 S6 du déu tién la mot sb duong

Cong l vio thuong 00000000 +1= 00000001
+ Lay sé du vira nhan dugc ¢dng vai bu hai ctia sb chia:

01001011
+ 11100111

00110010 S6 dw th 2 13 mot sb dirong

Cong 1 vao thuong: 00000001 +1= 00000010
+ Lay sb du vira nhcm duorc cong vm bu ha: cua so chla

00110010
+ 11100111

50017001~ S6 du thir 3 fa mot sb dwong

Cong 1 vao thucmg 00000010 + 1 = 00000011
+ LAy sb du vira nhin dugc cdng voi bil hai cua sb chia:

00011001
+ 11100111

00000000 Séduwthir41a 0

Cong 1 vao thuong: 00000011 + 1 = 00000100
$6 du thé 4 1a 0 nén qua tr1nh Chla ket lhuc terorng nhan duoc la: 00000100.

Vi du 1.5.6.2. Thue hién chia hai sb nhi phan co dén: sb. b1 chia 01100100 va sb chia
11001110.

Gidi:
+ Bit ddu cia hai sé 1a ngugc nhau nén két qua 12 $6 dm.’
+ LAy bu hai cta sé am dé chuyen thanh duong IIOOI 110 — 00110010 (s6 chia
mai).

+ DAu tién thuong sb ka0 0000000 ' - | TRUGﬁGﬂgiMHDOANH 3!;@ C{“iNG NGH’E Hii N@l

T VIER
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-+ Lay sd bi chia cdng vo61 bu hai cia so chia moi:

01100100
+ 11001110

00110010 S6 duw dAu tign 1a mét sé duong

Cong 1 vao thuong: 00000000 + 1 = 00000001
+ Ly sb du vua nhin duoc cdng voi bu hai cua s& chia mai:

00110010
+11001110

00000000 Soduthr 21420

Cong 1 vao thuong: 00000001 + 1 = 00000010
S du thr 2 12 0 nén qua trinh ch1a ket thue, thu'orng nhén duorc la: 00000010
Két qua cudi cung 1a bu hal cia thuong nhin dugec: 11111110

1.6. CONG TRU TRONG HE THAP LL_JC PHAN

1.6.1. Cong trong hé thap luc phan

Khi cong trong hé thdp luc phén sir dung cac quy tic sau:
— Cong cac ky sb co trong s tuong ung véi nhau gia tr1 theo he thap phan

— Néu téng cta hai k¥ s6 nhé hon hoac bang 15,0 thi ket qua dLroc bidu dién &
dang thip luc phan (0 dén F).

— Néu téng cna hai sb 16n hon 154 thi 14y gia tri d6 trir di 16,y va nhé 1 sang ky '
sb co trong s cao hon lién ké.

Vidy 1.6.1.1. Thuc hién céng c_éc.sé hé thé_“ip luc phan Sau: :

a) 2316+ 1644 b)'2B'16+-84].6';‘ - c) DF g+ ACys
Gidi: ' '
a) 2315 Cét phél 315 + 615 = 310 + 61() = 910‘= 916 '
+ 1645 Cottrai: 216+ 16 =290+ 110 = 310 = 316
3%
b) | 2B1s | Cf)t_phéi: Bie + 416 = 1110+ 410 = 1619 = Fyg
+ B4 - COLtrair 216+ 815= 215+ 819 = 1019 = Ass
~ AFi
c) DF1e Cotphai: Fie + Cis = 1510 + 1210 = 2710
+ ACqg 2710-- 1610 =110 = B-;s nho 1
18B+s COt tra1 D15 + Agg + 115 = 1310 + 1010 + 1= 2410

2445~4640 = 81p = 815 Nh& 1
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1 6.2. Trie trong hé thap luc phan
" Phuong phap trir trong hé thap luc phan nhu sau:

Chuyen s6 tru’ trong hé thap luc phan sang nhi phan. Léy by ha1 clia so nh1 phén
d6 va chuyén sb bu hai do sang hé thap lue phan Thuc hién cdng s6 bi tru voi sb thap
luc phan mé&i tao thanh.

Vi du 1.6.2.1. Thuc hién trix cac sb hé thap luc phan sau:
a) 8446 — 2Au6
“b) C3i6—0Bis
‘Giai: o :
a) 2A16 = 00101010
Lay bt 2 cla 2A = 110101 10 = D66
Thuc hién cdng:
B4 '
+ D61s
15718 Bit nhe sinh ra & vi tri dau tién duoc bé di, nhw trong hé-bir 2

Két‘qué Cuéi cung: 5Ajs
b) 0B, = 00001011
Ly bu 2 cia 0By = 11110101 = FS;(,
Thuc hién cdng:
C3is
+F51s _
YB8i - 'Bit nhé sinh ra & vi tri dau tien dwgc bd di, nhw trong hé bu 2

Két qué cubi cing: B8is. .
1.7. MA HOA SO CUA HE THAP PHAN

May tinh va cac mach s6 duo*c ding dé thao tac du heu cé thé la sd, chit cai hay cac
ky tu didc biét. Vi.cac ‘mach sb lam viéc & dang nhi phan nén cac sb, cac chir cai va cac
ky tu dac biét khac phal duge cai tao thanh khudn dang nhi phan Co nhleu cach dé lam
viéc nay va qua trmh nay goi l1a mi hoa. Ton tat nhidu ma s va cac mi khac nhau phuc
vu nhitng muc dlch khac nhau. Cac mé con duoc sir dung dé do va sira 18i.

1.7.1. Ma BCD-

Trong k¥ thuét sd de chuyen d6i céc con ) guxa hai hé- dem co so 2 va co sb 10
mdt cach ty ddng ngudi ta dung phuong phap b1eu di&n nhi phan. Ngudi ta dung mot
nhom bén bit nhi phéan dé biéu dién mudi chit s6 cia hé dém thap phén. Phuong phap
bidu dién nay dugc goi-la-phuong phap.mi hoa_cée con so. trong he dém 10 bang
nhom ma hé& nhi phin (Bmary Codedecinmal BED). Thycra dola s thap phén duoc
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viét kiéu nhi phan. Cac chir sé cila h¢ 10 tir 0,1,...,9 déu dwoc biéu dién bang mét sb
nhi phéin c¢6 4 bit. Tuy theo cach s dung 10 trén 16 td horp ma nhi phan 4 bit ma ta cé
cac loai ma BCD khac nhau. So nhi phan 4 bit ¢é trong sb 8 —4-2-1 duoc got l1a
‘mi BCD 8421 (hoac ma BCD co trong sb tu nhlen) '

Vidy 1.7.1.1; o
S6 hé thép phan  Biéu dién bang ma BCD 8421 Biéu dién bang sb nhj phan .
16 © (0001 0110)scp - {10000),

Mi BCD 8421 duogc dung dé chuyén cac con sb tir hé 10 sang hé 2 va nguoc lai.
Nhin mét con sb 16n viét & hé nhi phén ta kho hinh dung d6 ldén cta né & hé 10.
Nhung vi€t & md BCD ta d& hinh dung ra 3 16n cua no. |

Trong thue 1€, d6i khi ma BCD 8421 ding khong thudn loi, lac d6 ngudi ta ding
cac mi BCD cé trong s6 2421, 5121, 7421.

~ Bang céc loai md BCD ¢6 trong s6 khac nhau nhu trén hinh 1.7.1.1,

— Céng céc s6 ma BCD:

Cong 2 s6 ma BCD duoc. thye hién nhu sau:

+ Phép cdng duge thuc hién theo quy tic cong nhi phan bmh thuorng

+ Néu tdng bdn bit c¢6 gid tri nhoé hon hodc bang 9, d6 chinh 1& s6 ma BCD."

+ Néu tdéng bdn bit c6 gia tri 16n hon 9 (hodc ngoai nhom 4 bit bidu didn ma
BCD) thi phai ¢dng 65 (0110) vao téng d6, bit nhé duwoc mang sang bdn b1t lién ké
trude do. : :

Sé he 10 Ma BCD

Trong sb Trong sb Trong sb Trong sé

Coosa21 | 7421 - 2421. 5121

0 0000 0000 0000 0000
1 0001 0001 0001 0001
2 0010 0010 |. 0010 | 0010
3 0011 0011 0011 0011
4 0106 | 0100 0100 | 0111
5 0101 | oto1 | “otot | 1000
K 0110 | 0110 0110 1001
7 | ot1r | 0111 | o111 [ 1010
8 1000 1001 1110 1011
9 1001 1010 1111 1111

Hmh 1.7.1.1. Bang cac loa1 méa BCD c6 trong sé khac nhau'

Vi du 1.7.1.2. Cong cacsd BCD sau: B
a) 0011 +0101; - b) 010001100010+010100100011

) 1001 +0100; d) 100141000 THIJOVIGEM 1 + 01010011
20



Gidi:

Cac'sd thap phan duoc cong tuong tmg dé so sanh

a) 0011 3 N “ofopo1t00010 T 462
40101 +5 T L. 4010100100011 - -+ 528
40000 - 8 e © . 1001 10000101, 1985
o .ot e
+0100 _ + 4
1101 khong phai s6 BCD (>9)" T3
+0110  +6 Rt =

. 0001.0011 s6BCD -

d) 1001 | 9.

+ 1000 - . +8
10001  khéng phai s BCD (casénho) 17
+0110  +86 ‘

00010111 SGBCD

e) 0110 0111 o | 67
+ 01010011 - S + 53
7011 1010 c& hai nhom-khong phai ma BCD (>9) . 120

+ 01100110  + 6 vao ca hai nhom
0001 0010 0000  S6BCD

- Chuyen dd1 m& BCD sang nhi phan

Thuc hién bang cach: “Tinh tong nhi phén cia cac sb nhi phan twong duong vai
gia tri thap phén cha cac bit 1 & dang ma BCD”. '

B01 vé&i ma nhi phén trong. sd tLrong rng cua cac bit la: ...64', 32, 16, 8,4, 2, 1.
Con dbi vm m3 BCD thi trong sb tucng mg cua céc bit 1 la: ...80, 40, 20, 10 8,4,2,1
vi 4 bit cudi 1a hang don vi, 4 bit t1ep theo la hang chuc,...trong do trong sd cia ting 4
bit mét van 1a 8,4,2,1.

Vi dy 1.7.1.3. Chuyén dbi s6 01010011 (5310) dang ma BCD sang mia nh1 phan
Giai: Viét ra mi nhi phan tuong ducrng cho moi bit 1 trong méi BCD, sau do6 cong tit
‘ca theo hé nhi phén. -

01010011 (MaBCD)

l - iy . 0000001 (manhj phan cia 1)
» 0000010 (ma nhi phan cla2)
—p + 0001010 {ma nhi phan cla 10)
> 0101000 (ma nhi phan clia:40)

§110487 (3 Rhi phan cla §3)
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Nhu vdy, m& nhij phén tuong mg la 0110101.

Ngoai md BCD néi trén la nhitng ma cé trong sb ra, ta con gap mot s6 mi thong
dung khac khong ¢6 trong s dugc néu ra trong bang trén hinh 1.7.1.2.

—Ma du 3 (XS -3) : Md ndy.ciing ding 4 bit nhj phan dé ma hoa timg chir s trong
hé thap phan. T ma nhi phén 4 bit dé6 duoc tao thanh bing cach ¢éng thém 3 don v1
vao ma BCD 8421. Mi nay dung trong c4c thiét bi tinh toan sé hoc va xu 1y tin hiéu sb.

—Mi Gray: Dac didm cia ma nay la hai sb ké tiép nhau chi khac nhau 1 bit. Vi
viy toc d6 dém cua méa Gray trong may tinh nhanh hon so v6i mé nhi phén.

+ Phurong phap chuyén.tir ma nhi phan sang Gray: o .

1. Bit 6 trong s6 16n nhét trong ma nhi phén duoc gift nguyén khi chﬁyéh'sahg mi Gray.

2. Tur tréi sang phai cdng modul (cdng khéng nhé) hai bit nhj phan lién ké nhau dé tao ra
bit tiép theo trong ma Gray.

Séhe10 Duw 3 . Gray . Johnson
0 0011 0000 ' 00000 -
1 0100 0001 00001
2 0101 0011 00011
3 0110 0010 00111
4 011 - 0110 - - oM
5 " 1000 0111 | 11111
6 1001 - 0101 ' 11140
7 1010 0100 11100
8 1011 1100 11000
c 1100 | 1101 10000
10 111 ' '

1 51,10
12 - 1010
13 1011
14 1001
15 1000

Hinh 1.7.1.2. M6t s6 mi thuwdng ding

Vidu 1.7.1.4. S& nhi phan: 100101100 chuyen sang ma Gray nhur sau;
Nhi phan: 1 + 0 + o '+ 1° % 0 + 1 -+ 1 + 0 + 0

T e s e e i

Gray: 1 1 - a1 T PV 1 0 1 ¢
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+ Phirong phap chuyén tir ma Gray sang nhi phén: ¥ : ‘
1. Bit c6 trong s6 16n nhét trong ma Gray duoc gilf nguyén khi chuyén sang ma nhi phén.
2. Tix tréi sang phéi cong timg bit vira tao thanh trong ma nhi phén véi bit lién ké trong mé
Gray dé tao thanh bit tiép theo trong ma nhj phén. o
Vidu 1.7.1.5. S 110010 bidu didn bing ma Gray chuyén sang nhi phén nhu sau:

L A

Ma Gray co thé duoc suy ra tr mé nhi phin bing cach dao bit dimg bén phai bit 1 clia mé
ahi phan. | L c S
Vidy 1.7.1.6:

_ Mi Johnson: Cing sit dung 5 chit sb hé 2 dé bidu dién cac s6 hé 10. Pic diém
14 khi chuyén sang sb tiép theo s& thay chilt s “0” bang chir sé “1” bat dau tir phai
sang trai cho dén khi dat dén 11111 ung voi sé 5 trong hé 10 thi lai thay thé dan chit
sé “17 bang chit s6 “0” ciing theo chidu tir phéi sang trai. :
Vi du 1.7.1.7. Biéu din bing m Jonhson sb 25D
Giai: '
| (257)10 = (000111111111100)50nhson
Vi du 1.7.1.8. Biéu dién bing ma du 3 s6 (250
Gidi:

(257)10 = (010110001010) ¢ 3

BAI TAP CHUONG 1

Bai 1.1. Chuyén dbi gitta cac hé théng sb dém:
a) (13210 = ( )2—=> ()s—> (s
b) (1000111,101)2 = (1o=> ( is=> ()8

¢) (1A,2C)16 > (J2=> (Js—> o
Bai 1.2. Viét bdn sb tiép-theo-cuia-sd-nhi.phin: 100011011
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Bai 1.3 Cho sb nhi phin ¢6 ddu trong hé bl hai, xac dinh gia tri thap phan trong mdi
trudng hop: v ‘

a)1 0601010

b) 0 10101001 |
Bai 1.4. Thuc hién cdc phep tinh sau trong he bu ha1

a) (+9)10 + (+22)10; (+21)10 + (- 27)10 voi SO bit quy dmh cho tri tuyet dbi 1a 7.

b) (+15)10 — (429)10; (=11)10— (- 30)10 véi sb bit quy dinh cho tri tuyét déi 1a 7

c) (+25)0 % (+910;  (~1D1o % (=13)102  (+36)10 x (—17)15

d) (+25)0 : (F5)es  (=55)10 : (F11e;s  (=36)10 @ (= 6o
: Klem tra lai ket qua bang cach thuc hién phep tinh trong he thép phan o
Bal 1.5. Xac dmh khoang gia tri thap phan ¢6 dAu c6 thé biéu dién duoe bang 2 byte
¢ trong hé bu 2.
Bai 1.6. V6&i 2 byte ¢6 thé biéu dién gia tri thap phén l(m nhét bang ma nh1 phan
théng thudng va bing ma BCD8421 la bao nhidu?’ '
Bai 1.7. Chuyen débi (10011000011101 107)13(?03421 sang md nhi phén théng thuong.
Bai 1.8. Thuc hién cac phép tinh sau trong hé thép luc phén:

22} 7916 743155 . C716 + BFe
. b). E916“2516‘ _ ABm—SDm.

Bai 1.9. Cong céc s6 ma BCD sau:.

a) 01111000 + 00010000; - b) 10000111 + 10010100
Bii 1.10. Chuyén di cac sb lhap phén sau sang mé Gray; _

a) 79 ; b) 136 |
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Chuong 2
PAI SO LOGIC

Pai sb log"ic con duogc goi la dai s6 Boole. Ly thuyét nay do George Boole — nha
to4an hoc nguti Anh dua 1a nidm-1847. '

2.1. CO SO DAl SO LOGIC

Ta dd biét mach sb hoat dong & ché"dd nhi phan 11 mBi-dién thé vao v ra s€ co
gia tri 0 ho#ic 1; viéc chi dinh gia tri 0 va 1 bleu thi khoang dién thé dinb sin. Dac
.dlem nay cua mach logic cho phép sir dung dai so logic lam cong cu phén tich va thiét
ké cac hé thong k¥ thuft s6. :

Dai sb logic dung dé phan tich hay thiét ké nerng mach dign cO quan hé gma bién
va ham. Trong do bién va ham chi nhan mdt trong hai gla tri 1a 0 va 1, hai gia tri nay
khéng biéu thi sé lugng to nho cu thé ma chu. yeu la d3 bidu thi hai trang thai logic
khéac nhau (ddng va sai, cao va thap, mo va dong, s b

- Pai sb logic 1a phuong ién biéu dlen mbi quan he gitra déu ra va diu vao cua
mach logic dudi dang phuong trinh dai s6. Pau vao s& dugc xem la cac bién logic co
muirc logic quyét dinh murc logic cia dhu ra (ham loglc) tai thoi diém bét ky. Blen
logic va ham logic thuomg dugc ky hidu bang chif ca1

Tom lai ta co:

x; la bién loglc khi x; -chi 14y mét trong hai gia trila Oval(xie {0,1}).

Tép hop n bién logic c6 2" 16 hop gié tri khac nhau Gla tri thap phan fwong Ung
biéu dién cac t6 hopnay la: 0+2"- L. - -

F(X1, X2,..., Xn) l& ham logic khi cac bién ciia ham la bi_én logic va F chi lay mot
trong hai gia tri 0 hodc 1. '

Trong thyc t& "dai s6 logic chi ¢6 ba phép toan co ban! OR. AND va NOT. Cac
phép toan co ban nay du’cc gm la phep toén loglc

2.2. CAC PHEP TOAN LOGIC VA CAC CONG LOGIC CG BAN

2.2.1. Phep toan OR va cong OR

a) Phép toan OR hay con duoc goi 1a phép céng logic e
— Ham OR (ham hodc):y = x1 + X2 et
— Bang trang thai ahu trén hinh 2.2.1. 1a
— Mach dlen mink hoa quan hé logic OR (hinh 2.2.1. 1b):

- Mo rong cho truorng hcp tbng quat con bIEIl
YH—X1+X2 X
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Mach dién thuc hién quan hé logic OR duoc goi 12 céng OR.

X1 Xz
0 0
0 1 1
1 0 1
1 1 1
a) b)

Hinh 2.2.1.1. a) Bang trang thai; b) Mach dién minh hoa 'quan hé logic

b) Céng OR

— Dinh nghfa: La mach c6 tir hai ddu vao tré 1én va c6 ddu ra bang t6 horp OR cac

bién diu vao.

~.Gian db thoi gian hinh 2.2.1.2:

x ] [l
X2 I | .

Y

Hinh 2.2.1.2. Gidn @ thdi gian clia céng OR

— Ky hiéu logic hinh 2.2.1.3:

X1

X1

X2 X2 X2 . — o

Hinh 2.2.1.3. Ky hiéu logic clia cbng OR

Vi du 2.2.1.1, Xét ing dung ctia cdng OR trong mach tr dong canh béo trang thai cﬁa céc

cira.

Hé thong c6 thé sir dung cho mdt ngdi nha cé 2 cira s6 va 1 cira chinh, mach sé&

bao dong khi c6-it nhit mgt-cira bi mé. Trén mdi cira duge: gin mot edm bién, cam
bién tao ra mirc logic 1 khi cra m& va mirc logic 0 khi cua dong, hinh 2.2, l 4
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2.2. 2 Phep toan AND va cong AND

a) Phep toan AND hay cén dwoc goi la phep nhéan log:c
— Ham AND (ham va): y = X;.X2
— Bang trang thai nhu trén hinh 2.2.2.1a.

X1"“ . Xz ¥ |
-0 0 0
0 o1 0
1 0 0
1T 1 1
a by

Hinh 2.2.2.1. a) Bang trang thai b) Mach dién minh hoa quah hé logic AND -
— Mach dién'minh hoa quan h¢ logic AND (hinh 2.2.2.1b):

— Mé& rong cho truong hop téng quat co n bién: y=x;.X3 .... - Xa.

Mach dién thyc hién quan hé logic AND dugc goi la cbng AND.
b) Cong AND

+ f)mh nghia: la mach co tir hai. diu vao trd 1én va mot diu ra bing 15 hop AND
cac bién déu vao.

+ Gian d6 thoi gian:

X1 | }
X2 . . _—I

v :

Hinh 2.2:2.2. Gidn d& thdi gian cla cdng AND

+ Ky hiéu logic:

X4 ' X .
o] X3

Hinh 2.2.2. 3 Ky hiéu logic cda. cong AND

Vi du 2.2.2.1. Xét img dung ctia cong AND trong hé thdng tu dong canh bao khoa day an
toan cho lai xe.

Hinh 2.2.2.4, mach s& canh bao khi khoa xe dugc bat va day an toan chua thét.
Néu khoa xe dugc bat, ditnép-twong ing-mirc-togie~t duac cung cép cho diu vao A
ciia cdng AND. Néu day an toan chua Thit, digh aplturong ng muc logic 1 duoc cung
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clp cho ddu vao B cua céng AND. Ddng thoi khi. khoa xe bat, dién ap tuo*ng ung mic
logic 1 dwge cung cép cho diu vao C cha cdng AND ‘trong 30 gidy. Nhu vay, khl
khoa xe bat ma day an toan chua thit, mach bao dong s& bao trong 30-gidy. :

‘17 bat Khoa A o

0" tht R

> Mach bao
“1": khéng that B o . ‘ ) e on
“0": thé Day an toan- i
o nat o y e e Timer c

Hinh 2.2.2.4. Mot (bng dung clia cdng AND

-

2.2.3. Phép toan NOT va céng NOT |
a) Phép toan NOT hay con dwoc goi phép dao hay phép phu dinh
- Ham NOT (ham dao) y = x s |
- Bang trang thai nhu trén, hmh 2 2 3 la.

X y l_l - -
0 1 v | ‘ :
1 0 Q)
| T
11| ’
a) b)

Hinh 2.2.3.1. a) Bang trang thai ; b) Mach dién minh hoa quan hé logic NOT
~ Mach di¢n minh hoa quan h¢ logic NOT trén hinh 2.2.3.1b.
Mach dién thuc hién quan hé logic NOT duoc g01 Ta cong NOT.
b) Cong NOT SRR TR -
— Dinh nghia: La mach: cé. duy: nhé’t‘_métﬁdéu vao va mmc logic & déu ra ludn
nguoc vol muc logic & dau vao.
~ Gtan db thai gian trén hinh 2.2.3.2:

x [ A
Y L1 ]

Hinh 2.2.3.2. Gidn g thoi gian clia céng NOT

— Ky hiéu logic trén hinh 2.2.3.3:

- Hinh 2.2.3.3. Ky hiduriegic-¢aa cong NOT | ]
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Vidyu2.2.3.1. Sir dung cbng dao d2 tao ra sb bu 1. ‘
Hinh 2.2.3.4 minh hoa mach tao ra s6 bu 1 cta sb nhi phan 8 b1t Dau VA0, 1a 56
nhi phéan, diu ra la bir 1 ctia sb nhi phén do.

YYYYYYY

Hinh 2.2.3.4. Mach tao sb bl 1 stk dung cong NOT

Vi dy 2.2.3.2. Hinh 2.2.3.5 minh hoa mot mach loglc dung gé leh hoat mot tin hleu bao
d6ng khi déu ra F cua no & mic loglc cao. Mach bao doéng canh bao cho lai xe biét cira mo
hodc diy an toan chura khoa khi xe nd may.

0

0" me ]
“1": bat | . Khoé _ Mach bao
“Q”: tét - : dong-

“17: thit o J>o
“y. LA 5 Day an toan

0": khdng that

Hinh 2.2.3.5. Mat (¢ng dung clia cac céng co ban

2.3. CAC DINH LUAT CO BAN CUA DAl SO LOGIC"

1. Cac ménh dé co sé&

x+0=x ox+1=1 x+x=1

x.0=0 x.1=x xx=0
2. Dinh lugt ddng nhat | |

Xx+xX=x .

X.X=X

3. Pinh luat pha dinh cua phu dinh

X=X
4. Dinh luat két ho'p

X} + (X2 + x3) = (%1 + X2) + X3 |

X1 . (X2 X3) = (X X2) . X3 .
5. Dinh ludt giao hoan

X1t Xy =Xz F Xy

X .. X2 = X7 . Xy
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6. Dinh luat phan phoi
X1(X2 + X3) = X[. X2 + X[.X3
(X1 + x2)(X| + X3) = X1.X; + X1.X3 + X2.X] + X2.X3
' = x1(1 + X3 + X3) + X2.X3 = X| + X2.X3
7. Dinh Iy DE MORGAN

X)Xy = X; + Xo

Pinh 1y nay c6 thé mé réng cho ham nhiéu bién:
XITXZ"'X = Xl +X2_+...+Xn

X; + Xgte. + X, = XKy X,

Dinh ly nay gitp ta chuyén phép cong logic thanh phep nhan loglc va ngugc lai,
Vién dyng dinh ly De Morgan chung ta ¢é the giai cac bai toan thiét ké mach logic tb
hgp theo cac cira logic co ban cho sén. :

Chu y: Trong cac dinh ludt trén, x; c6 thé 1a bién don hodc biéu thirc.

Vidu2.3.1.1. Ap dung dmh ly De Morgan cho cac ham sau day
a) F = ABC + DEF ‘

b) F:AB+CD+EF
c)F=A+B+E

d) F=(A+BCD+E+F

e) F=A+BC+D(E+F)
Gidai:
a) F = ABC + DEF = ABCDEF = (A+B+C)D+E+F)

b) F = AB+CD + EF = AB.CD.EF = (A + B)C + D)XE + E)

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

d) F=(A+B)CD+E+F=(A + B)EB(E+F);':'" o
= (A+B+C+D)FF = (A B+C+D)EF

e) F = A+BC+D(E+F) = A +BCD(E + F)

=(A+BO).(D+E+F)=(A+BOM+E+F) -
2.4. CAC PHUONG PHAP BIEU DIEN HAM LOGIC o
Truée hét ta xét khai niém tiam xae di 4y ail Ve khong xac dinh ddy du.
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Ham x4c dinh diy du la ham ¢o tri, sb xac dinh v&i moi td hop bién. Ham khong
thoa man diéu kién trén 1a ham khong xac dinh diy du. Tai nhitng t& hop bién ma tri
s6 ctia ham khéng xéc dinh (co thé 1a “0” hoic “17) gia tri cia ham s& duoc ky hiéu
bing ddu “x”. Nhiing td hop bién nay cling ¢o thé khong bao gid xay ra.

2 4.1: Bleu dlen ham bang bang trang thai

- Twong tu‘ nhu trong dal so thong thu’omg, mot ham ]oglc cé thé duoc bleu dlen bai
' bang gia tr1 cha ham sb do La bang mleu ta quan h¢ giira cac gia trl cua ham sb tuong
g véi moi gia tri.co6 thé cua blen sb. _ .
Mot ham co n blen bang s& co (n + 1) cot (trong dé. n ¢t la gia tri cua. blen va
mot cot 1a gla tri cia ham) va 2" hang tuong tmg.voi 27 td hop gia tri khac nhau cian
bién vao. Ung véi rn01 td horp gia tri bién ghl g1a tri ham tuong Ung. Dé khoi bo sot
hodc trung lap ta nén sap xep cac td horp bién 161 vao tuan tu theo so dem nhi phan

VI du 2.4.1.1. bén bao ‘hiéu cta mot hoi dong glam khao gom 3 thanh vién s€ sang neu da
sb trong cac thanh vién déu déng cong tac bo phleu thuan Lap bang trang thai cua harn )
logic do. o
Gidi: Goi A, B, C 1a ba cong tc, cong tac dong th1 cac blen A B, c lay gla tr1 1
cong thc ngit thi cac bién ldy gi4 tri 0. Goi F'1a trang thai ciia den duogc diéu khién,
dén sang F =1, den tat F 0 Ta duge bang trang thai nhu trén hlnh 42.1.1.

Ldivao -~ Lbira
A B o F
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 o 0"
1 0 "B T
1 1 0. 1
i 1 1 1

Hinh 2.4.1.1. Bang trang thai clia ham 3 bién,

Dung bang trang thai dé biéu dién ham tuy cé uu dlem 13 ré rang truc quan,
nhung cé nhu'orc didm 1a cach biéu difn nay s& tré nén roi rdm khi ham c6 nhiéu bién.
2.4.2. Bleu di&h ham bing phwong trinh logic

Trude hét ta xét khai niém vé minterm (s hang t6i thidu) va maxterm (s6 hang t6i da):

M6t ham logic ¢6 n bién, m3i bién c6 thé nhan mot trong ha gia tri 0 ho#cl; vay
ta s& co 2" td hop bién. Mai td hop bién ta c6-thé tao thanh mét sb hang latich tht ca

céc bién ¢ trong cung mét-té-hop-bién: Trong ehe-sé-hang do bién bing 1 duoc viét
gilt nguyén bién con biénbang 0 durdcliidt \die bién, cac sb hang nay dugc goi la
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minterm (sf) hang t8i thidu). Goi 1a sb hang t6i thidu vi minterm: 13 tich cac bién co
trong mét to hop bién, tich nay chi bang 1 khi tat ¢4 céc bién déu bing 1. Nhu vay,
ung voi mdi mdt minterm ta chi tim duwoc mot td horp g:a tri blen tucmg tmg dé no
bang 1 va chi c6 mét td hop bién ma thdi. - o :

Ma&i t6 hop bién ta ciing c6 thé tao thanh- mét s6. hang la téng tit ¢a cac bién co
trong cung mot td hop bién. Trong cac sb hang do bién bang 0 duoc viét gitr nguyen
bién con bién bang 1 dugce viét dao bién, cic sé hang nay dugc goi la maxterm (s6
hang t6i da) Maxterm 13 tdng tat ca cac bién cé trong td hop bién nén chi can trong |
cic bién bing 1 thi maxterm bang 1, maxterm bang 0 chi trong mdt trudng hop duy
nhit ng voi tat ca cac bién trong to hop bién déu’ bang 0 Nhu vay, cdc trudmg horp
taxterm bing 1 1a t6i da; trudong hop minteérm bang 1 la t01 thiéu. Mét ham c6 n bién
ta cé 2"maxterm va 2" minterm. ~ : o :

Viduy 2. 4.2.1. Mot ham F(A,B,C) ¢c6 ba blen la A, B C ta co 8 t6 hop blen duoc sép xep
mot cachi trinh tir theo nhi phan la: 000, 001, 010, 011, 100, 101, 110, 111. Tuong ung vol

8 t& hop bién nay ta c6 8 sb hang t&i thiéu minterm ky hiéu 13 mo, my, ..., ms, va 8 s6 hang
161 da maxterm ky hiéu 1a Mg, My, ... , M7 nhu trén hinh 2.4.2.1. :
Bién ‘Minterm | Maxterm
|A B o _

0 0 0 mo= ABC .. | "Moo= A+B+C

0 0 1- m1= ABC Mi=A+B+C

o |1 1 0. -~m-=ABE M= A+B+C

0 1 1 ms = ABC ‘Mg= A+B+C

1 0 0 .m4= ABC Ma= A'+B+C

1 0 1 ms = ABC Ms=A+B +C

1 1 0" ms = ABC Ms=A+B+C

1 1 "1 m7 = ABC | M= A+B+C

" Hinh 2.4.2.1. Minterm va maxterm ctia ham 3 bién

Trong m{t mmterm va maxterm cO mit tAt ca cac bién sb co trong t6 hop bién cla
ham, cac bién sb nay chi xuét hién mot lan dudi dang truc tiép hoac dang dao. Ham
logic c6 thé dugc bleu dién dudi dang la. tong cac m_lnterm hoic tich cac maxterm,

— Cdc tinh chit ciia:maxterm va minterm: .

e Hai minterm va maxterm cua. so hang co cung, ch1 56 la phu dmh cia nhau. -
Vidu: mgy = Mo _

e Téng loglc ciia tit ca cidc:minterm = 1.
e Tich logic ciia tit ca cac maxterm = 0.

o Tich hai minterm khdcnhanbirly=-0-

‘o Téng hai maxterm kha¢nhau barky =11,
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— Phwong phdp biéu dién: ; o

Biéu dién ham logic bing cac phuong trinh loglc cho thay 3 mdi quan hé gilta
ham va bién thong qua céc phep toan logic co ban la phuong phap bidu dién thich hop
trong moi truong hOp ké ca cac quan hé logic phirc tap, ham co nhiéu bién. Dung
phu’ong trinh logic biéu dién ham s& don glan gon ghé& hon la ding bang chén 1y, va rat
tién dé thuc hién cac phép toan logic va 11 thiéu hoa ham bing phuong phép dai sb.

Phuong trinh logic ¢ thé duoc xac 1dp theo céc cach sau:

Cdch I Biéu dién ham duéi dang tong cac tich:

~20
Phuong trmh F= Z fm; (fi la gia tri cua ham tuong ung voi to hO’p thir i)
0 ;

Nhu viy, ta chi ldy téng céc minterm tuong L’rng voifi= 1.

Céch 2: Bidu didn ham dudi dang tich cac tong

Phuong trinh: I = TI(E + M) (i 1a gia tri cia ham trong Gng voi td hop thir i)
Nhur vy, ta chi 14y tich.clia cdc maxterm twong ung véi £;=0.

Vi du 2.4.2.2. Mot ham ba bién ¢6 bang trang thai nhy trén hinh 2.4.2.2:

i A |:B8.| €. F._| -Mintem |- Maxterm
0 0o i 0 0. 1 mo My
Al ol o | i o m M
2 0 1 0 0 mz M:
3 0 1 1 1 ma My
a1l oo M4 M
5 7 o |t1 0 ms DM
6 | 1.1+ o |0 . ms ‘M
7 . S IS T I I PR my My

Hirih 2.4.2.2. Bang trang thai

Ta c6 thé xdc dinh ham logic theo hai cach néi trén:,

Céch 1. Lay tdng cac minterm tng véif; = 1-ta duge: =

F = mg +ma + my + my =ABC + ABC + ABC + ABC

Ky hiéu: F(A,B,C) = Z(O 3,4,7), trong d6: 0,3,4,7 la cac gla tr1 thap phan tuong
frng voi cée t& hop nhi phén ma ham co gid tri bang 1. ' '

Cdch 2: Lay tich cac maxterm tmg véi f; =0 ta duoc:

F=M;.M;Ms.M6 = (A +B+C)A +B+C)A+B+CYA+B+C)

Ky hleu F(A B,C) = I1(1,2,5,6), trong do: 1,2,5, 6 la céac gla tri thap, phan tuong
rng vai cac td hop nhi phan ma ham cé gia tri bang 0.

~Ham logic F xac dink theo-haieach-uénda nbgphau,
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F(ABC)_Z(0347) 11(1,2,5,6)
Hay ABC+ABC+ABC+ABC (A+B+C)(A+B+C)(A+B+C)(A+B+C)

Vidu 2.4.2.3. Cho bang trang thal caa ham khong xéc dinh diy di c6 ba bién nhur trén hinh
2.4.2.3.

i A | B|C | F Minterm Maxterm

oo | o | o} x mo Mo

100 o 1] 1 my L

2|l o 1|0 o m; My
BT S T I I m M

a1 | o] o 1 - ma Ma

5 11 |0o|1] o0 ms | Ms

6 1+ |10} o me M

20 IRCTN I AT VR A oM

Hinh 2.4.2.3. Bang trang thai

Ta c6: F(A,B,C)= Y (1,3,4) v&i N = 0,7 hodic F(A,B.C) = 1(2,5,6) v6i N = 0,7.
O day, N=0,7 dé chl rang cac to hop ung vdi cac gla tri thip phin d6 ham co6 gia
tri khong xéc dinh. :

2.4.3. Biéu dién bing bang Karnaugh

Khi mdt ham logic ¢6 sé luong bién tuong ddi nho (k < 6) nguori ta thuong biéu
dién chimg dudi dang mdt bang goi 1a bang Karnaugh. Theo phueng phap niay mét
ham ¢6 n bién dugc biéu dién trén mot bang gdm 2" & vudng. Mdi 6 vudbng tuong Ung
véi 1 hang trong bang trang thai. Luu y rdng céc td hop bién ¢ ddy dugc xép theo thir
ty citia ma Gray tic 1 hai & lién ké cac minterm chi khac nhau ¢6 mot bit.

Trong cdc 0 cua bang Karnaugh ghi gia tri cua ham tuong ing.

Luu y: cac 16 hop bién ham c6 gia tri 0 thi co6 thé bo trong hodc ghi 0.
Vidu 2. 4 3. 1 Trén bang 2.4.3.1 14 bang Karnaugh cia mét sé ham logic cé 2,3, 4
bién. _

a)F(A,B) = AB + AB

b)F(A,B,C) = D (0,1,2,5)

)F=ABCD+A BCD+ABCD+ABCD+ABCD+ABCD+ABCD
d)F(A,B,C,D) = >, (0,2,3,8,9,10,1‘1,13,15) véi N = 1
e)F(A,B.C.D,E)= Y (0,2,38,9,10,11,16,17,18,19,21,23,24,26,27) v6i N =25

" f) F(A,B,C,D,E,F) = Zm'(o,2,4,-1-8,19,25,31,36,41,43,4_8-,50)
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A , AB '
B 0 1 3 00 01
0 2 0 2 6 4
0 1 ol 1 1 '
R E At 3 7 5 -
a) b)
CDAB_ 0 O 11 10 CDAB 00 O 11 10
0, 4 12 8 0, 4 12 8
00 1 00 1
o1 |1 5 13 | ° o1 ' x I8 .1_31
: — 15 '
" 3y 7 15 11 4 al® 7 1 1
2 6 10 2 ) 14 10
10| 1 14 "1 10" 1 1
c) d)
ABC
- 000 001 011 010 110 111 101 100
, 0 4 |4 12 8 124 4 28 - |20 15
oo 1 1
o1l 5 13 9 25 29 21, 17 4
1 34017 15 1 4 27 31 23, 19 4
2 4 6 14 - 10 26 30 22 18
e)
ABC .
DEF 000 001 011 010 110 111 101 100
0 4 8 24 16 4!31 56 - 40 32
000 : 3
17 49 57 41 33
oo1 |' ° 1By | | 1|3
011 3 1 27 19 1 51 _759 43 1 35
010 2 10 26 18 4 50 1 ?53 .42 34
110 6 14 . | 30 22 54 i 62 46 38
11 [7 15 31 4 23 %0 63 47 39
101 {5 13 |29 21 53 61 45 37
400 (4 1 (12 |28 20 52 60 |44 36 1
f)

1 10

Hinh 2.4/31.Bing Karmaughchamdtsbham ¢ 2, 3,4, 5,6 bién.
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2.4.4. Biéu dién bing so db logic

—=Cdch vé so a6 logic ciia ham logic:
Ta- dung ky hiéu logic ctia mach

dién tir thay thé phép tinh logic ¢é trong A
biéu thirc ham logic thi dugc so dd logic D—
~ ctia ham. . F
Vidu 2:4.4.1. Cho ham , '
F=AB+BC+AC | c :
Ve sodé logic cia ham. . TN
Gidi: So do logic nhir hinh 2.4.4.1. . }

Thay phep toan OR bing ky hiéu OR va
phép todan AND bang ky higu AND.

. — Cdch xdc dinh biéu thire tiv so dé logic: o .
Trén so d6 logw tir dAu vao dén dau ra, viét bidu thire ham dau ra ctia timg cép,
cudi clng duoc biéu thic ham logic toan so db. :

Hmh2441 S0 do logic (VI du244 1)

Vidu24.4.2. Cho so dd Togic nhur hinh 2.4.4.2, hay viét biéu thic ham Ioglc clia so db.
Gidi: Ta ¢6: -

¥, =X, X, = (X, +,X2')‘ :

Y. = xl.-Y,l_ o
Y3 =_.¥2'Y1.

Y =YY = XY XKY, SR, X yl Yo (X, +X;)

:(x_1+§;)(xl+x2) x X, + XX,

o } )O_h}_'

_ H|nh2442 SO’dologlc(wdu2442)

Xe

2.4.5. Biéu dlen ham loglc dudi- dang kh0| .

Trong phén trirée chinig ta da nghien ctru cach biéu didn hinh hoc ciac’ham logic n
bién bing bang Karnaugh, trong phan nay chung ta sé& tién hanh nghlen cliru mét
phuong phap biéu din hinh hoc khac.

a) Biéu dién hinh hoc dwéi dang khor n Chiéu

N¢i dung cta phuong phip-nay-la-nho- phep anh xa-eae ham-logic n bién 1én trén
mdt khdi n chiéu (ky hiéu 1a khbi ).
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Pé 1am phép anh xa cua ham lo-glc n bién f(xi, X2,..., Xa) 1€n khéi n chidu ching ta
thirc hién phep tucrng ing gifra cac 16 hop bién (t1ch c4c bién) cta ham log1c ‘dudi
dang chuén tic tuyén (tdng céc tichyva cac dinh cha. siéu khdi n chiéu. :

Trén khdi n chidu, chiing ta dinh nghia hé toa d6 vdi cac toa 46 (e, €2...., en), O
~ day e; = 1 hodc 0. S
Sau d6 chung ta thyc hién phép tuong ung gilra cac td horp blen la:

x 9 x5 ...x " véi cac dinh cua khéi n chiéu (e, 2,..., en):
O day: o E ERE
Néu e =0 thi x = x
Néue=1 thi x5 =x
Ham logic f(x1, X2,..:.Xn) 5€ 14y cac gia tri 1 hodc 0 trén cac t4 hop bién ctia no.
Néu l4y gia tri 1 ta ky hiéula f'. -
Néu 14y gia tri 0 ta ky hidu la £,
Vi du 2.4.5.1. Cho ham logic 3 bién xi, x2, X3 sau ddy:
F(x,,xz,x_.,) x X, X, +x,x X +;,_ ;" x_+x XX,
Hiy biéu dién ham logic ndy & dang khéi 3 chidu va dang bang Karnaugh.
Gidi: :
— Bleu dién ham loglc dudi dang khéi 3 chidu, hinh 2.4.5. 1a p

- Bleu dién ham' bang bang Karnaugh hinh 2.4.5.1b. .
Quy udéce: Tai cac dlnh néu ta danh dau o~ thi s& tu'orng ung VO‘l f

L K2 : o I L
X o o . 1 10
o] 1
1 1 1 1
by

" Minh 2.4.5.1. Dang khdi 3 chidu va bang Karaigh

Viduy 2. 4 5. 2 Cho ham logic 1 blen X1 F(x )= )-:l
Hay bleu dlen ham & dang bang Karnaugh VA dang siéu kh01

!

37



Giai:. .. : S
o+ Bleu- dlen ham bang bang Karnaugh hmh 2 4.5. 2a o
+ Biéu din ham dang siéu khéi, hinh 2.4.5.2b:;

Ko )
f1
.1
R foo REN, S e
a.. .. . ., .. .b

Hinh 2.4.5.2. Bing Karnaugh va dang khéi cGa ham 1 bién

Vi du 2.4.5.3. Cho ham logic 2 bién x,, x2:

F(x,,x,)= X_l X_2+ Xlg

‘Hiy biu diZn ham & dang bang Karnaugh va dang siéu khéi.
Gidi: - .

— Biéu di&n ham bing bang Karnaugh, hinh 2.4.5.3a; '«

— Biéu di&n ham dang siéu khdi, hinh 2.4.5.3b: S
. T
X1 o 1
N

R _ _ﬂ/od & 10‘\f1 ,
a) o _‘ b') -
Hmh 2 4.5.3. Bang Karnaugh va dang khéi 2 chleu

b) binh nghia chiéu cia khi A
Ta biét ring ham logic s& 14y gia tri 1 tai cac dinh f! va lay gla tr1 0 ta1 cac dinh £,
Ham Iog1c biéu dlen du'm dang cac dinh cua siéu kh01 la biéu dién dugi dang tdng
cac tich. : :

*Bmh nghia kko: 0 chiéu:

Cac’ dinhf' ¢ua sicu khéi duoc goi 14 khéi 0 chidu, ta g01 13’khdi 0.

So sanh vai bang Karnaugh ta thay rang dinh s& twong img véi 6 trong béang
Karnaugh. Vay dan den khai niém hai dinh k& nhau 13 hai dinh chi khac nhau gia tri
ctia mot toa d6 (0 hoac 1) tuong trng voi hai 6 ké nhau trong bang Karnaugh.

+ Hai dinh (kh01 0) ké nhau ghep. VUl nhau se 130 1a mot toa d¢ ky hiéu x, tat dé
céc dinh c6 gia tri khac nhau (0 hoac 1).

*Dinh nghia khéi I chitu: .

Khéi mét chiéu 13 khéi c6 mdt toa d6 mang gla tr1 X, ta gm la khm 1 Vay ha1
khéi 0 k& nhau sé& tao thanh motdehiti-chid it gofil Falghéi 1.
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. V& mat bidu din hinh hoc khdi 1 chinh la canh (hai- diém-xac dinh -modt duong
thang). T

Hai khdi 1 ké nhau 13 hai khdi chi khac nhau gia tri-cua mot toa 46 (0 hodc 1).
Néu ghép hai khéi 1 k& nhau s& tao ra mot toa do x nifa, tai toa d§:do cac khéi 1 co
gia tri khac nhau (0 hoac 1). ' '

*Pinh nghia khéi 2 clueu. T LR

Kh&i hai chidu la khéi c6 hai toa 0 mang gia tri x, ta goi. la khéi 2. Vay hai khbi
1 k& nhau s& tao thanh mot khéi 2. L o

VAay hai khm (n - 1) chleu (co (n - 1) toa do mang gla tr1 x) ke nhau se tao ra mot
toa dd co gla tri x nita. * : o

*Pinh nghia khiéi n chiéu: : -

Khéi n chiu 1a khdi c6 n toa dd mang gid tri X, ta goila. khdi n. Vay hai khéi (n - 1)
ké nhau s& tao thanh mot khéi n.

Vi du 2.4.5.4. Cho ham loglc 3 bién x1, X2, x3 sau ddy:

F(X,,%,,X3) =X x,x3 +X, X, X3 X Xy Xy XK, x X XXy XXXy

— Hay biéu didn ham logic ndy & dang hinh hoc?:

_ Hiy tim céc khdi 0, khbi 1, khéi 22 S
— Hay biéu dién bé_ng bang Karnaugh?
i

— Biéu d1en ham !og1c duorl dang h1nh hoc, hmh 2.4 5 4a::

x11

" )";x1l:x2 : ' V
B - 00 o1 11 10
1xA s - i
1xx Y T 1 1
_10x —
1 1 1 1

e
Hinh 2.4.5.4. _Dan_'g__ khéi 3 chiéu va béné Karnaugh

_ Cac khdi: Khéi 0::{000, 100, 101, 111, 110, 011}

Khdi 1: {x00, 1x0, 10x, 1x1, 11x, x11}

Khédi2: {ixxy
_ Biku difn bing Hapgiatnaughy hiph 24:5:4b.

!
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. Nhdn xér: Nhin vao hinh khéi ta thdy cac khéi 1:1x0 va 1x1, 11x va 10x dugc goi
la hai khéi 1 k& can nhau.

Nhin vao bang Karnaugh ching ta ¢é thé thiy 16 cac khoi:

- ='Khéi 0 la.cae td hop tuong Ung véi 6 & ham béng 1. : ,

- Khdi 1 13 6 kha ning cé the két hop hai 6 ké can hoic dbi xung ‘nhau (cac 6 chi

khac nhau mdt bién). : :
= Khbi 2 12 kha nang két hop 4 6 ké can véi nhau.
V| du 2. 4.5.5. Cho ham loglc 4 blen xl, X2, X3, X4 sau day
| Hx],xz x; x4) xlx"x‘!xu +x1x2x,‘x4 +xlxzqu4 +x1x2x,,x +x,x,_x3x4 +x,x2x3x4

XXX FHIHK, FEE XK, FXEKK, HXX XX, AKX,
L= Hay biéu dién ham logic nay & dang hinh hocsiéu kh01‘? '
— Hay tim céc khdi 0, khéi 1, khéi 22 R

— Hay biéu dién bang bang Karnaugh" - :
Gigi: Biéu diéi ham dwoi dang hinh hoc siéu kh01 hinh 2.4.5.5a:

> S "
i “ W
I N ‘. S
0101/ } S . Ao
\\\l ~ /:,f
b S \ i
| BR \\0110 o i
! ST T T A0
: 0100..-" : 1100 7" |
1 ! . 1
i ezh /',9010_,_ 11010
a 1 ! 1 7
) 1 ,"‘Ea-b——( \\
~ 20000 e 1000 ~J
I ,’,’84 ‘ : \\,_‘ ) ~ .
_ o ) -
L it ~— - — L =101
’ 7 . \\ . . .
2" .
oo ~ :
0001 . or 1001
' 1X2
s 00 01 11 10
00| 1 1 1
o1 1 1
b
) L I 1. 1
0] 1 T e

Hinh 2.4.8.5. Dang khj 4 chigu va bang

40



~ Khéi 0: {0000, 1000, 1010, 1110, 1100, 0110, 0601, 1001, 1011, 0111, 0011,
0010}

— Khéi 1: {x000, 1x00, 10x0, 1x10, 11x0, x110 xOOl 10x1, 000x, 100x, 101x,
011x, 00x1, 001x, 0x10, x010, 00x0, x011, Ox11} ‘

— Khéi 2: {1xx0, 10xx, x00x, xx10, x0x0, OOxx Oxlx}

~ Khdi 3: {x0xx} : ' :

- _ Biéu dién bing bang Karnaugh hmh 2. 4 5. Sb

Nhdn xét: Nhin vao bang Karnaugh chung ta c6 thé thay 16 cac khdi:

— Khéi 0 1a cac tb hop tuong ung véi 12 6 ham bang 1.

— Khéi 1 14 19 kha nang cé the két h0'p hai 6 ke can hoic ddi xung ‘nhau (cac o chi
khac nhau mét bién). : 2 SRR A :

— Khéi 2 12 7 kha nang két hop 4 6 ké can hodc dﬁi xung voi nhau

_ Khéi 3 12 kha nang két hop 8 & dbi xung nhau & cdt dau va cbt cudi (46 la
nhitng 6 chi khac nhau 1 bién mot cach llen tuc).
c) Biéu dién ham logic dwdi dang phwc hop khoi

*Tich truc t:ep (tich Descartes)

Gia sir tdp hop Z 1 tap. hai phan tir cua dai sb log:c (dai s6 Boole) 0 va 1.

Vay tap hUp cac phan tir n chidu s& 1a tich truc tlep chan tap hop Z;, tacod the viét
nhar sau: Z Z Z Z“ ‘ -
Vidy 2.4.5.6. ChotaphopZz Zz— {0 1}

Hay tim Z2=? va 23—'~‘?' o

Giai:
7:=7,7Z, {(00) (01) (10),(11)}
7:=2,7,7, {(000) (010) (100) (110),¢001),(011), (101) (111)}

Nhin xét: Vay ta co the vret theo phép anh xa nhu sau A4 —--—>22 ,hinh2.4.5.6

Hinh 2.4.5.6. Anh xa
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Vidu2.4.5.7. Cho ham hai bién F(x; x,) ¢6 bang chan 1y nhv trén hinh:

Xt | X2 | F |

L L B
O s

1 0 -0

1'- 7. 1' 1

A L

' Hinh 2.4.5. 7a Bang chan: Iy

Hay tlm anh, Xa cia Z vao Zz, tu:c la 22 -—>Z

Gidi: Anh xa cla Z vao 7z bleu dién trén hlnh 2.4.5.7b.

| (01) o) T

(1)
(10) _ .‘
Hinh 2.4.5.7b. Anh xa

Vi du 2.4.5.8. Cho ham ba bién F(xi, %, x5) c6 bang chan Iy cho trén hinh 2.4.5.8a:,

X4 X2 'X:s_ F
0 o .. Q.00

t o e

T T R -

Hinh 2.4.5.8a. Bang chanly
Hay tim anh xa cla Z} vao Z,, tirc la: Z;—f> Z,,

Gidi: Anh xa ciia Z2 vao Z; bicu-dien trén hinh 2.4.5.8b.
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(010)

(110)

lelh 2.45. 8b Anh xa

Nhdn xér: Ta c6 thé dung dal s6 tap horp de nghlen ciru. dal so loglc

*Dinh nglua bién gidi va toa do:. : S :

Ta néi rang hai khéi 0 chleu ke nhau & tao ra mot kh01 1 vay ta g01 ha1 kh01 0
nay la cac bién gidi d6i nhau cia kh01 1 d6. Toa do lay gia tr1 X. g01 1a toa do tu do,
cac toa do 1dy gia tri 0 hodc 1 goi la cac toa dd rang buoc

Hai kh&i 1 chidu ké nhau sé& tao thanh mét khdi 2 chleu va ta néi rang hai khéi 1
chiu nay 1 hai bién gioi dm nhau cua kh01 2 chidu. ' '

Chu ¥: Hai khéi 1 chidw ¢6 1 dinh chung khéng pha1 la blen g101 dbi nhau ca .
khéi 2 chiéu. ‘ :

Hai khéi (r - 1) chiéu ké nhau s& tao thanh 1 khéi r chiéu va ta néi ring 2 khoi
(r — 1) chidu nay 1a cac bién gioi déi nhau cua khbi'r chiéu.

Hay ndéi-<cach kh&c mot- kh01 r chleu s€ tao 1a hal kh01 (r — 1) chiéu ké nhau tac 1a
tao ra hai bién gidi d6i nhau. TR
Vi du 2.4.5.9.-Cho ham 10g1,c\3 bién_ X1, X2, X3 52U :dﬁy:_ .

F(x,,xz,xs) xx,x3+x Xy Xg + XX, X5 +X x2x3+xx X, + XX, X,

— Hay biéu dién ham logic nay ¢ dang kh01‘7
— Hay tim cac bién gi¢i d6i nhau? '
— Hily biéu dién bing bang Karnaugh?
Gidi: Bidu dién ham logic dum dang khol hmh 2. 4 5. 9a

011 111
' 11x _
010 ' /110 — :
0 ' x1. PR
XX _ 1 ] / PR a0
ez 4 ,:-0_0..1__... _ 07 — 1xx
00— g | 10x

000 | _e?wo x0
N o

Hinh 2.4.5:8a: Bidu dién ham dudidang khdi:
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— Cac blen gi¢i ddi nhau:
(000) va (010) 14 cac bién gioi dbi nhau cua kh01 1 (OxO) |
(000) va (100) 1 cac bién giGi déi nhau cua- khéi ‘I_ (x00) -'
(100) va (110) 14 cac bién giGi d6i nhau cla khdi 1 (1x0) "
(110) va (010) 1a cac bién gidi d6i nhau caa khbi 1 (xlO) L
(100) va (101) la cac bién gidi d6i nhau cua khdi 1 (10x)-- |
(101) va (111) 14 céac bién g1orl d01 nhau cua kh01 1 (1x1)
(111)yva(l 10) la cac bién glUl dbi nhau cia kh01 1(11x)
(x00) va (x10) I céc bién gi6i d6i nhau cua'khdi 2 (xx0) -
(0x0) va (1x0) la cac bién gi6i déi nhau cia khéi 2 xx0)
_ .(1x0) va (1x1) la cac bién gioi d01 nhau cua kh01 2 (1xx)
" (10x) va (11x) la cac bién glO’l déi nhau cua khéi 2 (lxx)'
- Bleu dlen bang bang Karnaugh hmh 2 4 5. 9b |

X1 g : L L
. 0 ot 1M e
o| 1 1 1 1
1 M 1

Hinh 2.4.5.0b. Bang Karnaugh

Vi du 2.4.5.10. Cho ham hai bién F(x, x;) c6 bang chan Iy cho trén hinh 2.4.5.10a:" -

X4 Xa F
0 0 1
0 1 1
1 0 1
1 1 0

Hinh 2.4.5.10a. Bang chan 1y

- Hay biéu dién bang bang Karnaugh? -
— Hay biéu din & dang khdi?
— Hay tim céc bién .giéi d6i nhau? -
Gigi:
— Biéu din ham bing bang Karnaugh hinh 2.4.5. 10b :
— Biéu difn ham dang kh_o;,.hmh_ 2:4.540¢; o
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X1O 1'
Xz

b

Hlnh 2 4.5. 10 b c Bang Karnaugh va dang kh0|

— Céc bién gidi dbi nhau

(00)va (10) 1a cdc bién gidi dbi nhau cia khédi 1 (xO)
(00) va (01) 14 cac bién glcn d01 nhau cua kh01 1 (Ox)

*Dinh nghia khong gian cic khéi:
— Dinh nghia khéng gian cdc khéi 0;

Tap hop tht ca cac khéi 0 ciia ham logic f(x1, X2,...,

khéi 0.
Ky hiéu: K.
— Dinh nghia khéng gian cdc khoz ]

Tép hop tht ca cac khéi 1 cta ham logic f(x,, X250

khoi 1.
Ky hiéu: K'.
— Binh nghia khéng gian cdc khoi r:

Tap hop tit ca cac khdi r cia ham logic f(x1, X2,...,

khbi r.
Ky hiéu: K".
Oday: 0<r<n.

Xn) .du(,rc got la khodng gian cac
x,) duoce goi 1 khong gian cac

Xn) diroc goi l1a khong gian cac

Vi du 2.4.5.11. Cho ham hai bién F(xi, X2) ¢6 bang chéan 1y nhu trén hinh 2.4.5.11a:

X1 Xz F
0 0 1
0 1 0
N 0 1
1. 1 1

Hinh 2.4.5.11a. Bang chan ly

— Hay biéu di&n bang bang Karnaugh?
— Hay biéu dién & dang khbi?
— Hay tim K°, K!, K*?
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Gidi: . | |
— Biéu di&n ham bing bang Karnaugh, hinh 2.4.5.11b:
— Biéu dién ham dang khbi, hinh 2.4.5.11c:

o1 11
X1 0 1
% . ., ] 1x
0 1 1
1 1 00 _
x0
b) ' c) .

Hinh 2.4.5.11.b,¢ Bang Karnaugh va dang khi
00 )
X
K'=l10%, K .-_{ } K:=@.
: o 1x
1

Vi du 2.4.5.12. Cho ham logic 3 bién x;, x, x3 sau day:

F(x,,X,,X3) = X X, X3 + X XpX; + XXX XX, Xy + XXXy

~ Hiy biéu dién bang bang Karnaugh?
— Hay biéu difn ham logic ndy & dang khdi? -
— Hay tim K, K', K*?
Gidi:
— Biéu din bing bing Karnaugh, hinh 2.4.5.12a.
_ Bibu difn ham logic dudi dang khéi, hinh 2.4.5.12b.

B 11x

X1X
B E 00 01 11 10 010

. 1x1

: 1
0 : 1 L . el 1xx
. : 10x
1 1 1 1 '
‘000

a) b)

Hinh 2.4.5.12. Bang Karnaugh va dang khoi
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~

100) 1x0
] 1101 (1ox| - .
S ok°=did, K=l K ={xd, K'=@.
o ohito) 0 x| |
011 x11]

*Pinh nghia phuc hop khot

— Ky hi¢u phtrc hop khéi cta harn logic n bién f(x., Xa,...,Xn) duoc ky hiéu la K(f).

— Pinh nghia: Phirc hop khéi K() cia ham loglc n bién 13 hop cua khong gian cac

khéi K°. K',... K" duoc viét nhu sau: -

K(f)=K° uK‘u wK” UK'

i=0

Vi duy 2.4.5.13. Cho ham loglc 2 bién xy, x3° F(x,,%x,) = x_l ;c:+x_ix2 +X,X,

— Hay biéu di&n ham bang bang Karnaugh.
_ Hiy bidu dién ham & dang khéi.
— Hiy tim K(f)
Gidi:
— Bidu dién ham bang bang Karnaugh, hmh 2.4.5. 13a
— Biéu dién ham dang khéi hinh 2.4.5.13b.

x1
. 01 11
X e
‘T1 [ 1 Ox/
0 . €
1 1
! : 00 et 10
a) ‘ . b)

Hinh 2._4_.5.13'.:'Béng_Karnaugh va dang khéi

00 ox o
T KY=401}%, K'={ } K=0.
1 x1 |
(00].
- 101
Vay: K(f)=K°UK' =411
_ ox |
o
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Vi du 2.4.5.14. Cho ham logic 3 bién x;, Xz,IX:-; sau day:
F(x,%,,%x3) = X_] x_2 X_3+X_IX2X3 +x—]x2x_3+ x,x2z+ X, X,X;
— Hiy biéu dién ham logic nay & dang khéi?
— Hay tim K°, K!, K* va K(f)?

Gidi:
— Biéu din ham logic dudi dang khdi, hinh 2.4.5.14:. -

' xt1 B

DX

xXix

f000 (0x0)
010 0lx ‘ .
—K°=do11}, K'={x11}, K'={xlx}, K=o,
110 oo
111 | |x10
(000 0x0  xlx
_ - oo o01x
Viy: K(f)=K°UK'UK2=4011 x11 >‘
10 11x
111 10 J

d) Céc thudt toan tach bién gici va hop bién gidi

*Thudt todn tach bién gioi: - J .

- Muc dich: Ching ta st dung thudt todn tich bién gioi dé tim hai khéi k& nhau
tire 13 hai bién giti dbi nhau tir mot khdi c6 kich thude 16n hon.

Gia str ta ky hiéu mét khéi r chidu nhu sau: '

C' = (ay, a2,..., an)

‘a; la toa do, a; béng 0, 1 hoac x.

Khbi r chiéu s& co rtoa dd lay-gié tei X
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Véy hai bién giGi déi nhau cua khdi r chidu C" s& duge ting. nh todn ti tach bién
gidi thar 1.

_ Pinh nghia: Toan tir tach bién gioi thir i duoc dinh nghla nhu sau

(a1, 8gyeesBi_gs Pr Biggoren a,) a; = x

eP(aj,ay,map) ={
¢ day p = 0 hosc 1.
Vidy 2.4.5.15. Cho khédi 1 sau day: Cl=(x1)

Hay diing thuét toan tach bién gioi ar @& tim cac blen g10r1 dm nhau cua kh01 C nay.

<& - __a'l-":éx

Gidi: O day c6 hai toa dd a viay: ay =x vaay = 1
Xéti=1: ap(xl)—(pl) do al—a.-x
Toela: 80 (x1) = (o1

&l (x1) = (11)
-Xét j=2r AEl)=Ddoax=a = 1#x

Vi du 2.4.5.16. Cho khbi 2 sau diy: C? -(1x0x)

Hay dung thudt toan tach bién gidi of dé tim cac bién gidi déi nhau cua khéi C2 nay.

Gigi: O diy co6 4 toa dd: a; = 1, a2 = X, =0, a4 = X.
or (1x0x)y = & doa; = 1 #x.
& (1x0x) = (1p0x) do a = x.
= 88 (1x0x) = (100x) o
o5 (1x0x) = (110;()
"ag’(lex)? @ do as =0 £ x.
2" (1x0x) = (1x0p) do as = x.
= & (1x0x) = (1x00)
6"(1x0p) = (1x01)
Vi du 2 4517 Cho khbi 3 sau day C = (1xx01x)
Hay dung thudt toan tach bién gidi o7 dé tim cac bién glm 601 nhau cua khm C nay
Gigi: O dayc6 6toaddiar =1, a2 =X, 837X, 847 0, as= 1 a6 = X.
& (1xx01x) = @ doa=1#x.

2 (1xx01x) = (1px01x) do ay = x.
— 8% (1xx01x) = (10x01%)
& (1xx01x) = (3 1x04x)

49



&% (1xx01x) = (1xp01x) do a3 = x.
= 0% (1xx01x) = (1x001x)

8 (1xx01x) = (1x101x)
_82(1‘xx0'1'x) =@ doas=0#x.
A (1xx01x)= @ doas =1+ x.
C, (1xx01x) = (1xx01p) do as = x.
= 8° (1xx01x) = (1xx010)

& (1xx01x) = (1xx011) | | |
Nhgn xét: T khéi r ta dung thudt toan tach bién gioi & dé nhéan duoc cac khéi (r
- 1) vactr tiép tuc ding thuét toan cho dén khi nhéan duoc cac khéi 0.

*Thudt todn hop bién gidi: '
— Muc dich: Chiing ta c6 thé sir dung thudt toan hop bién giéi d& tim khéi (r + 1)
chiéu tir cac khoi r chiéu.

~Gia str ta ky hiéu mét khdi r chiéu nhu sau:

C"=(ay, a3,...,a5) | '

a; la toa 46, a; bﬁng 0, 1 hodc x.

Khéi r chidusé c6 r toa d6 léy gia tri x.

Viéy khéi (r + 1) chiéu C™" ¢6 thé tim dugc nho thudt toan hop bién gidi thu i.
— Dinh nghia: Thuit toin hop bién gioi thir i duge dinh nghia nhu sau:

r+1 A A
(al,...,ai_l, X, 8, 15-58,) = C'7 néua, #xvac" cK(f)

S (a,,a ,....,a = :
ia,a, n) {@ néua,; = x hodc C"" ¢ K(f)

Vidu 2.4.5.18. Cho ham logic 2 bién xl; x2: F(x.,x,)= x_,x_2+;§x2 +X,X,

— Hay biéu didn ham & dang khéi.

~ Hay tim K(f). - _

—Hily tc dong toan tir & vao cac khéi cta K(£) dé tim céc khéi c6 kich thude 16n hon.
Gidi: | . |

~ Biéu difn ham dang khéi, hinh 2.6.5.18:

00)

00 01

K® =do1l gt =/O% K? =@ K(f) =4
- ’ x| =g, (f) =11}
11 Ox

x1
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01/ TN

Ox/'

[=7]

o0 et 10
Hinh 2.4.5.15. Biéu dién ham duéi dang khbi

-G daytacoi=1,2.
Xét: 6:(00) o 7
~§,(00)= & via; =0 #x nhung (x0) <K(®).
—8(00) = (0x) viap =0 #x va (0x) < K(f).
Xét: 8i(01) _
~ &0y =(x1) viay=0#xva(xl)c K(f).
= §,(01) = (0x) viaz=1#xva(0x) < K(f).
Xét: 8i(11)
—8y(11)=(x1) viay=1#xva(xl) c K.
—3(11)= @  viay=14#xnhung (x1) zK().
Xét: 3;(0x) -
- 31(0x)=@ via;=0+#x nhung (xx) z K(1).

—-8(0x)=& via=Xx

Xét: di(x1)
?6|(x1)= via =X
- 8i(x1) = vi a; = 1 # x nhung (xx) ¢ K(f).

Nhan xét: Tir khéi K° ta dung thudt toan hop bién glO’l dé tim duoc cac khéi K',
K?,...
e) Cac phép toan trén phirc hovp khéi

Nhdn xét: Chung ta blet ring mbi mdt ham logic s& tucng rng v&i mét phire hop
kh&i vi vy ta c6 thé noi ring:

Hai ham loglc 1a tvong duong nhau néu va chi néu hai phuc hop khdi cha chung
1a hoan toan gibng nhau.

Gia su ta ¢6 hai ham logic sau:
f(xl, X2,...,Xn)

g2(Xy, X2,...,Xn)
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Péi v6i hai ham logic nay tdn tai 3 phép toan logic co ban la:

Nhién logic: f.g

Cong logic: f+ g

Phu dinh logic: f va g.

- Vay ching ta cling c¢6 sy tuong (rng gilta céc phép toan logic trén cac ham logic

va cac phép toéan tdp hop (logic) trén céc phitc hgp khéi cha ching nhu sau:

+ Phép nhan logic f.g twong tng véi phép giao tip hop nhu sau: ©

fg—> K(f.g) =k() nkg) '

+ Phép cdng logic f + g.tlr.cmfg ung v6i phép hgﬁ tap h(_fp nhu sau:

K(f +g) = K(f) U K(g) a

+ Phép phu dinh logic f va g tuwong ng véi phép bu tdp hgp nhu sau:

K() = K(f)

K(g) = K(g)
Vi dy 2.4.5.19. Cho 2 ham logic 2 bién x;, X nhu sau:

f(x1,%3) = %) X5 + X X5 + X%,
8(X).Xp) = XXy + XX,
a) Hay tinh: f.g
f+g
f va :c;_
b) Hay tinh: K(f) va K(g)
k(f) " k(g)
K({f) v K(g)
Kb, K@,
K@ K@
Gidi:
A fgexix
frg=1_
f= Xlg
g= ;: ;‘; + X)X,

b) Ta biéu dién ham f duéi dang khbi nhy trén hinh 2.4.5.16a
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01 / o ‘ L 00
|00 : 01

' : 0 .
o . K° ={01},K' :{ X} K(f) =311
ez L Xl ;!
11 Ox
. xl
00 a4 10

Hinh 2.4.5.16a. Dang khéi ciia ham f

Ta bidu dién ham g dudi dang khéi nhu trén hinh 2.4.5.16br . -

11
01 KO - {10}3K1 _ {1x},

1% i1
“t 4 (v
oo &1 10 O K(g) =911 k(f) n k(g) = {11}
a ' - 1x
Hinh 2.4.5.16b. Dang khéiicﬁa ham g
00 Ox
01 x| - ——
K{f)u K(g) = LK = {10}, K = {10},
10 1x- :
| AR + S
00 00
K(g) = {01, K(g)=1401
Ox - 10x
2 5. HAM NOR VA HAM NAND
2.5.1. Ham NOR (khéng hode: NOT — OR)
— Ham logic: y = X; T+ X, S X X2 y 0
_ Bang chan ly cho trén hinh ™ o -_ 0 1
0 1 0
" _ Ky hiéu logic cho - trén hinh. . . R T L
2512, S P P S
o 1 1|, 0 .
- NS

LiA-2.6.1.1. Bang chan Iy ciia cbng NOR
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X1

X1

/

X2 ' ) J/ X2 .

Hinh 2.5.1.2. Ky hiéu logic cia cdng NOR

— Trong trudng hop téng quat néu n bién ta ciing cé:

Y =X Xy Lt X,

2.5.2. Ham NAND (khdng va: NOT — AND)

— Ham logic: y = x;.x,

— Bang chan 1y cho trén hinh 2.5.2.1 :

X1 X2 y
-0 0 1
0 1 1
1 0 1
.__1' | I 0

Hinh 2.5.2.1. Bang chan ly cGa cdng NAND -
~ Ky hiéu logic trén hinh 2.5.2.2: ' '

X1 ‘ X1

e

N .

Hinh 2.5.2.2. Ky hiéu logic cia cong NAND

X2 . %3

Tdng quat néu c¢é n bién ta ciing c6:
Y =X Xy X, |
2.5.3. Tinh da dung cta céng NOR va cong NAND

‘T4t cé cac biéu thire Boole déu két hop 3 phép todn co ban OR, AND va NOT. Do
do, bét ky biéu thirc nao cling déu co6 thé dugc thye hién bing cach dung céng OR,
AND va NOT. Tuy nhién, c6 thé thyuc hién bidu thire logic bt ky chi dung cbng NOR
hodc NAND ma khong cin thém 10ai cdng nao Khac.
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a) Ding céng NOR thay cho ba céng logic co ban, hinh 2.5.3.1. -

+X+X=X 10

X1,

. X2

X2 -’.

Hinh 2.5.3.1. Dung céng NOR thay cho ba.cbng Io_giti co ban
-a) Cong NOT ; b) Cong OR ; c¢) Cong AND

b} Dung céng NAND‘ thay cho ba céng logic cor ban, hinh 2.5.3.2

+ XX =X:

+ XI.XZ = xlX2:

i } X ﬁ X1————| X1.X2

X1
%
Cxt e : — - j>_"1+_xz o
C) X5 . PR
X2 | R . T . L : i

Hinh 2.5;3.2;[)0-?9.‘ cong NAND ﬁjay cho ba c‘;éng.lc‘gg‘ic .co’_bén 3
a) Cong NOT | by Céng AND ) Cong OR

- X1.X2
X2
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2.5.4. Ky hiéu logic thay thé

Trong cac phan trude ching ta da tim hiéu 5 loai céng logic co ban va céac ky hiéu
chudn dé biéu di&n chung trén SO dd mach ]oglc

— Khai niém mire logic tich cic: :

+ Néu khoéng co vong tron nhé & dudng vao hay du&ng ra trén ky hiéu mach
logic, dudng do duoc goi la tich cuc & mire cao.

+ Néu c6 vong tron nho ¢ dudng vio hay duong ra trén ky hxeu mach loglc
duong d6 dugce goi la tich cu’c & mirc thép. , :

T ky hiéu do6 sé& cho chiing ta biét trang thai tich cwe & mirc cao hay tich cuc &
mirc thip & diu vao va diu ra, tir d6 chung ta giai thich dugc hoat dong cua mach

— Ciéc ky hiéu logic thay thé, hinh 2.5.4.1:

.x1 ;
X1+ X2 = X1.%2
‘ R X2 -

X2+ % — — g -
— B

X2 = X1+Xa
X1.X2

:x1+x; — —q L\ X=Xt
X2 O

Hinh 2.5.4.1. Ky hiéu chuén va ky hiéu thay thé cla cac phén te logic

Tuy theo chirc ning cia mach ma ta ¢6 the dung ky hleu thay the de thiy rd hoat
doéng cha mach hon.
Vidu 2.5.4.1. Hinh 2.5.4.2a minh hoa mdt mach logic ding dé klch hoat mét tin hiéu bao
ddng khi ddu ra Y ciia no & mic logic cao. Hay stra dm SO do mach de noé bleu dién hoat
dong ctia mach higu qua hon? -~ : '
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Giai:

* Hinh 2.5.4.2a

A
B ‘ B l Mach.béo dong .. ‘ e

-So dd hinh 2,5.4.2a dugc vE. lai trén hinh 2.5.4.2b. Tu hinh 2.5.4.2b ta thiy

ngaydugcdauraYseomuccao khlA B= OvaC D=1

Hinh 2.5.4.2b_

2.6. HAM XOR VA HAM XNOR

2.6.1. Ham XOR (Exclusive - OR)

Ham hodc loai trir hay con dugce g01 la .

Xy

ham hodc tuyét dbi, ham cdng modul 2,
ham khéng tuong duong, ham khac déu,.

— Ham logic: y = XXy + X{-Xg -

Pugc viétla: y = x; @ X,

_ Bang chan ly cho trén hinh 2.6.1.1:

— Xy hiéu logic, hinh 2.6.1.2: - Hinh 2.6.1.

X1 I SRNEEN <

0
0 .
1 .

1

S

0.

1. Bang chan ly cia cong XOR

) e T
Xz X2 . . x_"_:-.

Hinh 2.6.1.2. Ky hiéu logic cﬁa cbng XOR

— So db logic tuUng tmg duogc trinh bay tren hinh 2.6.1.3.
— Ta c6 thé thiét ké so db mach XOR bing NOT va NOR
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So dd logic cia mach tuong (ng voi phuorng trinh nay duogc trinh bay trén hinh
2.6.1.4.

=
Iz

X2

“Hhhésns.MamxoRdmgNOTANDOR- Hmh2614.Mmmx0Rdm@N0TN0R

~ Ta ciling c6 thé thICt ké mach XOR bang cac cong NOT va NAND (hlnh

2.6.1.5), hoac chi. bang cbng NAND (hmh 2.6.1.6).

Hinh 2.6.1.5. Mach XOR diing NOT, NAND - .

Hinh 2.6.1.6. Mach XOR diung NAND

- Cac tinh chgt cua hém XOR:
+ Tinh giao hodn: A®B=B® A

“ +Tinhkéthop: A@BOC)=(ADB)DC-

+ Tinh phén phdi: A(B® C) = AB® AC

Ngoai ra ta con ¢6 mot s6 tinh chit sau:

A®O=A ;  A®1=A
A®A=0 ;. A®A=1
m":K-@B—.A@E
A®B=A®B

AC—BB C<:>A€BC B<::>BG—)C A
— Ham XOR nhidu blen

Dung tinh chit két hgp ta cung co. the xay dung duoc cac mach XOR nhiéu 16i |

vao tir mach XOR hai 16i vad nay.
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L4y mach XOR 3 15i vao lam vi du:
+ Ham logic: y =x; © X, ® x5

+ Bang chan 1y cho trén hinh 2.6.1.7:

X1 o | o] o 0 1 1 1|1
X2 0 o | 111 | oo 11
x3s | 0O 1.1 0 11 0 |. 1 &+ © 1
vl o 1o o | o]

'Hinh 2.6.1.7. Bang chan Iy clia ham XOR 3 bién

+ Nhin xét bang chén ly: ‘ y
e Néu s6 murc logic 1 & 161 vao la lé — 11 ra 1a muc logic 1.
e Néu sé mirc logic 1 6181 vao 1a.chdn —> 16i ra la mirc logic 0.
Nguyén tic niy ap dung cho c4ac¢ mach XOR nhiéu 161 vio (n léi vao).
e Ta c6 thé xdy dung cbng XOR 3 181 vao hodc 4 18i vao tir cac cong XOR 2 16
vao nhu hinh 2.6.1.8. -

X1
Xz y

X3

Hinh 2.6.1.8. S0 db logic ctia hém“xo'R 3 bién’
2.6.2. Ham XNOR (Excluswe NOR)

-Ham khdng hoiac loai trir hay codn duoc goi la harn khéng hoac tuyét d01 ham
tuong duong, ham cing déu,. :

— Ham logic: y=x%, +X,X, =X, ®X, =X, ~ X,

- Bang chén 1y cho trén hinh 2.6.2.1:

X1 X2 y
0 o | 1
0 '1_ ]
1 0 |.0
R 1 1

- Hinh 2:6.2.1. Bang chan ly'cia ham XNOR: -
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— Ky hiéu logic, hinh 2.6.2.2:

X1 X1 X1 ' S
y L = Y
D B e S

Xz ' Xz ‘ 2 | . . ‘

Hinh 2.6.2.2. Ky hiéu logic ciia ham XNOR

Nhgn xét: L6i ra cia XNOR 2 161 vao 1a déo ciia XOR 2 18i vao.

Ta ciing co thé xdy dung duge cac cé'ng“XNOR nhidu 181 vao bing cach tuong ty
nhu xiy dung XOR nhiéu 16i vao. Tl cac phan tir logic co ban AND, OR, NOT hoic
NAND va NOT hay NOR va NOT hodc chi bang NAND va chi bing NOR ta c6 thé

tao duge cac cong XNOR.
Trén hinh 2.6.2.3 gidi thiéu so dd logic mach XNOR hai 161 vao duoc xay du’ng tor

cac phén tir logic co ban NOT, AND va OR.
Trén hinh 2.6.2.4 1a so d6 logic mach XNOR hai 18i 'vao duge xay dung tir cac
phan tir logic NOT va NOR. : : : : .
_ X,

ST
G

Hinh 2.6.2.3. Mach XNOR xéy_d_u’ng tor NOT AND,OR

Hinh 2.6.2.4. Mach XNOR xay dung ttr NOT, NOR
X o “ o
%2 }L}—:{

Hinh 2.6.2/5. Mach XNOR xay dirng'ttr NOT, NAND
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Trén hinh 2.6.2.5 v& so dd logic ctia mach XNOR 2 161 vao dugc tao nén tu céng
- NOT va NAND. ' ' B S
Trén hinh 2.6.2.6 v& so b logic mach XNOR 2 16i vao chi dung cac cbng NOR.

mD I
_ Hinh 2.6.2.6. Mach XNOR xay duwng ter OR
_ Céc tinh chét cia ham XNOR:

\

~B=A~B

A~0=A|A~A=0 A~B=A
A~A=1A~B=B~A A~B=A~B
A~I—ABA~B~O-(A~B~CA~B=CoA~C=B&B~C=A

2.7. CAC PHUONG PHAP TOI THIEU HOA HAM LOGIC .

Trong viéc thiét ké cac khdi chirc nang logic, tim ra dugc mot so dd logic don
gian dap Gng day du cac yéu chu cia khdi chirc nang ci"m thiét k&, thi yéu ciu hang
dhu cla cong tac thiét ké cac mach dién ur 1a tinh kinh t& va mach phai c6 tinh 6n
dinh dd tin ciy cao. Pé dam bao cdc yéu cdu nay thisso db logic phai bao gdm sb cac
phéntfx logic co ban it nhét, cic so dd cang don gian cang c6 dj tin cdy va én dinh
cao. Dé xdy dung dugc mbt so dd nhu Vay chﬁng ta phai tim ra dugc mdt phuong
trinh logic t6i gian mé ta dang chite nang logic cia mach dién tir cin thiét ké. Céc
ham logic ma ta thuong gip thuong khong phai l& dang t4i gian, néu ta xdy dung
mach dua trén phuong trinh niy thi s€ t6n kém vi phai dung nhiéu phan tir Jinh kién
logic, so dd cang phttc tap dd &n dinh; do tin cdy cang kém, xac suét hu hong cang
ting. Vi thé trudc khi x8y dung mach bao giv ciing phai tim céch rit gon hdm dua
phuong trinh biéu 'dién vé dang tbi gian. Phuong trinh & dang tdi gian khi cac s6 hang
phai 1a it nhét va sb bién trong mbi sé hang cling phai la it nhét. '

2.7.1. Téi thidu hoa ham logi¢ bing phwong phap dai sé

Ap dung cac dinh ludt clia dai s6 logic dé don gian ham logic sao cho ham cudi
cing 12 t8i gian. Vi trong thuc t& cac biéu thirc logic rat da dang, tr mdt ham logic
cling c6 thé biéu dién theo nhiéu cach khac nhau nén v6i phuong phap nay kho ¢o thé
tim ra mdt quy trinh tdi vu @& tim ra dugc mot biéu thirc logic tdi gian mét cach
nhanh nhit. Tuy nhiénj ndu nim chic cac dinh luat cta dai _'Sé Boole va ¢o kinh
nghiém chung ta c6 thé thirduge két quk it \ : o
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Mt sé cong thic thuong dl‘lng:'

DAB+AB=A; 2)A+AB=A
3)A+AB=A+B: 4)AB+AC+BC=AB+AC
Tir cong thic (4) ta c6 hé qua: AB+AC+BCD —AB+ AC
Chimg minh: ,

DAB+AB=AB+B)=A;  2A+AB=A(I+B)=A

3)A+AB=A(1+B)+AB=A+B(A+A)= A+B
4)AB+AC+BC=AB+AC+(A+A)BC= AB(1+C)+AC(1+B) AB+AC
Vidy 2.7.1.1. Téi thidu hoa cac ham loglc sau:

‘a) F=ABC+ABC=AB(C+C)=AB

b) F=A(BC+BC)+A(BC+BC)=A(BC+BC+BC+BC)=A

¢) F=AB+AC+BC= AB+AC+BC+BC AB+C(A+B+B) AB+C
Hodc: F = .AB+AC+BC= AB+(A+B)C-AB+ABC—AB+C

"d) F=AB+BC+BC+AB=AB+BC+AC+BC+AB
=(AB+AC+BC)+(BC+AC+AB) =AC+BC+AB

- e) F(A B, C) Z(o 1,5,6,7)=A B C+A BC+ABC+ ABC+ABC

| —AB(C+C)+AC(B+B)+AB(C+C) AB+AC+AB

f) F(ABCD) > (1,3,4,6,8,9,10) o S
= A B CD+A BCD +ABC D+ABCD + ABCD + ABCD + ABCD
=A BD(C+C)+AB D(C+C)+ABC(D+D)+ABD(C+C) |

_ —ABD+ABD+ABC+ABD
g)F(A B C,D,E) =I1(0,1,2,19, 20)

: (A+B+C+D+E)(A+B+C+D+E)(A+B+C+D+E)
' ' (A+B+C+D+E)(A+B+C+D+E)

(A+B+C+D+EE)(A+B+C+DD+E)(A+B+C+D+E)(A+B+C+D+E)
(A+B+C+D)(A+B+C+E)(A+B+C+D+E)(A+B+C+D+E)

—(A+B+C+DE)[A+B+(C+D+E)(C+D+E)]
(A+B+C+DE)[A+B+CD+CE+CD+DE+CE+DE]
(A+B+C+DE)[A+B+(CE+CD+DE)+(CD+CE+DE):]

—(A+B+C+DE)(A+B+CE+CD+CD+CE)
—B+(A+C+DE)(A+CE+CD+CD+_CE)



— B+ ACE + ACD + ACD + ACE + AC + CE + CD + ADE + CDE
= B+ ACD + ACE + (ACE + AC + CE) + CD + ADE
= B+ ACD + ACE + ACE + AC + CD + ADE. h

2.7.2. Téi thidu hoa ham logic bing bang Karnaugh

— Cho ham dang tong cdc tich:
Phuong phap nay duge tién hanh theo cac buée sau:
1. Bidu dién ham d3 cho trén béng Karnaugh.
- 2. Két hop thanh timg nhom 2" 6 gbm céc 6 ¢b gia tri bang “1” ho#ic “x” chi khac nhau'1
b1t lién tiép nhau trén bang Karnaugh. Khi két hop céc 6 can tudn theo quy tic sau:
— 86 6 chira trong 1 nhém phai 12 tdi da (2° 6 véi n 14 16i da).
'~ Trong mdi nhom phai c6 it nhét mdt & chira gia tri “1” khéng nim trong nhém
khac, mat khdc mobi 6 chira gia tri “1” ¢6 thé dugce sir dung dé két hop nhiéu lan.
— Phai dam bao tit ca cac 6 chira gia tri “l” déu duoc két horp va s6 nhom két hop
phal 14 ti thiéu.
3. Nhom 2° 6 s& bo di duoc n bién d6 1a nhfing bién vira xuét hién & ca dang truc
tiép 13n dang dao, sb hang tao thanh la tich cac bién con lai dugce goi la tich cuc tleu
Ham tbi gian 13 tong cac tich cuc tidu.

4. Trong mot so truomg hop, c¢6 thé cé nhleu cich két hop, nghla la c6 thé co
nhidu ham t6i gian. Nhimg ham tdi gian nay can dugce so sanh, kiém tra de chon ra
ham tdi glan thye sy.

Vi du 27.21. Cho ham F(A, B o= Z (0,1,2,5) hay t01 thleu hoda ham bang bang
Karnaugh.

Giai: K&t hop céc 6 nhu hinh 2.7.2.1 ta duoc it nhat 2 nhém phu het cac 6 chua gia tri
“1” cia ham, cac 0 trong nhém chi khdc nhau mot bit.

Nhém 1 gom 2 6 (0, 2), trong d6 A va C ludn gilr nguyén gia tri “0” con B vira c6
gia tri “0” vira ¢6 gia tri “1” nén B triét tidu con lai tich AC (nhom nay tu’ong duong
v6i ABC + ABC = AC(B + B)).

Nhom 2 gbm 2 6 (1, 5), trong d6 B ludn giir nguyén gia trj “0” va C ludn giir
nguyén gia tri “17, con A vira b gia trj “0” vira ¢6 gia tri “1” nén A trigf tiéu con lai
tich B C (nhém nay tuong duong vai ABC+ABC= EC(K+A)) | |

Khéng két hop 6 0 va 1 vi ca hai 6 d6 déu da thudc 2 nhém trén. Ta duO'c

~ F=AC+BC '
Khi két hop cac 6 ta cin xét dbi véi cac 6 it co kha ning két hop trude, néu khong

c6 thé tao ra cadc nhom thira. Nhr & vi du 2.7.2.1, néu ban du ta quan sat. thay 60va
1 14 ké& c4n nhau va ta két hop ludn thi nhom idé s&thira. -
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B ' (AC |
c G0 /01 ‘.|1 10

-

Hinh 2.7.2.1. T0| thxeu hoa ham o S
Vi.du 2. 7 2.2. Cho ham F(A B,C, D) Z(O 1,2,5,6,7,10, 14) hay tbi thiéa hoa ham’ bang

bang Karnaugh.
Gigi: Két hop cac 6 nhu hinh 2.7.2.2 ta dugc it nhit 3 nhém phu hét cac 6 chita gia tri
“1” cha ham, cac 0 trong nhém khéac nhau mot bit lién tiép. - -

Nhém 1 gdm 2 6 (0, 1), trong d6 A, B, C ludn gitt nguyén gia tri *0” con D vira
c6-gia tri “0” vira c6 gia- tri “1” nén D friét tiéu con lai tich- ABC (nhom nay tuong
duong véi ABCD+ABCD = ABC(D+D)). '

Nhom 2 gom 28 (5 7), trong do A lubn gm nguyen gia tri “O” va B,D lubn gitr
nguyén gia tri “1” 'con C vira co gia tri “0” vira co gla tri “1” nén C trigt tleu con lai

tich ABD (nhom nay tuong duong vm ABCD +ABCD ABD(C+ C))

Nhom 3 gbm 46 (2,6,10,14), trong do C luon glu nguyén gia tri “l” va D luén
gitr nguyén gia tri “0” con A va B vira c6 gid tri “0” vira ¢ gid tri “1” nén bi triét tiéu

con lai tich CD (nhém nay tuong duong voi ABCD + ABCD + ABCD + ABCD CD)
Ta duorc F=ABC+ABD+CD

AB . : .
: 00 01: S I
CDb )
o T4 12 Ta
[ 40
ABC R
— ] .
TR EEE R
ot [Tiq 0 [Pr1
1 1 1 H
fowt ! 1 .
L 1
_ 3 7. L e BEE
. _ 1M : :1 1 -
ABD .. oo
S PR -6-_-_-_-‘--44 ————— ig-=--1 _
.10'51 . 1 T i eb
___________________________ 1

Hinh 2.7.2.2. Téi thidu hoa_'ham

- Trong vi du 2.7.2.2 ta. thdy néu két hop-cédc 8 (0,1), (1,5), (6,7), (2,6, 10, 14) hoic
(0 2),(1,5), (5,7), (2,6,10,12) hoac (0;2)(15); (6 T:(2:6510, 14) thi trong mdi nhém
deu théa mén cac quy tic nhung s6 nhom! dhia (61 thigu.
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Vi du 2.7.2.3. Cho ham F = ABCD + ABCD + ABCD + AB
Hay tdi thidu hoa ham bing bang Karnaugh.
Giai: Két hop cac 6 nhu hinh 2.7.2.3 ta dwgc it nhat 3 nhom phu hét cac 6 chura gia tri
“1” ctia ham, v&i sb 6 trong nhom la t6i da. Taco: F = BD + AB + BC
AB (6 8,9,10,11)

AB : - .
| R HE S T L L
(60,289 BD — _0_5_1 P4 12 \ B: 3
. oo | i ‘ \21
11 5 13 gin
01 ‘ )
........ 3, N 15 11 o PO
' S 11 1 7 1
[CEEALARI S —
6 14 105:1-":
10 : 3
ressnnerfan I

Hinh 2.7.2.3. Téi thidu hoa ham .

Vi du 2.7.2.4. Cho ham F(A,B,C,D) =Y (0,238, 9,10,11,13,15) v6i N = 1.

‘Hay tdi thiéu hod ham bing bang Karnaugh.
Giai: Két hop cac & nhu hinh 2.7.2.4 ta duorc it nhat ha1 nhom phu het céc 6 “1”
ham, s60 trong nhom la 1i da. Ta dugc F=B+AD a '

A8 1 16
00 1
oD 01
& i 4 12 8
_ 00 | 1
(560.12389.10,11) B | :
Rk 5 pareete
01 X i1 1
S 5] i -
wl | T ‘
7 » AD (69,11,13,15)
1012 4 EAL oo .1(1

Hmh 2. 7 2.4. TOI thiéu hoa ham

Vidu2.7.25. Cho ham loglc
I‘(ABCDE) Z (0123891011161718192123242627) véi N = 25.

T&i thiéu hoa ham bing bang Karnaugh?

Giai: Ket hop cac 6 nhu hmh 2.7.2.5 ta dugc it nhéit hai nhom phu hét cac & “1” cua
ham, s 6 trong nhom 1a tbi-da. Nhom.1.gdm 16 6 va nhom hai gom 4 8, ta ¢o:

TRITAABR]
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ABC

011

OE 000 Do1 010 110 111 101 - 100 .
'-—'——-—e—]—:' 12 g------ 134—;-'-1" 28 20 16r----1 e -
00 N V1 SR '
X ' i |
: i ? |
01 1 NE f_1_3,__-—'q _ 25 129 X N 1_7_:;_,
1_;_ LT : 1 X ' {. :15
16 6)C I : ' o I =
BRI o ; H S O S Y- =
<« T (7 15 T YASES P 9,
11 T~ : 1 1 :3 3'1 :1 !
: - : g o o
: [ ] N bt i
o . A bl e I A
2 1 . B i 301 26, 1|0 7R XA
] A
10 : ; ) !
| 1 I |

" Hinh 2.7.2.5. Téi thiéu hoa ham
Viduy 2.7.2.6. Cho ham logic:
FABCDEF =Y (0.1,2,317,19,24,25,26,27,28,29,30,31,32,33,34,35,

56 57 58,59, 60 61,62 ,63)

~ Téi thiéu h6a ham bang bang Karnaugh'?
Gidi: Két hop céc 6 nhu hinh 2.7.2.6 ta dugc it nhat 3 nhom phu hét cac 6 “1” cua ham,j
sb & trong nhém la toi da. Nhém 1 gbm 16 8, nhém 2 gom '8 6 va nhom 3 gdm 4 8,

ta c6: F=BC+BCD+ABDF

BC
ABC 00 001 o1t 010 | 101 100
DEF . 110 111 :
o, 1 Je 24, | 16 A -] 567, [ 40 32ro
ooo | T o -] A
; '.-—'——‘I——- -5 S 1
- _ 001 Ty |® 2% 47 v ! 49 574 41 33 i
ABDF o _ _ | _: SR SRR SO Y ! !
I O TR TN L ECAC TR K A N L R £ i
BCD  gitTil———= 1 miniukdnts il : )
010 |24 [T TR 18 e R 0
[ S ! “ g : ) T e rzz- |-
110 [€ 14 30 1 : 22 54 62 11 48 38
111 |7 15 . 31 ¢ : 23 55 6311  [47 39
101 |5 13 291 |21 53 6111 . |45 37
100 [4 12 f2s 1y |20 s2 601 | 44. 36

Hinh 2.7.2.6: 141 thidll Ndakhdm
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— Cho ham dang tich cdc tong:
Phuong phap twong ty nhuy ham & dang tdng cac tich, chi khéc 1a tha
¢ 6 chira gia tri “0” va thay tdng cac tich bang’ tich cac tong khi

ay cdc O chua
gia tri “1” bing ca
bidu difn ham.
Vidy2.7.27 Choham F(A,B,C,D)=11(4,5,6,7,12,14) veiN=1."
Téi thidu hoa ham bang bang Karnaugh. B
Gidi: Két hop cdce 6 nhu hinh 2.7.2.7 ta duoe it nhét 2 nhém phu hét cac 0
ham, s6 & trong nhém 12 téi da. Ta co: F=(A+B)B+D) _
: yéu ciu thiét k& (loai phén tir sir dungj'mé ta lya chon phuong
phap t6i-thiéu cho -phu hop. Chang han, chi dung cbng NAND- thi phuong trinh viét
dudi dang tdng cac tich, chi ding cong NOR thi phuong trinh viét dudi dang tich cac
tdng sau d6 dao 2 14n va &p dung dinh Iy Morgan dé bién déi phwong trinh.

B+D (6-4,6,12,14)

“0” caa

Tu}‘f "Ithu:@c: vao

AB oA o .
-~ 00 01/ 11 10
P NS T
00 | 0 0 i
RSN PR - A 13 — g
_ 01 X 0
54 A
(64,5,6.7) A+B U i
R R T N T M
11 0
2 |8 14 10 . .
10 . .

' Hinh 2.7.2.7. Téithiduhod ham
Vi du27.258. Cho ham logic 4 bién A, B, C, D: FA,B,C,D)= Y (4,512,13,1415)
a) V& so db logic chi dung cbng NAND.. T P R R R
b) V& so dd logic chi dung cébng NOR, - -
Gidi: - 5
a) Téi thiéu héa ham: o B
K&t hop céc 6 co gié tri 1 trong bang Karnaugh nhur hinh 2728&, {a dugce:

F=AB+BC = AB+BC=ABBC
So db logic nhu hinh 2.7.2.8b. - .. :
b} Ti thiéu héa ham:
Két hop cac 6 ¢o gid tri 0 trong bang Karnaugh nhu hinh 2.7.2.8¢, ta dugc:

_ e B.(A+6¢=B.(.A+"CS=§,+A+E
So db logic nhw hinh/27.2.84. | =N
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Hinh 2.7.2.8. Téi thiéu hoa ham va so db logic

2.7.3. Téi thiéu héa ham bang phwong phap ROT
2.7.3.1. Bai todn phi
a) Phii ciia phirc hop khoi
Trong phéan trude ching ta da dua ra dinh nghia phic hop khbi K(f) ctia ham logic n
bién f(x, xa,..., Xy) va dua ra su twong vmg gitra ham logic f va phirc hop khéi K(f).

* Dinh nghia phu cua phuc hop khéi: Phu C cua phuc hop khéi K(f) la tap hgp C
cac khéi cua phuc hop khéi K(f) (d3 cho) sao cho mdi dinh cua K° phal nam it nhat
trong mdt khéi nao do ciia tap hop C. Vay: Cc K({f) : '

Vidu 2.7.3.1. Cho ham logic 2 bién Xi, X2 nhu sau:
f(x,,x 2)—x—;(—2+ x,;(_;+ XX,
— Hay bleu d1en ham & dang kh01‘7
- Hay tim K(f)‘? _
— Hay tim cac phu C cna K(f)? |
Gidi: Ham duoc biéu dién & dang khéi trén hinh 2.7.3.1:

Vay:
00 x0)  foo) 0 [90

C, =K(f)=410 Ix}, Cr=410 ,c3={xo},'c4 =410 4,
11 i1 1x
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01 11

00 x0
e
K(f)y=410 1Ix
00 e 10 11
x0

Hinh 2.7.3.1. Dang khoi |

b) Gid ciia phii

* Gig cia khoi:
Dinh nghia: Gia su ta ¢o khéi r chiéu C" cua ham n bién, gia cia khbi

dinh nghia nhu sau: G*'[C'l=n-r1.
Viduy2.7.3.2. Cho cac khbi sau ddy cia ham hai bién:
c’(o1), C'(1x), C'(x0)
Hay tim gia G* cva céc khoi nay?
Gidi:
G'[C°1=G*[01]=2-0=2
G*[C']=G"[Ix]=2-1=1
G [C'1=G"[x0] = 2-1=1
Vi du 2.7.3.3. Cho cac khéi sau day ctia ham 3 blen
c’(oon, C'(1x0), CH(xx1)
Hay tim gia G* cia cac khéi nay?
Giai:
G*[C°]=G*[001]=3-0=3
G'[C']1=G*[1x0]=3-1=2
G'[C*}=G"[xx1]=3-2=1
* Gid cua phu:
~ Gid G° cua phu C:

Dinh nghia: Gia G* cia phu C 12 tdng cac gia G" cua cac khdi trong phti nay:

G* [C]=Zq.(n—r)

q.: tdng cac khdi r chidu.
Vidy 2.7.3.4. Cho ham hai bién co phu nhu sau:
00
C ={0x; Hay tim G*[C]?
11

C' nay dugc

69



Gigi: n=2,q0=2,q1=1,q=0

Vay: G[C]=2.2-0)+1.2-1)=35

— Gid G ciia phii C: :

Dinh nghia: Gid G® cua phu C la gia G* cua phu céng véi sb lugng cac khéi p
chira trong phd nay:

G’IC]1=G" +p=2 q,(n-1)+.q, =Y q,(n-r+1)
r=0 r=0 r=0

Vidu 2.7.3.5. Cho ham hai bién ¢6 pha C:
: ool .
C =4x0} Hay tim G°[{C]?
11
Gidi:n=2,q=2,q=1,p=qo+q: =3.
Viy: G’[C]=2.02-0)+1.2-1)+3=8
+* Nhdin xét.
~ Gia G* chinh 12 s§ d&u vao cua mach AND.
— p la sé du vao cia mach OR.
Vdy gié G® chinh la s luong diu vio ctia mach AND va mach OR dé thyc hién
ham {(x;,x2,....Xp).
Vi dy 2.7.3.6. Cho ham 6 bién c6 phil nhu sau:
x0x0x1
c =M iy tim GPLep
x0x00xx
Ixxx0x
Hay v& mach logic thuc hién pht nay?
Hay tim G°[C]?
Gidi: Ta ¢6 ham f tuong ¥ng véi phu C: f = xwz;{;xﬁ + X, XX, +x—2+ X,X;

+ S0 d0 trén hinh 2.7.3.2;

><I“><I

Y
|

tdl

4

L]
wwle

x| X
4

Hinh'2,712:2, So db logic
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+Tacén=6,q=0,q = 0,92=0,q3=2,92=1,95= 1,96 =0

G"[C]:Zq,(n—rﬂ)=2(6;3+1)+1(6—4+1)+1(6—5+1)=13

c) Phi ti thiéu

— Dinh nghza Phu C cia phuc hop khdi K(f) duoc goi la phu t6i thidu qéu phu
nay co gia G® tbi thiéu. '

— Ky hiéu phu t6i thidu 1a Cuin-
Vidy 2.7.3.7. Cho ham logic 2 bién x,, x2 nhu sau:

F(X,0X,) = X, X, + X, X, XX,
_ Hay bidu difn ham & dang khéi va tim K(f)?
— Hay tim pha t01 thiéu ctia K(f) G°[Cumin]?

Gidgi: Ham duoc bidu dién & dang khéi tren hinh 2.7.3.3

01 1 7
1x 00 x0 o
ez K(f)=410 1x ;Cminx{ }
[ : s : S B b
11
00 el 10
. x0

. Vay: GMCnin] =22 -1+ 1) =4
Hinh 2.7.3.3. Dang khi Vay: GlCmin] = ( )=

Vi du 2.7.3.8. Cho ham logic 3 bién x,, Xz, X3 sau day: -

F(X,5X5, X)) =X X, X, + xlng + XXXy X X Xy XXXy T XXX
_'Hay biéu'dién ham & dang khdi va tim K(f)? 3
- Hay tim phu t5i thiéu Cpin va G° [Cm..,]

Gzaz Ham duge biéu dlen dudi dang kh01 tren hmh 2 734

011 111

000 x00 Ixx
100 10x ' :
S , x11
K(E) 101 1x1 L c 00
= 5 =4 X
101 7111 x11 min 7
1xx
110 1ix
: LOII 1x0

Hinh 2.7.3.4. Dang khéi G2 Cmin}=2(3 — 1 + 1) + 1(3 -2+1)=
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Nhdn xeét: , . , S

Trong vi du nay ta thiy Cpi, chinh 1a K? va céc td hop cia K' ma khéng chira
trong K*. ' '

Vidy 2.7.3.9. Cho ham loglc 3 bién x,, X2, X3 sau day:

F(x,,xz,x) xx X5 +xx,x +xxx3+xx Xy + XX, X5+ XXX,

— Hay biéu dién ham & dang khbi va tim K(£)?
— Hay tim pha t6i thidu Cpin va G [Crin]?
Gigi: Ham duoc biéu dién duéi dang khdi trén hinh 2.7.3.5.

1 (000 x00 )
100 10x
101 1xI
K(f)=< , ;
| ® 111 x11 F
101 010 Olx
1011 0x0 |
ogo e 100 | (x00 10x
Hinh 2.7.3.5. Dang khéi Cpini =31x1 } hogcC,,, ={x11
01x 0x0f - -

G’[Cuin} =33 -1+ 1)=9.

d) Bii todn phit -

Trong thuc & ¢6 thé ham logic ¢é cac t& hop bién khéng xac dinh nhu trong phin
trude di trinh bay, va ta c6 cac ky hiéu nhu sau:

— L: La phirc hop khéi ciia cac td hop bién xac dinh (ham lay gia tri bang 1).

- N: La phirc hop khéi cta cac té hop bién khéng xac dinh (ham lay gia tri x).

Khi tdi thidu héa ching ta ¢6 thé sir dung céc t6 hop bién khong xé4c dinh nhu da
trinh bay trong phéin téi thiéu hoa bing bang Karnaugh.

Khi bidu din ham & dang khéi ta k¥ hiéu dinh cua L bing diu “e " va dinh ciia N
bang diu “X”. :

Goi K la phirc hop khdi cha cac bién xéc dinh va khong xac dinh: K=LUN

Vidu 2.7.3.10. Cho ham l(_)gic 3 bién sau: F(x,,x,,X;)= 2(5,6;7) voiN=2,3.4.

'~ Hay biéu dién ham & dang khéi?
— Hay tim L, N va K? _
Giai: Ham duoc biéu dién duéi dang khéi trén hinh 2.7.3.6
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111 111
010 L 110
e 1001 o 101
000 ey 100 000 € 100
" Hinh 2.7.3.6. Biéu dién duéi dang khbi
101} . 101" 010 x11 xlx )
010 _
111 1111 100 x10 1Ixx
100 R
L=<110}, N= o1l ,K=4110 o011 ’Ix0 :
1x1 i1x1 0lx  10x
. 01x : _
IIXJ LIIX

Vi du 2.7.3.11. Cho ham logic 3 bién sau: F(x,,X,,%;)= 2(1,2,6,_'_7) véi N =0.

_ Hay biéu dién ham & dang khoi?
- HiytimL, NvaK?
~ Hay tim céc C%,, G*[Ch, ]?

min * min
Giai: Ham duoc biéu difn dudi dang khéi nhu trén hinh 2.7.3.7
L N
010 o10 / + 110
€2 01 ez} (001 101 101
#s
000 : oo e 100

Hinh 2.7.3.7. Biéu di&n ham duwi dang khoi

001
{oor  x10 ) | }
o 010 11 o,
x .
110 | L e
ij»,N:{OOO},K: 110 0x0 b, Ch, =41lx}, G'[Ch,1=4+6=10.
111 OOX XIO
x10
000
[ 11x
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Vi du 2.7.3.12. Cho ham logic 3 bién sau: F(x,.x;,x,)= 3" (4,5,6) voi N =0.2,3.

- Hay biéu dién ham & dang khbi?
— Héy tim L, N va K?
G [Cha s CK, va G'IC,

min min ]

— Héy tim cac ct

mm 2

Gigi: Ham dugc biéu dién dudi dang k_héi trén hinh 2.7.3.8

L

010

€24 101 101

Hinh 2.7.3.8. Biéu dién ham dwoi dang khéi

N -

(000 0Ix xx0O

(100]
010 x10
101 000
110 0x0 .
L=14110}%, N=J010}, K= - -
, 101  x00
10x| 011 _
' 100 1x0
1x0
S 011 10x .
1%0 Olx ‘
X
Clr:'un_{lo } Gb[C:I:]m] 6 Cmm: IOX G [Cﬁm]:
xx0

“Phii k cita phive hop khéi L: \ ,

— Dinh nghfa Pha k ctia phirc hop khéi L 1a tap hop C¥* cac khbi sao cho cic
khéi caa C phai nam trong K(f) va cac kh01 cia C pha1 chira tAt ca cac dinh cua L
va mot s6 dinh cia N néu cén thiét.

~ Nhdn xét: Phirc hgp ctia phit C¥F ta ky hiéu 1a: K(CKY).

Viy ta c6 quan hé sau diy: L c K(C*") < K(f)

"Muc dich ctia ching ta 13 tim dugc pha K cha phic hop L c6 gi4 tri t8i thiéu va
day goi 1a bai toan phu.

Tacd: K=LUN hay L = K.\ N.
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Vi du 2.7.3.13. Cho ham logic 3 bién sau: F(x,,x,,X;) = 2(1,4,5,7) voi N =03.

_ Hay bidu didn ham & dang khéi?
— Hay tim L, N va K?
_ Hay tim cac Ct,., G'[Ch, ], CS» GPICRa],Chis G'[CLL1?

min ?

Gigi: Ham duoc biéu dién duéi dang khéi trén hinh 2.7.3.9
N

1M 011 111

010

101 101

Hinh 2.7.3.9. Bidu dién ham dwéi dang khdi

001) | 001 000 xOx
100 - 100 - 011 xx1
101 101 %00
S0 (000 -
L=d111}, N= o1l K ={111 00x !
10x 10x  0xl
1x1 _ 11 xil
kxOl; LXO]
10x : 0 oo 0
Chy =10 1 0'CL1=9,Ch = } (Ch1=4 s [0 gren s
ol xx1 ' xxl
< v | |

Vi dy 2.7.3.14. Cho ham logic 3 bién sau: F(x,,x,,x;)= > (4,5,7)" v6iN=0,6.
— Hay bidu dién ham & dang khéi? |
~HaytimL, NvaK?

— Hay tim cac C.., G* [Cmm] cl , GP[Ck 1,C8 . G [Cﬁl]? |

min ?

Gigi: Ham duoc biéu dién-dwéi-dangkhdi-trén-hinh-2.7.3.10
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011 111
010 i 110
ez 001 | 101 101
I"ea
000 e 100
Hinh 2.7.3.10. Biéu dién ham duéi dang khéi
(100 (100 000 1xx)
101 101 110
000
L=<111}, N= 110 , K=4111 x00 -
10x ' 10x 1x0
1x1 ] | [1x1  11x
10x x00
Cct = , G°[Ct 6, C* = , G| C ,CR =11 , GP[CKE
mnl {lxl } [ mm] mm lxx [ Imn:| min { xx} [ mm]

2.7.3.2. Implicant don gfa’n

a) Implicant don gidn la gi

— Dinh nghia: Khbi z nao d6 cua phue hop khéi K(f) 1a implicant don gian néu nod
tuan theo diéu kién sau day: §i(z) = © véi moi i.

Tire la: Khéi z 1a implicant don gian cua phirc hgp khéi K(f) néu trong K(f)
khong ¢6 bit ky mot khéi nao khéac co chira z.

N6i cach khac: Implicant don gian z khong thudc bt ky mot khdi ndo khac cua

phuc hop khéi K(f).
Vidu 2.7.3.15. Cho ham logic 3 bién xl, xz, x3 sau day:

F(x,,X,,X;3)= xx x3+x X, X5 + XX, X5 + X XX,

— Hay biéu dién ham ¢ dang khbi va tim K(1)?
— Hay tim cac 1mpllcant don gian cua phirc hop khéi K(f)‘?
Gigi: Ham dugc biéu dién dudi dang khéi trén hinh 2.7.3.11:

o1

111
. 10 010 10x

010 E 100 1x1
o1 KO=Yho

e 1000 1 101

.’ 111
we; R
000 e 100

Hinh 2.7.3.11. Dang kh6i cia ham
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Xeét implicant don gian la khéi 0: 2° :
_ Véi: 20 = (010) ta c6: §,(010) = 0. 5:(010) = 9, 83(010) =
Vay 8;(010) = O v6i moi i, khéi 0 (010) 1a implicant don gian 0 chiéu.
_ véi: 72 = (100) ta c6: 8,(100) = @, 8:(010) = 0. 55(010) = 10x
Vay khéi 0 (100) khong phai 12 implicant don gian.
— Voi: z) = (101) ta co: $,(101) = @, §,(101) = 1x1, 83(101) = 10x
Vay khéi 0 (101) khdng phai la implicant don gian.
— Vi z5 = (111) ta cée 51(111) =@, 82(111) = 1x1, 85(111) = O,
Vay khéi 0 (111) khong phai 1a implicant don gian.
Taco z = (010) duge goi la 1mp11cant don gian 0 chiéu.
Xét implicant don gian 1a khéi 1: 2'
_ Vei: Z = (10x) ta ¢6: 8:1(10x) = O, 82(10}() =@, 83(10x) =
Vay §;(10x) = 9 v6i moi i, khdi 1 (10x) la implicant don gian 1 chiéu.
— Véi: zb = (1x1) ta co: 3(1x1) =0, Bz(lxl) =@, 53(1)(1) %]
" Viy 9 (lxl) = @ véi moi i, khdi 1 (Ix1) la 1mphcant don gian 1 chiéu.

Tong két: Taco 3 Imphcant don gian [ zl , z1 ) z,,

b) Tap hop tmphcant don giin
* Tap hop céc implicant don gianr chleu ky higu la: Z'. ‘
* Tap hop cac 1mpl1cant don gian r chidu Z' sé& tao thanh tdp hop céc implicant

don gian Z: Z = UZ'

r={}

Vi du 2.7.3.16. Cho ham logic 3 bién xl, X3, X3 sau day

F(X,,X;,X3) = xx x +X, x, x + XX, X5+ XXXy
Hay tim Z°, 7', 72 va 72 '
Giai: Tir dang khdi coa ham trén hinh 2.7.3.12, ta c6:

" ' fix1 ] :
1M1 7° ={010}, Z' = x AN
. o {10x
Vay: Z=2"07Z

101

. 000 €1 100
Hinh 2.7.3.12. Dangkhdi cia haf
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Vi du 2.7.3.17. Cho ham logic 3 bién x,, X2, X3 sau ddy; -

F(x,,x,,%;)= xxx +X,X, X, +X,X,X; + X, X, x3+xlxx + X, X, X,

Hay tim 7207 7 vaz?
Gigi: Tir dang khéi ciia ham trén hinh 2.7.3.13, ta co

o \ SRR {x00] - : :
, o z“=®,z’=' VAT
311 _ ) S . ‘ {xll}. _ { Xx}
RIS 2 [x00°
Vay: Z=7'wZ? ={x11.
101 R TN N [ 0.+ &

000 €1 100
Hinh 2.7.3.13. Dang khéi cta ham - -

c) Dinh ly __
*Dinh ly: Neu Cmm la phu 16i thleu thl Cmm < Z _

*Chirng mmh G1a st khéi C, e C

theo dinh nghia implicant don gian ta thay rang v6i moi 1 nao do ta co: 9§, (C );t QS

va Ck khong pha1 la 1mp11cant d(m glan thi

min

Vi thé ta thay khbi Cy bang khbi 8; i(Cr) dé duoc phu C ‘méi. Phu C m01 nay cé
gia (Ga) thap hon gla cua phu Cmm, bO‘l vi 6 (CL) cod g1a thap hcm kh01 Ck

2

Vidy 2.7.3.18. Cho ham logic 3 bién X1, X2, X3 sau day
F(x,,%X,,%;) = x]x2 x3 +x|><:2x3 +X,X, X, + x,;;xs +x_|;(:x_3
— Hay tim Z7? .
_ Hay tim Cuin, G*[Crmin]?

Gidi: Tir dang khéi ciia ham trén hinh 2.7.3.14, ta co:

e ' ’ o toxO0) s s AT . .
111 0l 0x0 0x0
A 7 Z = b Cmm] : Xll L® Cln]n2 = OIX
x11 '
Ix1, ‘ 1x1
1x1 T L
101
Gb[cmin] =9

000 €1 100
Hinh 2.7.3.14. Dang khéictia-ham
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Vidu 2.7.3.19. Cho ham logic 3 bién x,, X2, x3 sau diy:
F(x,,%X,.%,) = x_l;(_zxi—k' X, X,X; + x,x_2x3 + x]x_E;(: -
-+ Hay tim 27
+ Hay tim Cmin» G*[Crmin]?

Gidi- Tit dang khéi cia ham trén hinh 2.7.3.15, ta ¢6t

011 11 o x01 | %01
: 7.=410x b, C,, =410x
010 , 110 I T Y
: | - b .
&2 A :001 101 * o G [len] ; 9.
/’-__-—_
)(éa

000 e 100
Hinh 2.7.3.15. Dang khéi cGa ham

2.7.3.3. Thudttoan (%) _

Trpng phén dinh nghia implicant Flon gian ta thdy r%mg dé‘ tim Z chiing ta phai xac
dinh tt ca cac khdi cua phuc hop khoi K(f) va phai sir dung céac toan twr hop bién gidi
va tach bién gidi dé tim cac khdi coa K(f) rdi phai kidm tra mdi mot khdi cia K(f) dé
xem n6 c6 phai la implicant don gian hay khong. '

Néu K(f) rit nhidu khéi thi khdi lugng tinh todn s& rat 16n. Dé tranh nhugc diém
pay chiing ta s& xét thudt toan (¥). ’ :

a) Tich toa d@p (%) '
- Dinh nghia: B . - ,
Tich toa d6 * dwoc dinh nghia bang bang cho trén hinh 2.7.3.16:

: o | 1

0 0 y 0
1 y 1

X 0 1 X

Hinh 2.7.3.16. Tich toa d6 *

Tac 1a: 0¥0 =20 1*0=y x¥0=0 :-
0*1 =y o 1*1 =1 x*¥1=1
0*x =10 7 IFx =1 L x*x =X

— Cac tinh chét cua tich toa do (*):

Tich toa 30 (*) ¢ cac tinh chét sau ddy:

+ C™*C*= C**C' (tinh giao hoén).

+ CHH(CHCY # (CCH) e (khdng of tink sbitkét hop).
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+NéuC' < C thi C*C* =" ‘
+ Néu C™*C® = Clva C* ¢ C' thi dbi v6i i nio dé ta co: 8, (CHY=D va SP(C Y# &

Va néu ching ta tac déng mot diy cac phép toan hO‘p bién gidi 8, vao khéi C thi
ching ta s& thu dugce khéi C".

Va néu chung ta tac dong mot ddy cac phép toan tach bién gidi 87 vao khéi C' thi .
chung ta s& thu dugc khéi C".

+ Néu C{va C}1a céc bién gi6i déi nhau cua khéi C

C*Cy=C™ = §,(C))=8,(CY).

G day i la toa d6 ma & d6 Cva C,cb gia tri khac nhau.

™! nao ddy thi ta co:

b) Tich toa dp trén hai khoi
— Pinh nghia: Gia sir ta ¢6 hai khéi C" va C* nhu sau:
C"= (a1, a2,..., @i, ..., dn)
= (by, ba,..., bi,..., ba)
aj, b cac toa do
', C°:cac khdi niim trong phirc-hop khbi K(f)

) | C““Cs du’oc dinh ngh1a nhu sau: B
(_ @ néu a; b =y vasb lucmg y l(m hon 1 (tuc la tir 2 trg len)

C*C'={ _ [m(ar*by), m(az*by),..., m(a*by)..., m(a-*bn)] Néu ai*b; =y nhung s6

lupng y <1

O day m(al*b) dugce xdc dinh nhu sau: | m(0) =0
. m(1)y=1
A - m(y) = m(x) =X

Vi du 2.7.3.20. Cho ham logic 2 _bién Xy, X2 nhu sau:
f(x],x2)=>: x_2+:-c_,)«:2+xlx2 -
- Hay bidu di®n ham & dang hinh hoc?
_ Hiy tim phtic hop khdi K(H?
— Hay tim pha C (theo dau bai di cho)?
— Hay tim tich toa d6- (*) gitta cac khéi trong phu C?

Gigi: Ham duogc bidu didn dudi dang hinh hoc trén hinh 2.7.3.17
Ta ky hiéu: C° =(00), C%=(01), = CI*(11) |
C* €)= (00)*(01) = [m(0*0), m(0* 1)] = [m(0), m(y)]

O ddy chi c6 mdt y xudt hienvayia céi G F Cy =00
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C)* C3= (00)*(11) = [m(0*1), m(0* 1] = [m(y); my)]
(3 day chi 6 2 y xuAt hidn vay ta co: C/*Ci=@.
C3* C5= (01*(11) = [m(0*1), m(A*1)] = [(m(y). m(l)]

& day chi c6 mot y xuét hién vy ta co: c® * C”” Xl

ot 11 - 00 Ox
: K(f)=101 x1};
es 1m
00 PR
0 e 10 C=K® =101 }(pht theo diu bai da cho)

Hinh 2.7.3.17. Darg kho: ctia ham : i1

Vidy 2.7.3.21. Cho ham logic 3 bién x,, X2, x5 nhu sau:

f(x,.X,5,%X5) = szxj +;:x2x3 + XX, XX,
— Hay biéu dién ham & dang hinh hoc? .
— Hay tim phu C (theo dau bai da cho)?
— Hay tim tich toa d§ (*) gilra cac khéi trong phu C?7
Gigi: Ham dugc biéu dién dudi dang hinh hoc trén hinh 2.7.3.18
Ta ky higu: C] =(011), C) = (000}, C, =(11x), C, =(10x)
Ci*Cy= (011)*(000) = [m(O*O) m(l*O) m(l*O)] = [m(0), m(y) m(y)]
.CG* Cl= (011)*(11x) = [m(0*1), m(l*l) m(l*x)] [m(y), m(1), m(1)] = xll
C* C) = (011)*(10x) = [m(0*1), m(1*0), m(1*x)] = [m(y), m(y), ‘m(D)] =
Cl*C,= (000)*(11x) = [m(0*1), m(0*1), m(0*x)] = [m(y), m(y), m(O)]
C° * C‘ = (OOO)*(IOX) = [m(()*l), m(0*0), m(O*x)] [m(y) m(O) m(O)] = xOO
'C‘*Cl = (11x)*(10x) = [m(l*l) m(l*O) m{x* x)] [m(l) m(y), m(x)] = ]xx

Cforn)

. 000 ; .‘ L S o -
C= ¥ (phu theo dau bai dé cho)
X ;
101 | B - liox o

000 e 100
Hinh 2.7.3.18. Dang khdictia ham
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Vidu 2.7.3.22. Cho ham logic 5 bién X1, X2, X3, X4, X5 nhir sau:

£, %5, X5, X0 X ) =X X, X X, X + X, X, X, X, X, + X,X, + X XXX,
— Hay tim phu C (theo ddu bai di cho)? ,
— Hay tim tich toa dd * giita cac khéi trong phu C?
Gidi:
00000

00001 Y
= (pht theo dau bai da cho)

xIxlx

1000x

Ta ky higu: C] = (00000), C; =(00001), C} = (1000x), C} = (xIx1x)
C/*Ci= (00000)*(00001) = 0000x.

C}* C}= (00000)*(1000x) = x0000.

CO* Cl= (00000)*(x1x1x) = @.

CS*C! = (00001)*(1000x) = x0001.

Cy*Cy= (00001)*(x1x1x)= O

C)* Ci= (1000x)*(x1x1x) = O.

¢} Thuit todn (%)

Muc dich: Thuft toan (*) cho phép ching ta tim cac tip hop cdc impliCént don
gian Z xudt phat tir pht ban dau nao ddy cia ham logic f(x), Xa,..., Xa).
Cac giai doan nhu sau:

~Giai doagn 1:
+ Bat d4u tir phi ban dau CU.

+ Chung ta xay dung phﬁ Co béng céch loai ra cac khdi ndm trong cac khéi khac
cla phﬁ.éo. '

+ Chiing ta dinh nghia tép hop C; nhu sau:
o :{c|c cdie,dc éo}
é;lé tdp hop tt ca cé-c.khc‘)i nam trong cac khdi khac cia .éo.
+ Loai bo tap hop C; ra khoi C, dé duge phu Cq.
Vay: C, :éo\ éﬁ
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Vi dy 2.7.3.23. Cho phu ban d4u nhu sau:

011 -
000
111
100
11x
|[10x

(@}
=
il
Ao
—

— Hay biéu dién ham logic & dang hinh hoc?
~ Hiy tim €, va C¢?
Giai: Ham duoge biéu didn dudi dang hinh hoc trén hinh 2.7.3.19.
- o011 | 111

010

©2 101

Hinh 2.7.3.19. Dang khéi cGia ham

Ta cé:
111c1lx: 111 l1a bién gi6i cna khbi 11x.

. 111
100 < 10x: 100 1a bién gidi cuia khoi 10x :>C {100}

(011
000| - 011
. .. 100§ (111} {000
C,=C\Cy =1 ] =
111 100 10x
10x 11x
ey |
— Giai dogn 2.

Tim tdp hop cac 1mp11cant don glan {a cdc khdi 0: 2° (tuc Ia 1mphcam don gian 0
chiéu), chung ta cé thé tim Z° nho quy tic sau day:
: BS dé: Tap hop cac implicant don gian 0 chiéu 1a tap hop céc khéi 0 €% sao cho
C"*Cy khdng chira bat ky KRS T fa0 cua phuc Hop YT K(S).
Tuac 1a: 2% = {C° |C° ¥ khéng chira bat k' khdi | nao cha K}.
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Chung minh: C® 1a khéi 0 vay néu C° 12 implicant. don gian thi 6;((?0) = @, néu
CU%C, mbi khéi ndo ddy, tirc 14 5;(C°%) # @ (hogc 3;(C%) = khdi 1 nao déy), tue 1a C°
chita trong khdi 1 ndo day. :

Vay néu C? 1a implicant don gian thi C**C, khong chira bit ky khdi 1 nao.

Vi du 2.7.3.24. Cho pha ban dau nhu sau:

) [ 010

C,=+111
110X}
— Hay biéu didn ham logic & dang hinh hoc?
— Hay tim z2% L _
Gidi:- Ham duoc bidu didn dusi dang hinh hoc nhu trén hinh 2.7.3.20.
011 414

010

€2 101

000’
Hinh 2.7.3.20. Dang khéi coa ham
O day: €, =@ =C, =C,
Ta ky hiéu: C} =(010), C5 =(111).

010) [(010)*(010)) 010) (010
= CI*C, =(010)*{111 p=3(010)*(111) p=qyly ;=<
10x (010)*(10x) |- |wvy0 1]

= C®*C,khong chira bt ky khdi 1 nao.
= C"1a implicant don gian 0 chiéu.
010) [Q1D*010)) ([yly] (@
= ClFC, =(11D)*{111 p=3A1D*(A11) p=4111 p=4111
10x| |Q1n*qaox)| {Ixl 1x1
— CV*C,chira mot khdi 1 1a (1x1) |
= C) khong phéi implicant'don gian.

= 7 ={C}} ={010}
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Vidy 2.7.3.25. Cho phi ban dAu nhur sau:
- [or1 ' '
C . 000
o= 11x
10x |.
— Hiy biéu dlen ham loglc o dang hinh hoc?’
‘—HaytlmZ‘? ' ' ’
Gidi: Ham dugc biéu dién duéi dang hinh hoc nhu trén hinh 2. 7.3.21.
o1 _.1“_ L

101

Hinh 2.7.3.24. Dang khéi clia ham

O day:C, =@ =C, =C,
Ta ky hiéu: C? =(011), Cj =(000).

0o11] (©1n*@in) [oi1] (o1t
L core, - o1nye |00 L @ID*@00)| oyy| _|@
tox [ Jomy*aoxy[ w1 |2

Nix| [eip*ax)| |y11) |x1n)
= C’*C, chira mot khéi 1: (x11).

= C] khdng phai la implicant don gian 0 chleu

011).  [(000)*(011) oyy] (@

o v, = (000y] 2001 L} (00 (000) _ JO0OL_ 1099
o 10x [ 1(000)*(10x)| " |yoo[ |[x00
Ni1x (000)*(11x)j {yy0 @

= C§ *C, chira mdt khéi 1 1a (x00)

sl
<

= C?khéng phai implicant don gian khong chiéu.
=7Z'=0



— Giai doan 3:

+ Chung ta xay dung phu moéi C; khéng chua cac kh01 0 (phu ma&i C1 nay cé the
khong phai 1 pha cta K boi vi né khong chira cac khéi 0 cia K nhung C, wZ’1a phi

cua K). |

+ Trude hét ta xdy dung phu C bang cach sau day: C =C,v(C, *C;,) L
O ddy Co*Cp chira tat ca cac khdi ngoai khéi chira trong €. : S
+ Sau dé ta tim C; bing cach loai bo cac khéi nam trong cac khm khac ciia phu

C va loai bd cac kh01 0. .

+ Ky hiéu Cola tap hop tét ca céc kh01 0 nim trong phu C

+ Ky hiéu C, la tap hop tit ca céc khéi nélm‘trong-. cac khéi khac:

"

Vay: C) = C\CD\C

Vi du 2.7.3.26. Cho phui ban d4u nhur sau:

011
. 000
0 =
11x
10x
Hay tim C,?
Gigi: O day:C, =@ = C, =C,
011) fo11)
000 000
C,*C, = *
111x 11x
10x 10x

C, ={c|ccd;c,d‘cé,}: |

Dé tién quan sat ta lip bang nhu trén hinh 2.7.3.22:

011

000

86

Co*Co C1ix

o1 \ R v

o0’ | ow@ | v |

1% | ,y1 o v

' (x11)- (2] “
10x yyl ‘yOO: | ‘iyx

@) L 00y ()
Hinh-2:7.3:22




‘ _ x11
Vay: C,*C, =1x00

1xx
011 x11- o . _ .
R oo 1000 .x00 - 011].. =
C =C,u(C,*C,) = ' , Cy =5 " &,
=G (G ) 11x  1xx ‘ {000}
10x
. x11
~ % 11)( ~ AU a3y
C, = ,Ci=C \C/\C = 1x00
10x
hos
— Giai doan 4:

Tim tap hop céc 1mp11cant don gian 1 chiéu 1a tap hop cac kh01 1 CI sao cho
C'*C, khong chira bét ky khéi 2 nao ctia K(f). :

Tirc 1a: Z' = {C'|C'*C, khéng chira khdi 2 nao cia K}
Chirng minh gidng truéng hop z°
Vidy 2.7.3.27. Cho phu C) nhu sau:
x11
C,=<x00
1xx
Hiy tim YAV
Gigi: Ta ky higu: C, =(x11), CI = (x00)
x11
1 @ ' :
= C,*C, =(x1)*x00;=
111
_ Ixx | - :
Ta thdy C!*C, khéng chira bitky khéi 2'nao.

= C! 1a implicant don gian mot chiéu,

11 i
 CLFC, = (x00)*] . t={
2 P Nxx [ 100

Ta théy C.*C, khong chita bit ky khéi 2 nao.
= ! la implicant don gian mét chiéu.

Vay cudi cung ta co:

7t = x11
%00
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— Giai doagn 5:

Chiing ta xdy dung phi méi C; khong chira cac khdi 0 va kh01 1 va cac khéi ndm
trong cac khdi khac. :

+ Trudce hét ta x4y dung phu C nhu sau: C =C,u(C, C )
6] day C,*C, chira tit ca cic khdi khong ndm trong Ci.

+ Sau d6 xay dung C; bang cach loai bé cac khéi chué trong kh01 khac cua phi
C7 , loai bo cac khdi 0 va khéi 1.

Ky hiéu: ‘
C: tap hop tht ca cac khéi 0 cua C, .
C! - tap hop tat ca cac khéi 1 cua C, .
C; tap hop tit ca cac khdi chira trong khéi khac.
C2 {clccd c, dCC }

Vay Cy= C \C” \C'\ C
Vidu 2.7.3.28. Cho phtt C; nhu.sau: -

[x11

C = J x00
Ixx
Hay tim C,7? )
Giai: Pé tim Cy*C ta dung bang nhu trén hinh 2. 7.3.23;
Ci*Cq x11 . x00
x11 (N
x00 xyy -\
(@) '
1xx 111 100
Hinh 2,7.3.23 .~
xt1)
11 : x00|
Vay: C*C, = : C,=C u(C,*C)=11Ixx }
100 : B
111 |
LIOO P

., .1 . 11} .
& day: € = e bl G )

27100 7 2 |x00f 7
C:=C,\ COACy O = { Laxh
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- Giai doan 6:

Tim tip hop cac implicant:don gian 2 chiéu Z%. Ching ta c6 thé tim 7% nhorbé dé sau:

B6& dé: Tép hop cac 1mphcant don- gian hai chidu la tap hop céc khdi 2: C2, s
cho C?*C, khong chira bit ky khdi 3 nao cta K.

Tue la: Z° = {C2EC2*C2 khong chira. khéi 3 nao cta K}
Chirng minh gidng trrong hop Z
Vidu2.7.3. 29. Cho pha C, nhir sau:
C, ={Ixx}
Hay tim Z%7?
Gidi: Ta co: C2 = {1xx}
C™*Cy = {lxx} {Ixx} = {1xx}
Cz*Cg khong chira bét ky khdi 3 nao nen C’la 1mpllcant dorn glan hal chleu
Vay: 22 = {1xx}.
— Giai doan 7:

Chung ta xdy dung phu ma&i Cs khdng chira cac kh01 0, khéi 1, khdi 2 va cac khdi
nam trong cac khéi khéac.

+ Trudce hét xay dung C, nhu sau: C, =C, W(C,*C,)
O day Cy* C; chira t4t ca cac khdi trir nhimg kh01 nam trong C»

+ Sau do x4y dung Cs bing cach loa1 bo, cac kh01 0 kh01 1 kh01 2va céac khéi
nam trong cac khdi khac cua C

Ky hiéu:
9 tap hop tht ca cac khéi 0 cua C,.

é tap horp tat ca cac kh01 1 cua C

C: tap hop tat ca céc khéi chua trong khm khéc.

~

c;:{c|ccd-cdcc}'
Viy: C3 = C \C° \C‘\C \C .
Vi du27330 Cho phu C; nhu sau:
| ) ,-C {lxx}
HaytlmC3
Gidi: C*Cs = {1xx}* {lxx} = {Ixx}
=C, = {lxx} C=2,C=0 ‘CZ—{lxx}, C=0
Vay: G- GV ENENE E=0.
rTu’ong tu 2! va 72 tlep tuc tim 23 et 3\ 5 9
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Nhan xét:
—Qua trinh tim Z két thic & ddy va tap hop cac vidu trén'ta co:.
' x11
Z=7,07,=4x00
| ' Ixx

— Téng quat, chung ta s& tim céc giai doan cho dén khi Cef = @ vata cé:

z={]JZ
i=0
2.7.3.4. Thai cyc

@) Dinh nghia
Imphcant don gian z cia phuc hop khéi K dugc g01 1a thai cue L neu no chira
dinh d f:ua L va dinh'd khéng nim trong implicant don gian Khéc nao d6 cua K (tac la
d chi nim trong z).
Pinh d dugc goi la dinh danh diu.
' '— Tép hop tét ca cac thai cuc L duoc k«y,.hiéu la: E(K,L). -
" Nhén xét: E(K,L)c Z.
Vi du 2.7.3.31. Cho phi ban diu Cy nhu sau:

011
011 ‘
000 |: L S
C, = ¥ trong do L ={000 , N ={10x}
X.
11x
10x
Hay tim Z =7, E(K,L) = ?

Gidi: . _,
— Trong phéﬁ ‘tni(’)"c"'c'hﬁng"ta da tim dugc:
xi1)
Z=4x00¢

Ixx

=3

Ta ky hxeu z, ~x11 ZZ—_XOO z] —lxx

C—= Bay gid chung ta klem tra xem cac 1mphcant
don gian nay c¢d chia cac dinh danh dau hay
: ' . khéng. : :
Hinh 2.7.3.24. Dang khoi ~ Truéc hét ching ta kidm tra cac dinh (khdi 0)
* trén hinh 2.7.3.24 xem c6 phai la céc dmh danh diu hay khong: o

+ Dinh 011 L va dinh 011 chi ndm trong implicant don glan x11 chu khong nim
trong implicant don gian khée.-Vay dmh 011 1a dmh danh dau Va 1mpllcant don"gian

z, =xI11 la thai cuc L.
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+'Pinh 000 < L-va dinh 000 chi ndm trong implicant don glan x00 chi khong:
nim trong implicant don gian khac. Viy dinh 000 14 dinh d4nh déu va 1mp11cant don’

g1an z =x001a thai cuc L. _
+Pinh 110 ¢ L va dinh 110 chi ndm trong implicant don glan 1xx chi khéng’
nim trong implicant don gian khac. V4y dinh 110 la dinh danh déu va 1mpllcant don
gian z =1xx la thai cyc L. ‘ ‘
+ + Pinh 111 < L nhung ndm trong 2 imp]iCant don gian x11 va 1xx nén dinh 111
khéng phai la dinh danh déu, :

+ Dinh 100 khong thudce L va nam trong 2 1mp11cant don glan xOO va lxx nén
dinh 100 khong phai 1a dinh danh diu. ' '

+ Dinh 101 khdng thudc L va nam trong implicant don gian. 1xx nén dinh' 101
khodng phai 1a dinh dénh déu. '

Vay: E(K.,L) =
Vidu 2.7.3.32 Cho cac ham 3 bién ), £ va f3 duoc biéu dién dang hmh hoc nhu trén
hinh 2.7.3.25:

Hiy tim Z, E(K,L) tuong ing vé1 cac ham?

N L

011 B 4y

101"

. Hinh 2.7.3.25. Dang khoi-cta cac ham f;, f2, fs

Giai: _
+ Vé& i ) + Véi 1z + Vai f3:
x11 o () |
i 1 . . - ."7'_ - . . . . M - . .
x1 1x1 001 . fom
10x 10x 1x0 ‘
Z = . E(KLY=0; Z=1 L R(KL)=@; .. Z=4 . ¢, E(KL)=3x10
x00 x00 I ' %10 e o
. . : tix
0x0 Ox0l . coiepn e I
LO]'X‘, o o T RN LO].XJ ¢

Vidu 2.7.3.33. ChoK L N=@" :
SOfxiloxc Tibee k101 Ixdxd] T L
_{1xx1x 0xx0x XOXX1 } T
Hay tim dinh dénh déuiva tap E(K. L)7
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Giai: D& tim ¢ac dinh dénh ddu ching ta phal viét cdc 1mpllcant don glan thanh céac
khéi 0 theo bang nhu trén hinh 2.7.3.26: -

Trong bang trén hinh 2.7.3.26 dé d& quan sat ta ghi cac gla tri thap phin tuong
ung vaoi cac td hop nhi phén. Ta nhén thay c6 cac to hop chi nam trong mat: 1mpllcant
don gian, trong bang trén d6 1 cac té hop duogc danh du “*”. .

Nhur véy, ta co: . : :
© Implicant don gian z = IxxlIx chira bbn dinh danh d4u: 10010, 10110, 11010, 11011,

Implicant don glan z2 = Oxx0x chira bbn dinh danh dau 00000, 00100 01000 01001
| ‘Impllcant don g:an z, = x0xx1 chira ba dlnh danh dau 00011, 00111 10001

" 'Vay céac implicant don gian zI ,22,23 la cac thaicuc L.

Ixx1x
E(K,L) = {0xx0x ¢
' xOxxl |
x110x 111xx xx101 1x1x1 - | 1xx1x Oxx0x: x0xxt
01100(12) | 11100 (28) | 00101(5) | 10101 (21) | 10010 (18)" | 00000 (@) | 00001 (1)
01101 (13)_ 11101 (29) | 01101 (13) 10111 @3) | 10011 (19) 00001 (1) 00011 @
11100 28) | 11110 @30y | 10101 1) | 11101 29) 10110 @3y | 00100 @)* | CO101(5)
11101 (29) | 11114.(31) _| 11101 (29) | 1111131y~ | 10111(23) | 00101¢5) | 00111 (7)"
. - N 11010 (26)* 01000(8)* | 10001 a7
“ 011 @ | 01001 (9):? “1710011 (1"9)-
11110 (30) | 01100 (12) | 10101 (21)
111111 31) | 01101 (13) | 10111 (23)
Hinh 2.7.3.26
b) Dinh ly

Bat ky phii téi thiéu K cta phirc hop L nao cung chua tap E(K L): E(K L) -

Chung minh:
—Theo v1du27324taco Cht ez

min —

CKL

it

— Theo dinh nghia ta thdy ring: E(K,L)c Z -

Va bt ky thai cuc L nao cia E(K,L) ciing phai chira dinh ddnh diu d, ma dinh
danh d4u la dinh khong nim trong cac khdi khac ctia Z ma chi nim trong c. . -
Vay diéu cén thiét 13 phit K cia phic hop L phai chua cac dinh danh dau va

CkL =7 ma E(K, L)CZ
Viy: E(X,L)ycCt
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Nhéin xét:

— Theo dinh 1y trén, néu E(K,L) la pht, tie 1a né chira tét ca cac dinh cta L, thi
E(K,L) sé& 1a phu ti thidu duy nhét. — o

~ Néu phu ban ddu Cy dugc cho dudi dang tép hop céc dinh thi E(K,L) s& dugc
tim mdt cach dé dang, nhung néu sé dinh rat nhiéu thi viéc kiém tra cac dinh s& gap
nhiéu kho khin phirc tap va d& nhim l4n. Vi vay, dé tim E(K,L) ching ta sir dung
thuat toan giao toa dod. _
Vi du 2.7.3.34. Cho ham logic ba bién sau: f(x,,%,,%;)= > (3,4,5,7)v6i N =2

— Hay biéu dién ham ¢ dang khdi?

— Hiy tim Z, E(K,L), C&*?
Giai: Ham duoc biéu dién duci dang khoi trén hinh 2.7.3.27. _

' o | {011

011 o
111 011
! , I’ = , N* ={010}, K*® =<101
i (101 oo
24 001" - 1101 S ' 100 : ' _
JERRREEE LRl oL : 010
193 , i : \ . J
000 el 100
Hinh 2.7.3.27. Dang khéi cGia ham
01x
x11 . C, o S
Z=9, 4 [+ BEL) ={10x} do c6 chira dinh danh déu 1a (100), Cii ={x11,10x}
10x

2.7.3.5. Phép toén giao toa dé ‘ _ ‘

Muc dich: D& x4c dinh tap E(K,L) bang dai s8, ching ta diing phép toan giao toa d6.
a) Dinh nghia ' S

Phép toan giao toa d6 dugc dinh nghia bang bang cho trén hinh 2.7.3.28:

ﬂ 0 1 ‘ X
0 0 (73] 0
1 @ 1 i
X 0 1 X

Hinh 2.7.3.28. Phép giao toa d6

Tirc la: 0M0=0 v L= v 0Nl=
1nx=1. O xl=0F o 1ml=1 ' XMX=X
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b) Phép giao toa df ciia hai khéi
— Dinh nghia: Gia sir ¢6 hai khdi C" va C°
C'= (araz...ai...a,)
Cf = (bib2...b;...by) _
Phép giao toa do gilra hai khbi:
— @-néu c6 dit chi mot toa d6 a, Nb, =&
C*C'= . ) 7
- [(a,nb;),(a, Nb,),....(a,"b,},...,(a, Nb, )] trong trudng hop nguge lai.
Vidy 2.7.3.35. Cho ham logic ba bién nhwr sau: f(x,,x,,x;)=(0,3,4,5,6,7)
— Hay tim Z7? '
— Hay tim z; n z?
Gidi: Tir dang khbi cia ham duoc biéu din trén hinh 2.7.3.29. ta cé:

G11 111

x00
Z=<x11
101 Ixx

Hinh 2.7.3.29. Dang khéi ctia ham

Ta ky hidu: z, = (x00);z} = (x11),z = (Ixx)
Vay: z) nz) = (x00) " (x11) = (xBD) = @
z, Nz = (x00) (Ixx) = (100)
7y "z = (x1)(Ixx) = (111)
— Cac tinh chit cia phép giao:
+OnC=C néu C' cC*
+ C'NC =CnC
cC
cC
+ ' NCNC =C"NC'NC
c¢) Lian cén z
*Pinh nghia:
— Ky hiéu {an cin z; U(z,Z)
— Pinh nghia: Lin cén z duge-dinh-nghia-béi-quan-hé-sau diy:
U(z.Z) = (zz cZvaz rvz# @3 (6 Tphid [y F=gdn vai 2).

-t (:rr\.Cs :{
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Vidu 2.7.3.36.
_ x00 : :
Cho Z=<xl11} hay tim U(z;,Z)?
1xx
Gigi: Ta ky hiéu: z} = (x00);2} = (x11),z] = (1xx)
+ Tim U(z,Z): '

7.z =@ =z, 2 U(z,Z)

2 1 2 1 | _. x00
7 nZ}=100%0 =7 cU@,2)=U@,2)={,

+ Tim U(z), 2 ):
722 =0 =7 ¢ Uz, 2)

xl1
zZnzy= 11120 =z CU(ZL:Z)zu(Z;’Z)Z{IXX}

+ Tim U(‘z,z,Z):

72Nzl =100 £ © =z, < U(z],2)

2,z =111 #0 = z; c U(z,2)

[x11 |

= U(z},Z) =4{x00
: Ixx

*Pinh nghia 1&n cdn z'bo z:

— Ky hiéu ldn cdn z bé z: U (2,2)

— Pinh nghia: U (z,Z) = U(z,Z2) \ z.

Vidy 2.7.3.37.
x00

Cho Z=4{x11 }‘hay tim U(z;,Z)?
Ixx

Giai: Ta ky hiéu: z; = (x00);2z) =(x11),7] = (1xx)
U'(2),2)=U(z,Z)\ 7 ={Ixx}
U(2,Z)=U(z),Z)\ 2} ={Ixx}

- , (%00
U'(2,2) = U(2,Z)\ z;={;1}
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d) Dinh Iy

Dé tim tap hop cac thai cuc, chung ta sir dung dinh ly sau day

Pinh ly: “Implicant don gian e 14 thai cuc L néu. va chi neu no thoa mén hai didu
kién sau day:

KlenL]# 9 va K[emL];&K[emLmU(e Z)]”

Chitng minh: S :

_ Gia sir e 13 thai cue L, thi e ¢6 it nhat mdt dinh dénh ddu d va. KlenL]# Q.

" - Theo dinh nghia d khéng nim trong mot khdi -nao khac cua Z, vi thé
KfenU'(e,Z)nZ] khong chu_.’a dinh d, nhung K[emL] lai chia dinh d vay
KlenL}zK[enU(e,Z)ynZ]. ;

— Bay gio chiing ta gia st rang KlenL]#KlenU(e,Z)ynZ] va K[em L] # @ thi

K[enL]#=K[U (e, 2)]

Bai vi néu KlenLlc K[U‘(e, 7)) thi KlenL]= K[é M U'(é',Z) ~L] vi
KlenL]= K[U (e,72)]. ‘

C6 nghia 1a co tdi thiéu mot dinh d chua trong K[emL] va khong cera trong
KlenU'(e,Z)nL], dinh d nay khéng.nam trong bét ky implicant don gian nao khic,
vay e 1a thai cuc.

Nhgn xét:

— Dinh Iy trén cho phép chung ta tim E(K,L) 601 voi ham 10g10 cho ¢ bét ky dang
niao ma khong cén phai dua v& dang chufn, trc 1a khéng can dua vé khéi 0.

— Néu E(K,L) 1a C**, thi E(K,L) 1a C;;; va bai toan phu dd gidi xong.

min

— Nhung E(K,L) khoéng phai luén ludn la Chma chi 1& mét phin cia CL-

min

(E(K L) < C&y thi lae d6 ching ta s& tim tiép tuc theo qua trinh lap, chung ta danh
s qua trinh lip theo cic bude 1dp. : ’ o
— Pétim C** tadanh sd tap K, L, Z, E(K,L)- theo thir tu céc bude sau:

mim

Buoc 1: Ky, Ly, Zy, Ei(Kp,Ly)
Budc 2: Ko, La, Zo, E2(K L)

Vidy 2.7.3.38.

x110x
111xx x1101
xx101 00x11 | -

Cho Z=T IxIxl t=7,,L={00000}=L,. Hay tim U'(z,%) va E(K,L)?
1xx1x 10010 ' : o -
0xx0x 10x01
| xOxx1
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Giai:
+ Pé&tinh U (z,Z) vo
Tu bang trén hinh 2

i m(_)i'z:ta dung bang trén hinh 2.7.3.30:.

7.3.30, ta cb:

U(2,Z2y={2, 73, 21, 23}
U(2.2)=1{z, %4, 7. 1}
U(£,2)= 2. 7%, 2.7 73 }
U2, ny=1{z2, 2. z, z .z, }
U2, 2)=1{z, z;, 74 }

U(22)={2.2.2 }

U(5.2y=14, 7.2, 2% }

Znz | .zﬁ =111xx z = xx101j z} = 1xix1 z?= 1xx1x Z= OxXX0x 2} = x0xx1
z; = x110x 1110x x1101 11101 o 0110x @
z; = 111xx N 11101 111x1 111x @ o
z; = xx101 11101' \“ o . 1x101 QJ. . 0x101 x0101 T
z; = x1x1 111x1 1.x101 | \ 1x111 @ 1013
Zi=1xix | 1111x @ 1x111 - S & -1-.0x11
7:2 = Oxx0x o 0x101 o o v 0001

Hinh 2:7:3.30
Tt E)é"tim-K[le_.r\‘ L]ta Cll-‘l‘ll.]g_ .béng nhu trén' hiihh. 2733 1
el x1101 00x11 00000 10010 10x01

z2 = x110x x1101 o 2 2 g

22 = 111xx 11101 2 o o o

z7 = xx101 x1101 - 3-8 @ 15101

Zo = 1xixt 11101 @ ¥ 2 10101

zp = 1xx1x @ @ @ 10010 @

z; = Oxx0x 01101 @ 00000 @ %

z; = x0xx1 %) 00x11 o] 2 10x01

==t Hinh 273,31
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Tir bang trén hinh 2.7.3.31, ta co:

K[z AL} = {x1101}; K[z} L] ={11101}; K[z AL] = {x1101, 10101}
K[> ~L] = {11101, 101011}; K[z} AL] = {10010}; K[z} ~L] =+{00000}
K[z AL] = {00x11, 10x01} DR |

+ Bay gio ta tim K[znLnU(z,2))]

K[z> ALAU(22,2)] = K[x1101]=K[# L] =z @ h,(KI,Ll)'
K[z2ALAU(2,2)] =K[11101]=K[z} AL] =z} e EI(KI,L,)'

K[z mLmU’(zf Z)] = K[x1101, 10101] =K[z L] :>z3 @ Ei(KiLo)
K[z2 nLAU'(z2,2)] = K[x1101, 10101} = K[ z; L] :>23<?:E1(K1,L|)

“K[zl,mLmU(,q,Z)]— K[11101, 101011 = K[z NL] :>z4<zE1(K1

K[z ALAU(.2)] =0 £ K[ AL] =z < Ei(Ki,L)
K[ ALAU (2.2)] = KO0 # K[ A1) = 2 € BiKy.L)
K[7 ALAU(2,2)] = K[10101] £K[ 2 AL} = 2} ¢ Ey(Ki,Ly)
:>E|(K1,L1) {z},23,2]} = {IxxIx ., Oxx0x , xOxx1} "

Nhén xét;

Theo vi du trén E(K,,L;) khéng phai 1a phtt ciaa L, boi vi E1 khong phu 1t ca
cac dinh cua L va chung ta phai tim Ey(K3,L2). Trude khi tim Ea(Kj3,L0) ta pha1 1im

L., tim L, bang phép hién toa do.
2.7.3.6. Tha tuc tim E, va phép hién toa dg #

Phén trén chang ta d3 néi vé& vin dé tim E béi vi ta phai lam phep lap dé glal ba1
toan phi. D& tim E, trudc hét ta phal tim L, phép hién toa do s¢ gitp ta giai quyét vin

dé nay.

a}) Phép hién toa dp
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*Dinh nghia:

~— Phép hién toa d¢ duoc ky hidu la #.

~ Phép hién toa d6 dugc dinh nghia bang bang trén hinh 2.7.3.32:

# 0 S X
.0 z Y- z

1 oy z ‘ 2

X 1 o z

Hinh 2:7:3.32: Phén hign\ioa do



Ture la:
O#0=z, O#l=y, O#x=2z 1#0=Yy; 1#1=2z 1#x=12
x#0=1, x#1=0;, x#x=12
b) Dinh nghi’a hién toa dj giita hat khoi
_ Gia sir ¢6 hai khdi C' va C* nhu sau:
C'%(al,ag, R TR . Py : ' S L
C’ = (by, by, ..., bi,..., by) ‘
C" # C%: 14 hién toa do giita hai khoi C" va C*.
~C'néuai#bi=y dbi véi bt ky i ndo.
CHC =< _ @ néu a; # by = 2 v6i moi i
= U(a,,az,...,éli_l,oti;ai +1,...,a,) & ddy a; # b; = 0; = 0 hodc 1.

Vi dy 2.7.3.39. Gia sir cho hai khéi C" va € nhu sau: |

C'=xxx va C’ = ix1

— Hay tinh C* # C°7

— Hay minh hoa bang biéu dién & dang khéi?
Gidi: |

Cr=xxx @a; =X, a=X,a3 =X

Ci=1xl =b;=1,ba=x,b3=1

CM# 8= xxx # 1x1 =020 = o,z 03.
= C'# C° = 0aja; waiay0 = 0xx w xx0.
Ta ¢ bidu dién dang khéi trén hinh 2.7.3.33.

111 011 111 011 i
010 » 110 ©.010 110
1 : L3
# ' = 1 :
101 €24 001 101 expx 1001 101
Fmee o101 R
« és ‘. . Oxx / ‘63 xx0

000 e 100 - - . 000 e . 100
Hinh 2.7.3.33. Dang khdi |
Vi du 2.7.3.40. Gid sir cho hai kh&i C' va C* nhu sau;
C'=xx0vaC = Ixx R
_ Hay tinh C' # C*?
_ Hay minh hoa birlg biéudicn o dgng kh&i? =~
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Gidi:
C'=xx0 =a;=x,a3=x,23=0
C'=lxx =b;=1,b»=x, by =x
C'#CP=xx0#1x0=0zz=0,z 2
= C"# C® = Qara; = 0x0.
Ta c6 biéu dién dang khdi trén hinh 2.7.3.34.

010

=5

Hinh 2.7.3.34. Dang khdi

Vidu2.7.3.41. Gia st cho hai khédi C" va C* nhu sau:

C'=x10vaC = 1x1

— Hiy tinh C" # C°?

— Hay minh hoa bing biéu dién ¢ dang khéi? .
Gidai:

C'=x10 @2a,=x,ax=1,a;=0

CP=1xl =b;=1,by=x,b3=1

C'# C*=x10# Ix]1 = Ozy (& ddy c6 mdt y)

= C"# C°=x10.

Ta ¢6 biéu dlen dang kh01 trén hinh 2.7.3.35.

Cr . CS
o1 111 011 111
010" 010 L 110
N 7o
101 €24 1001 101
A&
000 000 e 100

HIfH 2:7-335" Dang Kho|

100

111

101

111

101



" khébi C" va C° nhu sau:

dién o dang khi?

.12=x,a3:1
I,bs=x,b3=x
Hlxx=zzz > CT#C =@

dién dang khéi trén hinh 2.7.3.36.
o1t © 111
010 1 110
©2 4 001 Lo o
‘g%
000 er 100

Hinh 2.7.3.36. Dang khéi

— Céc tinh chit cia #
+CHC =CnéuC' n C =0
+CHC c C'vaC' #C ¢ C*
+(CHECHH#C #CTH(CHCH (khong ¢6 tinh chét két hOfp)
+ CT# C*# C°# C" (khéng ¢6 tinh chét giao hoan) SRR
+(CT U CHH#C =(C#CY u( C°#CY (tinh phén phéi déi v&i phép hop)
(T ACHYHEC =(CHCH N (C # CchH (tinh phén ph01 dm vai phep glao)
+(CTHCHEC = (CTHCYRCS
¢) Cdc bwdc fim E.(K,, L,)
Xac dinh L, théng qua L; ; va E,
Pé tim L, thong qua L, _, va E; y ching ta sir dung dmh [y sau:
Pinh Iy: Gia st L, _ | 1a tap hop céc khbi 1C1, Co,... Cp}
Gia st E; -1 12 tdp hop céc khbi {e), ez,....6q} -
Thi L, dugc xac dinh bang tap hop cac khdi sau day
{{(Cifte)ter]#. . Heq) w {[(Caffer e 4. #eq}u S H{(C #el)#ezj# #eq}

=L =U(C,#E,,_,) hodeder= l.r i A Ly 1,

i=l

101



Vidy2.7.3.43. . | \

1101 | |
00x11 Lxxlx , \ 1

Cho I, =100000}, £, ={0xx0x} - N

~ 10010 x0xx] \
10x01 | \\\

Hay tinh Ly =L, # E,?
Gidgi: Ta tim L, nho bang trén hinh 2.7.3.37: o ‘ \

Li# F e = 1xx1x &2 = 0xxOx ‘ ea = x0xx1 \

N

Cq = x1101 Ozzyz=Cy 1222z = 11101 zyzzz = x1101 ‘
Cz =x1101 yzzzz = C; zzzyz = Co L zzz22= 0
Cs = x1101 yzzyz = Ca zzzzz = Q ‘zzzEZ =
C4=x1101 o ozzzEZz =@ 2zzzz =@ zzzzz =
Cs =x1101 zzzyz = Cs yzzzz = 10x01 - zezzZz =

Hinh 2.7.3.37

Taco: Cy # B =11101; Co#E =Q; C3#Ey=@; Ca#E1=0; CHE =0
Viy: Lo =L, #E, = {11101}
d) Tim E> |
*¥ac dinh Za: |
Trudc hét x4y dung tap 22 }a tap hop céc implicant don gian khéng chira Ey:
Z, = Z1\E;.
Sau d6 tir 27 ching ta loai ra nhitng khéi khéng cuc dai cua Z,.
*Pinh nghia khéi khong cQ’_c dai
Gia sirta co hai khéiuvav;uvav c 22.
Ta néi rang u < v néu gia cua u-khﬁng-thé‘ip hon giad ciav vau NLy € v Nla,
tlre ta: u < v néu G*u] = G*[vl vau nL, c v nls
Néuu<vvauv c 22 thi ta loai u ra khoi 22.

+Pinh 1y |
Néu u va v cZ vau <v thi phit téi thiéu s& khéng chira u.

Vaching ta co: Z = {vju < v;uv o an}
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Vidu 2.7.3.42. Gia sir cho hai khéi C" va C° nhu sau:
C'=1x1vaC' = Ixx
_ Hay tinh C" # C*?
_ Hiy minh hoa bang biéu di&n & dang khbi?
Gidi: '
C'=1xl =a;=1l,aa=x,a3=1
CP=1xx =b, =1,by=x,b3=x
CH#C = 1x) # Ixx = zzz = C'#C’ =0
Ta c6 bidu difn dang khéi trén hinh 2.7.3.36.

o011 C

010 t 110

Hinh 2.7.3.36. Dang khdi

— Céac tinh chét caa #
+CHC=CnduC'NnC=0
FCEC o CvaCT#C ¢ CF
+(CTHCH#C £ CTH(CH Cch (khong c6 tinh chit két horp)
4 CF # C%.4£ C# C (khdng ¢6 tinh chét giao hoan) fe
+(CTUCHAC =(CTHCH L(CH# CY (tinh phén phbi dbi voi phep hop)
+(C" n C).# Cl=(C#CH n (C# C" (tinh phén ph01 601 VO’I phep glao)
+(CT#C)#CH(CF#C‘)#CS '
¢) Cdc biwéc tim E(K,, L,)
X4c dinh L; thong qua L, . va Er A
Dé tim L, théng qua L,y va Er ching ta su dung dinh ly sauw:
Dinh Iy: Gia sit L, _  1a tap hop cac khoi {Cy, Ca,... Cp}
Gia sir E, -, 14 tdp hop cac khdi {e), €2,... &} -

Thi L, duoc xac dinh bing tap hop cac khéi sau day: L

([(Ci#e e ). . Heq} w {[(Catter)Her]H.. Heq) ...‘g_{[(cp#el)#ez]#_.;#eg}' .

P
= L, =\ J(C#E, ) hoaebr— L, ) # I 1.

i=1
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Viduy2.7.3.43.

x1101

00x11 Lxxlx
Cho L, =100000}, £ ={0xx0x

10010 x0xx1

10x01

Hay tinh L, = L, # E,?
Giai: Ta tim Ly nhd bang trén hinh 2.7.3.37:

Li#Eq e = Txxix 22 = Oxx0x ' ez = xOxx1
C1=x1101 Ozzyz = C4 1zzzz = 11101 zyzzz = x1101
C; = x1101 yzzzz = C; zzzyz = Cy zzzzz =
Ci=x1101 yzzyz = C; ' . 2zzzz = @ zzzzz = @
Cs=x1101 zzzzz = @ zzzzz = 2222z =@
Cs =x1101 zzzyz = Cs yzzzz = 10x01 zzzzz = &

Hinh 2.7.3.37

Taco:Ci#E=11101; C#E,=0; C3#E =0; C4#E =0; C;#E, =0

Vay: Lo =L, # E, = {11101}.
d) Tim E,

*Xac dinh 7;:

Trude hét xdy dung tap 22 la tdp hop cac implicant don gidan khéng chita E,:

Z, =Z/\E,.

Sau do tur 22 ching ta loai ra nhimg khéi khéng cuc dai cua 23.

*Dinh nghia khbi khong cuc dai

Gia sirta cé hai khdiuvav;uvav c 22.

Ta ndi ring u < v néu gia cua’ urkhéng thdp hon gia cia v va u N L, < v ni,,
tre 1a: u < v néu Gu] > G* vl vau nL, c v N, .

Néuu<vvauv c 22 thi ta loai u ra khoi 22.

*Binh ly:

Néu u vav cZ vau<v thi ph t5i thiéu s& khéng chira u.

Va chung ta cé: Z; = {v[u < vy C an}
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Vidy2.7.3.44,
(x110x )
111xx .
xx101 Ixxlx

Cho Z, =71x1x1 L E, =40xx0xp, L, = {11101}
Ixx1x x0xx1

Oxx0x
| x0xx1 }

Hay tinh Z5?
Gidi:
x110x
n 11Ixx
Z,=2L\E =
xx101

1x1x1
Ta ky higu: Z2=x110x; Z;=111xx; Z2=xx101; Z;=1xIxl
G Z]]1=GZ;]= G Z21=G"Z;]1=3
CZinl=Z; Nl = Z2nly= Z;nL;=11101
Vay: Zo= {20,723, 25, 2.}
* Yac dinh Ez(Kz,Lg)
K[Z2 Lo} = K[ Z] L] = K[ 22 A1) =K[Z7 Ly} = 11101
Vay ta chon mt trong 4 implicant don gian nay dé lap EZ(KZ,LZ)
Gia sir ta ly Z7, ta co Ea(Ka,L2) = (Z7}

Ta tim Es:
Ly=1I1,#E,= {0}
IxxIx

0xx0
KX okLZp(K,L)

min

Vay: E(KL)=E, v E, =

- | x0xx1
x110x
Tong két phwong phip Rot
| Tim 7 = Z.: Ding phép tich toa dé: Z, =| JZ"

" r=0

2. Tim E; = E;(K;,L):-Dung phép.giao.1oa do.
3.Tim Z,: Z,= Z1\[Bi



4. TimLy: Ly =L, #E, _ .

5. TimZs: Zy = {vju<viu,v < Z,} vau<v néu G u] > G'[v] v&
unl: cvnl;

6. Tim E, tiép tuc tir budc 2 cho dén khi L, = @ thi ding lai.

Ta duge: Cpi- =E, WE, U..UE__ '

Vidy 2.7.3.45 Cho K, = L1 K{a_,b,c,...,m,n}, N = @ dvoc minh hoa béng hinh v&
2.7.3.38: . :

Hay tinh cf;mL > Al I 28
Giai: . . m : L ‘
—Z={ab,c,..mn} =27, 21 22 . 23 24
— Tim Ex: " 18 2
a chira 2 dinh danh ddu: 1,2 3 g4 N ! 8 17 18
fchira 2 dinh danh dau: 7,13 f € d g h
h chira 2 dinh danh ddu: 12,18 78 9 c :30 12
Viy: E, = {a,f,h} ‘ b o
— Tim 2-2: ‘ S ‘ | a
Z,=Z/\E; = {b,c,d.e,g,i,ji,k,l,m,n " Hinh 2.7.3.38 |

—~Tim L Ly=L,#E| = .
=15,6,9,10,15,16,19,20,21 22232425262728}
S Tim Zy: G ciia cdc khdi ¢ Z, déu bing nhau.
4+ b Ly = {56} '
¢ MLy = {5.6,9,10}
Tathiy: b nly c ¢ AL, tire b <cvay tabo b ldy ¢.
+e L= {915}
d nLy = {9,15,10,16}
Tathiy: e nLy « d "L, tuce<dvaytaboelayd
+g nLy={10,16} -
d nLy = {9,15,10,16}
Tathiy:g nL; c d N, tucg<dvaytaboglayd
Ta duge: Z; = {c,d,i,j,k,],m,n}
— Tim E,: Trong Z; ¢ chira hai dinh danh diu 5 6vay taco Ey = {c¢}
— Tim Z A =72\ Ey = {d,i,j,k.l,m,n}
= Tim L3: Ly = L, # Ey = {15,16, 1920 21,2223 2425 ,26 2728}
— Tim Z3: G* ciia cac khéi < Z déu bang nhau.

d AL;={15,16}
i ~L3={15,16,19,20}
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Tathdy:d nLs < inls tie d <i vy tabo d lay i

Ta duoc: Z3 = {i,j.kLm,n} _ . ‘

_ Tim Es: Trong Zj ta thiy cac khéi khong chira dinh danh déu, vay dé lap tép Es
chung ta 14y bét ky khéi nao cua Z3. Gia su chung ta lay khéiitaco: By ={i}

~Tim Z,: Z, = 75\ E; = {j.k,,,m,n} ' '

_TimLg La=Ls#E3= {21,22,23,24,25,26,27,28}

— Tim Z4: G* ciia cac khéi ¢ Z, déu bang nhau.

i ALa = {23,24}

knls= {23,24,26,28}

Tathdy:j nLs < k NLaticj<kvayta bo jlay k.

n ~Lg= {21,22} |

m nLs= {21,22,25,27}-. .

Ta thdy: n NLs € m Nlsticn<m vdy ta bo n lay m.

Ta dugc: Zs = {k,1,m} '

— Tim E4: Trong Zg4 1a thay k- chua hal dmh danh déu 1a 23,24 vam chira hai dinh
danh déu 21,22,

 Vay: Eq = {k.m)}

_Tim Zs: Zs = Za\Ea= {1}

— Tim Lg: Ls =L, #Es= {0}

Ta duge: Cpy = Ey UE, VE, UE, —{a,f,h,c.ik,m}

2.7.4. Téi thiéu hoa bang phwo’ng phap Quine — Mc.Cluskey

Phuong phap Quine — Mc. Cluskey phat t trién glua nhung nam 1950 tim ra cach tdi
thiéu hoa cia moi biéu thirc Boole.

Qua trinh t4i thidu hoa gdm cac bude minh h(_)d trén hinh 2.7.4.1.
1. Cac bwo'c tim cac implicant don gian '

— Biéu dién cac dinh 1 va dinh khong xac dinh ctia ham dudi dang md nhi ph:?m (cOt1).

— Sap xép céc b hop md tren thanh cic nhém theo sb luwong chir s& 1 cé trong
chtng (c6t 2). .

~— So sanh cac t& h_(_yp'thu(f)c nhém tha i voi tung t6 heop thuoc nhom thur i+ 1

(trong cdt 2), néu chiing khac nhau chi mdt bit thi két hop 2 td hop d6 thanh mét td
hO’p mai (cbt 3), trong do thay bit khac nhau cla 2 tb hop do bang mdt gach ngang (—)

L6, 27

ddng thoi danh diu kiém soat “y” vao 2 t6 hop cil dé xac dinh d6 khong phai la-
implicant don gian. Néu mot té hop néo dé khong thé két hop véi t& hop khac thi co
righta do 14 implicant.don glan va ta danh déu kiém soat “*”.

- Loal bt céac t6 hop giong rhag tropgrell 3 va ldp lai budc 3 cho dén kh1 het
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kha ning két hop céc 16 hop v6i nhau thi théi, trong cac bude nay cac phan i c6 thé
16 hop v6i nhau phai khac nhau 1 bit va déng thoi cac ddu “~” ciia ching phai cing vi
tri. Céc t6 hop ‘cudi cing dugc tao ra la cdc implicant don gian va ta danh déu “*”,
Tép hop tit ca cac td hop dwge dinh dAu “*” chinh 13 céc implicant don gign va budc
thi nhét cua thudt toan két thac & day.

Bét d4u

Cho ham v&i tap L cac dinh 1 va tap N cac
dinh khéng xac dinh,

v

1. Tim cac implicant don gian

v

2. Tim tap hop cac implicant don gian téi
thidu

v

Buwa ra cac bidu didn chia ham thoa man
Crnin-

Hinh 2.7.4.1. C4c budc téi thidu hoa bing phuong phap Quine — Mc.Cluskey

2. Cac bwdrc tim tap hop cac implicant don gian téi thidu

Trong budc nay, ta tim tdp hop nhé nhit cic implicant don gian sao cho né bao phu
toan bd cac dinh 1 ctia ham. Diéu nay duoc thuc hién qua mot bang 6 chire nhu sau:

— Mbi ¢t twong éng véi mét dinh 1 (cac dinh khéng xac dinh khéng duge ding
dén trong budc nay). Mdi hang twong (ng v6i mdt implicant don gian ma ta di dm
duoc & bude thir nhét cua thudt toan. Panh ddu “x” vao 6 (m,n) néu implicant don
gian ¢ hang tha m phu dinh 1 & c6t tha n.

— Xét ting ¢dt, ¢6t nao chi ¢6 mot déu “x” thi thay bang ddu “®” ¢ nghia Ia

“implicant don gian tuong Umg véi hang d6 1a implicant don gian téi thiéu s& co mat
trong két qua cudi cung. Ching ta gach mét duong qua ¢t va hang ma qua d6 ta da
tim thiy implicant don gian tdi thiéu (hai duong d6 giao nhau tai & “®7) . Cac
implicant don gian tbi thiéu thudng bao phil cic dinh 1 khic nita, chiing ta gach doc
{4t ca cac ¢t ma co mét ddu “x” da bj gach ngang. Pén day c6 thé con cac dinh chua
duge phu d6 1a cac dinh tuong ung voi cac ddu “x” chua dugc gach, vi thé chung ta
phai tim cang it cdc implicant don gian cang t4t sao cho phirhét cac dinh con lai, cac
implicant don gian d6 la céc implicant don. cTBn G fHiids |
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— Két qua cudi cung s€& 1a tdng cua cac implicant don gian t61 thi€u ta dd tim duoc

o trén.

Vidu 2.7.4.1. Cho ham logic bén bién x,, X2, X3, X4 nhu sau:
F(x,,%,,%5,%X,) = »,(1,2,4,5,6,7,8,9) v6i N = 14,15

Té&i thiéu héa ham bing phuong phap Quine — Mc.Cluskey.

Gzaz

1. Qué trinh tim cac implicant don gian minh hoa trong bang trén hinh 2.7.4.2

Cot thir nhét 1a céc td hop ma nhi phan twong Umg véi cac dinh 1 va khong xac dinh.

Cot 2 shp xép cac td hop ma nhi phén thanh cac nhém cé s6 chir s6 1 gibng nhau
sao cho hal nhéom ké nhau c6 sb bit khac nhau it nhit. Nhém thi nhat c6 1 chir s6 1
trong cac vi tri, nhom thir hai c6 2 chit sb 1 trong cac vi tri,.

Tiép theo ta so sanh cac phén tir trong nhém thér nhét véi nhém thir 2, nhom thir 2

vai nhdém thit 3,.

khac nhau dLrUc ky higu “ .

Trong cdt 3 la cac 1mphcant don gian dugc tao thanh, ta tiép tuc so sanh céc
nhém trong ¢dt 3 voi nhau. Néu 2 nhoém chi khac nhau mdt bit va cing vi tri “=" thi
dugc két hop véi nhau tao ra nhém méi, cac nhom c6 thé két hop véi nhau duge ghi
& trong ¢dt 4. Cac nhom trong cdt 3 khong thé két hop vdi nhom khac va cac nhém &

¢t 4 1a cac implicant don gian déu dugc danh diu

ok 37

.céc nhom c6 thé két hop véi nhau duge ghl 16 trong ¢t 3, vi tri bit

cot 1 Sé chiy Cot 2 Cot3 Céta

. s61
1 0001 1 1 0001 y 15 0-01* 4567 01—+
2 0010 2 0010y 19 —001* 6,7,14,15 | —11-*
4 0100 4 0100 y 2,6 0-10*
5 0101 8 1000 y 45 010 -y
6 0110 2 5 0101 y 4,6 01-0y
7 0114 6 0110y 8.9 100 -*
8 | 1000 9 1001 y 5.7 01-1y
9 1001 3 7 o111y 6,7 011=y
14 1110 14 1110y 6,14 ~110y
15 1111 4 15 1111y 7.15 111y

14,15 111 -y

Hinh=2:7:4.2. Tim céc implicant don gian
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Vay ta nhan duge cic implicant don gian sau:
0-01: x,X,x%,

-001: X,X;x,

01—: X;x;
“11- %,
~ Trong phin nay cac dinh khong xac dinh duorc coi nhu cac dmh I.

2. Qua trinh tim chc 1mphcant don glan tbi thleu dU'O’C mlnh hoa trong bang hinh
2.7.43

‘ _ 1.0 2 1.4 ] 5 |86 |.7| 8 9
(1,5)‘ 0-01 | x 3 , .

{1,9) -001 X . o _ ‘ X .
28) . 010 T8 —

®9 . 100 — 1 — @
4587) © - 01— t— : Q

(6,7,14,15) 11— L - x | x

Hinh 2.7.4.3. Tim cac implicant don gian t6i thidu

Trong bang hinh 2.7.4.3 nhiing ¢4t chi c6 mot déu “x” dugc thay bang “®” dé la
nhiing implicant don gian t6i thidu, nhitng 6 c6 dau “x” cung hang v&i 6 ¢6 déu “®”
duoc bo di va nhitng cft 6.6 “x” dugce bo di thi tht ca cac O trong cot déu dugc bo di.
Ta nhén thdy con hai & “x twong Ung voi dinh 1 va tuong Ung v6i 2 1mpllcant don
gian 0 — 01 va - 001, hai 1mpllcant don gian do chira dinh 1 vi thé ta cé thé chon mot
trong hai implicant don gidn d6 lam implicant don gian toi thidu (ta thay khi mét
implicant dugc gach di thi kéo theo 1mphcant kia cling duge gach di).

Két qua cudi cing gdm cac implicant don gian t6i thiéu sau:

0-01,0-10, 100 —, 81 —, ho#c —001, ¢ =10, 100 —, 01—~

Viy: F=XX,x, +X,X,X, + XXX, + XX, hodc F=X,X;x, +XX;X, +X,X,X; +X,X;
Vidu2.7.4.2. Cho ham logic bbn bién xi, X2, X3, x4 nhu sau:

F(X), X5, X5, X,) = Z(456891013)va 0,7,15

Téi thleu hoa ham bang phuong phap QLIIIIC — Me. C}uskey
Giai:

1. Qua trinh tim cac im‘pl_icant" don gidn minh hoa trong bang trén hinh 2.7.4.4
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cot1 86 chirsé 1 Cot2 Cot3 Cot4
0 w0 | o | o 00'0'0'_\‘; 04 | o000 | 4567 | ot——
4| o100 1 '4. 0100y 0.8 -000* | 571315 | -1-1*
5 [ 0101 | 8 1000y | 45 |- 0f0-y
8 | ‘0110 - 2 5 0101y -4,6' 01-0y
'7  0111 B 0110y | 8,9‘ 100-*
s | 1000 ] N ™ 1001y | 810 | 10-0*
o | 1001 | 10 1010y 57 | 01-1y
10 | 1010 3. :  7 0111y  5,13 ~101y
13 1161 - | 13 1Moty - | 67 | 011~y
15 1111 4 s 1M1y | 913 | 1-0t
| 715 | 111y
1315 | 111y

Hinh 2.7.4.4. Tim céc implicant don gian

2. Qué trinh tim cac implicant don gidn 16i thidu dugc minh hoa trong bang hinh 2.7.4.5

4 | 5 | 6 | 8|9 10|13
(0.4) 0-00 :
(0,8) -000 | X
(8,9) 100 | ox X
(8,10) 10-0 |t ®-
9,13) 1-01 - ' X | x
|- 4,567y 01— ® :
(5,7,13,15)  —1-1 x | _ x

Hinh 2.7.4.5. Tim cac implicant don gién téi thiéu
Trong bang trén hinh 2.7.4.5 con hai’ dinh 1 chua duge phu d6 1a cdt 9 va 13 vata
chon implicant don gian 1 — 01 s& phu hét ca hai dinh dé. '
Viay: F=xX,X, +XX,X, +XX,
Viduy 2.7.4.3. Cho ham logic 5 bién X1, X2, X3, X4, X5 nhu sau:
F(X,,X,, X5.X,,X5) = 2,(0,2,8,9,10,11,16,17,18,19)
_ T4i thiéu hoa ham bang phwong phép Quing = Mc.Cluskey.
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Gidi:

1. Qua trinh tim céq’imlplicant don gian minh hoa trong bang trén hinh 2.7.4.6

Cot1 Sé chir sé . Cot2 cot3 Cot4
: . ; .
0 00000 | 0 0 00000 y 02 | 000-Oy 0,2,16,1:8 -00-0*
2 | oo010 1 2 | oooloy | 08 0-000 y 02,810 0-0-0*
8 01000 _ e | ‘01000 y 016 | -0000y 89,1011 010—*
g | 01001 16 | 10000y | 2,10 0-010y { 16,17,18,19 | 100--*
10 | o1010 2 9 01ob1y 2,18 -0010y |
" 11 01011, o 10 01010y 89 | 0100y
16 10000 ek 10001 y 16,17 | 1000-y
17 10001, |18 10010y 7 16,18 | 1000y
18 | 1010 | - 3 | 11 01011y | 9,11 010-1*
19 - 10011 | e 10011 y 10,11 0101-y
17,19 | 1001y
1819 | 1001-y

Hinh 2.7.4.6

0 2 8 9 10 11 16 17 18 19
9,11y . 010-1 R ¢ X
{0,2,16,18) 000} x X X
(0,2,8,10) 000 x X ¥ )
891011 - - 010— ® ——¥—
(16,17,18,19) . 100— - R
Hinh 2.7.4.7

2. Qué trinh fim céc implicant don gian t&i thidu duoc minh hoa trong béng hinh 2.7.4.7

Ta o6 P=REXARXK, XTX, hofic FXZEAR%%, X%,
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BAI TAP CHUONG 2 -

Bai 2.1. Hay tim ham daoe cia cac ham logic duéi day (dung dinh ly De Morgan va
cac dinh luat): .
a) F = (AB+BDXAC+BD) . b) F=AB+BD+BC+CD

&) F=AB+C+AD : d F=A+B+(D+C+D+AB
Bai 2.2. Cho ham F c6 ba bién A, B, C: ba bién nay khong bao gi¢ cling & mitc cao hay.
cung & mic thip. Ham c6 mirc logic cao khi c6 hai dau vao c6 mirc lggic cao, trong
truong hop con lai ham co mirc logic thip. Hay lap bang trang thai biéu dién ham.
Bai 2.3. M6t bong dén duong cin déng, ngit doc lap ¢ 4 noi khac nhau. Léfip bang
trang thai ctia ham logic do. S ' o o
Bai 2.4. Cho ham F c6 bang trang théi nhu trén hinh 2.4BT.

A B . C F
0 0 0 0.
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0. 0
1 4] 1 1
1 1 0 1
" 1 1 0

Hinh 2.4BT

‘Biéu di&n ham bing phuong trinh logic duoi dang tong céc tich va tich cac tong.
Bai 2.5. Thanh Iap bang trang thai cho ham 56 sau: F= ARD+BCD+AC
Bai 2.6.Cho c4c ham logic ¢é phuong trinh nhw sau: '

a) Fi(A,B,C)=2(0,2,4,6)v6iN= 1,3

b) FaA, B, C,D)=T11(1, 2,3, 6,8,9, 11, 12)

Biéu didn ham bing bang Karnaugh.
Bai 2.7. Cho ham logic ¢6 phuong trinh sau:

F = ABC+ ABC -+ BC+AB(D+CD

Bidu di®n ham bing bang Karnaugh. _
Bai 2.18. Cho ham logic ¢6 phuong trinh sau: F = (A+BB+C +DYA+O)

Biédu difn ham bang bang Karnaugh. |
Bai 2.9. Cho cac ham logic 3 bién x,, X2, X3 sau day:

F,(xl,xz,.x3) = XX, Xy X XA XXX X XX, '

F (X, Xy, X3) = XX, Xy £X) Xy Xy X, X, 00 4 X5 K;
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— Hay biéu dién bang bang Karnaugh?
— Hay biéu di&n ham logic nay & dang khbi?
— Hay tim céc khbi 0, khéi 1, khbi 27
— Hay tim céc bién gidi dbi nhau?
Bai 2.10. Cho ham loglc 3 blen X1, X2, X3 sau day:

F(x,,%5,X;) = XX, %X; +X, x2x3+x1x2x3+x,x2x3+x,x2x3

- — Hay biéu dién bang bang Karnaugh?
- Hay biéu dién ham logic nay 6 dang khéi?
- — Hay tim K°, K', K2 '

Bai 2.11. Cho ham logic 4 bién nhu sau:

F(x,,xz,,xs,xd)—xx2x3x4+x X, XX, X, X, XX, +X X, XX, XX XX,

: +xxxx4+xxxx+xxxx4+xx2x3x4+xxxx4+xxxx4
Hay tim KO K', K? va K(f)?
Bai 2.12. Cho ham logic 3 bién X1, X2, X3 sau diy: |

F (x,,xlz,xj) = x_,x2x3 +X,X,X; + XX, X5 H X X, X+ XXX

— Hay biéu dién ham logic nay & dang khéi?

- Hay tim K(1). ;

— Hay tac dong todn tir §; vao cac . khéi ciia K(f) dé tim cac khdi ¢6 kich thudc 16m hon.

Bai 2.13. Cho ham loglc 4 bién nhu sau

B %000, X, ) = xxx x +xx xx +X, X, XX, X xxx4+xx,x3x4+xx X;X,

+X, X, X, X, X XX, X, +X-x°x3x;4 + X, X,X; X, +x,x2x-3x4'+x]x2x3x4
— Hay biéu dién ham logic nay & dang khéi? . S
- Hay tim K(f). _
— Hay tac dong todn tir §; vio cac khdi cia K(f) dé tim cac khbi cé kich. thuée 1ém hon.
Bai 2.14. Cho 2 ham logic 3 bién x,, x5, x3 nhur sau: : ‘ S
f(xl',xz,x3):x_lx_2+x2x3 '
8(x,,%,,X;) = x2;3 +x_,)s:3
— Hay tinh: fg
o f+g
f va g _ _ |
_ Hay tinh: K(H) va K(g): k(f)nk(g) : KE)UK() :
K(), K| 2Ky Keg)
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Biii 2.15. T4i thidu hoé cac ham sau béng'ph‘.u'(m‘g phap dai_'sf):
~a) FABCO)= > 02346
b) F(ABO)= [11,2,3,6,7
¢ F(A,B,CD,EF)-= 115,7,21
4 FABCDEDH=Y 104042
Bai 2.16. T4i thidu hoa c4c ham éau bing phuong phap dai sé:
a) - A(AC+BD)+B(C+DE)+BC
b) AB+AC+CD+BCD +BCE +BCG +BCF

¢) ABCAB+BC+CA

Bai 2.17. Ching minh cac dang thire sau:

) ABB~C)=(A®B)~C ; b A®B®C=A~B~C;

¢) AGBOCO®D=A~B~C~D |
Bai 2.18. X4y dung so db mach t8 hop dimg"(:éc cdng XOR 2 dau vao cho b&i ham
sau: S o ‘ e
F = ABCD+ ABCD+ABCD + ABCD+ABCD*+ABCD + ABCD+ABCD "
Bii 2.19. Cho so db logic nhu hinh 2.19BT, viét phuong trinh ham logic F.

‘Hinh 2.18BT

Bai 2.20. Thuc hién cic ham logic sau:
F, = AB+BC+BC F, = A(B+CD)
a) Bang c_é)ng NOR hai du vao ' '
b) Bang cong NOR c6 so dau vao tuy ¥.
Bai 2.21. Thyce hién cac ham logic sau:
E=AB+BC+BC ;- F=A(B+CD)
a) Bing céng NAND hai diu-vao o B
b) Bing céng NAND c6 s6 ddu vao tuy v,
Bai 2.22. Hay dung cac phep tinh NOT, AND OR dé viét cac ham XOR va ham

XNOR sau:
Fi=A®@B@®C(; T3ﬁA~B~C;F4=A(-BB®C@D; Ts2=A~B~C~D
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a) Hay khéai quat su phu thudc cua két qua vao sb lrong cac gia tri 0 va 1 cla cac
bién $6 trong trudmg hgp ham n bién.

b) Tim médi quan hé giita ham XOR va-ham XNOR trong trudng hop ham n bién.
Bai 2.23. Hay ap dung tinh chét cua ham XOR don gian cac ham sau:

a) ABE@BCHAB®BC; b)AB®BCO®AB®BC ; c)AB®BC®AB®BC
Bai 2.24. Hay dung céng AND va OR hai’ dau vao dé thuc hién ham:
F(AB,C)=Z(3,5,6) '
Bai 2.25. V&1 cac gid tri nhu thé nao cia cac bién sb thi ca ba déng thirc sau cing
dang:”
A+AB=0
AB=AC

| AB+AC+CD=CD
Bai 2.26. Ching minh réﬁg '

Néu AB+CD 0 thi AB+C(A+D) AB+BD+BD+ACD
Bai 2 27. Tbi thidu hoa céc ham sau bing bang Karnaugh:
F(A,B,O)=> 0,123,456 ; F(A,BCD)=) 01,2:3,49,10,12,13,14,15
F=ABC+AD+BD+CD+AC+AD ° '
Bai 2.28. Hay v& so db ciia ham xéc dinh khong hoan toan:

F(A,B,C,D)=1I1(5,9,10, 11, 13, 15) véi N %-0, 7,8,12

a) Chi dung cac mach NOR. '

b) Chi dung cac mach NAND. _
Bai 2.29. V& so db mach cho biéu thic sau véi sé cbng sir dung 1a it nhat:

F=ABCD+ABCD+AD

Bai 2.30. Hay don gian hoa mach logic cho & hinh 2.30BT.

8

&

v

L

Hinh 2.30BT
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Bai 2.31. Cho so db nhu & hinh 2.31BT, xac dinh kha ning c6 thé don gian hod mach
ma vin diung loai cdng d6.  ° |

B

RS e R
e

Hinh 2.31BT

Bai 2.32. V& so dd mach thuc hién ham logic sau: F = A@B@C

a) Chi ding mach NAND 7400 (Goi y: So dé i wu diing 8 phdn ti).

b) Chi ding mach NOR 7402 (Ggi y: So d6 téi wu dimg 8 phdn 1ib).
Bai 2.33. Thiét ké mach logic té hop c6 4 dau vao A, B, C,Dva?2 dau ra Fy, F nhu
sau.

F(A,B,C,D)=Y (3,4,57.1315)
E(A,B,C,D)=3 (3.8,9,11,13,15)

~a) Chi dung cac céng logic co ban.
| .b),_Ch'i _dﬁng,‘cé_c'.c,éng NAND. -
c)-Chi dung céc cdng NOR.
Bai 2.34. Thiét ké mach logic td hop c6 4 ddu vio A, B, C, D va 3 déu ra Fi, Fa, F;
nhur sau: ' T ' c o S :
F(A,B,C,D)=) (10,12,14,15) v6i N = 7,8.
F(A,B,C,D)=) (0,7,12)  v4iN=2,14,15

F(A,B,C,D)=) (2,8,14)  v6iN=0,10,12
a) Chi dung céac céng NAND. |
" b) Chi dung cac cbng NOR. =~ - SR
Bai 2.35. Cho cac khéi sau day ciia-ham 6 bién:-
Cl(0x1100), C*(Ix0lxx), C°(xxlx¥x)
Hiy tim gia G* ciia cac khdi nay?
Bai 2.36. Cho ham ba bién ¢6 phii nhy sau:
000
0x0 .
C= Hay tim G"[C]?
x11 ;

xx0
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Bai 2.37. Cho ham ba bién ¢ phu nhu sau:
" {000 | |
010
C=4{x00} Hay tim G*[C]?
0xl ‘

xx0|

.

Bai 2.38. Cho ham logic 4 bién nhu sau: -

F(x,.X5,X;5,X,) = XX, XX, +X, X XyXy X, X5 X3 Xy X XXXy H XX X Xy +X X, XX,

+ X, X,X x4+xx X3 X, +xx x3x4+xlxxx XXX X,

— Hay bleu dlen ham & dang kh01 va tlm K(f)‘?
~ Hay tim phu tdi thleu cua K(1), G° [Cm_m]?

Bai 2.39. Cho ham logic 3 bién sau: F(x,,x,,X;)= > (0,6,7) v&i N=2.3,5.

— Hay biéu difn ham & dang khdi? -
— Haytim L, N vaK?
- * Phu cua phie hop khm L:

Pinh ngh1a Phi Ch cua phire hop khdi L 1a tap hop C* cac khbi sao cho cac khdi
cua Cl phai nam trong K(f) va céc khdi cuia C* chi chita cic dinh cua L (khdng chira
cac dinh cua N). ‘ -

Bz‘ii'.2.40. Cho ham logic 3 bién sau: F(x,r, Xy, X;) = 2(0,2,4,6,7) vaoi N =1,3.

_ Hay biéu difn ham & dang kh6i?
- Hﬁy tim L, N va K?
- Hay tim cac C-. , G I:Cmm ] ?

*Phi cta phire hop khéi K:

Dinh nghla Phu CX cua phite hop khbi K 12 tap hop C* céc khbi sao cho cac khbi
cta C* phai ndm trong K(ﬂ va cac khdi cua C* phai chtra tit ca cac.dinh cua L va tét
ca cac dlnh ctia N (tuc 1a tit ca cac dinh cta K).

Bai 2.41. Cho ham logic 3 bién sau: F(xl,x,,,x3) Z(O 2,4, 7) voi N = 5.6.

— Hay bibu didn ham & dang khdi?
— Hay tim L, N va K?

~ Hay tim cac C: | G® [Cmm] Chrva G CH 12

mn ? min
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Bai 2.42. Cho ham logic 3 bién sau: F(xp.X,,%;) = Z(O, 4,5) voi N =3.

— Hay biéu diép ham ¢ qang:.klléi? R
— Hay tim L, N va K?

G*[Chia |> Cha» G°[Ch], s GUICH1?

min * min

— Hay tim cac C:

min ? min ?

Bfu 2 43 Cho ham loglc 3 bién sau: F(x,,x,,x3) Z(3 5,6, 7) véi N=24. -

- Hay biéu dlen ham o dang khm?
—Hay tlmL NvaK'? '

S Hay tlm Cac Clmn LN G [Cmm:l Cmm » _- mm] ’;C G [(:[\L ] "

Bai2.44.5c»ho.hamloglqi{;-b]ensau:'”fF_(g],x X, x4) Z(l7121314)v01N 5915

— Hay biéu dién ham & dang kh(‘)i‘?
— Hay tim L, N va K? : :

Gb[cmm] ct .G [CK 1,CE- L GPICKL 12

min ? min min ¥, min

— Hay tim cac C:

min ?

Bf&i“ZAS_. Cho_ ham I_pgl_c 4 blen X1, X2, X3, X4 8au ;déy:
| F(x,,xz,x3, 4) 2(0145681014)
Hay tim ZO Z] 22 7> va Z?

Bii 2.46. Cho ham loglc 4 'bién xi; X3, X3, X4 nhuwr saur -

f(x],x X5, 4) XXXy X, + XX x3x +xxx +xx3

Hay bleu dlen ham o dang hmh hoc’7
- —Hay tim phu C (theo dau bai d& cho)?
— Hay tim tich toa do * gifra ¢ac khéi trong phu C?°

Bai 2.47. Cho ham logic 6 bién X1, X2, X3,X4, X5,X4 nhu sau-

X)XXXXXX+XXXXXX+XXX+XX)\X'M

F(x,,X,,X5,%,,X5,
= Hay tim phu C (theo dau bal da cho)“? o .
- Hay tlm tich toa dé * glu’a cac kh01 trong phu C‘> | .
Bai 2.48. Téi thleu hoa ham sau bang phu’cmg phap Quine — Cluskey

F(A,B,C,D,E)=>"(0,1,2,8,9,10,30,31)
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Chwong 3
CAC HQ VI MACH LOGIC CO BAN

3.1. MO PAU

Trong chuo’ng 2. chung ta da blet vé cac cdng loglc chuong. ndy gio1 thi¢u ve
cong nghé vi mach duorc str dung dé thuc hién céc coéng loglc nay ciing nhu cac loa1
thiét bi vi mach.

Trong chuong nay trinh bay hai cong nghe vi mach chmh Ia FTL va CMOS va
dinh nghia cac théng sb hoat dong cua chung. Ngoal ra, cac dac diém hoat dong cua
cac x€é — ri khac nhau trong cac cong nghé v1 mach nay dugc dua ra so sanh. Vé bang
chan ly clia mot cbng logic nhat dinh thi glong nhau dbi voi céc cong nghe vi mach
khac nhau, nd chi khac nhau vé cac dic diém dién nhu 1a cong sut, tdn s, kha niang
khang nhiéu,. ..

3.2. PAC PIEM HOAT PONG VA CAC THONG SO

3.2.1. Pic diém cQa cac vi mach logic

— L&i vao va 16i ra ciia cac vi mach logic chi €6 hai mire dién dp Vi va Vy tuong
‘g voi muc logic 0 val (¢d thé v:et tat la L va H).

— Céac mach logic pha1 duoc nudi bang ngudn nudi co mot dién ap chuin da dugc
quy dinh. o

— Cung mdt chirc nang logic nhung k¥ thudt dién tir ¢o thé thuc hlen theo nhiing
so dd nguyén 1y khac nhau.

— Nhitng vi mach duge xay dung trén cling mot kidu so db nguyen ly duogc xep
vao mdt ho logic. Cac vi mach logic trong cung mot ho logic phai duoc nudi bing
ngudn dién c¢o dién ap bang dién ap nudi chuin cho ho logic d6. Cac mirc logic cua
cdac vi mach nay phai nhu nhau. Céac vi mach }oglc co mirc loglc phu hop ching c6 thé
ghép ndi true tiép véi nhau.

Co

3.2.2. Cac théng so co ban ctia vi mach logic

Cac IC sb duge phan loai theo d§ phic tap cia mach nhu sb luong cong riéng biét
cén thiét dé xay dung mach thye hlen cung chue nang loglc

Sy phén 1ép mach Céc cong loglc rleng biét cin thiét
Mach tich hop ¢& nho (SSI) <12

IC ¢& trung binh (MSI) >12 va < 100

IC ¢& 1én (LS > 100 va < 1000

IC cue lon (VLSI) >1 1000
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~ Nhitng dic tinh cua IC sb dugc ding dé so sanh chung la:-
1. Trér khang ra (output :mpedance)

Thay dbi theo trang thau dAu ra cao hay thap Néu mach ra dung mdt tranzito v&i

tro 14l & colecto thuong ¢b & khang ra Zow = 2000Q cao hGn mach duug hai tranzito
(Zow ~ 70Q).

2. Hé sb6 mac tai (Fan out)

Cho biét 16i ra c6 the dleu khién dong thoi duge. bao nhleu 101 vao ) song song cla
cac mach khac. S L

3. Hé sé hop Io: vao (Fan in)

Cho biét c6 the méc song song bao nhiéu 16i vac vin dam bao hop thong sb.
4. Thoi gian tre (Propagation delay p,er gate)

Théi gian tré trén mdt cira T, 1 thoi gian tir lac 16i vao nhan duoc tin higu dén
lic 16i ra bét dau thay ddi trang thai. Thoi glan tré Tp, dugce xac dinh theo cong thie:

TpHL +T,

pLH

2
_Tle la thi gian tré khi tin higu chuyén tir mic cao séi'ng“mt'l'c thép

Trong do: T, =

TpLn ! la thoi glan tré khi tin higu chuyén tir muc thap sang muc cao

Thoi. glan tré tai cac mirc dugc xac dinh gitta hai thoi dlem tin hleu vao va tm
hiéu ra chuyen déi mirc mdt nira thoi gian nhu trén hinh 3.2.2.1, TpHL va Tpyn thudng
khong bang nhau trong cac mach. o -

T, cang nho téc db 1am viée cang cao.

TN 50%

50%
- N S
ToHL ToLn

Hinh 3.2, 2 1. C(ra dao va thoi gian tré qua ctra dao
5. Cac tham sé dong dién va dién ap - o
_ Vy4: dién ap vao muc cao, 12 dién ap vao dugc cdng nhén la mirc loglc 1.
— Vy: dién ap vao muc thip, 1a dién ap vao duge ¢dng nhén ra 12 logic 0.
— Vou: dién ap ra mirc cao, lz‘a"dién ap tai ddu ra tuong ing véi mire logic 1.
— Vou: dién ap ra.& mirc thap, Ia dién ap tai déu ra twong Gng v&i muc logic 0.

— Liy: dong dién vao mirc cao, la dong ‘dién tdi thleu dugc cung cap béi mot nguon
tuong tng véi mirc logie-l-

119



~ Li: dong dién vao murc thip, 12 dong dién.-téo-i da dugce cung ca“'lp bai 1 mguén
twong 0ng v&i muc logic 0. R S L :

-+ IOH dong dién ra muc cao, ia dong digén cong co the du’a ra tal muc cao.

+ IOL dong dién ra muc thap, Ia dong dién cong co the dua’ ra ta1 mirc thap '

e+ ICC” dong d1en cung cap murc cao, 13 dong dlen cung cap khi d&u ra cua cong o

loglc 1.

+ lceL: dong dlen cung cap mirc thap, 14 dong dién cung cap Kkhi:ddu 1a coa cong &
logic 0. [ R e P . ‘ Lo

Cac thany sé dong dlen va dren ap dLroc mmh hoa trén h1nh 3 2. 2 2

lon I Tlou B N o
—/VOH ViH . __jvo'- X M S
) ch cao ? e b) Mo thap B

Hinh 3.2.2.2. Cac tham sb dong dlen va dlen ap

6. Ngubn nudi (Power Supply)

Ngudn nudi cho CdC mach loglc phal Ia nguon on ap co dlen ap ra dung véi dién
&p nudi quy dinh riéng cho’ thg ko mach logic. Khi 181 vao, 151 ra thay dbi trang thai
lam cho cuong do dong dién trong toan b6 'mach thay d6i d6t-nigdt, sw thay ddi nay co
thé lam r01 loan hoat doéng cilia cac ‘mach khéc. Dé khac phue hién’ tuong nay giira
chan ngudn va dét cta cac vi mach ngudi ta thuéng miac thém tu loc dé loai bé nhiéu,
céc tu nay phai ding tu gbm c6 dién dung ¢& chirng 0. 1uF dén 1pF. .

7. Céng suét tiéu thu d’o: voimét cira log.-c (Power dissipated per gate)

Coéng suét cang 1on khl ‘mach ¢6 nhiéu dién tré ¢ gid tri. nho va tranzito lam viéc
& ché do bao hoa. Trong cung mét ho logic edc sé& — ri khéc nhau cong suft tiéu thu
trén mot ctra cling khac nhau. Vi du ho logic TTL sé — ri 74 ¢6 cbng sudt tiéu thu trén
mét cira 1a 10mW,; 741 c¢éng sudt tiéu thu trén mot cira [ 1mW; 74H c¢éng sudt tiéu
thu trén mét ctra la 22mW.

Cung mdét loai vi mach, cung mdt nguon cung clp nhung khi tin hidu & dau ra
khac nhau thi dong dién tiéu hao do ngudn cung cap-khac nhau (twong (g 14 Iecy, va
Iccr nhu hmh 3 2 2 3)

Vcc ' . -Vc(;"

lccH

Hinh 3.2.2.3. Dong dientiéu hae (0Faaging Vanmee I(.)'gicﬂc’r daura
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Pé udc tinh dong: dlen cin cho mdt nhém cdng, phai dat. gla thiét mot niva ddu ra

leer +ICCH

- Cong suét tiéu hao duoc ti_nh _b,z“m_g; tlch ctia dién _ap,ng_uon-cun_g cip va dong dién
tiéu hao. I ' L S

sinh ra 1 va mgt nira du Ta smh ra 0 dong trung bmh ICC

Viy, cong suét tidu hao trung bmh PD = Vcc Icc S T ,
- Ho PMOS,. NMOS va CMOS tiéu thy cong sudt rdt nho so voi cac ho loglc khac
8. ch d6 chéng tap am (Noise Immunity Level) . -
* La bién dd tap 4m 1én nhét.co thé vao.mach ma khéng lam thay dm trang thai 16i ra.
Khoang'dién thé dau vao va khoang dién thé dau ra quy dinh mirc logictrong mot
ho-vi-mach nao dé thuéng khéng: bang nhau. su khac nhau d6 dic trung: cho kha nang
chéng.nhiéu ctia mach. . : o . A
" Khoang dién thé chenh léch do duorc g01 la khoang dy trir chong nhleu va dugc
tlnh nhu sau: o PR : :
' " Vo = Von(min) = Vin(min); VL= VIL(maX) VOL(maX)
Khoang dl.l’ tru chong nhleu duoc mlnh hoa tren hmh 3 2.2. 4

5 N max

L .:—EEVNH_. L e VoL max ‘. F.\:’NLL

—

Hinh 3. 2 2 4 Mmh hoa khoang du triv chong nhleu

1

Ta thay rang néu co nhidu lam cho dién ap diu ra tai mifc cao giam xubng duo1 gia tri

Vo min nhlmg van 16n hon Vi min thi dau vao van nhén dugc la mue logic 1. Tuong tu
nhu thé, néu c6 nhidu lam cho dién ap,, dau ra tai mic thap tang lén trén gid tri VoL max
nhung van nho hon V. max thi dau Vao: vin nhan dugc 1& mirc logic 0. Nhu véy, ho IC nao
¢6 khoang du trir chéng nhifu cang 16n thi kha néng chbng nhiéu cang cao.
Vi du 3.2.2.1. Cho mét ho loglc co VOH(mm) 2.4V, Vimin) = 2V, VOL(,,m) 0,4V va
ViLimay = 0,8V. Hay x4c dinh: _

a) Dinh nhiéu cé bién do 16n nhét chap nhan duoc khi ddu ra & mirc cao ‘dang kich
thich mot dau vao.. e s . o
~ b) Pinh nhleu ch blen do lcm nhat co the chap nhén duorc khl dau ra o muc thap
dang klch tthh mot dau vao
Gidi:. , o : .

a) Dmh nhleu co b1en do lon nhat bang khoang dLr tru chong nhleu 0 muc cao s

VNH VOH(mm) o V[H(mm) 2 4V 2V 0 4V
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b) Dinh nhiéu cé bién d4 16n nhit bang khoang dy trir chdng nhidu & mirc thép:
VL = VIL(max) - VOL(maV) 0,8V -0, 4V 0, 4V
9. Tan sé xung nhip cwe dai (Maximum Clock Rate)

‘Khi cac ctra loglc dung lam trngo* thi loai cira nao ¢6 Ty, nho s& lam viée duoc voi
nhimg xung nhip ¢6 tn sb cao, téc dd chuyén mach nhanh.

10. bé on dinh nhiéu tinh

'P6 6n dinh nhiu tinh 13 tham sé dac tru’ng cho sy lam viéc tin cay cla mach kh1
¢6 tac dong nhiéu. : S : . _
~ * Dinh nghia nhiéu tinh: Nhi&u tinh 1a nhidu ma céc gia tri gilr nguyén khéng dbi
trong khoang thoi gian 16n hon ddng ké thoi gian cia giai doan qué dd cua mach.
‘Mach logic & ché.d6 tinh s& ndm & mot trong hai trang thai théng hoic tit, tuong
Ung véi hai mac logic (thy ta quy wée cyc tinh logic). Trang théi théng la tng véi
dién 4p ra thdp, khi d6 dong colecto cua tranzito dao I6n, tirc la dong dién ra cung cip
cho céc ting tiép theo s& rat nho. Trang thai tat tuong Gng voi mfrc dién ap ra cao, khi
d6 dong colecto cua tranzito dao nhé, tirc dong dién ra cung cip cho céac tang tiép
theo s& rat lon. Vi vy, ta pha: phan biét hai loai nhiéu (thudng biéu dlen & dang dién
ap) la nhiu thong va nhiéu tit. Gia str ta cé hai mic logicOval(0la dlen ap thap,
la dién ap cao), & mirc logic 0 mach la mach thdéng thi sé& lu'orng tng voi nhidu it (ky

hiu: Uy, ) boi vi nhiéu 14c-d6 théng s& khong co tac dung gi ¢a, con & mirc logic 1-

mach 13 mach tit thi s& twong u'ng véi nhiu thong (ky hig¢u: U}, ) boi vi lac d6 nhiéu

tat khong cé tac dung gi cd, xem hmh 3224,

" Mirc dién ap cao (rng v&i mach tit
1. et Mirc dién ap thap ng voi mach thang
. . a) . + . . . ‘ B .
' > Nhiéu théng
. h d - B - . : ) .
- o 1. ‘]\‘ Lx
b) . : : o b) ‘Nhiéu {at
. ) r _‘
d) ;Nhiéq tat e) R Nhigu thong

Hmh 3.2.2.4. Nhiéu thong va nhiéu tat tac déng vao mach thong va tat

Nhleu co the lam cho mach chuyen bién nham Trén hinh 3.2. 241ta lhay & hinh b
nhiéu théng tac dung vao mach théng nén khdng cé tac dung, & hinh ¢ nhidu tit tac
dung viao mach théng nén ¢6 tac dung, & hinh d nhiéu tat tac dung vao mach tit nén

khong 6 tac dung va & hinh ¢ nhidu théng tac dung vao mach tit nén cé tac dung:

Vi viy, dé tang d6 6n nhifyta deng cacrdai irgngmhiéu nay.
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* Pinh nghta 6 6n dinh’ nhiéu: D5 dn dinh nhiéu tinh cha mach la bién d§ cuc
dai cho phép cua nhiéu. théng va tic déng lén diu vao cta mach ma van dam bao
mach khong lam viéc nham. : ; '

Co khi ngum ta khong sur dung gia tri tuy¢t dbi coa dién ap nhiéu tmh cho phep
cuc-dai lam d% 6n dinh nhidu ma bing hé sé én dinh nhidu tinh: la ty sb coa dién ap
nhiéu tinh cho phép cuc dai & d3u trén chénh léch muc logic cho phép cuc “tiéu

( AUmin - ﬂ UO )

max

U_

nh -

KE =t
nh AU

-0 day: -U] . - diénap cho phép cuc 'tiéu’c_ﬁa mirc logic 1;
UO

lTﬁlX

: dién ap cho phép cue dai cua ml'IC logic 0;

Uy, = (U, ): d6 én dinh nhiéu tuyét dbi;

ng min md\

o= (U ' —U] y: d6 on dmh nhleu tuy€t aéi;

pgmax _max

U° : dién ap ngudng cuc tiéu cha mire logic 0;

ng,mm
ng max

U!._: dién ap ngudng cuc dai cha mirc legic 1;

UFB JL

U'I

o+

Usa1=Whaoz I Urap=Uvaca Ung

Tang truoc. Tang sau - : 0" Ung U U

Hinh 3.2.2.5 . Dac tuyén truyen dat cia mach logic loai dao
a) Sw ghep gitra cac tang ddo; b) biac tuyen truyén dat K: dwong 1 - déc tuyén truyén dat
xudi duong; duwdng 2 — dac tuyén truyen dat ngugc duong; dudng 3 - dudng phan.giac chia
d6i goc vudng thir nhat (trén dwdng nay U = Uyaok

Pé xac dinh cac dai luong nay ta thuong dang mdt dac tuyén rdt quan trong cia
mach logic, d6 la dac tuyén truyén- dat U, = f(Uyie). Thudng cac mach logic duge -
thuc hién trén cac mach thudc loai phit dinh nhu NAND, NOR tin hiéu vao ¢ mirc
logic 1 (dién ap cao) thi tin hiéu ra & mirc logic 0 (digén ap thap) va ngugc lai. Tu do
ta cé dac tuyen truyén dat & hinh 3.2.2.5b la dudng cong 1. Trong cac th1et bi logic
dau ra cua ting trudc sé ndi vao d4u ra cia ting sau, tic 1a U, tang trudc sé chinh a
Usio tang sau. Vi viy, ta se-dimg-dic tuyen truyen datnguge dé xét khi ta coi tat ca
céc tAng 1a hoan toan giéng nhau (hinh 3:21254)! '
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bic. tuyen truyén dat nguoc la su. phuy thude nghwh cua Up, = f(Uyao), dac tuyen
truyen. dat nguoc rat ra truc t1ep tr dic tuyen truyen dat bang cach thay U, bang Uvio
va Uyio bf‘mg Ura, nghia 1a ddi truc toa d6 trén dd thi, ta s& cé dudng cong 2 trén hinh
3.22.5b, o o . N _ ‘

.. Trén hinh 3.2.2. 5b ta thay dac tuyen truyen dat xudi va nguoc cit nhau tai 3 diém:

A, B, C. Piém C nam trén-dudmg phan. gidc'(dudng 3)1a dlem ma tai do U, = Uvao,
dién 4p vao & diém C ta goi 12 dién 4p ngudng (Uyg). Ta thay rang diém A va dlcm B
13 hai diém lam viéc n dinh coa mach logic, bai vi néu dién 4p vao ndm trong doan
mach tir C dén B (trir hai ddu mut) thi sau mét vai lin dao (qua cac bd dao) diém lam
vige s& tr& vé diém B, néu dién 4p vao dung bang dién ap & diém B thi n6 s& 6n dinh
& do. Con dién ap vao nim doan tir C dén A, cling nhur trén, sau mot va1 lan dao. diém
lam viéc s& trg v& diém A va én dmh o do. _

Nhu vdy, mudn mach logic chia ching ta 1am viéc duoc thi dic tuyén truyén dat
xubi va nguoc phai cit nhau' ¢ ba diém. Néu sb .diém ce‘lt nhau it hon ba thi mach s&
khong lam vigc duge (hinh 3.2.2.6). Néi cach khac, néu khong ¢d hai d1em lam viéc
én dinh A va B thi mach s& khong lam viéc duoc luc dé néu tin hiéu véao thay dbi
muc logic thi dau ra vin khéng thay d6i mirc Jogic..:. - '

U . R . Urﬂall. S

0 a) ’ . Dve‘io : 0 b) ) : Uv;‘ao

Hinh 3.2.2.6. Déc tuyén truyén dat khéng co hai diém Ié'm viéc 6n dinh

Muén che dic tuyén truyen dat xudi va nguoc cat nhau tai ba d1em thi pha1 thuc
hién duoc diéu kién sau:
du,
dU

vao

5 1

U 2u,

Dua vao mbi quan hé toan hoc gitta dién ap ra va vao ta co thé xac dinh duge diéu
kién lam vigc 0ndinh cna mot mach logic theo cac tham s0 cla no..

Mol mach loglc lam vigée ly tudng la phai ¢ che didu. k1en sau:

dU
dU

vao

, Up =Ua, , S L

D1eu klen (3 2 2. 1) 1a diéu. klen de mach lam viée tot nhat nhung thuc té khong
bao gio dat duogc dleu kién Iy tréng (3 272" 1) Pitulitnly tudng nay duge vé trén
hinh 3.2.2.7. - SRR
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Toa 356 cac diém cdt coa dac tuyén Uz a
xudi va nguoc (A B, C) cho ta xac dinh 1
duoc cac tham sb quan trong nhit cuaa U [[A_

mach loglc 12 U° (dién 4p cta mic logic 3
0), U' (dién ap cua mirc logic 1), Ung _>.
(dién ap cha mirc ngudng). Dwa vao dé 5

ta xac dinh dugce chénh léch r_m'ré logic ' T |
U,=U'-U"=AU. 5

Trong cac mach dlen thuc té ta thiy | - :
r%mg do cac tham sb cta cac linh kién 0 {Ju YR Evéo
khac véi gi tri danh dinh, sé tai ma ¢ '
d&u ra cia mach khac nhau va cac yéu té
khac, nén dic tuyén truyén dat cvia chiing
khong phai la dudng manh (khéng cé bé ré’ng) ma 13 mét dai véi bé rong xé4c dinh
nao d6 (hinh 3.2.2.8). Do d6, cac tha.m sb cua mach chung ta vira néi ¢ trén s¢ cung
nam trong mdt dai: :

Hinh 3.2.2.7. Diéu kién Iy twéng dé mach
lam viéc tét nhat

Upin SU° <UL WM<U<U;u Ugin SU, SU0n,
Ching ta co thé dung dic tuyén truyen dat
nay dé xac dmh d6 6n dinh nhidu tuyét dbi va l‘J’a A
twong d&i (hé sé én dinh nhidu K',). Qu trinh ™ ’: 7
xéc dinh nhu sau: trén hinh 3.2.2.9a 1 dac tayén ™|} e <
truong hop mach dién ddng nhéit (dic tuyén la AV
dudmg chir khéng phai 1a dai), ching ta s& dich E 3 A7
dzfi_c-_tliyén’ truyén dat ngugc lén phia trén cho dén v | , : Al
khi né tiép xtic vgi dac tuyén truyén dat xudi & i ek - -
diém Cy, sau dé ta dich dic tuyen truyen dat U;""(;' (€ o= - - - i 2 >
nguoc xuong phla duéi cho dén khi né tiép xac 4 U"l } U\ U -\Jinax U"é‘f
v6i dac tuyén truyén dat xudi & diém C,. Hoanh o Ugor ™
do ciia hai diém Co va C, s& 1a U), va U},L t¥  Hinh 3.2.2.8. Dc tuyén truyén

dat ctia mach dién thue té khi cé

dé ta xac dmh duoc d6 én dinh nhifu tuyét dQl. sai lach cac tham s cUa mach.

U, =0 -U°=U"-U,

ng
Nhu thé tic la ta cé: U, =U;, =U;,
Néu mach 1a khéng dong nhét ta cling xac dmh trong tu theo hinh 3.2.2. 9b nhur
vdytaco: U, =U° ——U° =0U' —U! '

ng min max min ngmax
Trong trudng hop nhidu xuét hién ngay & diu vao c6 thé lam dic tuyén truyén dat
xudi dich chuyén trong trudng hop do ta cling ¢ thé 1am twong tu.
Vi du vé su xuat hién nhiéu trong mach logic: Gia sir ta co mach dién nhu hmh
3.2.2.10, mach gdm nhidu khaulogic mac vai nhau,
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U 0 Ua

1 'y
A~ | |.Co
~ CU “.' ./ A
E i\\ . G |: '
iK' NG
I ’4‘ N T
E |I R CiiB ; : B
) ' ! AR J . 7 :
T VRV T R T LT §
by U Uy Y U U Ui Ul Uvao
a) - ' . b)

" Hinh 3.2.2.9.Bic tuyén d& xac dinh d6 én dinh |
Trong trudng hop nay nhiéu tinh s& xuét hién trén duong day ndi dit, vi trén
duong day dé. s€ cé dong 16n chay qua nén s& gy sut 4p 16n trén dién ird cia dudng
dit. Trén hinh 3.2.2.10-ta c6 ba mach logic NOR néi lién tiép véi nhau, gia st &
emito cha cac tranzito trong mach 2 ¢é ton tai mdt dién tré Ryp nao dé (dién trd cua
durong nbi dit). Rp cb gia tri nhé nén sut 4p trén né chi dang ké khi c6 dong lon chay
qua, goi dong dién cho qua Ryp la IND, nhu thé no s€ sinh ra m§t dién ap trén RND,
dién 4p nay chinh la dién 4p nhiéu dat & emito, ta goi 12 Uy ., dién ap nhiéu nay bang
Unii ¢ = Ruplvp
Dién ap nay giy tdc hai 16n tuy trudng ho’p cu thd. Gia sir mach 1 tat lam Ik1 rét
nho nén dién 4p ra cia mach 1 Uy, tang 16n gan bang E, dlen ap Um nay s& dua vao
mach 2 lam dong dlen ra ciia mach 1 Iral lon tuc Ia dong dién vao cua mach 2 Ivaoz
lén, 1am cho. mach.2 thong, dong qua néd Iy s& rat 16n, tuc la dong Inp 10, két qua
Unh e 16n. Khi xuét hién Unn e 88 lam cho Ib cia mach 2 giam, s& lam gidam murc bio
hda cia mach 2 (mach 2 Iuc nay & trang thal thong) va dién ra cua mach 2 Uraz ting
1€n s€ lam cho I vao 3 tang lén. Pang 1& mach 2 thong s& lam cho mach 3 14t, nhung
vi I vao-3 ting lén c6 thé lam cho mach 3 chuyén blen nharn tirc 1a c6 thé lam cho
"~ mach 3 thong Nhleu nay la nhleu thong tac dong 1én mach tat (mach 3)

+E‘

_"g
Fad

Rk Ry

fa1 = |vao2 baz = |véoS
Urai

" Rp

Mach 1 ' . oL IR
Mach 2 Mac“ 3

Hlnh 3.2.2.10. Nhleu Xuathién-gde swsul aptrén dwong dat
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Ngoai ra ta con phdi chi y dén nhidu xuét hién trén dién tré cha mach ngudn cung
clp, vi & @6 co dong 16n chay qua nén s& gy sut ap lon.

Tac dung cia cac dién ap nhiéu nay- lon hay bé phu thudc vao tung trudng hop cu
thé, dang mach thé nao va s& ngudn cung chp bang bao nhiéu. -

3.3. HO LOGIC RTL (Resistor — Transistor — Logic)

3.3.1. Mach NOT

Mach logic dién tré — tran21t0 (RTL) thuat toan phu dinh chi thuc hi¢n trén mot
tranzito. Cac IC ho RTL duoc nu01 bang nguon Vee = +3,6V, dién 4p vao va ra clua
mach chi co hai mtc: '

Miuc thép L=0V

Mitc cao: H > 1, 5V.

Hinh 3.3.1.1 trinh bay so db nguyén ly cua mach dao ho RTL.
Dién 4p ra cha mach la dién thé trén

colecto chia tranzito. Vee = +3.6V
Dién thé 18i ra: Vy = Vee — IRz ,
KhiX=0:Ig=0nénlc = 0. R,
Khi do: Vy = Ve = 13,6V, diu ra & murc Y

logic cao (Y = 1). X Ri
Khi X = 1: I3 ting nén [¢c ting - ' '

Khi d6: Vy = Voo — LRz, dau fa & MIc  Hinh 3.3.1.1. Mach dao ho RTL
logic thip (Y = 0) ' -

Pién ap ra cua mach phu thudce vao dién ap vao tudn theo ham logic: Y=X.

3.3.2. Mach NOR

Vee

X1 X2 Yy
L "L H
H- | b L
L H T L
H H L

Hinh 3.3.21 '
a) Mach NOR ho RTL b) Bang trang thai.
So dd mach nhu hinh 3:3.2.1a.
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- Nguyén Ly hoat ddng cia mach nhu sau:
Khi hai 16i vao & mirc “L” thi ¢4 hai tranzito ¢dm, 16i ra & muc “H™. _
Khi m6t trong hai 161 vao & mire “H” thi mot trong hai tranzito thong 161 ra &
muc “L”. _ : .
Khi hai 16i vao & mrc “HI” thi hai tranzito thong bao hoa, 16i ra® erc “L7.
Bang trang thai cia mach cho trén’ hinh 3.3.2.1b. ' '

Pién ap ra cua mach phu thudc vao dién ap vao tuén theo ham logic: Y =X, + X,
3.3.3. Mach AND

Tir so dd hinh 3.3.3.1 ta thay T, T> la hai mach NOT; T; va T4 tao thanh mach
NOR. Nhir vdy, tacé: Y=Y, +Y, =X, +X, =X, X,

Ho 10g1c RTL hién nay khong duoc san xuét nira, tuy nhlen né van duoc ding
trong mot s& mach dleu khlen

Hinh 3.3.3.1. Mach AND RTL

3.4. HO LOGIC DTL (Diode Transistor Logic)

Mach logic 16 hop diode — tranzito (DTL) la loai mach duge dung rit phé bién
trong k¥ thudt vi dién tir, nhét 1a trong loai mach lai mang mong.
3.4.1. Mach NOT

So d6 mach cho trén hinh 3.4.1.1.

Nguyén 1y hoat dong cua mach nhu sau:

Binh thuorng néu 181 vao dé ho, Vi, ludn & mite cao nén T, thong, Ty théngva'Y
& muc logic thép.

Néu X = 1, diode khong din va Vg, & mirc cao din dén T,, T» théng va Y & mac
logic thép.

Néu X = 0, diode din va-Vpp-&-mite thép dAn-dén-Tredm, T, cAm va Y & mirc cao.

Pién ap ra cia mach phuthude vao dién ap vacuén theo ham logic: Y = X.
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Hinh 3.4.1.1. Mach NOT DTL Hinh 3.4.2.1, Mach NAND DTL

3.4.2. Mach NAND

So dd mach dao hinh 3.4.1.1 néu ta mic song song 2 diode voi hal 16i vao X1, X
nhu hinh 3.4.2.1 ta s& dugc mach NAND 2 1i vao.

Phén tich tuong tu mach NOT ta thay chi khi ca hai dau vao X] va Xz cung & mirc
logic cao dé ca hai diode cting cdm thi ddu ra Y méi & mirc logic thip, con cédc trudng
hgp khac dau ra’Y & mic loglc cao.

Pién dp ra cua mach phu thuoc vao dién 4p vao tudn theo ham logic: Y =X, XX,
Néu & 16i vao ta mic song song n diode ta s&€ duge mach NAND n 101 vao theo
ham logic: Y =X,X,..X,

Pic diém cna ho log1c DTL 14 tc dd lam viée ‘cham (f < 1MHz), dugc dung trong
dién tir cdng nghiép, dién tir y té. Ngay nay, DTL khong du'crc san xudt nira, trong cac
thiét bi dién tir co dung loai vi mach thudc ho logic nay néy vi mach bi hong cén phai
thay thé ta c6 thé dung cac vi mach logic ho TTL ¢6 chirc ning tuong tu.

3.5. HQO TTL CHUAN (74XX)

3.5.1. Cac dac diédm cha ho TTL

~— Céc ho 54 /74TTE la cdc ho IC sb6 thong dung Ho 74 duge dung trong thuong
mai con ho 54 duo*c dung trong quin su. Khdc nhau duy nhit cia 2 loai nay la gigi
han nhiét dd va ngudn cung cép.

"Ho74 | Hos54
. Gi6i han nhiét dé ) 0°C+70°C . - . =55°C+125°C -
CNgudncungclp - 40 SEHESVIEN | 5405V
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Néu Ve vuot qua 7V, chip TTL chic chin sé& bi hong, vi thé 7V duoc goi 1a dinh
mirc ngudn cuc dai tuyét doi.

— Céc muc logic ciia ho TTL nhu trén hinh 3.5.1.1.

— Khodng du trit chéng nhiu mic thip va mitc cao 1a nhu nhau bing 0,4V (hinh
3.5.1.1).

— Dong DC trung binh [¢¢ cia cbng NAND TTL khoang 2mA, nhu vy cdng suét
trung binh Pp bang 2mA.5V = 10mW.

M3i cdng logic tiéu hao rit it dong va cong suét, tuy nhién mot chip ¢6 thé gom
nhiéu ¢dng nén téng céng suat s& rit dang ké.

— Tr& do truyén ciia phan tir TTL khoang 10ns.

— Tan sb xung nhip ctiia TTL 1a 35MHz (35 triéu chu ky trong mbi gidy).

Cac mirc logic & dau ra Cac mirc logic & dau vao

5v ' . VoHmax 5V : VH max
Vor . Logic 1 Vi Logic 1
2.4V Vo min L '
PAURN ' VIH min
Khéng ) ‘Khéng '
x&c dinh’ xac dinh
' 0.8V ' . VL max
0.4V ) Co VoL max ; s . . S
Vi )
Mo Logic O Logic O Vo
ov 2 : VOL min OV — - L

Hinh 3.5.1.1. Cac mic Iogic TTL

3.5.2. Mach TTL chuan

—~ Hoat déng cda Tranziio:

C c
B
. le=0 - .
e —
I B
& .
e Uge < 0,6V £
b) c)

Hinh 3.5.2.1. Cac trang thai hoat dong cua tranzito irng véi Upe

Khi ap dién thé duong 16n hon 0,6V _gifta cuc gbc va cuc phat cua tranzito ludng
cuc npn, dong cuc gbc s& chay. kic dong cuc ghe ichay. cuc gop cua tranzito din
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dién, gilia cuc gép va cuc phat vin hanh gibng chuyén mach ddng (hinh 3.5.2.1g,b).

Khi ap dién thé nho hon 0,6V gifta cuc géc va cuc phét cua tranzito ludng cuc
npn, dong cuc gbc khong chay. Luc pay gifra cuc gop va cyc phat vin hanh gidng
chuyén mach m¢ (hinh 3.5.2.1¢.d).

— Mach diu ra cida phén te TTL:

Mach diu ra ctia phin tir TTL gdm hai tranzito, mdt dién tr& va mdt diode (hinh
3.5.2.2a), mdi thoi diém chi c6 mt tranzito dan dién. Truong hop T; dan T, khoa,
ddura Y ndi véi Ve qua D3, Ts, Ry, dién thé tai diém Y so véi d4t khoang 3,4V (hinh
3.5.2.2b). Trudmg hop Ts khoa T, dén, déu ra Y ndi dAt thong qua T4 va dién thé tai
diém Y so vé&i dat khoang 0,2V (hinh 3.5.2.2¢). Trén céc hinh vé& tranzito dugc V&
dam minh hoa dang ¢ trang thai dan. '

: VCC' .

Vee

a) — S — ) =
Hinh 3.5.2.2. Mach dau ra cGa phan t¢ TTL va cac trang thai ra
Nhu‘:vay trong -mach dAu ra nay, T3 va Ty hoat dc}ng nhu chuyén- mach dong, ndi
diura Y v&i Ve hodic véi dat (hinh 3.5.2.3). '
h Ve ‘ Ve

™ Hinh 3.5.2.3. Cac trang thai ciia du ra

Dién tro R4 gi6i han dong ra khi Y = 1, néu khéng c6 Ry ¢0 thé xay ra dong 16n
gua mic. Diode D; 14 mot phé‘m cia mach phan cuc Ts. Céc tranzito T; va T4 cua
mach diu ra nay dirgc goi sdp xép theo kiéu totem — pole. -

— Hoat déng cua cong NOT (TTL): . o

Hinh 3.5.2.4a minh hoa so dd chi tiét cua méch NOT, hinh 3.5.2.4b minh hoa so
dd twong dwong diode cua-Ty..Trong mach, tranzito T, 13 tranzito néi véi dau vao,
tranzito Ts duoc goi la maeh tach pba. '
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B Hmh 35.24ab
a) Mach NOT (TTL) chuén ; b) So @b diode twong duwong cia T;.

Khi diu vao & mtrc cao, tranzito T ¢6 tiép giap B — E cua phin cuc nguoc va tiép
giap B — C phéan cyc thuan. Ngudn Vee cung cdp dong qua Ry, Dy dén cuc B cia T
kich thich T, din. Khi T, dan, sut ap fré___n. R, khién cho dién ap tai cuc C cua T
khoang 0,8V khc“m'g du phén cuc thuén cho ca tiép giap E — B cﬁ-a Ts va D3 nén T;
khéa; déng thoi dong tir cuc E cia T; truyén dén cuc B cia Ty, dién thé tai cuc E cia
T, ¢6 gid tri khoang 0,7V phéan cyc thuédn cho tiép giap E — B cua Ty, T4 din nén diu
ra Y ¢6 muc logic thip- khoang 0,2V, do tré khang trang thai md cua Ty thap (1 dén
250, hinh 3.5.2. 40 Ds trong mach c¢é nhiem vu dam bao cho T3 khoa khi T, din.

. AVee

Hinh 3.5.2.4c,d. Hoat dong clia mét cng NOT (TTL) -

Khi diu vao & muc thip-tranzito-Tr-e6 tiép giap-B, — E cua phén cuc thudn.
Nguon Vee cung cip dong qua Ry, qua D [quéd ddircudi cua dau vao A ndi dit. Pién
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thé thudn-qua D; giir dién thé tai diém X & m(w'xa"ip xi 0,7V, khong du dé phén cuc
thuin cho D; va tiép giap E - B ctia T,. Khong ¢o dong cung cép cho cuc B cua Tz
nén T, khoéa, do khéng cé dong cuc gop cua Ty nén dién thé tai ¢uc C cua T, du 16n
dé.phan cyuc thuén cho tiép giap E = B-cua. Ty va D3 nén T3 din, dong thoi khéng co
dong cung cap cho cuc B cia T; nén T4 khoa. Vi vay, dau ra Y dugce néi véi Voo qua
Di, T3 va R3 va ¢0 mue logic cao, hinh 3.5.2_.4d. , : ‘ . R

Diede Dy trong mach dugc gc_:i"le‘u diode ghim trén diu vao TTL. Nhiém vu cua
diode ghim 1a ngan khong cho dién thé dau vao xubng muc dm. | e

Duéi diéu kién binh thuong, A khong xubng muc am (logic 1 = +3,4V; logic

0.= +0,2V), cac diode ghim vén hanh nhu mach h¢ va khdng tham gia vao hoat déng
ctia mach. Nhung & mach tdc.dd cao, khi. - '
mach chuyén.ttr 1 sang 0 thudng.xay ra hién- - . 1_4‘, v
tuong goi chudng (ringing), hinh 3.5.2.5. Day
14 mot dao dong khong mong mudn, vi no.
lam cham hoat ddng cha mach.

Tai dinh 4m cuia xung goi chudng, diode v
. = . . . R Pinh am bi ghim
ghim dan dién. Diode nay s€ ghim dinh 4m, ‘
gitip giam bt hidu g goi chudng va lam - Hinh 3.5.2.5. Hién trong goi chudng
tang tbc d6 cua mach. : :

_ Hoat déng cda cong NAND (TTL): o

Hinh 3.5.2.6a minh hoa sd""dé chi tiét coa mach NAND, hinh 3.5.2.6b minh hoa so
ad diode"'ﬁjuoﬁg'duong cua Tf:l-. Ta théy tranzito T "g:(’)"hai cuc phat, do vdy nd cd hai
tiép giap E — B dung dé mo tranzito T,. Tranzito d4u vao nhidu cyc phat co thé ¢cd
dén 8§ cuc phat cho mdi cong NAND. - = '

Ds b)

. _Hinh:3.5.2.6. L : L
a) Mach NAND {TTL) chuai-; b) So,do diode twong duwong cua T;.
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Phédn tich mach NAND twong tu nhu mach NOT ta dd phan tich & trén. Trong
mach nay, chi khi c4 hai du vao A va B déu & muc cao thi ca hai diode D4, Ds phén
cuec nguoc va Dg phin cuc thudn nén T, din va diu ra & mirc thép;’Kh-i ¢6 it nhit mot
ddu vao & mirc thép thi s& c6 it nhit mdt diode phén cuc thuin, din dén dién thé thuan
ctia diode tai diém X khong du phan cuc thuén cho Dy va tiép giap E — B cua Ts nén
T2 khoa dan dén ddu ra & mic cao. Néu'khong 6 tai ndi tir didm Y xubng dét, Vou s&
nidm trong khoang tir 3,4V dén 3,8V do Ve trir dl hai 1an sut ap 0,7V (tlep glap E-B
cua T; va D3), dién thé nay s& giam néu c6 tai. - o : :

— Hoat déng cung cap dong:

* Khi déura TTL'& trang thdi cao né hoat dong nhir bd phén cung cép dong, do nd
cung cdp dong tir dau ra cua cdng kich thich tho diu vao coa cong tai, hinh 3.2.5.7:
Dong nay la dong ro phén cuc ngugc rat nhé (khoang 40uA). T3 thuc hién hanh dong
cung cip dong (Iiy) cho du vao ciia cdng tai, vi thé Ts duoc goi1a tranzito cung cap
dong hay tranzito kéo 1én, do né kéo dién thé déu ra 1én trang thai cao. -

1
]
]
]
1
t
)
1
1
]
-k
L
1
13
1
i
1
1
3
L)
)
E

Mach ra clia —— IMac:h ra clia—
cong kich thich jcdng Kich thich a cdng tai

""""""" P Tt
Hinh 3.5.2.7. Hoat déng cung cép déng ! Hinh 3.5.2.8. Hoat d6ng thu nhan déng

i
1
L]
L]
]
t
1
1
[}
]
]
]

ch

— Hoat déng thu nhan dong:

Khi diu ra TTL & trang thai thap no hoat dong nhu bd phan thu nhan dong, do né
thu nhén dong tir ddu vao caa cdng tai ma noé dang kich thich, hinh 3.5.2:8. Tranzito
T4 ¢ha cbng klch thich dang mé va lam ngin mach diém Y dén dit. Muc dlen thé thap
tai Y phan cuc thudn tiép gidp E — B cua T, cia cbng tai va ta thay dong dién chay
nguoc qua Ta. Ty 1huc hién hanh dong thu nhan déng bat ngudn tir dong diu vao (I
khoang 1,6mA) ciia cong tai, vi thé T4 duoc got 1a tranzito thu nhén dong hay tranzito
kéo xuéng, do no kéo dién thé du ra xudng trang thai thip.
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4

Hinh 3.5.2.9. Mach NOR (TTL) chuén - B Hinh 3.5.2.10. D&u vao TTL tha ndi

— Hoat déng caa céng NOR (TTL):

Hinh 3.5.2.9 minh hoa mach bén trong cua céng NOR TTL. Mach NOR khong st
dung tranzito nhiéu cuc phat, timg diu vao dugc ap dén cuc E cua mot tranzuo riéng
biét. Trong mach, hai tranzito T3 va Ty (mach tach pha).co cuc C duge ndi chung vai
nhau va ndi véi cuc B cia Ts, cuc E duge ndi chung voi nhau va ndi vai cuc B caa
Ts. V1 thé, chi cin cé it nhit mot tranzito’ dan th1 dan den dau raY ¢ mirc thap

— PAu vao tha nbi: :

Péi v6i mach TTL, ddu vao tha ndi vin hanh nhu logic 1. Ta thay ring, de c6 dau
vao bang 0 thi pha1 c6 dudng din dén dét cho dong-I, nhung dau vao tha ndi khong
cung cip du’ong dan nhu the vi véy chung véan hanh nhu dang co mirc lognc 1 tai dau
vao tha ndi, hinh 3.5.2:10. Hleu dién thé gitra ddu vao tha ndi va dat xap xi bang
1,7V, mic du ddu vao tha nbi duge xem nhu mirc logic 1, nhung hiéu dién the lai nam
trong khoang khong xé4c dinh do vy nén tranh dé cac ‘diu vao tha ndi. Chung ta co
thé xir ly cac d4u vao khong str dung dén bing cach nbi ching véi dau vao duoc sir
dung, hoic ndi v6i Vee hodic nbi véi dat tuy thudc vao chirc nang cua phén tir.

-*‘_Vcc_ Vee
R4 Rz : ‘
4K 16K - _ Rp.
' Lot (Gé&n ngoai)
g

A L . : ‘_" v
D4 l D2 . Ta °
- Ra - _‘
1K

¢

m l)
t
byl
ot
[

Hinh 3.5.2.11. Maeh TTL ho: el g9p.voi dich tré ngoai kéo Ién.
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— Céc dau ra hé cure gép (OC):

Mot s& mach TTL duogc thiét ké v0i cac “dAu ra ho cuc gop Cau trac ho cuc gop
loai bo T3, D3 va Ry cia machra, ddura Y duoc l4y tai cuc gop cua Ty dang dé ho. Pé
mach hoat dong dugc chudn xac thi phai méic mdt dién tr& kéo 1én (R;) tir bén ngoai,
hinh 3.5.2.11. Bién tr& nay khong thudc mach bén trong cia thiét bi TTL, }a dién tro
riéng biét ma ta phai néi véi dau ra linh kién, néu khong cé dién tré nay dién thé diu ra
¢6 thé & mirc khong xac dinh. R;, thuong dwoc chon cé gié tri khoang 10kQ. .

Véi cée linh kign c6 dau ra ho cyc gOp, cho phép ndi cic dau ra véi nhau Auong
duong vGi phép toan logxc AND, hinh 3.5.2.12. Nhiing linh kién OC phai- Chll.l the do
chuyen mach chdm hon dau ra totem — pole, vi thé khong nén dung mach OC khi doi
hoéi tée d6 cao. ' :

- Ky hiéu-dau ra ho cuc gop 1a-hinh th01 c6 gach dudi.

Vee

“Hinh 3,5.2.12. N&i day theo céng AND diing céc cdng hé cwc gop-

— TTL ba trang thai (Tristate):

. Cho pheép =

- (B)
Cho phép

" Hinh 3:5.2:43, B (a0, T Tk a frang thai*
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C4u hinh ba trang théi la dang cé‘lu hinh thir ba cua dAu ra TTL. N6 cho phép ndi
cac diu ra véi nhau cia cu hinh totem — pole. Goi la cAu hinh ba trang thai vi cho
phép ¢ ba trang thai diu ra: cao, thap va tr¢ khang cao (Hi — Z). Trang thai Hi ~Z la
didu kién trong d6 ca hai tranzito trong cAu hinh totem — pole déu dong, do vay déu ra
¢d tré khang cao so voi dat va véi Vee (ddu cudi bi hé hay tha nbi).

Hinh 3.5.2.13 mé ta mach cho b dao ba trang thai. Mach ¢6 hai du vao: A 1a
diu vao logic thong thudng, Ela daun vao cho phép co thé tao trang thai Hi — Z.

+ V&i E = 1, mach hoat dong nhu mot bd dao bmh thu’cmg, do tiép giap Ea —
cua Ty va D, phén cuc nguge. -

+ Vé&i E = 0, mach chuyén sang trahg thai Hi — Z, do mirc thép tai E phan cuc
thuan cho tiép giap E» — B ctia T, lam cho-T; khoéa va dan den T4 khoa. Dong thai
muc thip tai E cling phan cuc thuén cho D, dan ‘dong tai cuc gbe cna Ts nbi dit nén
T; clng dong.

V&i ca hai tranzito totem — pole déu & trang thai khong din dong, diu ra 12 mach
hg. Cac IC ba trang thai cho phép ndi cac dau ra véi nhau ma vin dam bao tdc do
chuyén mach, tuy nhién mdi l4n chi ¢6 mdt-déu vao E duqc' cho phép. - .

- B6 dém ba trang thai (Tristate Buffer): ' o

Cho phép (E) Cho phép (E) -

E Y E Y
0 A 1 A
1 Hi-Z ¢ | Hi-Z

Hinh 3.5.2.14. B Gém khong do ba trang thai

B dém ba-trang théi 1a mach dung dé klem soat duong di cla tin hleu logic tir
dau vao dén dau ra. Hlnh 3.5.2. 14 md ta ky hleu va: chuc nang cua cac bd dém ba
trang thai. ‘ '

3.6. HO TTL CAI TIEN
3.6.1. TTL cdng suét thap (74LXX)

- Vi dién thé nguon ¢b dinh +5V, nén ¢ the glam cong suét bing cach ha thip
dong dién. Pién tré trong’ mach 74LXX lon gap 5 dén 10 lan Chen trU trong mach
74XX, hlnh 3.6. 1. 1
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Hinh 3.6.1.1. Mach NAND TTL céng sut thap -
3.6.2. TTL Schottky (74SXX) |

Véi cac ho 74, 74L déu hoat dong theo nguyen ‘thc chuyen mach bdo hoa, heat
ddng nay gy nén mét khoang tré trong thot gian cde tranzito chuyen 1 trang thai dan
sang khoa, va gioi han téc dd chuyén mach.- -

— Diode Schottky:
Diode thong thuémg s& din dlen khi ap dién the thuan khoang 0,6V, con dbi voi
diode Schottky chi khoang 0,4V, hinh 3.6.2.1.

+
0,6V
Diode thuomg Diode Schottky ’\

Hinh 3.6.2.1. Diode thwomg va d:ode Schottky Hmh 3.6.2.2 Tran2|to Schottky

' Q
I
’

— Tranzito Schottky

Ho 74SXX' giam bt khodng thoi'gian tré nay khi khéng cho tranzito tlen sdu 'vao
trang thai béo hoa, bang cach diing tranzito Schottky (SBD) n01 gitra cuc goc va cuc
g6p cia mdi tranzito, hinh 3.6.2.2. Khi d6 chi dong dién cén thiét dé kich hoat
. tranzito moi chay vao cuc gbc, phan con lai (dong gdy hién tugng bio hoa) chay qua
diode. Nhu viy, tranzito ngirng din dién nhanh hon tranzito khong co diode.. :

- Mach Schottky: N o
Hinh 3.6.2.3 minh hoa mét cong NAND Schottky. Cic yéu td giu'p' cai thién téc
dg, do la:

"~ + Str dung tranzito Schofl‘.{y Do tran21to hoat dong khong bao hoa nén toc a6
duoc tang 1én so v&i TTL chudn, tuy nhién céng sudt tiéu hao lai 16n hon.,

+ Chu hinh Darlington: Trude khi dong dien tir mach tach pha T, dén du0‘c T4, no
dugc Ty khuéch dai, kich thich Ty manh hon va mé/khoa T, nhanh hon.
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+ Dién tro thp: Cac gia tri dién trd trong mach Schottky thip hon gia tri dién tro
trong mach TTL chuén. Tuy nhién, dién tr6 nho thi dong cao din dén mirc tiéu hao

cong sudt gia ting.

. Hinh 3.6.2.3. Mach NAND st dung tranzito Schottky.

3.6.3. TTL Schottky cong suét thap (74LSXX)

25K

.Vcc o
E:lm

D3 ﬁ D4 !
. . . D+
.- A ! Y
. >

a) —a

Hinh 3.6.3.1.
a) Mach Schottky cong swab thap=b) Mach AND diung..
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~ Trong ho 74LSXX ta co duorc tbc do gin dat dén tbe dd cua ho 74XX, nhung
dinh mirc cong suat lai xap xi v&i 74LXX

- Mach Schottky cong suft thip:

Logic diode dugc dung trong phin quyét dinh ctia mach Schottky cong sudt thap,
thay cho tranzito da cuc phét (hinh 3.6.3.1a). Diode D,, D; va dién tr& R, vidn hanh
nhur ¢céng AND (hinh 3.6.3.1b), phin diu ra cia mach tuong tu ho 74SXX. 74LSXX
¢6 cong suét tidu hao thap hon do dung dién tré cé gla tri 16n hon 74SXX nhung tbc
dd chdm hon 74SXX.

3.6. 4 TTL Schottky nang cao (74ASXX)

74ASXX c6 tbe d6 ting len 10 ret S0 v&i 74SXX voi cong suét tiéu hao thip hon
nhiéu. 74ASXX cOn co nhitng cai tien khac, bao gom yeu ciu dong vao thap (I[L, Iin)
do d6 hé sb tai 16n hon 74SXX.

3.6.5. TT Schottky céng suit tidu hao thip nang cao (74ALSXX)

74ALS 1a phién ban cai tién cta 74LS vé ca téc do 14n cong suét tidu hao. Do gia
thanh kh4 cao nén 74ALS thuéng duoce sir dung trong cac mach doi hoi tde do cao.

3.6.6. TTL nhanh (74FXX} -

bay 1a ho TTL mét,.van dung k§ thuit ché tao mach tich hop kiéu méi 1am giam
bot dién dung giita cac linh kién dé€ rat ngén thoi gian tré do truyén.

3.6.7. So sanh dic diém cua cac ho TTL

Céc thong sb 74 | 74L | 74S | 74LS | 74AS | 74ALS | 74F
Tré do truyén (ns) 10 | 33 3 95 | 1,7 4 3
Céng suét tiéu hao (mW) 100 1 |20 | 2 8 1,2 6
Tdc d6 xung nhip max (MHz) | 35 3 1251 45 200 70 100
Hé sb tai 10 | 20 | -10.|.20 | 40 | 20 33
Vou min (V) 24 | 24 127 27 | 25 | 25 |25
VoL max (V) 04 | 04 | 05|05 [ 05| 04 |05
Vi min (V) 2,0 |20 | 20| 20 | 20 |- 20:] 20
Vi max (V) 108 | 08 [[08 (.08 | 08 | 08 |08
oy (MA) |-04] | =1 | -04] -2 | ~04 | -1
oL (mA) - . 5 - 16 | 36 | 20 | 8 20 | 8 20
I (pA) L 40 | 50| 20 | 20 | 20 20
I;. (mA) o _ |-16]018| -2 | 04|05 01 |-06

Vidu 3.6.7.1. X& — ri TTL nao c6 thé kich thlch nhleu dau vao linh kién nhét thude cing
xé—r1i? : L
Giai: Dua vao bang 3.6.7.1 ta HAy Xe = 1 7AAN W3 s_é %i cao nhat,
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3.6.8. Xac dinh hé sd tai

pé xéac dinh mét diu ra IC c6 kha ning kich thich duorc bao nhleu diu vao khac
nhau, ta can biét kha nang kich thich dong ctia dau ra (Ion, IoL) va yéu ciu dong ctia mdi
dau vao (Iu , Iii1). Théng tin nay ludn duoc gioi thiéu trong bang tra cltu du' heu cac IC.

Hé sb tai duge xac dinb theo cong thuec:

THeé sb tai muc thép = Tou(max)/ I (max)

Hé 56 tai muc cao = lox(max)/ Iin (max)

Neu hé so tai mirc thip va mitc cao la nhu nhau thl d6 chinh 1a hé sb tai coa phan
tir, néu hé s tai & hai mirc khdng bing nhau thi hé sé tai duoc chon sé 1a gia tri nho
hon trong hai gia tri do. ‘ :

Trong céc hé thong ky thuat sb co khuynh huorng két hop giita nhleu ho logic
khac nhau, khi d6 cach xac dinh h¢ sb tai nhir sau: .

Bude I: Cong gdp L cla tit ca cac dau vao nbi dén mot dau ra. Téng nay phai
thp hon gia tri chi dinh Ion cua déu ra.

Bude 2: Cong gbp IiL cha tit ca cac dau vao ndi dén mot ddu ra. Tong nay phai
thép hon gia tri chi dinh I, cia dhura.

Vi du 3.6.8.1. Mot dAu ra cong NAND 74LSOO dang kich thich 3.dau vao 74SXX va mot
dhu vao 74XX. Kiém tra xem ¢o vAn dé gi vé tai knong?
Giai: :

1.Cong tat ca cac gia tri Iy cua cac cong tai: 3. (50pA)+1 (40pA) =190 pA .

Ioy cta dau ra 74LS 1a 0,4mA, 1én hon tong cac IIH cua tai nén khong gay ra vén
dé gi khi d4u ra cao. :

2. Cong tit ca cac gid tri I, cha cac cong tai: 3.(2mA)+1.( 1,6mA) = 7.6 mA .

Iop cua diu ra 74LS la SmA 16n hon tong cac Ij. cva tai nén ciing khong gay ra
vén d& gi khi dau ra thap.

3.6.9. Ky hiéu mach logic ho TTL

. — Ky hleu SN5402
- SN7402
— Cach doc: o
+ SN: hang sin xuit Texas Intruments ,
T Hal sb dau chi nhiét do _lam‘v1f_:c. .
74: 0°C+70°C |
54: -55°C+125°C
+ Hai so sau chi chirc ndng logic:
02: Mach NOR (c6 4 cong NOR 2 161 vao Vcc = +5V).
- Hoac SN7400
00: mach NAND 2 67 VoA NAND, Vcc = TSV
7404/74L504: gom 6(mach"NOWL, Vict= ¥5¢
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7408/74LS08: gdbm 4 AND, Ve = +5V.
~ 7432: gbm 4 cdng OR.
7486: gdm 4 cbng XOR.

3.7. HO LOGIC ECL

Ho logic-nay goi 1a logic ghép cyc phat (Emltter - Coupled Loglc), hoat ddng
theo nguyén tac chuyén d6i dong. ECL rit nhanh nén dugc dung trong thlet bi xur ly
dit lidu va truyén théng t6c dd cao. -

3.7.1. Mach ECL

Cum tir “ghép cuc phat” dugce g1a1 thich dwa vao dlen troy Rz o hmh 3.7.1.1. Ry
nam trong mach cic phat cia ca T, 14n Tz '

L
Hinh 3.7.1.1. Mach ghep? Wwe phat dung’ trong loglc ECL

— Trudng hop diu vao bing 0: - : -

Khi A = 0, cuc gbc cia T, ndi dit va T, khong dan dlen Véi dong nho chay qua
R;, dién thé tai ¥ dat dén Voo, Y=1. Vdi duong dan tin hi¢u 10 dau vao A dén dau
ra Y, mach van hanh nhu mét bd dao.

D, la diode Zener, duy tri dién thé tai cuc goc cuia Ty khong d01 o

Dién thé cuc goc — cuc phét cha Tz: Vg, = Vo = VE S

Véi A =0, dong chay qua T3, qua R, va giam din, nén Vg giam theo din dén Vae2
tang 1én. Khi dién thé cuc géc ting, T, din dién, dong qua'Ry tang Sut thé 16n qua Ry
1am cho dién thé tai d4u ra Y giam va & muc thip.

— Truong hop ddu vao bang l: - : .

Khi A = 1, hoat ddng xay ra hoan toan nguogc Ial Dién the duong tai cuc gbe cua
T, lam ‘tang dong qua T va Ry, dong nay gdy sut thé trén R; nén dién thé tai Y giam
va & mirc thap Khi d6 Vi tang-tam-echo-Vprr-gidm-nén-T khoa, Vi dong nho chay
qua Ry, sut the trén R, giam Jam eho dién hédtad Y tang va 0 muc cao
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Nhu vy, mach ECL tudn cé hai dAu ra b nhau, vi thé khong cin gan thém bd déo.

Tranzito vin hanh & ché d% khdng béo hoa nén thoi gian tré do truyén ciia mach _ngén.
3.7.2. S dé mach ECL hoan chinh

Hinh 3.7.2.1 minh hoa mét cdng OR/NOR ECL. Tranzito Ty va Ts 12 phén tir kich
thich diu ra. Do chi sir dung mdt tranzito tai mdi dau ra nén do chinh la dau ra ho cuc

gop.

¢ VEE(“‘).

" Hinh 3.7.2.1. Mach OR/NOR (ECL)

Cac cuc gbp cia tAt ca cac tranzito trong mach OR/NOR d&u néi dat truc tiép hodc
thong qua cac dién tré. D€ khang nhiéu, mach nay vén hanh v&i ngudn am. Co6 thé st
dung cac murc dién thé trong khoang ~3V dén -8V, nhuﬁg murc chi dinh la —5,2V.

Pién thé ngudn am din dén dién thé tin hi¢u dm. Voi Ve = 5,2V, cac muc dién
thé nho hon 1,75V dugc xem la logic 0, cac muc dién thé duong hon 0,9V duoc
xem 1a muc logic 1. ‘ :

Mach nay cho phép m& rong thém céc diu vao bing cach mic song song cac
tranzito véi tranzito Ty. - '

3.7.3. Dic diém ky thudt cia ECL.

- Tré do tru_y_éh: 1ns '

— Tan sb xung nhip: .4001\/11-__12

— Céng sudt tidu hao: 25mW

— Hé sb tai: 25

— Khoang du tri chbng nhiew. 250m V.
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3.8. HQ LOGIC IIL

Mach logic t6 hop phun ky higu 1a ITL (Integrated Injection Logic). Mach IIL méi
xudt hién nam 1972 do hai hing Philips (Ha Lan) va IRM (Dirc).ddng theri phat minh ra.

Hinh 3.8.1.1 la so d6 ciin ban mach IIL, V& mit nguyén tic hoat dong, né gidng
nhu mach RCTL, chi khéc. la dién tré Ry duorc 1hay bing tranzito p-n-p (Tpnp)
Dong dién chay trong mach & ca hai trang thai 0 va 1 déu fa dong 16 tréng phun tir
emito cla tranzito p — n — p. Tiép xic emito — bazo ciia Tpnp ludn dugc phén cuc
thudn manh vi emito cia né ndi véi ngudn duong, con bazo ciia né ndi véi ngudn am,
nhu viy dién ap ngudn cung cdp cling chinh 'I_z‘idién Ap phan cuc thuan cho tiép xuac
E — B cua tranzito p — n — p. Dong dé lam théng dong tranzito vao cua ting sau ciing
la dong phun cua Tpqp (goi dong phun nay 13 Ip); Mudn lam th6ng tin cdy ting sau thi
dong I, phai du 16n. Khi s tai 16n thi dong I, cang phai 16n. Vi du & hinh 3.8.1.2; 56
tai ciia mach mét 1a hai tai (mét ddu vao cia mach 2 1a mét tai; mot-ddu vao cia mach
3 1a mot tai). Gia s dong phun la I, Tac do dong bazo cua mbi tran21to vao do s€ la
I,/2, dé lam thong céc tranmto nay dong IP phal da 1011 <

,T +.;  

1 T

Pi__
R o - JE I SN
T To | Ts Ps j}-, P+ P2+ P3

P =P P

Hinh 3.8.1. So d6 nguyén Iy cia mach IIL va k?;hiéu logic cliang

Mubn dong 1, ting 16n ta chi cin tang dién dp phan cyc thuan cho tiép xte B — E
cua Typy, chinh 12 dién ap nguon E. Khi chi cin tang E 1én khoang 60mV thi dong I,
s& tang 10 1én. : : :

Vi vay khi ding mach IIL dién ap ngudn E chi cin ¢& 0,7V. Khi dung dién ap
ngudn cdp ¢& nhu vy, thi dién dung ky sinh cfing nhé (vi dién dung.ky sinh ¢ déy la
dién dung hang rao cua tiép xtc p — n khi phén cuc nguc_ré) nhu thé tac dong nhanh
ctia mach dugc ndng cao ma luc d6 cong sudt tiéu thu cha mgch van nho.

V& mit ché tao, mach IIL ché tao nhanh hon mach TTL. Mach YIL mit 5 mask
(mit na) trong khi d6 mach TTL mét 7 mask (mach dung franzito tru“orng MOS kenh p
mét 4 mask). :

Mach IIL ¢6 trién vong lémtrong vite chétaomachcdton,
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+E

+E ~{\1 Mach2
j}E

Mach3

Hinh 3.8.1.2. N&i lién tiép cac mach IIL

3. 9. VI MACH NMOS
3.9.1. Cong NOT (NMOS)

Hmh 3. 9 1 1 mmh hoa cong NOT (NMOS) mach chua 2 MOSFET kenh n. T1 go1
la MOSFET tai, cuc cong cua T dugc nbi cb dinh dén Vpp do d6 nd ludn & trang thai
din va hoat dong nhu mét dién tré tai cé gia tri Ron. 12 1a MOSFET chuyen mach’,
T, s& din hoic khoa 10y thude vao dién thé tai A. Khi A & muc.logic |, Ty dan va diu
ra & mic logic 0, con khl A6 muc logic 0 thiT> khoa va dau ra & muc logic 1.

Voo .

Va | . T _‘ Tz . | . VY ‘ '
OV | Ren=100kQ | Raw=10°"Q | - 45V
4BV Ron = 100kQ Ren=1kQ: - | +0,05V .

Hlnh 3, 9 1. 1 Cong NOT (NMOS)

3.9.2. Cong NAND NMOS

Hinh 3.9.2.1 minh hoa cdng NAND (NMOS) mach chira 3 MOSFET kénh n. Tz
va Ty duoc goi 1a MOSFET chuyén mach nbi tiép, duge kiém soat bang mirc dién thé
tai dau’ vao A va B. Néu A hoac B & mire 10g1c 0 (OV) MOSFET tu’Ung ung dong, khi
do dau ra Y & muc loglc 1 (+5V) Kh1 ca A va B 0 muc logic 1, ca Tz va T3 deu mor
do vay dau a Y Y muc logic.{ 0 '
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Hinh 3.9.2.1.Cdng NAND(NMOS)' Hinh 3.9.3.1. Céng NOR (NMOS)

3.9.3. Cdng NOR (NMOS)

Hinh 3.9.3.1 minh hoa cdng NOR (NMOS), trong d6 T, va T; lam chuyen mach
song song. Khi A hodc B ¢6 mirc logic I, MOSFET tuong Ung mo, diu‘ta & mirc
logic 0. Khi ca hai dau vao A va B déu & muc logic 0, ca T;, va T3 deu dong, do do
diu ra & mirc logic 1.

Cac cong AND OR duorc tao thanh bing cach ket hcrp cébng NAND, NOR voi
cong NOT. Vec(+) hodc G_ND o

3.10. VI MI;\CH PMOS = 8 A
Hinh 3.10.1.1 minh hoa cdng NOR PMOS, 1B

mach chita 3 MOSFET kénh p. T3 duge néi ¢d - :

dinh vai Vgg c6 dién thé 4m nén T3 lubn dan —I

né dong vai trd nhur mét dién tré tai. Khi dau LER
vao A hodc B & mirc logic 1’ MOSFET tuong |3

tmg khéa va dau ra duge ndi véi Vg nén cd @Tﬂ
mirc loglc 0. Khi ca A va B cung & mirc loglc- o Vo)

0, ca T) va T; cung din, diu ra du'oc ndi véi

Vee nén c6mirc logic 1. 'Hinh. 3.10.1.1. Céng PMOS co bén

3.11. HQ CMOS (Complementary Metal — OX|de - Semlconductor)

Tranzito trong cdng nghe MOS l]a tranzito hleu u'ng tru'orng, goi 14 MOSFET

(Metal — Oxide - Silicon — Field — Effect Tranzito). Da so IC sb MOS dugc thiét ké
hoan toan bing MOSFET, khong cdn dén cac linh kién khac Chir “C” ham y déi
xing bu.
- Uu diém chlnh cua MOSFET la dé che tao, phi ton thap, cd nho, tiéu hao it dién
ning. K¥ thuat ché tao IC MOS chi phic tap bang 1/3 ky thudt ché tao IC Iwdng cuc.
Hon nita, thiét bi MOS chiém it ch trén chip hon so véi tranzito ludng cue, dién tich
chiém bing 1/50 so.voi tranzito ludng cue. Ngoai ra, IC sb MOS thuéng khong dung
dén céc thanh phan dién tro-trong-1C-nén-dién-tich-gidm di rat nhidu so véi tranzito
ludng cyec.
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Do mat d6 déng gbi cao cua IC MOS nén ching dic biét thich hgp cho cac IC
phirc tap nhu chip vi xir 1y va chip nhd. Cai tién trong céng nghé 1C MOS da cho ra
d&i nhitng thiét b nhanh hon 74LS, 74ALS TTL, véi dac didm didu khién dong gin
nhu nhau; Nh& cac wu diém cia IC MOS ma thiét bi MOS da hoan toan théng tri SSI
va MSL. Ho 74ASTTL van nhanh hon linh kién MOS tbt nhit, nhung cong suét tiéu
hao lai 16n hon nhiu. - ' N

_ Nhugc diém chi yéu cia thiét bi MOS 1a d& bi hu hai boi tinh dién. ‘Tuy nhién c6
bién phap khéic phuc, nhung TTL vin bén hon trong thuc hanh thi nghiém.
3.11.1. Céng nghé MOSFET _ - .

Hinh 3.11.1.1ala ky hiéu ciia mdt MOSFET kénh n voi cac hoat dong cuia.no. Khi
cuc cbng caa MOSFET duong so véi cuc ngudn, dudng din tir cuc mang dén cuc

I3

ngudn van hanh nhu chuyén mach déng (din dién). Lic dién thé giita cyc cong va cuc
ngudn 4m hodc bing 0, né vén hanh nhu chuyén mach mé (khong dan dign). -

Hinh 3.11.1.1b 1a ky hiéu ctia mot MOSFET kénh p voi céac. hoat ddng cua no,
hoat dong ciia MOSFET kénh p dao voi MOSFET kénh n. Khi cyc cong ciia
MOSFET am so vdi cuc ngudn, dudng dan tir cuc mang dén cwe ngudn van hanh nhu
chuyén mach dong. Luc dién thé gifra cuc cong va cuc ngudn duong hodc bang 0, no
van hanh nhur chuyén mach mé&.

J J

T w Y1 S Ugp . R

: ' ' Ugs=0 hoic - _ a BT Ugs = 0 hodc +

) R o

= 5. Hinh 311441 -

a) MOSFET kénh n ; b) MOSFET kénh p.

~Luuy rang, MOSFET védn hanh bing dién thé, hiu nhu khéng' cd dong chay vao
cwechng SPRY |

3.11.2. Cédng NOT (CMOS) ,

Hinh 3.11.2.1a 12 so 4 mach céng NOT gbm ca MOSFET kénh n va kénh p, bidu
thi doi xtmg bu. .

_ﬂ‘xIST, - J | W—W
B___: c) i

Hinh 3.14.2.10 Viagh NOT (CMOS) V& ¢4t trar thai hoat dong

Voo

_1.
= b)
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: Dong quy udc. chay tir cwc.méng dén cuc ngudn trong MOSFET kénh n, tir cuc .
nguon den cuc mang trong MOSFET ‘kénh p, nén ta thay tranzito T, bi-dao trong so
do tren ‘ ‘ ‘ s Co
—KhiA=1:T, dugc phan cu'c thuan dan dxen dau ra’Y: n01 dat T1 khong hoat
dong nén Vpp khéng dugc chuyén tai dén diu ra Y. Do’ vay, Y 0 VO‘] dau VAo A =-1
(hlnh 3.11.2.1b).

-~ Khi A =.0: Tz khong hoat dong do UGS = O Y khong n01 dat T, dLI'O‘C phan cuc
thuén, din dlen néi diu ra Y véi Vpp. Do Vay, YV—‘_‘l__vgl_dgu vao A. _— 0 (hinh
31121c) S A

Trong cac s db trén, tranzito duorc vE€ nét ddm -minh hoa dang & trang thai din.

3.11.3. Cong NAND cmos

Hinh 3:113.1 minh. hoa cbng NAND (CMOS) Cac tran21to kenh n nbi tlep Vol
nhau nén dau ra’ Y chi. n01 dat kh1 A=B=1. - - : L

Cac tranzno kenh P du0'c n01 song song voi nhau nen ch1 cin c6 it nhat mot dau
vao. bang 0 thi s& co.it nhat mot tran21t0 dan dlen n01 Y VO’I VDD

Als | T T2 | T | T | Y
0 Dari Dan 'Cé'{rn' | Cam |t |
0 | 1 |Dan: |Cim |C&m |Dan | 1

1 0 | Cém Dan Dan .| Cém 1

1 |, 1 | Cém | Cém | Dan | Dan 0

 Hinh 3.11.3.1. Mach NAND (CMOS) va bang trang thai

3.11.4. Céng NOR (CMOS)

b
:ii,[ D< .
=)

B 1% BEEY B T T: ; T [ Ta Y
U= ~ |"0o | o |pan |Dan | Cim | Cam | 1

Co “}- v | 0o | 7 |Din |Cim|Cim |Dan | ©

o L ! 1 0 !Cém [Dan | Dan |Cédm ! ©
_lrﬂJIS —‘ T S 1_| Cam | Cam | Dan |Dan | o©

Hinh 3.11.4.1. Mach NOR (CMOS) va bang trang thai
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Hinh 3 11.4:1 minh hoa cbdng NOR CMOS. Céc tranzito ké&hh p ndi tlep v(1 nhau
nén ddu ra Y chindi voi Vpp khi A =B =0.

Ciac tranzito kénh n duoc ndi song song v&i nhau, nén chi ¢in c6 it nhét mdt du
vao bang 1 thi s& ¢6 it nhit mot tranzito dan dién, no1 Y voi dat

3.11.5. Pau ra CMOS hé cwe mang va ba trang thai

— Paura hg cu:c mang (OD) Thiét bi CMOS hé cuc mang luong duong dau ra ho
cuc goép cua thiét bi- TTL. Trong c4c thiét bi nay, tang ra chi gom mat MOSFET kénh
n c6 cuc mang khong duoc ndi do MOSFET kénh p & trén da bi loai bo- Phal mac mdt
dién tr& kéo 18n bén ngoai dé tao mirc dlen thé trang thai cao. Ciing nbu céc phan t
hé cuc gop, d4u ra ho cuc mang ¢o thé ndi day theo ham AND.

_ Péu ra ba trang thai: Hinh 3.11.5.1 minh hoa cdng dao CMOS ba trang thai va
hoat dong cua chung.

" Hinh 3.11.5.1. Bd dado CMOS ba trang thai

3.11.6. Cac dic diém cda ho CMOS
a) Uu, nhwoc diém cia ho CMOS
U diém: -

— Co6 dién tro 18i vao rat 16n vi ludn ¢d 1 nira sb tran21t0 cam ,

- Vi mach chi tiéu thy dong dién khi chuyen mach (luc chuyen mach méi c6 dong
qua) Vi vay cong suat tiéu thu cyc ky nho (co nW)

— CMOS c6 hé sb mic tai & 161 ra (FAN OUT) rat 16m (so cbng loglc cung loal co
thé méc vao 161 ra coa no 1a 50 gép 10 dén 20 1an ho TTL). :

Nhuoc diém:

— Téec dd chuyén mach thép nén tin sb lam viéc khéng cao va phu thudc vao
nguon nudi. Vi du: Khi Vpp'= 5V thi f =1 MHz, VDD = [0V thi f = 1 6 MHz,
Vpp= 15V thi f =2 MHz. - : L

— Vi diéu khién bang dién ap nén 161 vao dé& bi hong khi dién ap dat vao lon. pé
bao vé 16i vao ngudi ta mic thém cac mach bao vé cyc cira khoi bi qua ap. |
b) bién thé ngudn va dién thé tin hiéu

Chip CMOS vén hanh véimte.dién thé nguomn bat ky gitta +3V va +18V.
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Cac mirc logic.& daura- : B . Cac mire logic & dau vao
Vad (+5V)

Logic 1 tiéu biéu'  90% (4.5v) -

Logic 1cuwc tieu 80% (4,0V) 70% (3.5V) |Logic 1cwc fidu
Khéng ' g I ' . .
] e,

, S 30% (1,5V) : .
10% (0.5V) ' " | Logic 0 cuc dai’

Logic 0 cuwe dai

Hinh 3.11.6.1. Cac mirc logic CMOS duorc dinh nghia theo 17 & phan tram cla Vop

Dién thé tin hiéu CMOS duoc dinh nghia theo ty 1& phin tram dién. the nguon
hinh 3.11.6.1. -
c) Pdc diém ky thuat cda ho CMOS

CMOS la ho logic cong suét thap, do vay ma thc @6 hoi cham cac dac diém quan
trong ciia ho CMOS nhu sau: : ; :

- Cong suat Phén t& CMOS tiéu hao céng suft it hon ho 74LXX, céng suét phu
thudc vao tin sb thay ddi cac muic tin hidu. Céng suét chi tidu hao khi tin hiéu thay déi
miic, néu tin hiéu giit nguyén muc thi cong sudt tidu hao rit nho (binh quéan 0,5pW).

— Tré& do truyén: Mbi quan hé giita cong suit va tbe a6 cho thdy CMOS chay kha
cham do murc tiéu hao cong sut thip. Thoi gian tré do truyén tiéu biéu 1a 40ns dén
90ns, Jau hon 74LXX. Tén sb xung nhip vao binh-quén la SMHz, nhanh hon 74LXX. .

— Hé sb tai (Fanout): Vi diu vao doi hoi d(‘)ng thdp nén CMOS. ¢6 hé s6 fanout .
cao. Mot ddu ra CMOS co thé kich thich tir 50 ddu vao CMOS tré lén, tuy nhién thoi
gian tré s& tang 1én theo sb dau vao.

d) S& dung phén tir CMOS

Do mirc tiéu hao c8ng sudt thap nén cé thé dat nhiéu phén tir logic trén mot chip
ma khéng s¢ qué nhiét. Vi thé ma CMOS rét duoc wa chudng trong cac mach LSI va
VLSI. Phin tir CMOS con thong dung tren chip nhé v1 mirc tiéu hao cong suat rét
thap khi & trang thai nhé. ' ' oo
e) Pau vao tha néi

-Khéng thé du doén duge mire tin hiéu trén cdc diu vao CMOS tha ndi, vi thé cac
~ diu vao khong ding dén trén chip CMOS phai duoc ndi véi Vpp hodc dit. - :
g) Giao dién phén tir CMOS véi céc phén td TTL chudn

- Khi nguon nudi 5V ta co thé ghep CMOS vé6i TTL, tuy nhién ¢ nguon nudi thip
nhu vy hé s6 FAN OUT giam. - :

— TTL véi CMOS: M6t dau ra TTL c6 thé kich thich 75 diu vao CMOS. Trong
trwdmg hop sit dung ca 75 dau vac-tin hifu ra c6 the bi meg.
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~ CMOS véi TTL: Mbt ddu ra CMOS c6 thé'kich thich mot dau vao TTL chuan
3. 11 7. Cac ho CMOS Ioglc

C6 hai ho IC CMOS thuong dung, do 1a ho 4000 va ho 54’C/74C Ho CMOS
54C/74C thi tuong duong vé chan cung ‘nhy vé chirc ning vo6i ho 54/74TTL va vi thé no
tré nén rat thong dung. Khoang nhlet dd hoat dong cho ho 54C la _55°C++125°C va
cho 74C 1a —40°C +85°C. N6 c6 khoang dién ap cung cap rong tu 3V den 18V.

- Xé - n 4000/14000: - : -

Xé —‘r1 4000 la X€ -1l CMOS déu tién duorc hang RCA giol thiéu, tucng ducmg
chtc nang v0r1 X8 —1i 14000 cia hing Motorola. X& — i 4000/14000 cd cong sut tiéu
hao réat thip va cé thé van hanh voi nhiéu gia tri dién thé ngudn (3 dén 5V), ching co
toc dd cham kha nang dong-ra thap. Chung khong tuorng thich vé& chin” cung nhu vé
dién voi bit ky xé'—ri TTL nao.

~ Xé-ri 74C: y

Xé —ri CMOS nay tuong thich v& chan va tuwong du'ong chuc nang vm thlet bi
TTL c6-cung sb higu. Dac diém hiéu suét clia xé — ri 74C gan glong véi x& —ri 4000.

_ X& — ri T4HC/HCT (CMOS toc dé cao): _ o

bay la phlen ban caj tién cta x& — ri, 74C, co toc do chuyen mach tang ghp 10 lén
so v&i x& — ri 74LS, kha nang dong ra cao hon nhidu so véi 74C, IC 74HC/74HCT
tuong thich chin va tuong duong chic nang vcn IC TTL co cung so hi¢u. 74HCT .
twong thich dlen v&i TTL con 74HC thi khong. Chung ta co the ndi truc tlep IC
74HCT véi bat ky IC TTL nao. X& —ri 74HC/TAHCT trd thanh xé — 1i CMOS théng
dung nhét.

_ Xé — ri T4AC/ACT (CMOS nang cao) _

X& — ri TAAC/ACT tuong duorng chire nang voi “nhidu xé — ri TTL nhung khong
twong thich chan & _TTL Thlet bi 74AC khong twong thich dién véi TTL, con
74ACT ¢6 thé ndi true tiép voi TTL. Xé — r1 74AC/ACT ¢ wu thé hon han so v6i

x& — ri HC & kha nang khang nhleu tré do truyen va tbe do xung nhlp t01 da.

Xé —ri 74AC/ACT dung s higu 5 ky sb bat diu bang hai ky s 11

Vi du: 74AC11004 = 74HC04 hay 74ACT11293 = 74HC293 '

— Xé — ri 7T4AHC {CMOS cao téc ning cao):

Day la xé — ri CMOS méi-danh cho cac img dung nhanh hon, cong sudt tiéu hao
thap hon, dong klch thich thip. Thiét bi nay nhanh ghp balan va €0 thé thay thé truc
tiép thiét bi thude xe « ri HC, chung c¢6 kha ndng khang nhleu tuemg ty HC.

-~ Logic B:CMOS (CMOS lwéng cwc): o

Pay la xé - 1i logic két hop cac uu didm wu viét nhét cia logic ludng cuc va logic
CMOS goi 1a BiCMOS,. Dic diém cong sudt tiéu hao thdp ciia CMOS va tbc do cao
ctia mach ludng cuc duoe tich-hop ehung & taq ra ho logic cdng sudt tiéu hao cuc
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thép, téc db cuc cao. IC BiCMOS chua kha dung & hiu hét chirce ning SSI va MSI,
ma bi gi6i han ¢ nhiing chirc ning ung dung trong giao dién vi xir ly va bo nhé. Xé —
ri BICMOS giam duoc 75% cong suit tiéu hao so voi ho 74F véi tbc d6 va dic didm
diéu khién tuang duong. Thlet bi BiCMOS tuwong thlch chan véi thiét bj TTL chuan
va hoat dong O mirc loglc S5V.

- Cdce tkam sé didu vao/ diu ra vo’t V,;,; = 5V

Théng sb CMOS _ : .
4000 | 74HC | 74HCT | 74AC T4ACT | T4AHC | 74AHCT
Vin {min) (V) 3,5 3,5 2.0 3,5 2,0 3,85 20
Vi (max) (V) 1.5 1.0 0,8 15 0,8 1,65 .08
- | Vor(min) (V) 4,95 49 49 4,9 49 44 3,15
| Vao(max) (V) 0,05 0,1 0.1 0,1 0.1 0,44 0.1
Vi (V) 1,45 1.4 2,9 1.4 28 . | 055 1,15
VL (V) 1,45 0,9 0,7 1.4 0,7 1,21 0,7
lin{max) (HA) 1 1 1 1 1 1 1
li{max) (LA) 1 R 1 1 1 1 1
“lon(max) (mA) 0,4 4 4 24 24 8 8
loL(max} (mA) 0.4 4 4 24 24 g 8

Vidu 3.11.7. 1. Dau ra 74AC c6 thé leh th1ch duorc bao nhleu dau vao 74LS7?

Gidgi:
74AC co lo (max) = 24mA 74LS co IIL(max)
thich 60 dau vao 74LS.

BAI TAP CHUONG 3

0,4mA. Do dé, 74AC ¢6.thé kich

Bai 3. 1 Xac dmh khoang du trit chong nhiéu mic cao va muc thap cho ho CMOS va
TTL véi céc thong sb cho trén hinh 3.1BT.
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Cac mirc logic & d&u vao

VIH min

VIL max

5V
Vi Logic 1
2v :
Khéng
dinh
0,8V n
v
" Logic.0
ov -

a) Cacmeic log.ic TTL, -

Céac mire logic & dau ra

5V,
Vou Logic‘-1
2.4V Vo min
Khéng
Xac
_ dinh _
O 4V . VOL max .
Vou Logic 0 '
ov




Cac mirc logic & dau véo

5V

Vin

3,5V

1.5V

ov

Logic 1 '
- \_/lH min
Khong
Xac
dinh
VIL max-:
Logic O

Cac mirc logic & daura

bv
Vou
44V

0,33V

" Logic 1
. Vo min
Khdng
X&ac
dinh
VUL max

VoL

ov

b) Cac mukc logic CMOS V&i Vag = +5V

Céc mirc logic & dau vao

Logic O

Cac mire logic & dau ra

3,3V 3,3V .
VOH .
. ‘ L
Vin Logic 1 : ogic 1
2.4V
2V VIH mi .
T Hme Vor min
Khdng . ~-Khéng
xac xac
dinh dinh
) VIL max
0,8V N v
. 0.4\/ ) OL max
Vi Logic 0 VoL Logic0 - .
ov ov
c) Cac mrc logic CMOS véi Vyg = +3, <\

Hinh 3.1BT.

Bai 3.2. Cho m6t nhém céng logic ¢6 Iccn = 2pA va IccL = 3,6 pA. Hiy tinh cong
suét tiéu hao cho nhom cong d6 néu Vee = 5V.
Bai 3.3. Hay xac dlnh tpHL, tpLn va thoi gian tré cia phén tir AND v61 dang xung va

cac thong sb cho trén hinh 3.3BT.
i. . v L «
x ) .

Y

i

I

[}
=
7]

Hinh 3.3BT b) 2ns

Bai 3.4. Mot ddu ra cdng NAND 74LS00 dang kich thich 3 dau vao 74SXX va 3 dau
vao 74XX. Kiém tra xem covan dé.gi vé tai khong.

153



Bai 3.5. Hay x4c dinh hé sb tai cia cong 74ALS00 dua vio céc tham.sé dong dién va
dién &p. -

Bai 3. 6 Cho bébn cbng AND hé cuc gop duorc ndi véi nhau tao thanh mét cdng AND
duoc nbi day nhu trén hinh 3.6BT. Gia thiét céng AND (tuéng tugng) & diu ra co cdc
théng sd nhu ho TTL chuén. Hay viét phuong trinh logic'cho ddura Y.

5V
: Re
A—
B Q).
_ :
e
| H_'"_E—— Hinh 3.6BT

Bii 3.7. DAu ra 74AHC c6 thé kich thich dugc bao nhiéu diu vao 74ALS?
Bai 3.8. Hay giai thich tai sao mach & hinh 3.8BT s& khéng hoat dong nhu dir kién.
C6 thé sira chira bang cach nao? o

§—— +5V
X4 - S L
x| p—t }F
7400
Hinh 3.8BT _ Hinh 3.98T =

Bai 3.9, Cho mach TTL nhw trén hinh 3.9BT.
a) P& phan biét 2 trang thai logic ro rang thi gitra cuc C cia Ty va cuc B cua T;
phai thém linh kién gi? Hay giai thich v& mit vat 1y? .

b} P& nang cao hé sb tai cta mach ngudi ta phai lam nhu the nio?
Bai 3.10. Hay so sénh uu nhuge diém ciia cac mach PMOS, NMOS va CMOS.
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| Chu’c’ng-4 B _
CAC MACH.LOGIC T(“) H()P

 Can ot vao dac dlem va chuc ning logic, ta phén loai mach s6 thanh hai loai chinh:

1. Mach t6 hop (Cambmatwnal Circuits): La cac mach co6 gid tri én dinh ctia tin
h1eu 161 ra & mot thoi didém bét ky chi phu thude vao td hop cac gia tri d4u vao tai thoi
dlem d6, khong phu thude vao cac du vao & trang thai trude d6. Do 1a cac loai mach:
cbng logic co ban,.cac bd sb hoc, hop kénh, phén kénb,... . .

2. Mach day (Sequentml Circuits): 1a cac mach coO gia tri tin hleu 183 ra khong chi
phu thudce vao cac gia tri & dau vao & thoi didm hién tai ma con phu thudc vao cac gia
tri ddu vao & trang thai trude dé. Mach day 14 cac phan tir nho d1en hmh la cac trigo.

4.1. PHWONG PHAP THIET KE VA PHAN T-lCH CAC MACH LOGIC TO HOP

4.1.1. Phu’o’ng phap thiét ké mach logic to ho’p

Vo1 mdt mach logic 6 hop bét ky neu cho truéce chirc ning ta déu co thé thlet ké
va thye hién dugc. Qua trinh thiét k& bao gdm cac budc. tién hanh nhu sau: .

1. Tix yéu céu chirc ning ta Idp bang chén Iy cho ham :

2. Tl bang trang thai suy ra phuong trinh logic

3. Téi gian hoa ham logic

4. Tt ham loglc 181 gian thiét k& mach thuc hién bang cac phén tir logic.

Pbdi véi mach 6 hop ¢ nhiéu dau ra, khi thlet ké& nén sir dung nhimg phén chung
cho cac ham do6 dé so dd 14 t6i uwu nhét.

Tuy nhién, nhitng bude thiét ké trén day khong pha1 1a bat budc ap dung may
moéc, ma nén duge vén dung linh hoat theo tinh hudng cu the ctia thiét ké thuc té.
a) Thiét ké mot ham logic té hop

Qua trinh thiét k& duoc thuc hién theo cac bude da trinh bay & trén, tiy theo timg
yéu céu cy thé ma ta thue. hién cho hep ly, sao cho so do nhan duoc 13 tbi uu nhit.

Trong mach loglc céc tin hiéu truyén tir dau vio toi dau ra theo cac duong khac
nhau. Pudng dl cla1 nhét trong mot mach goi la ducrng truyén cua mach, so lu’orng
phin tir logic nirh trén dudng truyén ctia mach goila s ting clia mach. _ '

Nhu’ d3 xét trong chuong 3, ta biét rang mdi phin tir logic chi co kha nang ndi véi

mét sb phén tir khac & dau vio va diu ra. Kha nang d6 goi 13 hé sb hop 16i vao va hé
sb 1ai dau ra.

Nhu vay, néu mach cang it tang thi tbe d6 lam viée nhanh (téng thm gian tré cua
céc tin hiéu khi di qua céc phan i cang nha) va it ¢d tranh chip trang thai (do tré clia
tin hiéu gy ra), phén tich va thiet ké maeh) dor feidn. Nhung v&i mach it tang thi ¢6
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thé gap van d& 1a hé sb hop 161 vao va hé sb tai dau ra khéng dap Gng dugce, khi do
phai tang s6 ting cia mach 1&n. S6 tdng cta mach cang nhidu thi tin hiéu di tir dau
vao t¢i ddu ra s& mat nhiéu thai gian hon din den toc do lam v1ec chdm hon. Ngoai ra
v&i mach nhidu ting do cac tin hiéu di theo céc dur(mg dai ngin khac nhau nén xuit
hién & cac dAu ra vao cac thoi diém khac nhau. Bleu do co thé lam sai léch chuc ning
ctia mach. '

Do dé, khi thiét ké mach phai dam bao dirge céc yeu td vé he sb tai'va sb tang coa
mach.

- *Mach hai ting:
Vidu 4.1.1.1. Thiét ké mach logic cho boi ham F(A B C) Z(O 1, 2 5) theo cac yéu cau
sau.
* a) Tang 1 dﬁng AND, tang':z‘_dﬁng OR
b) Tang 1 ding OR, ting 2 ding AND
¢) Tang 1 ding NAND, tdng 2.ding AND
d) Tang 1 dung NOR, ting 2 dung OR
¢) Tang 1 dung OR, ting 2 diing NAND
f) Tang 1 ding NAND, ting 2 dung NAND
g) Ting 1 ding AND, ting 2 dung NOR
h) Ting | dung NOR, ting 2 ding NOR
Giai: T6i thiéu hoa ham, hinh 4.1.1.1:

F AB
c~. 00 - 01 11 .10

opi 1 1

IRREEE ':'_1'_-'""

Hlnh 4 1 1 A. Téi thieu hoa ham

Ta duoc F= AC+ BC (dang tdng cac tich)
‘F=(A+C)B+C) (dang tich cac téng)
a) Tang 1 dung AND, ting 2 ding OR: Viét phuong trmh dang tong cac tich.

Ve SO dd theo phuong trinh: F= AC+BC.
b) Tdng 1 ding OR, ting 2 dung AND: Viét phuorng trmh dang tich cée tong
V& so db theo phuong trinh: F= (A +C)B+C)
" ¢) Tdng 1 ding NAND, tang 2 ding AND:
Viét phuong trinh cta ham dang tich cac téng, dao hai l4n ting s6- hang va ap

dung dinh ly De Morgan cho tung sb hang d6.
Ve so dd theo phucng trmh F (A + C)(B+C) (AC)(BC)
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d) Téng 1 dung NOR, ting 2 ding OR:

Viét phuong trinh cta ham dang tdng cac ‘tich, dao hai lan tung sb hang va ap
dung dinh 1y De Morgan cho tung sb hang do..

V& so db theo phu:ong trinh: F= AC+BC A+C+B+C

e) Tang 1 dung OR, tdng 2 dung NAND . ‘
Viét phuong trinh cta ham dang tong cac tich, dao hal 1an va ap dung dinh 1y De

Morgan. _
V& so db theo phuong tr1nh F= AC+BC ACBC (A +C)(B+C)

f) Tang 1 dung NAND tang 2 dung NAND
- Viét phuong trinh cia ham dang tdng cac tich, dao hai-lan ¥& ap dung dinh ly De
Morgan. : , :

- V&so dd theo phuong trinh: F = AC +BC= ACBC

g) Téng 1 diing AND ‘tang 2 dung NOR '

Viét phuong trmh cua ham dang t1ch cac tong, dao ha1 lan va ap dung dmh ly De
Morgan.

V& so dd theo phuong trinh: F=(A+C)B+C)=(A+()+(B+C)= AC+BC
h) Tdng 1 dung NOR, tang 2 ding NOR o = S

Viét phuong trinh cia: ham dang tich cac tong, dao ha1 lan va ap dung dinh 1y De
Morgan.

V& so dd theo phuong trinh: F = (A+C)(B+C) (A+C)+(B+C)

*Mach nhiéu tang: 3 A ' R

Ta thiy ring, phuong trinh t5i° gian thuwong chia nhiu --tha‘nh--phan- hodc nhiéu
bién trong mét thanh phin. Trong khi d6 cac IC thudng cé sé dau vao it, nén phai
tang sb ting chia mach dé gi'an'l sé ddu vao cho cac tang. Ngoai ra, kha ning tai cua
cac phin tir thudong bi han ché, khi kha ning tai khong dap Lrng du’oc phal thay débi
céu triic ciing din dén sb tang tang 1én. :

Vidy 4.1.1.2.Cho ham F= ABC+CD +A BD+A BC
Thuc hién ham bang mach AND, OR hai dau vio.

Gidi: Thyc hién nhém cac so hang, khi yéu ciu dit ra la dong phan tr ha1 dédu vao, ta
s€ thuc hi€n nhom cédc 56 hang nhu sau 12 tdi wu nhét:
F=ABC+CD+ABD+ABC= C(AB+D)+A B(C+D)
. Nhu.véy, tasé cAn den 3 phén tir OR, 4 phan tit AND va mach dugc ndi theo 4 cép.
Déi v6i hé ham, ching ta s& xét trong phéan sau. PRI ‘
Vidu 4.1:1.3/ Thiét k& mach so gank >SS IR PRAT A VA B .cH chu’c nédng nhur sau:
Néu A=Bthildira G <1; A% B ihi ta 6'= 0 (mach so’‘sanh bang nhau).
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a)AvaBla?2 56 nhi phdn 1 bzt (mach so sanh bang nhau 1 bu‘)
— Bang trang thai tren hinh 4.1.1.2. '

Pauvao 1 Péu ra

a 1o by - G

0
0
1
1

—‘O—‘O
- D D

Hinh 4.1. 1 2 Bang trang thal mach SO sanh bang nhau

. —:Phuorngtrmhloglc g, =a-b +ab =a,@®b,. . - :'(4.1.”1-1)

— Phuong trinh (4.1.1.1) d4 duoc V1et & dang tdi gian rdi ta khong cin phai rit
gon nita. T phuong trinh logic ta cd thé dung nhiéu so dd. dé thuc hién ham logic
trén, tuy thudc vao cac phén tir logic cho trudc ma ta pha1 bién dbi phuong trinh cho
phu horp So d6 logic ciia bd so sanh bang nhau hai s nhi phan 1 bit ding cac cong
logic ccr ban dugc trinh bay {rén hinh 4.1.1.3a va ding cdng XNOR duge cho tren

*hinh 4.1.1.3b.

< a

> . A

a)

Hinh 4.1.1.3. Mach so sanh b&ng nhau hai s6 nhi phan mét bit -
 b) A va B la hai s6 nh_z ph_an 4 bit (bo so sanh bang nhau 4 bit)

as - . oAy . T
g:: D o— o g::ea | ‘l o

o B

v JepIf—" e e
b :@)_ R bu:@— | SR

a) S ) I
7 Hinh 4.1.1.4. Mach so sanh b&ng nhau hai 6 nhi phan 4 bit
So sanh hai s& nhiphan 4 bit A = as a3 a; ag vA B'= bs by by by, ta thdy ring chi khi
=by,ay=by,a; = b1, ap = by thi A = B (G = 1), con trong-cac trudong hop khac thi
A « B (G =0). Vay néug (0= 151 74 otz chc b so sanh 1 bit thi khong can 1ap
bang chén 1y ta co thé suy ra/phuong trinh 15gic suabdl so sanh 4 bit: G = g3 g2 81 2o
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Véi g, =a, @b,; gz;—-a?'EBbz; - g,=a,9b; g, =a,®b; -

Nhu viy: G=a,®b, a,®b, a,®b, a, @b,

= (a3®b )+{a, ®b,)+(a, (—Bb )+(a, @by)
- So db logic dung cbng XNOR va AND cho & hinh 4 1.1.4a va diang céng XOR
va NOR cho ¢ hinh 4.1.1.4b.
b} Thiét ké mét hé ham logic t6 hop

Trong trurdng hop mach cé nhiéu du ra thi ta phai don g1an hé ham sao cho cé
thé dang chung dugc cang nhiéu phén tir cho cac him cang tdt. Khi do, cho phép tiét
kiém linh kién, ting tbc 36 cua mach, giam duoc cac hu héng, dé xir 1y 16i,.

Cé6 nhiéu phuong phap don gian hé ham, ¢ day chung ta s¢ xét phuong phép don
gian va théng dung do la tach céc implicant don gian chung cho ca hé.

Téach phén chung cho cac ham cia hé te.l'd thanh he‘m} fy, phan con lai cia mdi ham
duge don gian bang cach coi cac t6 hgp chung la cdc t6 hop khﬁng xdac dinh. Phuong
trinh t8i gian ciia cac ham chinh la fo cong voi f, . Tuy thuoc vao loai phén tir sit dung
ma ta bién ddi cac ham d6 cho phu horp ' '

Véi cach thire trén ching ta ¢6 thé ap dung cho phwong phap t4i thiéu hoa MC —
Quine Cluskey hoac bang Karnaugh. G day chung ta s& xét vi du dbi voi phuong phap
dung bang Karnaugh.

Vi duy 4.1.1.4. Cho hé ham logic sau:
f(A,B,C,D)=Y(0,1,4,5,6.8,9,10,14)
f,(A,B,C,D) ="Z('o,1, 4,5,6,11,12,13,15)

. VE so.dd logic thuc hién hé ham trén?

Gidi: Xét cac bang Karnaugh trén hinh 4.1.1.5.

foAB - : , f, AR ' f,

clPo00 ioti 11 10 oo o1 11 10 cplPoo 01 11 10
00] T 1 00 %3] x T 00 x X T

o1 1 | 1] ' L 1 o1 EE K

1 T S A ]  Fooa
o Y 10 x [T 10 X

Hinh 4.1.1.5. T0| thiéu hoa cac ham.
Tir bang Karnaugh ta co:
f,=AC+ABD ; - f =BC+ACD;
f,=BC+ACD |
f, =f,+f =AC+ABD+BC+ACD;
f, =f, +f, =AGHFABB+BC + AER
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So db logic hinh 4.1.1.6;

A -___.__%_‘,
D._— o
= A .
A

D

. De—

| Hlnh 4. 1 1. 6 So'dd Ioglc

Vi-dy4.1.1.5. Thyue hién hé ham sau véi cac phan 17 hai diu vao, he so tai <2,
f{A,B,C,D)= Z,(l,4,5,9,12,13) v6iN=0". '

£,(A,B,C,D)=(0,1,9,13) v6i N = 4,5,8,15

£,(A,B,C,D) =) (1,59,15)v6i N = 4,13
- Gidi. B1eu dién ham trén bang Karnaugh nhu hinh 4. 1 1 7

‘ 2 AB - . Boag SR
CD \ABOO 01 11 10 ¢cp\00 0t 11 107 epy 00 01 11 10
X 1 1 ool 1 X T % |- e0f X T ]
R 1 1 1 o1[ 1 X 1 1 011 1 X 1
11 o | X1 ] n . (R
) I R N S B Y R T

Hlnh 4.1.1. 7 Bang Karnaugh cua cac ham -

Quan sat céc bang trén hinh 4.1.1. 7 ta thay, néu chon phuong 4n t6i thidu hoa fnhu
hinh 4.1.1.8 thi s& gdy ra qua tai ¢ ddu ra CD: ' S

f2an 5 A

f1 AB ' ‘ S
cp’C 00 o1 11 10 cp\ 00 0t 1t 10, p\00 01 11 10
o0 X K] 11: 0011 X . TX 00
o1 o 11w o1 T X [T [ L N e Al sl B
m | - 11 X ' 1l xR ‘
10 o] 1 1L 10|

Hinh 4424, 8TTéi thiél fi0d cac ham
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Khi dé: £, =BC+CD; f, =BC+CD} f;=ABD+CD
Ca ba ham déu co chung 56 hang CD nen diu ra phan tir AND nay sé& dugc dua
vao ba phén tir OR. Nhung hé 56 tai yéu cau < 2, vi Vay ta chon phuong an khac nhu

hinh 4.1.1.9.

foam -
CﬂDAB 0 o 11 10 cofooo o1 11 10 éaDAB 0 ©01 1110
oo X [T [ T 017 X | Tx 1 00
X I s i i < A I S I B oo I Rl . R
11 T R R e i N
10 10 10

Hinh 4.1.1.9. Phuong 4n téi vu

Khi d6: f, =BC+CD; f, =BC+ABD; f,’= ABD+CD.
- Nhu viy, ta thay so phan tir khong tang 18n ma van dam bao hé sb tai yéu ciu.
Nhdn xét: Tuy thudc vao ting yéu cdu cu thé dbi voi cac ham ma ta bién ddi sao

cho phu hop, sao cho két qua dat dugc 12 tdi wu nhét chir khéng c6 mot cdng thire cy

thé dat ra cho tét ca cac ham. Dé lam duoc diéu dé chung ta'phai van dung linh hoat

cac dinh luat cta dai sb logic va cac phuong phap 11 thiéu hoéa ham logic.

4.1.2. Phan tich mach logic t6 hop

Tir so dd logic cho trude, tim ham logic céc dhu ra theo cdc ddu vao, qua trinh
thuc hién nhu sau:

— bit cac bién phu vao mdi diu ra cua m01 phén tir logic.

— Viét phucng trinh cta cac bién phu d6 lan luot tir diu vao cho dén dau ra.

— O phuong trinh cubi cung, thay thé cac bién twong ing dé rut ra duoc ham logic

can tim.
— T& ham logic nhén dugc ¢ thé chuyén vé bang trang thai va tir d6 co thé xay

dumg lai hé théng bang cac phén tir khac.

Vi dy 4.1.2.1. Phén tich mach loglc 16 hop cho trén hmh 4.1.2.1.
E

Hintra:4.2. 1, Mach {ogic 6 hop.
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Giai: Ta dat cac bién phu tai cdc ddu ra cla céc phf?m tir logic nhu trén hinh 4.1.2.1.

Taco: | = ABF CDF EFFF+FY EF; Y, =F+G

Nhu vay: F, =EAB; F, =CD+F,
Y, = FF F+F =EAB+CD+F= E(A+B)+C+D+F
Y, —F +G = FaG (CD+F)G (C+D+F)G

4.2. CAC MA‘CH LOGIC TO HOP THUONG GAP

4.2.1. B§ so sanh (Comparator)

Trong nhiéu trudng horp phal S0 sanh 2 sb nh1 phan A va B dé chi ra duge moi
quan hé gifra ching: A > B, A’ <B hay A = B.
a) B so sanh hai s6 nhj phéan 1 bit

C6 hai s6 nhi phan 1 b1t a; va b,, o yeu cAu dat ra ta lap duoc bang trang thal nhu
trén hinh 4.2.1.1. :

Piuvao S . Paura

a; b h(ai>by | - a(a=b) . m; (& < by
0 0 0 1 . 0

0 1 0 o 1

1 0 1 ' -0 -0

1 1 0 1 0

Hinh 4.2.1.1. Bang trang thai ciia mach so sanh hai sé nhi phan 1 bit
— Phuong trinh logic: |
llzaib_i; g.‘:a_; b +ab; m; =a, b,
' _ Sodd logic duge cho ¢ hinh 4.2.1.2.
° j)o_'
al > [ m;
b ' '

Hinh 4.2.1.2. Mach so sanh hai sb nhj phan

u )

b) B6 so sanh hai sé nhj phan 4 bit

Ciling glong nhu so sanh trong hé thap phan, khi so sanh hai sb nh1 phén nhiéu bit
ta phai bit ddu tir bit c6 trong sb cao nhét, chi khl nao bit ¢6 trong sb cao nhét bang
nhau thi mé1 tiép tuc so sanh den blt co trong. sb.thip.han lién k&. Y nghia trong sb
khién viéc so sanh quyét dink boi sb00 1rong 8 06T
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cac

Gia st ¢6 hai sb nhi phén 4 bit: A = a3 az a; ap va B '= b3 by by by. pé xay dung
duoe so-dd mach so sanh nay, cin 4 mach. so sanh mdt bit va cac mach logic phu tro.

Piu tién ta thuc hién so sanh 2 pit cd trong sb lon nhét a; va bi:
Néua;>bsthiA>B
Néuas; <bsthiA<B
Néu a; = bs thi so sanh tiép a; v6i by
Néu ag > by thi A > B
Néuay<bgthiA<B
Néuag=bothi A=B |
Qua trinh trén co 1he tom tat nhu sau:
A>B o (ay>by) + (a3 = b3)(a2 > by) + (a3 = b3)(az = ba)(ar > bl) +
: + (a3 = bs s)az = bz)(al b)(a0 > bg)
A<B< (a3 <bi)+ (a3 bs)(az < bz) + (a3 = b3)(a2 = ba)(a; < by) +
+(a3 = bs)(az = bz)(ar = bi)(ag < bg)
A = B < (a3 = b3)(az = bs)(a) = b1 }(@0 = bo)
— Tir d6.ta cé phirong trinh logic:
L(A > B) =13+ g3lp + gagaoly +gsgagilo
G(A =B) = mmgige ‘
M(A < B) = m; + gmy + gzgamy + g3€281Mo

Trong d6, L, G, M 12 céc 18i ra ciia bd so sanh 4 bit va Ij, g, m, V611 =0+ 3 la

161 ra cia cac bd so sanh 1 bit. -

- So db logic: Ding AND, OR véi I, gi, m; (i = 0 + 3} dugc dua dén tir céc bd so
sanh 1 bit duge cho trén hinh 4.2.1.3. : . g -

g3 92 "91 do

Hinh 4.2.1:3. Mach sosénhrhai 86 jmhi phan 4 bit
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c) B6 so sanh hai sé6 nhi phan n bit. _ ,

D& so sanh hai sé nhi phan n bit ngudi ta thue hién ndi ting cac bd so sanh 4 bit.
B6 so sanh 4 bit & trén c6 thém cac dau vao ndi ting: duoc tich hop dudi dang IC ¢
tén la IC 7485 (IC 74HC85, IC 74LS85).

Ky hiéu cua IC 7485 dugc cho trén hinh 4.2.1.4.
Khi nbi tdng 2 bd so sanh, diu ra cua b{ so sanh bit thip (c6 trong sé nho hon)
duoc nbi dén dau vao nédi ting trong tmg cua bd so sanh bit cao.
Dau vao dir ligu
-~ - ~
az @ @ 8obaby by bg

LLLilld

néi ting G s 7485 .G LDaura
. . . M

Hinh 4.2.1.4. Ky hiéu cta IC 7485

~ Béng trang théi ciia IC7485 cho trén hinh 4.2.1.5.

Péu vao so sanh Dau vao ndi tang Péura

a3bs azbo a1by aghy ! m g L M G
a3> by X X X X X X 1.]. 0. 0
as<bs X X X X X o 1 0
as=ba az> b2 X X X X X 1 0 0
az=ba a< by X X X X X 0 1 0
az= b3 az=bs ay > b X X X X 1 0 0
as=bs | ax=by | ar<bs X X X X 0o 1 0
as=bs a;=bo ar=b ap> by X X X | 0 0
az= bz az= by a1= by ap<bg X X X 0 1 0
az=bs az=bq a1 = by ao=bo 1 0 0 1 0] 0
as=bs | ax=bz | ai=bi | as=to N 0 0 1 0
as=ba | as=bs | as=by | a=bo .| O | 0 | 1 '} o 0 1

Hinh 4.2.1.5. Bang trang thai cla IC7485

— Phuong trinh logic:

L =13+ galo + gzgalt + gagagilo + 2328120

G = g3g2€1208 o

M = m; + gsmy + gagom; + gaga@imo + gagagigem

Trong dé: 1 =ail:; g =ab +ab: m. :st: véi (i =0 + 3) 1a cac dAu ra coa 4

bd so sanh 1 bit.
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— Ky hiéu NORAND trén hinh 4.2. 1.6:

EanE=0st
L =Nl

Hinh 4.2.1.6. Ky hiéu NORAND

_ So db logic ciia IC 7485 duge cho trén hinh 4.2.1.7.

—\ s
g e . I —
3 gs - o .
bs la
o ﬂ.gsmz‘
= ] M(A < B
a H ) 1 ( )
92 =
bs 1 - galz
Rz : > L(A=>B)
' o e gegam R
-
a1 "/
_'t — g1
b1£§ B "\ 9zt
A=
= j 93g201Mo ~
do - - a [
- “go
bo ) ¢+ 930281l
*—
| 47 92020190l
a>b ! .
J I S gagagigom -
a<b m i : ‘ :
' ™\ 939291909 . G(A=B)
g

Hinh 4.2.1.7. So db logic IC 7485

Khi so sanh 4 bit thi céc d4u vao ndi tang l=m=0,g= 1.
Khi so sanh hon 5 b1t ta thuc hién ndi tAng tir 2 bo SO sanh 4 bit tro 1én. Pau vac
ndi ting c6 nhin tring voi déu ra.

Vi du 4.2.1:1. Ghép ndi haidG 7485 (ae thank b 50 sath 2 s& nhi phan 8 bit nhu hinh
42.18. - :
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2z 82 a1 dbiby, by he "a; ag as aaby be bs by

T LI L
l 9 - 74HCS5 G g" ; 74H(385 G

Hinh 4.2.1. 8 Bo S0 sanh hal sd nhl phan 8 bit

4.2.2. B céng hai sé nhj phan - ALU(Adder Loglc Umt)

a) Bo tong ban phan (Half Adder - HA) _
Thuc hién phép cdng hai bit nhi phan, mach c6 2 diu vao a; va b; 14 cac s hang
duge cong, 2 ddurala S (téng) va C; (sb nhé sang bit co trong 'S'(A)'fcao_'hon).

— Bang trang thai cho trén hinh 4.2.2.1, -

ai: bi |- 8 Ci
o { ol o] o
0 ] 1 1 0
1 0 1 .10
1 1 0 1

Hinh 4.2.2.1. Bang trang thai clia bé céng ban phan

— Phuong trinh logic: as ‘_

5
S

S=a @b, bs | @—' | _.HA
C,=ab, . ] D o b, . ‘

Ci

Hinh 4 2. 2 2. So’ doé mach va ky hiéu cia HA

— So dd mach va ky hiéu du'orc cho trén hinh 4.2.2. 2

Ta goi bd cdng ban phan (bo ban téng) vi- ri€ng no chua thuc hién dugce phép
cong. Ta phai dung hai bé ban tong mdi tao ra duoc maot mach tinh cong

b) Bo téng toan phin (Full Adder: FA)

Bo téng toan phin co 3 16i vao A, B va

RS \ L A B | C S | G

C; (Carry In), hai 161 ra la tébng S va 16i ra o 0 o o 0
nho chuyén sang hang sau C, (Carry Out). 0 0 1 q 0
— Bang trang thaj cho trén hinh 4.2.2.3. 0 1 0 1 0

"0 1 1 0 1

— Ham logic cita FA: 1 1ol o 1] o
S=A®BaC, 1| 0 1 0 1

C, =(A®B)C, +AB = AB+AC, +BC, 1 1 ‘13 o7 :

— So d6 khbi va machylegie-cho tren Hinb.4.2.2.3] Bang trang thai ciia FA
hinh 4.2.2.4.
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o N - -— . S
L _ . j__.@)——'
A B PR 5 B -
B, | 0 pC «DL '

=N
Hinh 4.2.2.4. Ky hiéu va so dd'mach cla FA

Néu C; = 0 thi FA tr& thanh HA.
— Xay dung bd FA tir cac bd HA nhu trén hinh 4.2.2.5.

a B -~ abi | _1 Ci

bi , HA a®hb, : ;J

C|v1 Co . .. R . HA2 . (a,@ bi)Ci_1 e G
i a® b Ci 4 i

Hinh 4.2.2.5. So d& mach va ky h_i_eu'caa.‘HA .'
c) Bo cong ha: sb nhi phan 4 b.-t ‘ o | | _
Gia sir ¢6 hai s6 nhi phin 4. b1t A = 8322889 vaB= b3b2b|b0 Cung tuorng, tLr nhur

trong he thap phan phep tinh cong trong hé nhij phén duorc thire hién bit diu tir bit co
trong sb thdp nbét va so nho duorc céng vao bit cé trong so cao hon ké né.

Cii ¢ ccin 0 ‘ B|t nhe tir cac bit co trong sb thap hon nhe sang
A a3 a»a; ) :
+B: bs bab; by

S: Co4 S3 S2 St So Két qué c6 thé co 86 nhé cg dwrgce sinh ra.

Do d6, phai st dung 4 b6.tbng toan phan & bod téng toan phan thit nhit khéng co
bit nhé dua vao do doé cb thé thay bing bd tong ban phan ho#ic nbi-dit dau vao C; cla
bo tdng toan phan. - : :

Az 33 Az Bz A Bi Ao Bo
B N S N T B
FA4-.l ‘ -F.A3. 'fAz e | EA1‘ (—J.— :.

) e

¥ Kétqua: Cos - 1:3 . 52 Si. So

Hlnh 42 2 6. Bo cng hal s6 nhi phan 4-
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Cac bit dir 1éu duoc dua vao d{“)ng thoi, sé nhé dugc chuyén tir bit thép nhét lén.
Do dé, n6 con duge goi 1a bo cdng song song c6 nho ndi tiép.

So do bé cong hai sb nhi phan 4 bit dung 4 FA dugc cho trén hinh 4.2.2.6.

Trong thuc te ta thudng gip cdc vi mach 7483, 7418283 1a vi mach 16 chin gém

4 bd FA duge mic thanh mach c¢dng nhi phén hai s& nhi phan 4 bit. Hinh 4.2.2.7 la ky
hiéu logic cua cac mach nay. :

wg A1 S _'1" 1——% AT Y _2
: TAZ_ 'SZ'T : *—3—'—/\2 o S2T
—5—{A3 3|y —~—{A3 sal2
32 ing s4| ‘Y. LI FVRR VS T
6 . 1
_° BT 3 2 e
2 7415283 7 741583
TBZ -—4—‘782 h
B3 7683
— B4 —— B4

Hinh 4.2.2.7. Ky hiéu logic IC 7415283, 741583

Dé cong hai sd nhi phﬁn n bit, thuc hién ghép cac bd céhg 4 bit v&i nhau (C4 cua

bd cong 4 bit thip duoc ndi véi Cyena bd cong 4 blt cao horn ké né).
d) B6 cPng/trir hai s6 nhj phan 4 bit

Mubdn dung cac mach FA dé thyuc hlen ca hai phép' tinh cc")ng/ it ta chn thém ddu
vao dleu khién SUB/ADD nhu 50 do cong /trix 4 bit trén hinh 4.2.2. 8.

Az Ay B4

Aoy B A R R SUB/ADD

B Ry B
Cia - - Cis 1 Ca
' — A ] Co

FA FA | FA FA

Cox l ls}' -ﬁ=_—lc°3"'ls1-. .'-«JC” 131 | -—Jcm an _

Hinh 4.2.2.8. So dd mach téng /hleu 2 sb nhi phan 4 bit

Khi SUB/ADD =0 (phep ¢ong): cac sb lleu B;B3B-B, qua cac cira XOR khOng
ddi va duoc dua vao FA dé 1am phép cdng hai'sé A va B, két’ qua S = Cy4S4858,8,.

Khi SUB/ADD = 1 (phép. trir): cac sb liéu B4B3iB,B,; s& bi dao khi di qua cac cira |
XOR tirc 1a B4B3B,;B; — B,B,B,B,. Pdu C; duge ndi véi SUB/ADD = 1 tire 1a C;
= 1. Nhu vdy, sd bl mot B_4 E B—, B_, duogc cong véi Gy = 1-=tfér thanh sé bu 2, nghia
la mach thuc hién A + (- B).Vay-két-qua-eta-phép-trirlaD= Cos $,53:8,S1. Trong két

qua nay Coq khéng can quan tam, két gua i sir 131D 5 5,958,8,.
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Trong thue té, ta c6 thé diing vi mach cong nhi phén 4 bit 74L.8283 hodc 741583
ghép vd1 vi mach. 74L886 (c6 4 cita XOR) s& dugc mdt bd cdng/ trir 4 bit nhu so db

42238
4.2.3. Mach tao va kiém tra chin Ié (Parity Generator/Checker)

Trong qua tr1nh truyén du lleu tu noi nay sang noi khac, do mét sé yéu tb co thé
lam cho thiéng tin sai 1éch'di. Co nhiéu phuong phap dé xic dinh xem thong tin truyén
di ¢o bi 16i hay khong Trong dé, co mét phuong phap don gian dé la thém mot bit
vao dir liéu dugce truyén di sao cho sé bit 1 trong dit liéu ludn 1a mot s& chan hoic 1é.
Bit thém vao dé duoc goi 1a bit chin le.

Nhu véy, trong qua trinh truyén dir liéu ta phai thuc hlen dua thém bit chin 1é vao
va phai kiém tra tinh chidn, 1&. cua hé.

a) Mach tao bit chén I1é

_ So db khéi hinh 4.2.3.1,

Xc (bit cha
Tao ¢ (bit chan}

bit
~ chan X, (bit 18)
-3 — :

n bit dir ligu

Hinh 4. 2.3.1. Mach tao bit chn, 1&

Vl du 4.2.3. ‘I Vai 3 bit dit liéu 1a X5, Xz, X va X¢, Xy 1a hai bit chan lé thém vao dir liéu.
Mach ¢6 ba diu vao tuong ing v6i ba bit dit li¢u, hai diu ra 1a bit chin, 1é.

— Bang trang thai cho trén'hinh 4.2.3.2. .

X3 Ko X Xe Xo
o- | .0 0 0 1
0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 -0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 0

Hinh 4.2.3.2. Bang trang thai cia mach tao bit chan 1&

- Tu bang trang thai ta co:
' X =X, @X EBX
X X
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' —Sa db-mach nhu trén hinh 4.2.3.3. . x,

| Hinh 4.2.3.3. Mach tao bit chan, Ié
'Véi n bit dif liéu qué trinh thyuc hi¢n ciing tuong tw nhu trén, ta s& c6 duge:
X =X, ®X,_, ®..9X,
.XL =X_C .

b) Mach kiém tra chan 1é cia hé

Fc (h&'chén)

— So d6 khoi hinh 4.2.3 .4, n bit di¥ liaw ,Z>

Kidm
it chan. 18 (Xe. X chan .
Bit chan, 1& (Xc, X0) > e FL (hé&1€)

“Hinh 4.2.3.4. Mach kiém tra chan, 1&

— Bang trang thdi cho trén hinh 4.2.3.5.

Pau vao : Piura

Dir ligu R Bitchén,1& - Hé chan Hé lé

X3 Xz X ) S ‘ Fc .. FL
Y 0 0 0 1 0
0 0 e 1 0 1
0 0 1 0 0 1
0 0 1 1 1 0
0 1 0 0 0 1
0 1 0 1 1. 0
0 1 1 0 1 0
0 1 1 1 0 1
1 0 0 0 0 - 1
1 0 0. o1 1 0
1 0 1 0 1 0
1 0 1 1 0 1
1 1 0 0 1 0
1 1 0 1" 0 1
1 1 1 0 0 1
1 1 1 1 ER 0

Hinh 4.2.3.5. Bang trang thai clia mach kiém tra chan ié
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— Phuong trinh: . FEXeX,eX,eX

— So db mach nhu trén hinh 4.2.3.6.
Xa .

- Hinh 4.2.3.6. Mach kiém tra hé chan, 1&

V&i n bit dit liéu 'qué trinh thuc hién ciing tirong tu nhu trén, ta sé& co dugc:
F=X 90X _&.90X 6X |
E=F o
4.3. CAC MACH CHUYEN p0Oi MA

4.3.1. Mach ma hoa (Encoder).

B ma hod ¢6 M déu vao va chi mdt trong sé d6 duoc kich hoat tai thoi didm xéc
dinh, tao ma dau ra N bit. tuy thudc vio ddu vao nao dugce kich hoat.

So @6 téng quat ctia bs ma hoa c6 M diu vao va'N ddu ra tich cuc & mic cao
duoc cho trén hinh 4.3.1.1

M gu vao, mBilan (), - Oo _.
N Py x N — ——————a N ‘5 R
chi c6 mét dau vao I - (ol Madaura .
l&n mirc cao 1 e— Encoder ———* N bit
' On -1
iy
I -1 :

Hinh 4.3.1.1. So d6 tdng quat cta bdé ma

a) B6 ma hoa bat phan thanh nhi phan

ol bl |ds |l ds || 0| O | Op
1]o|lo|lolojo]|lolo]o 0 0
ol1|ojololojolal| o 0 1
cloj1io0|lolololo} o} 1.] o0
6olo|lolt1lo|lo|lo o] o 1 1
olojJolo|1!lo]ol|lol 1 0 | O
ojJo|o|lo.o0|l1]loflo]l 0 1
o|o|0/o0o|oflo|1|o0of 1 1 0
0 | opototofoto el o1 | g
Hinh 4.3.1.2. Bang chan ly.cia 'bd.ma hod bat phan thanh nhi phan
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Mach cé 8 dau v\ao tuong ung voi 8 ky s& trong hé bat phan va tao ma dau ra 3 bit
twong tng v6i cac ddu vao dupc kich hoat.

_ Bang trang thai cho trén hinh 4.3.1.2.

— Phuong trinh logic:

lolhlz lalalsle 17

02=14+15+I6+I7 \ - ) Oz

O]=12+I3+16+I7 ' ‘ - ]
00=11+I3+15+I7 “ \ 31
——

L.~

]

T 7

Hmh 4.3.1.3. Ma hoa bat phan sang nhl phan

- S0 do logic duorc cho trén hinh 4.3.1.3.

Tir so db trén ta thdy rang chi duoc phép kich hoat mdi tdn mot dau vao, néu cung
mét luc kich hoat tir hai diu vao tré 18n thi diu ra s& Ja bit ky mot gia tri nao do
khong xac dinh duoc trudc. .

Vi du, kich hoat I3 va Is cing mdt e thi 101 ra sé co g1a tr1 la 111. Ro rang day
khong phai la ma cho ca hai dau vao dugec kich hoat.. -

Be__khac phue nhuoc diém nay nguoi ta dung bo ma hoa wu tién.

b) B6 mé hod wu tién thap phan thanh BCD (IC 74147)

ls le Iz ls s la I3 12 1 lo | Os | O: 61 Oo
o lolo]| 0o 0] 0 0 0 o | 110 oo 0
o lojlo|l o | o o o] o 1 x Lo lol o] 1
6] 0 0 0 ‘lO 0 0 1 . X X o 0 1 0
0 0 0 0 0 0 1 X X X 0 0 1 1
0 0 0 0 o 1 X X X X o 1 0 0
0 0 0 0 1 X X X X X V] 1 0 i
0 0 0 1 X X X X X X 0 1 1 0
0 0 1 X x X X X b X 0 1 1 1
V] 1 X | X X X X CoX X X 1 (0] 0 0
1 X x | X 1ox X X X X x | 1 0 0 1

Hinh 4.3.1.4. Bang trang thai mach ma hoa wu tién thap phan thanh BCD
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Thir tu wu tién do nha thiét ké, o day ta Jiy thir ty vu tién tir cao xudng thap. Néu
co nhiéu tin hleu ddng thoi xuét hién & d4u vao thi chi ¢6 tin hi€u nao cO muc uu tién,
¢ao nhét trong sé 36 méi-duge mi hoa.

Muai dau vao tuong ing voi 10 chir s6 thap phan duoc ky hiéulp+~ o va4d dau ra
tao thanh mé nhi phén 4 bit duge ky hiéu tir O3 + Oq. :

~ Bang trang thai cho trén hinh 4.3.1:4.
— Phuong trinh logic: ERTRL

0,=L+L =1+

O
Il
—(
D—4
r—:
b—-l
D—"
v-:
+
"‘I
o
Sl
il
—
wh
—| +
0
[~-]
-1
—
o
+
0
-]
—
~)

0_1111111 118 CLLLLL+L L L+ L
SR S B T R A
0L 4L LI+ L L L L+ L L L L L L+ L L L LT,
,—19+1317+‘ LI L+l I LL+I T, 41,_,11
— So dd logic nhur trén hinh 4.3.1.5.

0_23 HZ; '

2

|s;"2S 13"_/_%. b “_f'}‘ 1s "_ZS Is é l4 ‘fé Is lo'ké
Hinh 4.3.1.5. B6 ma hoa wu tién thap phan thanh BCD
4.3.2. Mach giai ma (Decoder)

Qua trinh ngucc v01 ma hoa du'oc g01 la giai m3. Nghia la e mot td hop gia tri
ctia nhém ma n chit sb hé 2 fatim lai duoc | trong N ky hi¢u hodc s6 twong ung véi
td hop d6. V& thuc chat ¢4¢ bg giai ma cing 14 cac bo bién déi ma, chang bién ddi tr
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cac ma nhi phan, BCD sang ma thép phan hay ma 7 doan. Pé xay dung cac bd giai ma
ching ta c6 thé ap dung phuong phap thiét ké logic chang ta d& lam quen & cac phén
truée dé tao thanh céc bd giai ma tir cac phén tir logic co ban. Thuyc té hién nay ngudi
ta khong 1am nhuv vdy, ma thuong dung cdc vi mach giai ma cé sin trén thi trudng.
Trong muc nay s& gigi thidu mdt s& vi mach dé ngudi hoc cé diéu kién nim viing
nguyén tic hoat ddong cila cac mach nay, dé dang ding duoc ching. '

a) Bg giai ma 3 dwong thanh 8 dwdng (1 trong 8)
— Bang trang thai cho trén hinh 4.3.2.1.

Déu vao ‘ Ddura

aAls]| c | F | F Fa Fs | Fa | Fs | Fs | Fr
olo]| o 1 0 o | o] o] o o] o
olo| 1| o i-] o | o 0 0o lo| o
ol 1] 0 0 0 1 0| 0 0. 0| 0
oj1] 1 1.0 0| o 1 o ;0 0| 0
110l o] o]l o] o o] 1,0 0] 0
170/ 1 o | o | -0 0 {0 1 (0] o
111 0 0 0 0 0°| 0 0. | 110
1101 ] 1 0| o 0 0 o_ 0 |0 1

gidi ma 3 sang 8

Hinh4.3.2.1. Bang trang thai mach

— Phuong trinh logic: L .
F,=ABC; ~F=ABC; I)=ABC: F,=ABC
F,=ABG = F=ABC; F,=ABG; F=ABC

- So dd loglc nhu hinh 4.3.2. 2."_ ' |

A_ [P
D>

A

-n
(=]

|

o

-7l

(MSB)

o

(LSB)

at

;
y

il

l

n
o

il
(1]

&3
=
. E1.

Tl

@?WEW?W°
:

L
vﬂwv

M
_.\I

Hinh 4.3.2:2. Bo glal ma 1 trong 8 Hmh 4.3.2; 3 So dd Ioglc cua. bo gidi ma 74LS138
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Trong thuc t& bd giai mi 1 trong 8 duoc tich hop dudi dang IC cé tén 1a b giai
m3 74LS138. So db logic chia IC 7418138 duoc cho trén hinh 4.3.2.3.va ky hiéu logic
duoc cho trén hinh 4.3.2.4.
- E E:Ea

i d

Bo gidima -
11rong 8
7415138

 Hinh 4.3.2.4. Ky hiu logic ciia IC 74LS138
b) Giai ma BCD sang thap phén |
Bo giai mi BCD sang thip phén co cac 161 vao A, B, C, D; cac 16i ra la Fy, Fi, ..,
Fy bidu din c4c sb thip phant 0, 1,.., 9.
— Bang trang thai cho trén hinh 4.3.2.5.

A B C D Fo F1 F2 F3 Fa Fs Fe F7 Fa Fg
o lololol1loflofolololo|]o|o]o
olo|lo .l 1lol1lolojojofojo]|o]oO
olol1]olofjol1]o]o}lojo}jo]ojo
olo|l1l1lotolol1]o]lololojo;o
o | 1]|ololofofofjaolt]oflojojolo
ol 1|ol1]ofofofolo|l1]ofololo
‘o111l o0lolofjolofofoji1fjo]|o]oO
ol1 11 11o0floclolofjolofo]|1]|o]o
1 1olololololojolololo]lo|1]o
1 1olo|l1|lo]lo]lofojotofojo]|o]n

Hinh 4.3.2.5. Bang trang thai bd gidi ma BCD sang thap phan

- Phuong trinh logic: o

FF=ABCD:; FE=ABCD; F,=ABCD; E=ABCD; F, =ABCD
F,=ABCD; F,=ABCD; F,=ABCD; F,=ABCD; F =ABCD
Tu ham logic trén, ta ¢6 thé x4y dung so db giai ma nay khi ding 4 mach NOT va
10 mach NAND 4 15i vao. So @6 mach nhw trén hinh 4.3.2.6.

Céc vi mach giai ma £6 trong thue AN 744274142, 741.842, 7445, 74145 cac
vi mach nay c6 16 chan cé 4 16i vao A,'G/1204 10 chéan 16i ra tac ddng thép 0,
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, 9. Cac IC nay tuy co ky hiéu khéac nhau’ nhung deu co cung: mdt so do logic va
ky hleu c4c chan gidng nhau nhu hinh 4.3.2.7. :

T%

WWWW@

S

So

ELE

g J

T
w

U

mn
o

9 )_.F9

Hinh 4.3.2.6. Mach gidi méa BCD sang ma10 .

c) Mach giai méa BCD sang ma 7 doan

Dang chi thi 7 doan nhu h

1nh4328

(16) Voo
(8) .GND

M3 nhi phén BCD duogc chuyen sang thap
phén va hién thi céc s6 thap phan bang 7 doan

sang, tmg véi mdi td hop xac dinh cdc thanh

séng s& hién thi cho ta m{t chit s6 & hé 10,
Cac doan a, b, ¢, d, e, f, g c6 thé a den LED mic anot chung ho#c catdt chung, ¢6
thé 14 man hmh tinh thé long.

Vee

3 Fs
1G]
DHF“
5)__
)
ul
7 Fz
©
8 Fa
(10 __
Fs

p— P
C—- L. .2 = |b
B Bo giai mad br———
A—|BCDthanh7 |,
doan . T
D———————
; . < g,
Diu vao didu khignxéa - . JBIURBO 9%'::
W — RBI ‘ oA v—
Pauvao thl LED —9 7 - T
: b—{————
7446 hoac 744? i
L

, Hinh 4.2.2.9. B giai ma BCD thanh 7 doan
- dang didu khién mét man hinA ED 7 doan ¢6 andt chung
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véi LED méc anot chung (co nghia la andt cua tat ca cac doan duoc gin chung
v&i Vee), catdt duoc ndi qua cac dién & glcn han dong t&i dau ra phu hop ctia bd glal
ma. BO giai mi co diura tich cuc & muc thép.. :

V&i LED méc catdt chung (c6 nghla 13 catdt cla tit ca. cac doan duge nbi dat) bd
giai ma c6 dau ra tich cuc cao. -

Véi man hinh tinh thé long LCD, bd giai ma ¢6 dau ra tich cuc cao.

Vi du, so db mic IC giai ma 7 doan c6 dau ra tich cuc & muc thdp véi dén: LED
chi thi nhu trén h1nh 4.3.2.9. :

Sé thap phan Ma BCD diu vao - Daura ma7 doan L
A | B | C D a | b c | d el f | g

0 0 o | o 0 1 1- 1 1 1 1 0
1 o | oo | 1] o 1 1 0 o | o 0
2 o | 0 | 1 0 1 1 0 1 1 0 1
3 o | o | .1 1 1 11 1 1 o | o 1
4 0 1 0 { 0 0 1 1 0 o | 1 1
5 o/ 1] o0 | 1 1 0o | 1 1 o | 1 1
6 0 11170 1 .0 1 1 1 1 1
7 o | 1 1 1 1 | o1 1 o | o] o 0
8 1 1o ol o 1 10 1 1 1
9 1 0 0 1 1 1 1 1 0 | 1 1

Hinh 4.3.2.10. Bang trang thai cia bo chuyen déi ma BCD sang ma-7 doan

— Bang trang thai cua bd chuyén 601 mi BCD sang mi 7 doan voi dau ra tich cuc
cao cho trén hinh 4.3.2.10. Trong d6 cé 6 16 hop so nhi phén 4 bit con lai (1010 dén
1111) khéng xuét hién trong ma BCD vi thé no tuong g vai cac t6 hop 16i. Khi tbi
thiéu hoa ham ta c¢6 thé cho 6 t6 hop d6 ham khong xac dinh hodc bang 0. Véi trudng
hop ham khong xac dinh thi phuong trinh, s& don gian horn khi d4u vao bi 18i thi s& co6
doan sang doan ti nhung khéng trung véi bét ky chir s& nao. Xét bang Karnaugh trén
hinh 4.3.2.11 cho cdc ham a,b,c.d,e.f.g vi trugng_hgp_ ham,khong x4c dinh.

— Phwong trinh ctia cac ham: .
a=BD+A+C+BD
b=B+CD+CD

c=B+C+D
d=A+BD+BC+BCD
e=BD+CD

f=A+CD+BC+BD
a=A+BC+CD+BC
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Hinh 4.3.2.11. T4i thiéu hoa cac ham

— So db mach nhu trén hinh 4.3.2.12.

AB c

<

D

D —

9

Hinh 4.3.2.12. Mach chuyén, déima,BGD sang ma 7 doan
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Trong thuc t& ngudi ta da ché tao sdn cac vi mach dé giai ma nhi phén ra 7 doan:

Céac vi mach 7448, 741.548, 7449, 741.549 la cac IC giai ma 7 doan c6 161 ra tac
d6ng & mitc cao. Ta c6 thé dung ching @& giai ma tir ma BCD ra thép phéan. Quy ludt
hién thi cac chit sd thip phadn cia cac vi mach nay vé co ban gibng nhu bang chin 1y
trén, chi khac doi chat la sé 6 khong dung thanh a va s6 9 khong dung thanh d. Céc
mach giai md 7 doan 7447A, 74147, 74847 1a cac vi mach 16 chén, sb 6 va sd 9 chi
c6 5 thanh sang gidng nhu 7348, 7449. Vi mach co 161 ra tac dong thap (mic 0) nén
dén chi thi 7 doan c6 andt chung, .

Mach giai nd MC 14495 ciing 14 giai mé nhi phén ra 7 doan. Vi mach 16 chén, co
161 ra‘téc ddng cao (mite 1) nén déd chi thi 7 doan.cé catdt chung. S56vasd9co6
thanh sang, ca¢ sb thap phan: 10, 11, 12, 13, 14, 15 duogc hién thi gibng nhu cac chir
sé trong hé thap luc phan. Trén hinh 4.3.2.13 minh hoa sy hién thi cta cac dén-chi thi
b theo ma 7 doan khi né duge diang véi mach giai ma MC 14495,

a . a a

GreIusEt g

" Hinh 4.3.2.13. Sur hién thi céc chi s6 cla IC MC 14495

4.3.3. Cac mach chuyén déi ma khac

Mach chuyén déi ma (Code Converter} Ia mach logic thay ddi dir liéu nhi phéan tir
dang nay sang dang khac. Céc mach chuyén ddi ma. théng dung nhw: BCD sang 7
doan, fhi phan sang bu hai, b_ﬁ hat sang nhi phén, nh1 phé'n sang Gray, Gray sang nhi
phan, BCD sang nhi phéan, nhi phan sang BCD, BCD sang du 3, du 3 sang BCD,...
Sau day chung ta s xét mot s6 mach chuyén ddima. = -

a) BG bién d6i ma nhj'phan 4 bit sang ma ba 2~

Trong may tinh dién tir ngudi-ta ding s& b -2'dé-bidu dién sb am, nhd vy ma
ngudi ta ¢co thé d& dang thye hién phép tinh trur bang cach cdng sb bi triy voi sb bu 2
cia sb trir. . ' ' h

Dua vao quy thc tim sb b 2 ta 1ap dugce bang chan ly cua b bién déi ma c6 cac dau
vao 12 Ag, A, Az, Az 12 ma nhi phén 4 bit, bén dau ra 1a 4 bit ma bl 2 By, By, By, Bs.

_ Bang trang thai bd chuyén 461 fir ma il phan 4 bit sang ma ba 2 cho trén hinh
4.3.3.1. L
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S thap ' Ma nhi phan : Ma bl 2

phan. As C Az Ay Ag Bs; B: | B 8o
0 0" B 0 0 0 0 0 0
1 0 . 0 4] 1 1 1 4 1
2. 0 0 1 0 1 1 1 0
3 0. . 0 1 1 1 1. 0 1
4 0 e 0 0 1 1 0 0
5 0 1 0 1 1 0 1 1
6 0 1 1 0 1 .0 1 0
7 0 1 1 1 1 0. 0 1
8 1 0 0. 0 1. 0 0. 0
9 1 0 0 1. 0 1 1 1.
10 1 0 1 0 0 1 1 0
11 1 0 1 1 0 1 0 1
12 1 1 0 0 0 1 0 0
13 1 17 0. 1 0 0 1 1
14 1 1 1 0 0 0 1 0
15 1 1 1 1 0 0 0 1

Hinh 4.3.3.1. Bang trang thai bd chuyén déi ma nhj phan 4 bit sang ma bu hai.
— Téi thiéu hod cac ham bing bang Karnaugh nhu trén hinh 4.3.3.2.

Bl ) e . ‘B,

Ao B0 01 11 0. oAl o 11 10
o o [T i1} B B o MR B
of) i1 | o O e 0 [
1 T CIL a0 o | o T
10 14| 1qh ' el ] o 0 (i1

B AqAz Be
Ao 00 o1 11 10 Arcl®0 o1 11 10
00 o | o 0 0 0 o o !l o 0
Ctrrdil o | o] o Ol T [TATT T T
"o [T L R R A,
LA O O A T o 10l o [ o[ o[ o

- Hinh 4.3.3.2. T4i thiéu hoa cac ham
— Phwong trinh logic: - |
By = Ay
By =A¢®A,
By = (Ayt+Ay) DA
By = (Ag+ A; + Ay) BAG
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_ So db logic nhu trén hinh 4.3.3.3.

Ao Bo

&
-

A1_ @ B4

—
Az ;_/' I r__@_—. Be

. =D

~ Hinh 4.3.3.3. Mach chuyén d6i ma nhj phan 4 bit sang ma bu hai

b) Bé bién dbi ma nhj phan 4 bit sang ma Gray

Goi cac bit cha s nhi phan 4 bit twong ung la AzA2A Ay, cac bit cia mi Gray la
G3G2G1Ge. ' -

— Bang trang thdi bd chuyén d4i mi nhi phan 4 bit sang m& Gray cho trén hinh
4.3.3.4. '

S6 thap _ Ma nhj phan Ma Gray

phan As Az Aq A | Gs G2 G Go
0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 1
2 0 0 1 0 0 0 1 1
3 0 0 1 1 0 0 1 0
4 0 1 0 0 0 1 1 0
5 0 1 0 1 0 1 1 1
6 0 1 1 0 0 1 0 1
7 0 1 1 1 0 1 0 0
8 1 0 0 0 1 1 0 0
9 K 0 0 1 1 1 0 1
10 1 0 1 0 1 1 1 1
1 1 0 1 1 1 1 1 0
12 1 1 0 o 1 0 1 0
13 K o 0 1 1 0 1 1
14 1 1 1 0 1 0 0 1
15 1 1 1 1 1 0 0 0

Hinh 4.3.3.4. Bang trang thai-bd-chuyén.ddi-ma.nhi phan 4 bit sang ma Gray
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— Téi thiéu hoa ham bing bang Karnaugh nhu trén hinh 4.3.3.5.

GaA3A Gz asp,

AA N 60 01 11 10 - AsAg 00 01 - 1M 10
0| o 0 J."_":I"' - 0| o :_i"i 0 :_‘1"'5
01| o | o 1 1 o o i o [
1o 0 " p Ml o [t o [
0] 0 o ["n [ 1 10{ o |12 o |11

Gi AsA; Go |

Al 00 01 1 10 AALR D0 01 1 10
00| o i1 o 00 ¢ 0 0 0
01 0 H 1 o o3 I T R ) 1777~ i

T o o [T 1| o 0 0 0

10| 1] o o |11 | 10| -

Hinh 4.3.3.5. Téi thidu hoa cac ham

— Phuong trinh logic:

Gz = Az

G =A@ A
G =A@ A,
Go=A @ Ay

~ So db logic cho trén hinh 4.3.3.6.

Aq | Gs

Az @ Go

L ]

. 5

Hinh 4.3.3.6. Mach chuyén ma nhj phan 4 bit sang ma Gray

c) 86 bién ddi ma Gray 4 bit sang ma nhi phén

G01 cac bit cla ma Gray 1a G3G2G Gy, céc bit cia sb nhi phén 4 bit tuorng u'ng la
AsAzAle
— Bang trang thai bd chuyen dbdi ma Gray 4 b1t sang mé nhi phan cho trén hinh
4.3.3.7. : -
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Ag

Aq

Ma nhi phan

Az

As

Ma Gray

Gz

Go

Gi

Gs

S thap

phin

10
11

12
13
14
15

ma Gray 4 bit sang mé& nhi phan

Hinh 4.3.3.7. Bang trang thai mach chuyén

ang Karnaugh nhu trén hinh 4.3 3.8.

A

- Téi thiéu hoa ham bang b

Ao GaGez
G1Go

Ay GaG2

o1 M1 10

00

00 01 11 10

G1Go

0
0
0
0

Ve M
)
]
)
1
1
1
T
[
1

]
i
1
T
1
1
]
'
[

00
01
11
10

00
01
11

10

Ao GGz
G1Go

GGz

G1Go

10

11

01

00

10

11.

01

oo

0

oo
01

11

10

="
]

-7

hoa cac ham

>

Hinh 4.3.3.8. Téi thidu

~ Phuong trinh logic:

Az = Gj

A2:G3@G2

Al =G3®Gz® Gl

A(} = G3 @ Gz@ G]@ Go

— So @b logic cho trén hinh4.3.3 .9
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GS-_ -Aa

G - 2
G1 @
Go

Hinh 4.3.3.9. Mach chuyén ma Gray 4 bit sang nhj phan

Néu da blet phuong trinh ctia mach chuyén d6i ma nhj phén sang mi Gray thi
theo tinh chét ctia ham XOR ta c6 thé suy ra phuorng trinh cia mach chuyén ma Gray

sang nhi phan va nguoc lai.

d) Mach chuyén d6i ma BCD sang nhj phan

Bo chuyén dbi ma BCD sang hhi phéin thuong duge st dung khi dit liéu BCD
dugc truyén dén mdy tinh dé luu trit hodc xir Iy. Dit liéu phai dugc chuyén thanh nhi
phan cho ALU cia may tmh thao tac, vi ALU khéng c6 kha nang thi hanh phép toan

sb hoc trén dit liéu BCD.

— Bang ma nhi phén tuong Ung véi cdc trong so thap phan cia mdi bit BCD 2 ky
s A1B1CD1AByCyDy ma BCD twong tng vai sb nhi phén bgbsbsbsbyb by cho trén

hinh 4.3.3.10.

— Phuong trinh cia c4c bit nhj phan:

bs = Ay; bs = By;

bs= A1+ Cy; by = A¢+ D)+ By;

by = Cy + By by =D+ Cy; by = Dy

Bit BCD Trong so Mi nhi phan twrong Gng
thap phan bs bs ba bs bz b4 bo

Do 1 0 0 0 0 0 - 0 1
Co 2 0 0 0 0 0 1 0

. Ba 4 0 0 0 0 1 0 0
Ao 8 0 0 0 1 0 0 0
Dy 10 0 0 0 1 0 1 0
C4 20 0 0 1 0 1, 0 0
B; 40 0 1 0 1 0 0 0
Aq 80 1 0 1 0 0 0 0

Hinh 4.3.3.10. Bang ma nhi phan (ng véi cac trong sé thap phan clia mai bit BCD
— So d6 mach nhu trén hinh 4.3.3.11.
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Aq B Ci

Dy Ao Bo Co Do Dang BCD

a—

as az a ao
Ca 74L.583 ~ Co
bs bz by bo .33‘32 Sy SD ’

11

Ca 741583

bs bz by b

Co

L

S3 52 84 5o

F § A 4

'S4 nhj phan twong (ng

bs  bs bs bs b b bo

Hinh 4.3.3.11. Mach chuyén dbi BCD sang nhij phan bing IC 74LS83

e) Mét sé vi mach té hop

IC mi hoa:
74148/LS148/HC148
74147/L.S147/HC147 -
74184, 74185

I1C gidi ma:

7441, 7442/1.842
7443

7444

7445

7446, 7447

7448, 7449

: m& hod vu tién bat phan sang nhi phin
: mé hod uu tién thdp phan sang BCD
: chuyén ma BCD sang nhi phén, nhi phin sang BCD

: g1ai ma BCD sang thap phéan

: gidl ma du 3 sang thdp phin

:'giai ma Gray du 3 sang thap phin

: gial mi BCD sang thap phén
gidi-ma-BCD-sang-méa-7-doan (d4u ra tich cuc thip)
s gié'i mé BCD sang ma'? doan (d4u ra tich cuc €ao)
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74141, 74145/LS145 " : giai ma BCD sang thap phén

741.8138 - :gidi mi 3 sang 8
74LS139 o :'giai mé 4 sang 16
74155/LS155 - giai md 2 sang 4

4.4. MACH HOP KENH VA PHAN KENH

4.4.1. Mach hop kénh (MUX)

Mach hop kénh sé (digital -

multiplexer) 14 mach logic c¢hdp nhdn
nhidu diu vao dit liéu sb, chon ra mot
trong sb chﬁng tai thoi diém xac dinh dé
chuyen dén dau ra. Hoat dong 1§ trinh tir
dia vao dén diu ra do dAu vao SELECT
(con goi 1a déu vao dia chi) chi phdi.

So db chic ning cia mét b hop kénh
sb tdng quat duoc cho trén hinh 4.4.1.1.

Piu vao dir lidu va diu ra dugc v& &
dang mii tén 2 nét, ham y trén thuc té
chung c6 thé 1a 2 dudng dir liéu trd Ién.

SELECT
Hinh 4.4.1.1. Bd hop kénh s6 téng quat

B& hop kénh hoat dong nhu chuyén mach nhiéu vi tri, trong dé mi dang sb ap dén
d4u vao SELECT s& cho phép déu vao dir liéu nao duoc chuyén dén d4u ra. Néu c6 N
d4u vao dir lidu thi cin c6 N-dia chi khac nhau bang cach sir dung n ky so nhi phén

tuan theo didu kién 2" > N.
a) B6 hop kénh 2 dau vao (MUX 2 : 1)

Véi 2 ddu vao dit lidu Dy, Dy va 1 dau vao dia chi S.

— Ky hiéu hinh 4.4.1.2:

Do MUX

2:1

Di——

S

Hinh 4.4.1.2. Ky hiéu MUX2:1

— Bang trang thai cita MUX2:1 cho trén hinh 4.4.1.3:

S

F

1

Do
D4

Hinh 44.1.3. Bang tang thakcda MUX2:1
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— Phuong trinh logic ciia MUX2:1:F = SD, +8D,
— So db logic ctia MUX2:1 dugc cho trén hinh 4.4.1.4.

Do L 3

. i N F

D1 @ : D_,i; .
» — .

. S

Hinh 4.4.1.4. So d6 logic clla MUX 2 : 1

M&bt trong nhimng noi g dung MUX 2 diu vao la hé théng may vi tinh st dung
hai tin hi¢éu Master Clock khac nhau: xung nhip tdc dd cao d6i véi mot sb chuong
trinh, xung nhip téc dé thip cho sé khac. Hai xung nhip nay duogc dwa vao hai diu
vao dir lidu (Do va D). Tin hiéu tir phén logic diéu khién ciia may vi tinh s& kich
thich ddu vao S, dé d4u vao nay quyét dinh tin hiéu xung nhip nao xuét hién tai diu ra
F dinh 15 trinh dén mach khac trong may. . '
b) B6 hop kénh 4 ddu vao (MUX 4 : 1)

Péu vao dit lidu Dy, Dy, Dy, Ds va dau vao dia chi Sy, So. Hai dau vao dia chi sé
tao ra 4 t& hop kha di, m8i dau vao dir liéu bi chi phéi béi 1 td hop khac nhau cia céc
mirc & ddu vao dia chi.

— Bang trang thai cia MUX4:1 cho trén hinh 4.4.1.5.

S So F
0 0 ' Do
0 1 D4
1 0 D2
1 1 Da

Hinh 4.4.1.5. Bang trang thai cta MUX 4:1
— Phuong trinh logic cta MUX4 1: F= S S D, +SS D, +5, S D, +SS D,

— So 8 loglc clia MUX4:1 duoc cho trén hinh 4 4 1.6.
Do e

D DL%_*F
AP

Sil...So
L

Hifth 4:4:1.6. 86/d6 logicMUX 4 © 1

-
LX)
y
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C6 thé dimg MUX 2:1 d tao thanh MUX 4:1 nhu trén hinh 4.4.1.7.

" Do MUX Fi
D+ 2:1 —"|
| 1 MUX F
: : 21
De Mux || F2
D3| 2:1 v
So . . .S1 .

Hmh 4.4 1 .7. Dang MUX 2 : 1 tao thanh MUX 4:1

c) Bo hop kénh 8 ddu vao (MUX 8 : 1)

Xét so dd.logic ciia b hop kénh 8 dau vao 74151 (74LSlSl/HC151) ducrc cho
trén hinh 4.4.1.8. Piu vao cho phép (E ), khi E =0, MUX s& chon 1 trong 8 déu vao
dit liéu dua t6i diu ra tuy theo dAu vao dia chi (S28:Se). Khi E = 1 thi F = 0. |

B2 5 S

Y
. WY

o
|

1

s

w)
(4]
I
Sﬁ
~ ,//‘
'r||_ M

4 rd
*+— /S
Ds 5 )
) -*-— . /
Ds [ 6
Dy ’
E 7 '

Hinh 4.4.1.8. So db logic cho bd hop kénh 74151
— K¥ hiéu logic duoc cho-trén-hinh-4.4.1.9.
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D7D Ds Dy DaD> Do

i

REREE

Sz

S'l._..__
SD._....__—

-

74151
MUX 8:1

T

Hinh 4.4.1.9. Ky hleu Ioglc MUX 8 : 1

— Bang trang thai ‘cho trén hinh 4.4.1.10.

E Sz $1 So F
1 X X X 0
0 0 0 0 Do
0 0 0 1. Dy
0 0. - 1 0 Dz
0 0 1 1 Ds
0 1 0 0 Da
0 1 0 1 Ds
0 1 1 0 Ds
0 1 1 1 Dy

Hinh 4.4.1.10. Bang trang thai cua IC 74151

_ Ding 2 IC 74151 két hop thanh bd hop kénh 16 ddu vao nhw trén hinh 4.4.1.11

83

D
ligu
© vao

i

lo

{7

S2
51

So'

Hinh 4.4.1.14. Hai 1€ 74151 k& hoptanh bo dénkénh 16

E

Sz

S4

o—Io
Dir |*T

lieu ] e——+'~
Vao | ¢—|.
7

So

MUX
74151 F1

)

S

{>o—0F

S
So

MUX
74151 Fa

. o
_/
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— B hop kénh chip 4 hai ddu vao (74157/LS157/HC157) duge cho trén hinh
4.4.1.12, ky hiéu logic cua IC 74157 dugc cho trén hinh 4.4.1.13.

— Bang trang thai cua IC 74157 cho trénhinh 4.4.1.14. . -

Dea

=
. %J{ S
D1e = e
Do "‘%%
| b . .
D
_- D1 ? :D_r % .

4
A A
E

Hinh 4.4.1. 12 Sc d‘o Ioglc cla bo ho'p kenh 74157

D1a D1bD1c Dia DDa Dow DOCDOd

M FeEEEl
-— | )
MUX - 1 -'x | o 0 0 0
Ee—=0O 74157 |
0 | 0 | Doa Dob -1 Doe Dea

rl J l 1 0 _ 1 "'3,"15,"',.'_011»_' Dic | D
a Fd ‘ - - H

Hinh 4.4.1.13. Ky hiéu loglc cla’lC 74157 Hlﬂh 4.4.1.14. Bang trang thai clia IC74157

4.4.2. Mach phan kénh (DMUX - Demultlplexer)

DMUX hoat dong nguge lai vél MUX ‘mgt dau vao du’ lleu va phan phdi dir lidu
cho nhiéu dau ra. : o -

So db khéi ciia bd phan kénh sd téng quat dugc cho trén hmh 4.4.2.1.

M3 dau vao SELECT quyet dinh truyen ddu vao dir liéu (D) dén dau ra ndo. Noi
cach khac bd phan kénh 14y méi nguon dit_1i8n \yag: xa phan ph01 co chon loc dén 1
trong s n kénh ra, twong tu I ehnyén mach nhicu ticp diém) - '
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e

1
: ——> Fn

SELECT
Hinh 4. 4. 2 1.Bd phan kenh sb tong quat

a) Bé phan kénh 2 dau ra (DMUX 1: 2)
M6t dau vao dit heu D, hai dau ra Fo, Fi, mot déu vao dia ch1 S.
— So dd khéi cho trén hmh 4.422a.
— Bang trang thai cho trén hinh 4.4.2.2b:

— o s Fo . ‘ Fq
D CMUX e ‘ _
112 L Fq o _ o : D 0]
' 1 0 D
s : I ’ .
a) : b)

'Hinh 4.4.2.2. So do khéi va bang trang thai cﬁa‘DMUX 1:2
— Phuong trinh logic: Fo:gD; F=SD
— So d6 togic duoc cho trén hinh 4.4.2.3.

D o

_ ) . Fo
) of

S '

Hinh 4.4.2,3. So d6 logic cia DMUX 1:2

b} B6 phan kénh 8 dau ra (DMUX 1 ; 8)
Léi vao dit li¢u D, cdc 18 ra Fo + Fs, cdn 3 ddu vao dia chi Sy, Sy, Sq,
- — Bang trang thai cho.trén.hinh.4.4.2.4.
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S, S So Fo | Fi | F Fs Fa Fs Fe Fr
0 0 D 0 0 0 0 0 0 0
0 0 1 0 D 0 0 0 0 0 0
0 1 0 o 1.0 o |0 | o 0 0 0
0 1 1 0 0 0 D 0 0 0 0
1 0 0 0 0 0 0 D 0 0 0
1 0 1 0 o {.0 0 0 D 0 0
1 1 0 0 o | o 0 0 0 D 0
1 1| o o [ o | o o o o |D

Hinh 4.4.2.4. Bang trang thai cia DMUX 1: 8
— Phuong trinh logic: | o , _
F,=5,55D; E=558D; F=555D; F=588D
F-S,55D; F=558D; FE=SS5D; F =SSSD.

— So db logic duoc cho trén hinh 4.4.2.5.

Ta thdy ring co thé sir dung bd phan kénh nhu bd giai ma vai dau vao dit lidu 1a
dan vao cho phép va nguoc lai c6 thé sir dung bd g1ax ma nhu bd phan kénh véi dau
vao cho phép la diu vao dir liéu. Vi I& do, hang ché tao IC thuomg goi ddy 1a b phén

kénh giai ma — kiém ca hai chirc nang.
IC 7418138 (mach giai ma 3 sang 8) co ky hiéu cho trén hinh 4. 4 2.6 dugc dung

nhu bd phén kénh voi d4u vio E duac chon lam dau vao dir 11eu (D), 2 dAu vao cho

phép con lai (EZ,E3) duy tri & trang thai tich cwc. M4 dia chi 1a cac dau vao AoAlAz.

s, [T = Fo | Pauvaoduieu 5V
Fs _ SELECT B |Es

St ‘[ [

So [ o=

. =
LIT 5

" “B6 giai ma/phan kénh
| 7415138

“T
N

.M
W

-
B

012 34 5 6 7

IREREANAS

BERERF Rk

n
(2]

-
-~

D
Hinh 4.4.2.5. So db logic DMUX-1--8 Hinh:4.4.2.6. Ky hiéu IC74L5138

vvvgwwwv

192



4.4.3. ’'ng dung

Céc bd phan ké’nh va hop kénh c¢b rét 'nhiéu g dﬁng",' mot sb ang dung :éé duoc
dé cap dén & phin sau, & d4y ta néu ra mot sb ung dung cu thé coa bo phan kenh '

— Ung dung hop kénh va phdn kenh trong 50 d’o chon va truyen 56 lteu fheo mo
hinh cho trén hmh 4.4.3.1. ‘ .

Bd hop kénh s¢€ chon mét trong s cac s lzeu cla nguon so heu D1, Dz, D., du’a

l1én BUS de truyen dl . dau kia cua BUS, noi nhan s6 lleu bo phan kenh s& d:eu
khién s lidu den noi ‘nhan x4c dinh nao do. : :

Dy — — F

Dz : : S e ' —f,  Noi
Cvedn T age . % . nhan
Nguon _ . BUS" _ 56
soligu. . - T oMUX. o e sseiiiei——1 0 DMUX L Tl
Dy, Fn
’ L i—
SELECT SET

Hmh 4 4 3. 1 U’ng dung ho'p kenh va phan kenh trong sor do chon va truyen sb ||eu

So cac du’(mg dit lleu vao co the tang len nhcr su dung cac MUX ket n01 vcn nhau
" va diu ra ciing thé.

Ta ¢ thé x4y dung MUX 8:1 tu chc MUX 21 hoac MUX 2:1, xay dung MUX
16:1 tir cac MUX ¢6 it ddu vao hon, v.v... Ching han, ta cod thé xay dung MUX 64:1
tir 9 MUX 8:1 nhu trén hinh 4.4.3.2. B

Do— MUX
B : 8:1
Ss I S4| |Ss - ‘ : R o
D0 R .4‘-5‘\/7-‘ _
De—f Mux SEGSN e E S
: 81 : o e D MUX
L ] 1
Ss|sd [ss 3| Ds L,
R D,
E ’ Sz] S1| |SD ) Ds
D5y MUx | - - T o< A—
R S S > - 1=
, 35| s4| Is3 e ,_ .

Hinh 4.4.3.2. Xay dwng MUXE4: 1 filF cac MUXB T HInh 4.4.3.4. Tao day tin hiéu tuan
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Dy

— Ung dung mach hop kénh bién déi dang I EE
thong lin vao song.song thanh dang thong tin D1 MUX -
néi tiép & ddu ra: Y 81 F
Tin hiéu diéu khién cua mach hop kenh Df |

duorc Iay tir dhu ra cia bd dém, nhwr vay thoi s,| 810
gian ton tai ciia mét bit tai diu ra chinh bing CLK —

S S _ S S ————»{ Bddem
chu ky cua CLK. Hinh 4.4.3:3 minh hoa qua - R
trinh bién d&i’ thong tin vao song song 8 bit Hmh 443 3. Théng tin song song
thanh thong tin ndi tiép & diu ra. R thanh néi tiép

— Ung dung mach hop kénh tao ddy tin hiéu nhi phin tuan hoan:

Dé tao day tin hiéu tuin hoan ta s& ndi cac diu vao clia MUX véi ¢4c mirc loglc nhét
dinh. Tin hiéu d4u vao duoc dua dén diu ra tudn tu theo chu k¥ cia CLK du? t¢i.bd dém,
chu ky cta diy tin hidu chinh 1a chu ky ctia b dém. Hinh 4.4.3.4 minh hoa qu4 trinh tao
day tin hiéu nhi phén tuin hoan 10011001 ding MUX 8 : 1 va bd dém modul 8.

4.5. MA TRAN LAP TRINH

4.5.1. Khai niém

Véi muc dich 1lam giam bot sb IC trong-lhiét ké, -cac nha san xuét di cho ra doi
céac thlet bi loglc cho phép lép trinh (Programmable Loglc D1v1ce - PLD) PLD la IC
chita rt nhiéu cbrig, trigo, thanh ghi duoc ndi vai nhau trén chip. '

-Y tuomg co s& duoc trmh bay tren hmh 4.5. 1 1

A B y : o
?; ? Mang AND L
=0 "ABOs, ©
| = 0
I_\ AB 04 g
H1 ) = 3
=4 ABO, » 3
H_J =t
- ™ _ _ N f\B Os| @
Sy 'Y « 4

s N Y.
Cac dwong vao

04 O 03 OA
e —
Baura tong cac tich

Hinh 4, 5 1 1 Vi du v& mét thiét bi logic cho phep lap trlnh

Ta thiy co m(_)t mang cong AND va mdt mang cdng OR. Cac dudng vao c6 ddy da
ca bién truc-tiép 14n bién dao, né chinh 1a diu vao cua cac cbng AND. Méi"céng' AND
duoc nédi VO‘l 2 diu vao khac nhau tao nén tich sé duy nhét cha céc b1en dau vao. Bau
ra clia cac cdbng AND dugc goi la-eac dudng tich so. A B

Mbi duodng tich sb duoc(nodi veéi titrong 4 dauvao cia cdng OR théng qua mot
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cau chi (méi ndi ehi). Ban diu, khi’ moi mbi ndi chi con nguyén ven, mdi dau ra OR
sé 1a logic “1” khong dbi (vi du: O, = AB+AB+AB+AB-1) '

M3ai diu ra trong 4 dau O, + 04 déu co the lap trinh theo bat ky him nao cia A va
B bing cach dét dat c6 lira chén cic m01 nbi phu hop. Mot dau vao OR bi dbt dut 58
twong tng véi muc logic “0”. Vi du néu dbt dirt mébi ndi chi 1 va 4 tai cdng OR 56 1

thi dau ra O; s&la: O, AB+AB

Ta c6 the lap trinh m&i diu ra OR theo ham tuy y. Mét khl cad dau ra da duorc
lap trinh, thiét bj s& thudong xuyen tao ham & ddu ra duoc. chon. - -

- Ky hleu PLD V1 du mmh hoa & hinh 4.5.1.1 ch1 ¢6 hai b1en diu vao the ma SO
dd mach da kha 1a r6i ram. Neu PLD c6 nhidu déu vao hon thi so db s& rit phirc tap.
Vi ly do nay, cac nha san- xuat PLD da chap nhéan hé thong ky hi¢u dcm glan bat dé -
bleu dién mach dién bén trong cac linh kién nay ‘

Hinh 4.5.1.2 mlnh hoa mét vi du vé hé A B
thong ky hiu cho cong AND cé 4 dhu vao. TR i
0 day mét du’ong di vao cong AND tuong ' % __AB
trung cho 4 diu vdo, ‘cac mo: ndi tir cac. - | 1

o= Néi Chl con nguyen .

duong bién ddu vao dén cong AND duoc
Cac duwong vao e= Nbi cwng

biéu dién bang dau X hay cham tron. Déu x .
minh hoa m01 n01 chi - con nguyén, chém - Hlﬂh.4-5-1-_2- KV hleu AND 4 dau vao
tron la m01 n01 cimg (hard — wired : : :
connection: mbi n01 khong thay dbi*duoc). Nhu’ng noi khéng c6 ha1 dau nbi nay cho
blet o do khong ton tai n01 ket Vi du & day, cac dau vao Ava B. dugc ndi-véi cong

AND dé tao tich- AB. Cac ddu vao A va B khong dugc n01 véi cong AND (khong . <o
diu x hay ¢ham tron), vi vay .chiitig khéng tac dong dén diu ra. Piéu quan trong cin
hiéu trong ky hiéu loglc la cong AND co6 4 dau vao khac nhau ‘mic du ‘trong hinh chl
biéu dién 1 dudng ‘duy nhit. Nhung dau vao trong thuc té ndi voi cong AND co ky
hiéu 1a ddu'x vajhoac d4u chim.: B - Lo .

4.5.2: Cau trac PROM

_Hinh 4.5.2. 1 minH hoa mot PROM 16x4, ¢6 thé hoat dong nhu' mét loai PLD PROM
nay co 4 dau vao duge ‘giai ma hoan toan bing marig cong AND; nghia la mobi cong tao
- ra mét trong 16 tich AND ¢6-thé. Mbi ndi tir cac duong vio 'dén mang cong AND la mébi
nédi cimg, con cac mbi noz 1 cac duo’ng tich s6 ddu ra AND dén cac dau vao OR (sb déu
vao cta cdng OR bing sb duong tich s6 déu ra AND) deu cho phep ldp trinh.-

Hinh 4.5.2.2 minh hoa c4ch lap trinh PROM’ de tao’ 4 ham’ !oglc X&c" dmh Vi du,
theo so db thitacé O, =AB+CD. S SRR

| PROM co ‘thé tao ra bat ky ham Ioglc nao or cac blen dau vao béi vi nd tao ducrc
moi so hang; tich AND <6 the co. Tuy nhién, PROM tros nen khong thlet thuc khi can
den b, luong 16n. blen dau vao, vi s6 l'lDl ch1 s€ nhan d6i mdi lan them vao mdt blen

AM27SI3 1a mot PROM thu’c sy du’oc dung nhu PLD cO dung lrong 512x4, san. xuét
theo cong nghé Schottky TTL tée d6 cao Vil 510:= 29 nén PROM nay co6 9 dau vVao
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dia chi va 4 diu ra dit liéu. Do-vdy ¢ the iap trinh AM27S13° de tao 4 diu ra, mdi dau
ra 13 bat ¢ ham logic ndo cta 9 bién dau vao: khac nhau. _ C

TR
1 L
o)
L/

uu

1
K??

- Mang AND ... ool o

ABER R
) " Mang AND T 03 Q000
Hlnh4521 PROM 16x4 S Hmh4522 Lap trlnh PROM '

4.5.3. Loglc mang cho phep Iap trlnh PAL

Céu trac PROM rét phu hop cho cac tng dung doi h01 mbi td horp co: the cua dau
vao dé tao ham & dau ra. Vi du nhu bd, bién ddi mé va bang luu trit dit li€u. . Tuy
nhién, g dung khong yéu cau tAt ca th hOp ‘dau vao pha1 duge lap. trmh Vi du,
khong phal moi ham’ logic mmh hoa trong hinh 4.5.2.2 deu U dung {at ca céc ducmg
tich AND ¢6 ‘sin. Diéu nay din dén su ra d&i mét 16p PLD dugce goi 1a loglc mang
cho phép 14p trinh (Programmable-Asray. Lagic — BAL). Su hor1 khac nhau ve cau truc
gifta PAL va PROM dugc minh hoa ¢ hinh 453" T _
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PAL cO. cung mang ¢dng AND va OR v6i PROM nhung trong PAL cac diu vao
caa cong AND deu cho:phép lép trinh;, con dau vao cong OR dugc ndi cing. Dleu nay
co nghxa moi céng AND déu cé thé lap trinh dugc dé cho ra bat ky tich so mong
muon nao cua 4 blen dau vao vOi1 cac phan bu cua chung. Mai cong OR chi duoc ndi
cung voi 4 ddu ra AND g101 han m01 ham ch1 c6 4 tich. Neu ham nao yéu cau hon 4
tich, khong thé img. dung no véi PAL nay, ma pha1 dung PAL ¢é nhiéu diu vao OR
hon. Con nhu khéng cédn dén 4 tich, cac cong ‘khéng cén thlet co the blen thanh 0. B

A B C (D] P S A- B

g _ Mang OR
— ) [ A o

-

T

o

: “Mang AND - 03104 07 Op
Hinh 4.5.3.1. CAu trac PAL Hinh 4.5.3.2. Lap trinh PAL
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Hinh-4.5.3.2' mb ta cach l4p trinh PAL dé cho ra 4 ham logic.chi dinh, ching han
ta co O = AB+CD. Kh1 ¢in tao tlch bang 0 thi cac cong AND duoc giir nguyen moi

méi ndi chi & dau vao. |

Vi du vé mach tich horp PAL trong thuc te 1a loai PAL18L8A cia cOng ty Texas
Instrument,... duoc che tao theo cong nghe Schottky tiéu thu it nang Tuwong, ¢6 10 dau
vao logic va § ham diu ra. M&i dau ra cong OR duoc nbi cung v&i 7 ddu ra cong
AND, vi viy né co thé tao ham co dén 7 sb hang:

- 4.5.4. Mang logic cho phép lap trinh — PLA
A 8 ¢ o A B ©

T ‘ : | Mang OR :‘ i .

Méng OR

0
;

5

I

TIKITN

-
—

N

IR

.

TT T 1T —"OdH v |
Mang AND ‘ 03’ 02 O} O¢ Mang AND

Hinh 4.5.4.1. Cau trac PLA Hinh5:4.2. Lap trlnh PLA

L
L

W

—G

10201 Qo
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Su khac nhau giira PAL va PLA la PLA cho phép iap trinh v4i ca ma trdn AND
va ma trdn OR. Do do, PLA co thé loi dung cdc tich sb chung cho nhleu dau ra. Mot
thiét bi PLA s& cham hon so véi PAL do PAL ¢6 ma trin OR duoc néi cu'ng Céu triic
dién hinh cia PLA nhu & hinh 4.5.4.1. Hinh 4.5.4.2, PLA dé dugc lap trinh dé c6 cac

diu ra: O,=AB + CD; 0, ABC Q, = = ABCD + ABCD; O,=A +BD + CD.
4.6. THIET KE DUNG VI MACH MSI, LSI
4.6.1. Thiét ké dung MUX

MUX duroc su dung nhu mot phén tir van nang ‘dé thiét ké moi ham logic.

Tong qudr: Mot MUX 2%:1 c& thé ding tao ham loglc bit ky c6 n+l bien trong dé
n bién s& dua vao n diu vao diéu khlen cOn.mét bién cung véi cac hing s6 0, 1 duoc
dua vao 2" diu vao dix liéu tuy thuoc vao gla tri cua ham so do.

Pé thuc hién mot ham 1og1c dung MUX cho tru'orc cb thé diing bang Karnaugh
ho#c bién ddi truc tiép. ‘

a) Triromg hop bién déi trirc tiép tién hanh theo cac bwoc'sau -
1) Xac dinh n bién diéu khlen cua MUX. .

2) Biéu dién ham sé ban diu & dang: ong cac thh “mdi tich.¢o chu'a mot b horp
cta n bién diéu khién.

3) Pua t6 hop cian bién dieu khlen ra lam Ihu'a 56 chung, ky hieu D; 12 ham cia
nhimg bién con lai (i 1a gia tri thip phan cua t6 hop bién diéu khlen)

4) Tbi thiéu hoa cac ham D; (i =0 + 22" = 19, D; chinh la- g:a tri: dau vao Dj cua
MUX da cho. :

5) Néu D; 12 ham mot bién hay hang 0, hang 1 th1 bal Ioan da gral xong Nguorc lai,
tiep tuc dung MUX hoac cac cong loglc daé thuc hién ham D nhu yeu cau cua de bai.

Vi du 46.1.1. Dung MUX 411 dé thuc hlen harn loglc 6 3 blen A, B Csau: - o
_ F(A,B,C)y=Z( (_),, 2,3.5,7) voi céc bién dlcq khién 1a A, B.
Giai: Hai bién diéu khién coa MUX 12 A, B.

T D
R | b . 1 D D+
! Dy IF D D2 F
c MUX ~ F—» 0 Ds- MUX |—»
7 {BF) 0 Da
C D _ips
p— &
W Aed
* “Hinh 4.611.1. S0 b (Vi dy46:4.1) . Hiph4.6.1.2. S0 6 (vidu 46 12)
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F = ABC+ABC+ABC+ABC+ABC"

_—‘ABC+AB(C+C)+ABC+ABC ABD +ABD +ABD +ABD
Véy ta co6: D, =Ct D, =1; D —C ; Dyi=C

So do thuc hién ham duge md ta tren hinh 4.6.1:1

Vidu 4.6.1.2. Dang MUX 8:1 d& thuc hién ham log1c cb 4 blen A, B, C D sau:
F=ABD+ABCD+BCD+ABCD
Gidgi: Chon ba bién diéu khién cha MUX 8:11a A, B, C. ©:5 ©
F=ABD+ ABCD +BCD + ABCD :
=AB(C+C)D+ABCD+(A +A)BCD + ABCD -
~ABCD+ ABCD +ABCD+ ABCD ¥ ABCD + ABCD
= AB CD +ABCD +ABCD +ABCD + ABCD + ABCD . _
Vay DU—D D] D Dg D D3 0 D4 0 D;, D D(,—D D7-“D--'
So d6 thuc hién ham dugc. md ta trén hinh 4.6.1.2.. o o

Vidu4.6.1.3. Dung MUX 4:1 dé thuc hién ham F= AB+AC+(B+C)D
Gidi: Chon A, B 1am 2 bién diéu khién cho MUX 4:1. S
F= AB+AC+D AB+A(B+B)C+(A+A)B+B)D
—AB+ABC+A B C+ABD+ABD+ABD + ABD.
'= AB(1+ D) +AB(C +D)+ ABD + AB(C+D)
——ABD +ABD +ABD +ABD,

VayDowCﬂLD D. C+D Dz—D D3 I
Cac ham Dy, D) lai co the thurc hlen truc tlep dung cong loglc (hmh 4 6 L 3) hoac
diung MUX 2:1 (hmh 4.6.1. 4)

C@ [ | (O s O R
! F D _jp MUX —*—D1 F
D i, MUX | — o MUX —s
o ] z g : Cl——D D2
D, L ‘
1 prow b 1 —Ds ‘
Hinh46'13".f L Hinh 4.6.1.4

b) Trirong ho’p dang bang Kamaugh tién hanh theo cac bu’o’c sau’

1) Xac dinh n bién didu khién cua MUX.
2) Tuong u‘ng vGi cac to hop-euw the cia n hidn d1eu khlen khoanh 2" vung khac
nhau trén bang Karnaugh dént dau cac vingl ndyJab D;, Dz -1 (vung D 1a viing
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g véi gia tri thap phan cia n bién diéu khién 1a1).
'3) Pién gi4 tri cia ham cho trude vao bang Karnaugh. -

4y Téi thiéu hoa ca¢ ham’ trong tung viing 'D; (khong xet dén nhung bién dleu
khién), goi ham sé nay 1a D;. D; ¢hinh 1& gia'tri du vao tai Dy cha MUX di cho.

5) Néu D; la cac ham 1 bién hodc hang 0, hang 1 thi ban todn d& giai xong. Trong

truomg hop nguoc lai phai tlep tuc dung MUX hoac cac cong log1c dé thuc hién ham
D, nhur yéu céu cua dé bai. -

Vidy 4.6.1.4. Dung MUX 4:1 de thuc hién ham log1c co 3 blen A; B, Csau:
F=2(0,2,3,57)
a) V&i cac bién didu khién 1a A, B.
b) V6i cac bién diéu khién 1a B, C.
¢) Véi cac bién diéu khién 13 A, C.
Giai R
a) Hai bién diéu khién cia MUX 12 A, B _
Twong Ung véi cic gia trl cia A, B cac ving Do, Dl, Dz, D3 ducrc bleu dlen trén

bang Karnaugh cho & hinh 4.6.1.5. Dy © ung v6i AB = 00; D, g voi ‘AB= 01; Dz ung
véi AB = 10; D; img voi AB = 11 Sodoorhmh46 l1.6.

Tr
Do =? 1_Dt-i : :
orc ;;'fg:"MUX S
| LR
Hinh 4.6.1.5 " Hinh 4.6.1:6

b) Hai bién diéu khién cia MUX 14 B, C
Tuong Umg v6i cac gia tri cia B, C cac ving Dy, Dy, Do, D3 dugc bleu dlen trén

bang Karnaugh cho & hinh 4.6.1.7. Dy ung v6i BC = 00; D, u'ng véi BC = 01; D, ing
voit BC = 10; D3u'ngvorlBC—11 Sodoorhmh4618 '

BN 0 1 _

) O % b,

H Dp=A A
o1 i L..D, Dy= A" P s F o

i il S - - MUX -
R o Da=A - .-A_—,‘D2 .
1 Da "'D.—1: 1k

=T =
10§ ._E]-'_Dz R O A S
..-o,'l--?v . e - s . s - :_‘ ! B . [C . .

. Hil‘lh45.17 Sl Vie - Hinh4.6.1.8.
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¢) Hai bién diéu khién cua MUX la A, C.

Tuong ‘mg voi cac gia tri cia A, C cac ving Dy, Dy, D2, D3 duoc biéu dlen trén
bang Karnaugh cho & hinh 4.6.1.9. Dg img véi AC = 00; D) tmg voi AC = 01; D, Ung
voi AC = 10; D; ung véi AC = 11. So db & hinh 4.6.1.10.

| AB\ !

e e E N
Do :1 EE '_:'_D1 Dg=1 B_""DO al
oT 1 D, =8 51" Mux F
T D; =0 el R
I L > 1
D2 h ll - D3-—1 _,_Da
J— T |
o] 1 | Y SR I
. L h iC v
Hinh 4.6.1.9 ' Hlnh46110

Vi du 4.6.1.5. Thye hién ham logic 4 bién: F(A,B,C,D) = Z(l 25,7,8. 10,13,15)
a) Dung MUX 8:1
b) Dung MUX 4: 1 va MUX 2:1
. | c) Dung MUX 4:1 va cong NAND
Gidi:
a) Chon ba bién diéu khlen cta MUX 8:1 la A B.C.

AB Do Dz Ds Dy " D5y
| : D——1Ds
cD 001 01' __1]]-_- -1°| . Db, F
oof ¢ FF R o lo; mMux |—»
: — —_ D——D4 :
L N T U T B S b D—{Ds -
17 151 b D——"D'fg';"
) L) 1] e BN 1 R
10 T [RL | R U ) 3
SECE) CERTL) SRR 3 SRR ' | l I
iD.  Da 7 D7 . 1Ds SR

- Hinh 4.6.1.11 S . H]nh-4.,6.1_.1_2 :

' l Tu.' bang Karnaugh trcn hmh 4.6: 1 11, ta co: o
Do = Dy = D3 = Dg = Dy = D; D, = _D,=Ds=D.
So dd tao ham logic ding MUX 8:1 nhu & hinh4.6.1.12.
b) Chon hai bién didu khlen cia MUX 4:1 1a A, B bién dleu khlen cia MUX 2:1
la C.
Xéc dinh cac ddu vao dﬁ' liéu ctia MUX 4:1 tir bang ‘K'arnaugh hinh 4.6.1.13, ta co
cac dau vao dir lleu ciia MUX 8:1: D, CD+CD D; = D; =D;D,=D.
- Do Do van la ham hal blen nén ta phai ding thém MUX 2:1, v&i bién dia chila C
ta co cac ddu vao dir ligu ciia MUX2:1: Doy 7 D: D = DJ
So dd tao ham loglc dung MUX 4:1 va MUX 2: I nhu & hinh 4.6.1.14.
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AB ' —q

oo\ 00 01 11 10 _DmMUX—L
/'3 FR] T ] S - b Do
o[ T T 2 b, F
L O i
T [ [ =P
|6 D Ds D2 A g
Hinh 4.6.1.13 T . Hinh 4.6.1.14

¢) Véi két qua di tim dwoc & cdu b, ta thay MUX 2: 1 biang céc cdng NAND, ta c6:

D,=CD+CD= CD.CD
So d6 tao ham logic dung MUX 4:1 va cong 'NAND nhu ¢ hinh'4.6.1.15.

. D— : —
c Do
D: o . D.' D‘1“ F
D _jp, MUX —
D_D3
| n B
Hinh 4.6.1.15

4.6.2. Thiét ké dung DMUX, DECODER

a) Dang DMUX _ .

DMUX khi ddu vao D = 1:1a bd giai ma cia céc tin hiéu vao dia chi, cac ddu ra
cua nd tuong ung 1& cic tich gf)m diy do cac bién diéu khién. Do vdy dé thue hién
mot ham logic cho trude, chi can xac dinh bang chén ly ciia ham 16i tir 46 dung thém
cac mach phu OR, AND, NAND hosic NOR dé xay dung so db.

Vidu4.6.21. Dung DMUX 1:16 va cac mach NAND thiét ké mach loglc tao ham sau:
- F(A,B;C,D)=Z2Z(5,6,7, 10,11, 13, 14, 15)

Giagi: :

F = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

F= ABCD + ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

F=ABCD ABCD ABCD ABCD ABCD ABCD ABCD ABCD
So d6 mach thyc hiéndwoc biduw difn tren Wl 276] 2 1, trong d6 sir dung mach
NAND 8 d4u vao. - B - '
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1 DMUX
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IB |c -‘_b__::: ---Hinh4_.s.-2;1 e

R N
MR AOOE~ 0 B WO

b) Dang DECODER

Nhu trén da dé cap. dén, b6:DMUX khi co6 diu vao dir liéu bang 1:thi no lam viéc
glong phu mot bd giai ma. Mdi diu ra cta bd glal ma }a mot tich diy du cia tt ca cac
bién dAu vao, khi dung bd glal mi dé thiét k& mach ta cung thuc hién twong tu nhu
dbi voi DMUX ta d& xét & phén trén. :

Vi du 4.6.2.2. Duing b giai ma 3 — 8 va cac mach NOR thuc hlen cac ham 3 bién sau:

a) F=AB+ABC
by K= A+B+E
c) F3=KB+AE
Gigi: Gia st quy uéc trong sb cho ba bién A, B, C 1a:.
A 22; B: 2! . C: 20 o e

Tacd: Fy=mg + mg + 1y . IDECODER:'my
hayF =m; +m;+ m3+ myg+ ms A mz ”‘[I!' Fi
Dodo F, F m,+m +m1+m4+m5' B q M Uik .
. C | - ,:
Tucng-m-: F,=F =ABC=m,; St T met [ AN B
F, = =m, +m, +rr16+m7 o N .
So db mach thuc hién. duorc b1eu dlen tren . ! Hlnh 4622
hinh 4.6.2.2. ‘ .
4.6.3.Thiét ké dung ROM, PLA.
‘a) Dang ROM -
ROM dung lam. bo nhor trong may tlnh ngoal . . 'Mach‘
ra ROM con duoc ding dé thiét ké cdc mach s6. - X IZ:> SO :>Y
. Dung: ROM dé thidt (& cac mach & hop, 1 _ hap '
mach t& hop co so 6 khéi niiwr hink 4.6.311 Hmh 4.6.3.1
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- Khi dung ROM dé thiét ké mach’ to hop ta coi X nhu dla chi vao cia ROM va'y

nhu cac ddu ra so liu ¢tia ROM.

Vi du 4 6.3.1. Dung ROM dé xay du*ng bo chuyen déi ma nh1 phan 4 bit sang a bit hai.

Gidi: Bang trang théi cia bo chuyén d6i ma nhi phan 4 bit sang mi bu hai trén hmh

4632a

ROM c6 ma trén AND duorc n01 cung do do vl 4 b1en dau vao A3, Az, Al, Ag
duoc xem 13 4 ddu vao dia chi ciia ROM s& tao ra du'orc 16 tich day du ciia 4 bién dau
vao. Ma trdn OR cho phép ldp trinh do do6 cac néi chi bi dbt du‘t dé 1ap trinh céc dau

ra theo yéu cdu cha bai toan nhu tren hinh 4.6.3.2b,

$6 thap Ma nhjphan | ‘Miboz - . o
ohan A EERNE " Matran OR
Az Az | Ay ['Ag Bs | Bz B4 Bp : E e
i . : I .md et ™
0 oflofloflofoiolo |0 m T4
1 fo oo LA A | me *
2 oot o b0 L0 mg % 1
3 o fof o ﬂg‘ —%- *
4 o100 f1{t |0 |0 | M
B E Ma X7
5 ol 1lo T 1o | 1| 1] Mo ¢
6 0 111 o] 1 0 1 | D M1z
o : o : S m13
7 0 1 1 1 1 0 0 1 ‘Mi4
. . Mg
8 1lojode 1 |o]|0ojo0|
9 1]ajol ol 1] 1] 1 Be B B B
10 1lol1|ofol1 |10 |
11 1lo|l1| 1o 1ol . b)
12 1|1 ]ol*0 {0 1] 0 0
13 tl1]ofl1]o]o| 1|1
14 t 11|00 |o{1]|0 P
| opoay.
15 1111 ]olo| o1
Hinh 4.6.3.2, Bang trang thai va ma tran OR cho phép Iap trinh
b) Ding PLA 5 o
Vi du 4.6.3.2. Diing PLA dé thuc hién cac ham sau: | 7
F,=ABCD+AD+ABC. . = ; F, = AB+BCD+AB' |
LM @ @ ©® e
F, = A B+ AD-+ABCD + ABCD ; F, = ABCD+AB+BD+AD
7 @ @) & ' 0N (6) (10) (11)
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Gigi: - Cac ham trén duogc biéu dién & dang chuén tac ,tuyén. Danh dAu céc tich
cha 4 ham, trong d6 cac tich gidng nhau dugc danh diu bing cing mot con sb. Tht ca
c6 11 tich khac nhau. Céc tich nay hoéc la day du ca 4 bién, hoic 1a khéng da ca 4
blen Nhu vay, ma tran AND pha1 cod 8 dau vao tuorng ing voi 4 blen va 11 dau ra
tuong ing voi 11 tich. _

Ma tran OR phai c6 11 d4u vao tuong tmg v6i 11 tich va 4 diu ra twong g Vi 4
ham sb Fl, Fs, F3, F4. So do PLA thuc hién cac ham trén’ duorc b1eu dlen trén hmh

A B € D

] . 'EMatrén'Oh .
ok g : k-
N A - b _
$ox = _
B T R e S
ST 7 X
\-?F ! - } | | F+ Fz Fa Fu _

Ma tran AND
Hmh 4 6.3.3. So do PLA thuc hlen ham

BAI TAP CHUUJNG 4

Bai 4.1. Thiét ké mach kiém tra ma BCD, néu mi BCD la h0'p 1¢ thl diu ra & mirc
logic thip, ngugc lai ddu ra & mirc logic cao.

Bai 4.2.Thiét ké bd so sanh hai s6 nhj phén 1 bit.
a) Chi dung mach. NAND 7400. ..
b) Chi diing mach NOR 7402.

Bai 4.3. Cho mach NORAND 7451,

mach NAND 7400 va mach NOR ::)_|_ Co
7402 hinh 4.3BT..

Hay thiét ké bo ban tong : -—D_J—} -, —:}" _3°_'
a) Chi ding SN 7451 va SN 7400 SN 7451 SN7400 SN 7402
b) Chi dung SN 7400 : : Hiflh 4:3B_T

¢) Chi ding SN 7402, :
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Bai 4.4. Xay dung-mach tdng toan phin chi ding mach NOR 7402.
(Goi yiso do t6i vru dung 9 céng NOR).-
Bai 4.5. Dung 7486 (4 mach hodc tuyét dbi hai diu vao) va mach 7400 (4 mach
NAND 2 diu vao) tao mach tdng toan phan.
Bai 4.6. Xay dung mach tdng toan phén chi dung mach NAND 7400
(Goi y: so dé t6i wu dimg 9 cong NAND) ' '
Bai 4.7. Dung mach cong ha1 sb nh1 phén 4 bit va mach AND, thiét ke mach nhén 2
sb nhi phan 4 bit.
Bii 4.8. Th1et ké mach bién d6i ma nhi phén 4 b1t sang mi Gray chi dung IC 74L886 4
mach XOR 2 16i vao), tir do thiét ké mach bién di ma Gray sang ma nhi phan 4 bit.
Bai 4.9. Thiét k& mach bién d6i m3 bu hai 4.bit sang ma nhi phan 4 bit.
Bai 4.10. Thiét ké mach bién 601 ma BCD8421 sang mé du 3. " :
Bai 4.11. Ding mach NAND 741500 (NAND 2 16i vao) tao thanh bd blen dor ma nhj
phén 4 bit sang mé bu nhi phén 4 bit.
Bai 4.12. Hinh 4. 12BT cho thay b&- 74LSI38 va mdt by dao dugc sip xep dé hoat .
dong nhu bd giai ma 1 trong 32. Cac bd giai ma lan hrot mang nhéan tr Z, dénZy vag
d4u ra mbi bd giai ma duge két hgp thanh 32 dau ra. Ma diu vao 'S bit A4 Az Az Ay Ay
s& kich hoat chi mét trong 32 d4u ra ndy cho mdi déu vao trong 32 mé dau vao kha di.
a) PAu ra nao s& duogc kich hoat v6i Ag Az Az Ay Ag= 01 1017
b) Khoang ma diu vao nao s& kich hoat chip Z,? -

Ro__o * ’
Aq P Py —
Az —¢ *+— L
Az : —1
: —
(MSB) +5
Ao A1 Az E (%A A A2 A1 A Ao Ay Az
7418138 74LS138 7415138 '?41.‘31’*38
Z4 123 . Z3 L Ey
012?4587 012345.5_.7 _012_34.557 012345

[T

0,0:0:0:0.0: G G;

T

T 0u0:160+01:01: OnuTiss,

TITTIT TTTTT

1078018020021 02202

0:01

T

02i02802602/028026 O30 Ot

Hmh 4. 128T Bén bo g|a| mé 74LS138 tao thanh bo glal ma 1 trong 32

Bai 4.13. V& so-dd loglc cua bd giai ma tr BCD sang thap phan dung cac mach loglc

NOT va NOR.
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' Bai 4.14. Tix ‘bang chén ly clia bd. g1a1 mi BCD sang 7 doan dugc cho & trén hay viét
phucmg trinh logic va xdy dung so dd logic cho bé giai mi nay tir cac. cdng logic co ban.

. .Goi y: Tédn dung 6 td hgp khong duoc su dung trong. mi BCD .(1010;.. 1,111) dé
t6i thiéu héa ham.

Bal 4.15. V& so db logic bd giai ma 7 doan dxeu khlen su hién thi cia cac dén ch1 thi
s6 nhu hinh 4.15BT (déu ra tich cuc & muc cao).

a.

f'_“bErEF'—Fb E_’ E‘f
'Err =g Ij f-_x:r E =

Hinh 4. 15BT Su hlen thi cac'chir s6 cla IC MC 14495

Bal 4.16. Thlet ke mach 10g1c to horp thuc hlen hé ham sau: -
E(A,;B,C,D) 2_1,4,5,6,9,11,12)_

F,(A,B,C,D)=34,5,6811,12)
F(A,B,C,D)=>"0, 3,8,10,11,12)

Bai 4.17. Cho ham 10g104b1en F(A B C,D)= 2012 4, 5 6,911, 12)

Xay dung so d4 mach thuc hlen ham nay tang 2 dung OR tang 2 dung NAND
Bai 4.18. Dung MUX2:1 va MUX 4:1 @ tao thanh MUX 8:1. : B
Bai 4.19. Sap xép nhiéu bo horp kénh 8:1 (IC 74151) dé tao thanh bo hop kénh 16: 1

Bai 4.20. Trinh bay cach sap xep hai IC 74157 va mgt IC 74151 tao thanh bd horp
kénh 16:I ma khong can thém mach logic. Pat tén tir Dy dén Dys cho cac diu vao dé
biéu thi mdi quan hé tuong ung gitta dau vao v6i mé lya chon.

Bai 4.21. Trinh bay céch sir dung b giai mé 7442 lam bd phan kénh 1: 8
Bal 4.22, MUX 4:1 ¢6 15i ra Ia ham logic 3 blen N :
. F= ABC+ABC+ABC+ABC+ABC
Hal 101 vao didu khidn la°A va B, tim cac 18i vao dix lleu
Bai 4.23.-‘Dung MUX 8:”1 de thyc hién ham logic. co 4_b1§:n A,:B,.C, D sau:
a) F(A,B,C,D) = %( 0, 2, 3, 5, 7, 10,12,15) véi céc bién diéu khién 12 A, B, C.

- "b)F(A,B,CD)=2(0,2,3,5,7,10,12,15) véi cac bién diéu khién la A, C, D.

Bai 4.24. Dung MUX 4:1 x4y dungso d6.bo, gial ma BCD sang 7 doan ¢ bai tap 4.15.
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Bai 4.25. Thuc hién ham log1c4b1en F(A B C D)~2(O 1,5,6,7,9,10, 14, 15)

a) Dung MUX 8:1.
b) Dung MUX 4:1 va MUX 2:1.
¢) Ding MUX 4:1 va mach NAND
d) Ding MUX 4:1 va mach NOR
e) Dung MUX 2:1.

Bai 4.26. Thyuc hién ham 5 bién sau:

F(A,B,C,D,E) =T1(2, 4, 5,9, 10, 11, 12, 13, 16, 19, 23, 25 26, 29, 30)_

a) Dung MUX 16:1.
b) Dung MUX 8:1 va MUX 2: 1 N
¢). Dung MUX 8:1 va mach NAND .
5 d) Dung MUX 8:1 va mach NOR
- ¢) Ding MUX 4:1.
Bii 4.27. Cho cac ham: _
E = ABC+ABC+AB; F, = KEEfAEC +KBE+ABC o
' Dung DMUX va mach OR thiét k& mach c6'16i ra Fy, Fa.
Bai 4 28. Thiét ke mach thuc hién hé 4 phuong trinh sau:
K= ABC+ABC F, = A+B+CD+AD
L E = A+B+C+D F, = ACD+ACD+BCD+BCD

" dung mach NAND va bg’ g1a1 ma 4 — 16.

Bai 4.29. Diung ROM dé xay dung b6 giai ma nhi phidn BCD sang méa 7 doan. (hién thi

10 chit s& va 6 chit cai ¢ bai tip 4.16).
Bai 4.30.Dang PLA dé thuc hién cac ham sau:

E = ABCDEF+AEF+ABC+BD
F ABEF+ABCD+AEP +BD
F ACDEF + AEF + 'ABCD +CD
F, = ABEF +BCD+ACDEF +CD-
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CHu’b’ng 5
CAC MACH LOGIC DAY

5.1. CAC TRIGO SO

5.1.1. Pinh nghia va phéan loai

a) binh nghia

Trigo trong tleng Anh goi la Flip — Flop vidt tit 1a FF. N6 1a mot phin tir nhé c6é
hai trang thai cdn bang dn dinh twong Gng vdi 2 mikc loglc 0 va 1. Dudi tac ddng cua
céc tin hidu didu khién & 161 vao, trigo c¢6 thé chuyén vé mot trong hai trang thai cén
bing va giit nguyén trang thdi do chung nao chua c6 tin hiéu diéu khién lam thay dbi
trang th4i ctia n6. Trang thai tiép theo cta trigo phu thudc khéng nhiing vao tin hi¢u &
16i vao ma con phu thudc vao ca trang thai dang hién hanh cua no. ,

Pang chay, néu ngirng cdc tin hiéu dleu khién & 15i vao no vin cb kha nang gm?
trang thai hién hanh cua mmh trong mot theri. gian dai, chung nao ma ngudn dién nu01
mach trigo khong bi ngit thi théng tin dudéi dang nhj phén luu giir trong trlgor van
dwoc duy tri. Nhu vy, né dugc st dung nhu mot phan tir nhoé.

Trigo duoc cdu thanh tir 1 nhém cac cong loglc méc du cbng logic tu than né khong
c6 kha nang luu trit, nhung co the n01 nhiéu cbng véi nhau theo cach thitc cho phép luu
giit duge thong tin. Moi sy sap xép cong khac nhau s& cho ra cic trigo khac nhau.

Trigo ¢6 nhiéu dau vao diéu khién va chi-¢o hai dédu ra ludn nguroe nhau 1a.Q va Q.

So db khdi téng quat cia mdt trigo, hinh 5.1.1.1:

==

Q: dau ra thuong; Q: dau ra dao. Cac ' L eQ

. — : du " FF
— Khi Q=1, Q=0 ta né:t FF & trang dau - 3

vao :
thai 1 hay trang thai cao; trang thai nay R |

con duoc goi l1a trang thai Set (thiét lap).
~Khi Q=0, Q=1 tanoi FT & trang thai
0 hay trang thai thdp; trang thai nay con goi la trang thai Reset (tai thiét 13p hay xo04).

Hinh 5.1.1.1. So dd tdng quat cda trigo

o Cdc ky hiéu vé tinh tich cuc cua tin hidu:

Ky hiéu Tinh tich cuc cta tin hiéu

— Tich cyc la mic thép “L”

Tich euc lassudp-am cua Xxung nhip
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b) Phéan loai trigo

C6 nhiéu cach phén loai trigo:

— Phén- loai theo chitc nidng lam viéc cua cac ddu vao didu khién. Hién nay,
thuong si dung loai trigo 1 dau vao (trigo D, trigo T) va loai 2 ddu vao (trigo RS,
trigo JK), ngoai ra d6i khi con ¢ thé gap loai trigo nhiéu dau vio. -

* — Phan loai theo cach lam viéc ta cé-leai trigo khong ddng bd va ddng bd. Loai
ddng bd lai dugc chia lam loai ddng bd thuong va loai ddng bd chu to.. :

e So dd khdi ciia sw phdn logi trigo dwoc cho & hinh 5:1.1.2.

Flip -_Flop : ‘
_ - Theo chic nang b |  Theocachlamviés
D-FF T-FF RS - FF JK-FF ) Aschﬁronous 4. Synchronous
. . L
Hinh 5.1.1.2. Phan loai FF Normal | | Master - Slave
¢) Biéu diéri FF
‘Pémd tal FF nguol ta co the dung
' —~'Bang chan’ ly
— P hinh chuyén dbi trang thai
— Phuong trinh dic trung.
5.1.2. Cac loai trigo va didu kién déng bo
D | Qu [ Qun T | Q| Que R[S | Q | Qut J K] an | Qu
0| 0 0 0| 0 0. o0 0 |" O 0| 0] O 0
ol 1] o 0| 1] 1 0l o | 1.] .1 0101 1
110 1 1] 0 1 o1 0 1 011t 0 0
11 | 1 11 e [ Jogal o] 4 o L T
| | 110l ol o o et
el 1] e o1
111 o X : : (1’ 1
101 1 X 0

'Hinh 5.1.2.1. Bang trang thai cla cac trigo D, T, RS, JK
Cac trigo déu cé thé xdy dung tir cac mach t& hop c6 hdi tiép. Ta biét ring mach
c6 hdi tidp chi c6 thé lam viée tin cdy khi didu kién sau diy dugc théa man:
Mach khdong roi vao trang thai dao déng duéi tac ddng cua bat ky tdp hop tin hiéu
diéu khién vao nao. Pidn nav-co-nehiata-ftme-véi mgi-rdp hop tin hiéu vao bt ky
phdi 16n tai it nhat mét trang thai én ) Tviiig vhai dn dinh 1a trang thai thoa man
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didu kién Quer = On (Qn: trang thai 16i ra & thoi diém n; Qpey: trang thai 181 ra & thot
diém n + 1). ‘

Theo chirc niang c¢6 4 loai FF co ban: D, T, RS, JK. Bang trang thal cua:cac loal
FF nhu trén hinh 5.1.2.1.

Tir bang chén 1y trén ta rat ra nhén xét: . : : ;

~ Cac D = FF va RS — FF ¢6 thé lam viée & ché d6 khéng dong bd vi véi mdi tap
hop tin hidu vao didu khién D — FF, RS — FF luén luén tén. tai it nhit mét trong cac
trang thai 6n dinh. B&i vi tit ca tap tin hiéu vao diéu khién D - FF, RS ~ FF déu ¢6 |
trang thai Q,= Qu+- ‘

_ Céc T - FF va JK — FF khéng thé lam viéc & ché do khong déng b vi mach sé roi
vao trang thai dao dong néu'nhu tap tin hiéu vao T = 1 hodc JK = 11. Vi cée tap tin hiéu
vao ndy khéng bao gidr ¢6 trang thai Q,= Qs (nhu dd in ddm & bang chan 1y). .

Nhu vdy, cac D — FF va RS - FF ¢6 thé lam viéc & ¢a hai ché d6: déng bo va
khong ddng bé con T — FF va JK - FF chi c6 thé lam viée & ché d6 dong bo.

* Ché d¢ khong dong bo Trang thai diu ra s& thay d01 bat ky khl nao c6 su thay
dbi & dau vao didu khlen

* Ché do d‘ong bé: Be khong ché su thay dbi trang thai & diu ra ngudi ta dua
thém vao FF 1 déu vao xung nhip (Clock). Chi khi ndo c¢é tac ddng cua ddu vao xung
nhip thi FF mé&i thay déi trang théi theo ddu vao diéu khién. Xung nhip thudng 1a mét
chudi xung hinh chit nhét hoéc xung vudng.

Hau hét hé théng k§ thuat sb 1a ddng b, vi mach dong b6 d& thiét ke va de do 161
hon. S¢ di ching dé& do 151 hon 1a béi vi dAu ra ctia mach chi thay dbi & nhimg thoi
gian xac dinh.

5.1.3. Pau vao bat dong bd

Pbi véi trigo ddng bd c6 ddu vao didu khién va diu vao xung nhip. Céc dau vao
didu khién ¢on duge. goi la ddu vao ddng b vi tdc dong cua chung lén dau ra trigo
ddng bd voi ddu vao xung nhip.

Hau hét trigo ddng bod déu co mot hoac nhiéu ddu vao bit ddng bo la nhung dau
vao hoat dong doc 1ap véi ddu vao dong bd va dau vao xung nhip. PAu vao bét déng
bd dung dé thiét 1ap FF & trang thai 1 hodc xoa trigo vé trang thai 0 bit ky thoi diém
ndo, bét chap didu kién cac déu vao con lai.

Hai diu vao bit ddng bd Preset (thiét 1dp) va Clear (xod) l1a nhiing diu vao tich
cue ¢ rnuc thép, Preset (Pr) thiét 1ap FF & trang thai 1 bAt cir lac nao va Clear (CLR)
xo4 FF vé trang thai 0 vao bit cir luc nao. :

Do d6, ¢6 thé sit dung cac dau vao bt ddng bd de gifr FF & trang thai cu thé trong
bat ky khoang thoi gian du tinh ndo. Tuy nhién, dau vao bat ddng bo rat thuong dige
dung dé thiét 1ap hoac xod FF vé-trang-thai-mone-mudn-bing cach ap xung nhat thoi.
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5.1.4. Trigo RS

- Trigo RS la'1 trigoco ha1 dau vae didu khién R S5 1a déu vao thlet lap “1” (Set)
con R la diu vao xoda “0” (Reset)

Bang trang thai diy dit cua RS FF cho trén hinh 5.1.4. 1

R‘ S Qa ’ Qn+1
0 0 0 0

0 0 1 1
0 1 0. 1.
0 1 1 1

1 0 -0 0

1 0 - A 0
I S L 1. .0 X

1 1 1 X

" Hinh'5.1.4.1. Bang trang thai cia RS — FF

" Bang trang thdi rit gon ¢va RS — FF cho trén hinh 5.1.4.2. -

R | S| Qun Mét hoat déng
00| Qa  Nhe
o1 1 " Thiét lap
110 Xoa

1] 1 - Camdong

~ Hinh 5.1.4.2. Bang trang thai rut gon cia RS — FF o |

§< Q=0 b | a=t >§

- Hinh 5.1.4.3. B hinh trang thai cla RS - FF. .

Trén bang trang thai Qn chi trang thal 16i ra & thm dlem hlen tai; QHH chi trang
thai 181 ra tai thoi diém tiép theo. B R R

Db hinh chuyén déi trang thai duge biéu dién trén hinh 5.1.4.3; né biéu dién trang
‘thai ctia cac dau vao diéu khién tuwong tng v6i 4 trang thai cé thé ¢ déu ra.

Chéng han khi Q gilt nguyén gi4 tri 0 .thi cd hai kha nang xay ra d6 1a trang thai
nho hodc trang thai xod, voi 2 trang thai d6 thi S ludn ba%mg 0-con R bét ky nén chi
cin ghi la S . Hoac 1a khi Q chuyén tir 0 sang 1. thi chi ¢é duy nhat 1 kha ning la
trang thai thiét 1ap($ = 1¥R'=0) nén ghi 1a- SR ,. I I A

Tir bang trang thai ta dung bang Karnaugh dé téi thiéu hoa ham nhu trén hinh
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Qe RS ] Qe RS

an 00 o1 11 10 an 00 01 11 10
ol o TR x 11 0 oo x e
N HER K S 1] 1 1 ' x 0
Hinh 5.1.4.4. Téi thiéu hoa ham theo hai cach
Phuong trinh cia RS - FF:  Q,,, = S+RQ, =R(S+Q,)
vao ma

Phuong trinh cia RS — FF cho thiy: 16i ra khong nhiing 1a ham s6 cua 16
con phu thude vao trang thai truée do cta 16i ra. , :

Ta c6 thé x4y dung so do logic clia trlgor RS tir mach NOR, 101 vao tich cuc & murc cao:

Tir phwong trinh dang tich céc tbng: Q= R(S+ Q“) R+(S +Q )

So dd logic va gian dé xung cta RS — FF dau vao tich cuc cao cho trén hinh

5.1.4.5. ‘
S H ‘
: t
R -
‘| SRR
Q
R .

Hinh 5.1.4.5. So dé logic va gian dd xung cta RS — FF véi dau vao tich cuc cao

Ta ciing c6 thé xdy dung trigo RS khéong déng b‘@-vdi‘" dAu vao tich cyc boi mirc

logic thap tr cac phan tu’ NAND:

Bang trang thai cua trigo RS 16i vao thc dong boi mirc thap cho trén hll’lh 5 1.4.6.

g R’ Qnvt Mét hoat dong
171 -Qn " Nhé
10 0 . Thiét l1ap
0 1. 1 Xoa..
0 0 X Cam dung

Hinh 5. 1 4.6. Bang trang thai cia RS - FF ¢6 dau vao tich. cuc thap

Tir phuong trinh:  Q,,, = S +RQ. = Q.
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"Ta cé.so d6 logic va gian dd xung ctia RS — FF diu vao tich cuc thap cho trén

hinh 5.1.4.7. - S
S

R

Al

o

-t

Hinh 5.1.4.7. So d logic va gian @ xung cta RS - FF dAu vao tich cuc
Nhign xét: T gian i) xung trén hinh 5.1. 4 5 va 51.4.7 ta thay ring bét cr khi

nao diu vao cla trigo chuyén sang muc tich cuc thi diu ra s& thay dbi trang thai. Piéu
nay din dén trang thai & diu ra dé bi anh huéng boi nhleu tac dong

5.1.5. Trigo RS dong bdo

_ Trigo RS khong ddng bd diu ra sé& thay d01 trang thai bit ky thai dlem nao co su

tac dong cua dau vao S hodc R, vi thé trang thai cta trigo s& khong én dinh khi 16i
vao chiu anh huéng cta nhiéu. Pé khic phuc nhuogc diém trén nguoi ta dung trigo RS
dong bd (RST), nghia la thém vao mot dau vao xung nhlp Clock (CLK, Cx) diéu
khién chung cho ca hai 16i vao. Chi khi nao ¢6 tac déng cua xung nhip nay thi trigo
mai chuyen trang théi theo tac dong cuia R hay S. Ky hleu cua trlgo RS dong bo cho
tren hmh 5.1.5. 1

PR PR
1 | : )
T o L
' Qb . 3 _
0 = » —PCLK - = >CLK Q@

TCLR T . o ]ELR

~Hinh 5. 1.5, 1 Ky hleu Ioglc cua tI'IQO’ RST"

Su chuyén trang thai cia trigo RST va tit ca cac loa1 trlgo dong bo khac x4y ra co
thé vao thoi-diém sau khi xung nhip da chuyén tir mirc- loglc 0 1én muc logic 1 (sudn
duong) hodc sau khi xung nhip da chuyen tir muc logic 1 vé mirc logic 0 (suon am)
nhu trén-hinh 5.1.5.1. Tuy- theo chu-triic cy thé cua timg loai trigo, khi dung ta cén
chi y dén ky hidu cua trigo, néu rén d6 c6 ghi vong tron O 161 vao chan CLK hoic

trén chi CLK c6 diu’ gach ngang ky hiéu ham phu dmh (CLR) thi trang thai 16i ra
cua trigo dugce xac lap Khi xunig chuyén tir mire loglc 1.vé mic logic 0.
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Trén ky hiéu ctia RST — FF & hinh'5.1:5.1 ta théy con ¢ hai diu vao PR va.CLR
dé 1a cac dau vao bat ddng bo, co nghia 13 nd co thé tac dong vao trige bat cir thoi

di€ém nao khéng cin quan tdm-dén trang thai cia cac diu vao con lai. PR la Preset

(thiét 1ap) va CLR 14 Clear (x04), hai ddu vao nay & muc tich cuc thép, ta c6 thé thiét
lap hodc xo4 trigo tai bat ky thoi diém nao tir cac diu vao nay. Diu vao R va S hoat
doéng doéng bd vai CLK nén duoe goi 1a cac dau vao déng bo, ddng thoi trang thai diu
ra thay déi theo R va S nén né con duoc goi l1a cac dau vao di.éu khién. :

Bang trang thai diy di ciia trigo RST ¢6 cac dau vao bét déng b cho trén hinh
5.1.5.2. o

PR | -CLR-| - CLK [ R S Qnst
e e

T 11 o X x 1 e

1 1 1 0 T B
T e 1

1 I R 0 0

R T T Coxof

Hinh 5.1.5.2. Bang trang thai cia RST - FF

So db logic cua trigo RST va gian d xung dién t4 trang thai hoat déng cia trigo
dugc xac lap sau khi xung nhip chuyén tir muc logic thép Ién mirc logic cao cho trén
hinh 5.1.5.3.

' - PR 1 | |
s - [ . ' t
}S-E‘—R CLR.| —
o : Q ] t
a R.' - |__| | t
" s

“Hinh 5.1.5.3. So db logic va gidn db xung ciia RST — FF
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Nhén xér: Mac div RST — FF da khac phuic duoc nhuoc diém cta RS ~ FF nhlmg
né vin con nhuoc diém 13 trang thai cam khiR=8=1. SR

* Mach tdch swon xung:

T4t ca cac loai FF dong bd déu kha dung ¢ dang IC Mac du quan tdm chmh cua
chung ta 12 hoat dgng bén ngoai ciia FF, nhung dé hiéu 3. hon vé hoat ddng bén ngoai
thi ching ta cin phai xem xét mach bén trong cua FF.

Vi du, so dé minh hoa trigo RS kich bang suon trén hinh 5.1.5.4.
s .

| I CLK ‘Mach tach

swonxung 1

Hinh 5.1.5.4. Trigo RS kich bang. suon

Mach tach suon xung sinh ra mot xung nhon hep di 1én (CLK') xdy ra ddng thoi
véi viée chuyen trang thai tich cye cua xung ddu vao. So d6 mach tach sudn xung
dang trong FFE kich- bing swdn trén hinh 5.1.5.5 va hinh 5.1.5.6.

— Mach tach sudn duong:

CLK . CLK CLK "r N
S e —
clk !
Thoi gian xung CLK™ kéo dai tir 2 + Sns Hic ca CLK va CLK LK |-
cung cao (bang thoi gian tré do truyen qua cong NOT. ) '

Hinh 5.1.5.5. Mach tach swon duong va gian dd xung.

— Mach tach sudén am:

4 . -CLK .
Thoi gian xung CLK kéo dai tir 2 = 5ns Iuc ca CLK va CLK cung thap X =
(bang thoi glan tré do truyen qua cong NOT). _ CLK

Hmh 5.1.5.6.- Mach tach swdn amva gian do xung.

Tu’ hoat ddng clia tr1g0r ta thay FF co the hoat dong nhu- mot ‘mach chot (Latch) Khi
c6 xung nhip tac doéng FF hoat dong dung nhir bang trang thai, khi khong ¢ xung Ilhlp
tac dong, dau ra-cla FF giiy khong ddi trang thai, ngh1a la trang thai FF bi chét lai.

5.1.6. Trlgo’ JK

Trlgcr RST ¢6 mot ) horp blen cam dung Ia 5 = R =1 trang thai cla trigo nay s&
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khong dugce xdc dinh néw gip phai t& hop ndy. Ta c6 thé khic phuc tinh trang nay

bf’ing cach dung hai mach phan hdi tur QvéRva 6 vé S ta $& tao duge trigo JK. Ky
hiéu cua trige JK cho trén hinh 5.1.6.1. R : -

, I SREPTEERRI

J— 1 1 o 1 S ,

°d . __bdax — ;E)';c>CLK R

Qb

K —Q_D—

K-

TCLR - - TCLRV
Hinh 5.1.6.1. Ky hiéu logic cla trigo JK

"~ Bang trang thai. day du cua trigo JK cho trén hinh 5.1.6.2a, bang trang thai rat gon
. c¢ho trén hinh 5.1.6.2b.

J K © Qa Qnst
0 0 0 0
0 0 1 1 tn tn4.17
0 1 9. 0 J: | K ] Qe
0 1 1 0 SO0 @a
1 0 0 1 0 1 0
1 0 1 1 1 0 N
1 1 0 1 T K Q.
1 1 1 0 L

a) . e

~ Hinh 5.1.6.2. Bang trang thai dAy di v fit gon clia JK - FF
Db hinh chuyén déi;trang‘théi cua JK —FF cho trén hinh 5.1:6.3.
J

J<Q=o L4 Q=1 >_'
K

' : K SR _
Hinh 5.1.6.3. Db, hinh chuyén doi trang thai clia JK - FF

‘Luc nay ta thay, khi Q chuyén tir 0 sang 1 tuong ung véi ha1 kha nang la trang
thai thiét 1ap va trang thailat-nén J =1 con K 1a bit ky nén ghi:la: J. Khi Q chuyén tir
1. sang 0 tuong Ung voi 2 kha néng 1a trang thai xoa va trang tha1 14t nén K = 1 con J
la bat ky nén ghi la K. Ha1 truong horp con lai glong nhu trlgor RS '

Trlgor JK 1a cdi tlen cha trigo RS de khac phuc nhu’orc dlem cua trlgc RS nen

J tuong tmg véi S (thlet lap) va K tuong Lrng voi R (xo0d), nhung khac voi trlgo
RS’1a trigo JK khéng c6 trang thai cAm, khi J = K = 1 18i ra lat trang thai (Toggle)

Phuong trinih logic cia trigo #Ki Q i QAAEK O,
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‘So- dd logic cua trigo JK cho trén hinh 5.1.6.4a va glan dd xung. cho trén: hinh
5.1.6.4b md ta cac trang thai hoat ddng cta trigo nay. : .

‘Céc trigo JK trong thuc té ngoai cac 16i vao J, K hoat déng déng b vdi 16i -viao
xung nhip CLK, trigco con c6 cac 181 vao bét ddng bo 1a Preset va Clear. Dé trigo hoat
dong dugc & ché d6 dong bd, hai 161 vao bat ddng bd nay phai dé dang muc dién ap,
néu trén ky hiéu cua trigo céc 16i vao bAt ddng bd c6 vong tron nho hoac dau gach

ngang & trén chit (Pr,CLR) thi cac chan nay phai dé & mirc cao:

o
rS
I

L :

. - . - CLK‘ . I— —+ .
JEPETD . L nnngnng
E) ‘ — -

" Hinh 5.1:6.4. SO‘ doé 1og|c va g:an dbd xung cha trigo JK

Khi J, K dé & muc cao ctr rn01 1in co xung nhip tac dong trlgor lai chuyen trang
thadi mét lan, sau hai xung nhip tac dong trigo lai trd v& trang thai cii (hinh 5.1. 6.4b),
nguorl ta dung tru'orng hop nay de tao thanh bd dém nhi phan tir cac trigo JK.

_ Trong cac mach logic t6 hop ¢6 hién tucmg chay dua vong quanh (Race around) la
su xuét hién tin hiéu gia (xung nhleu) do qua trinh qua d6 khi hai 16i Vao chuyen
trang thai theo hai hucmg nguoce nhau nhung sy chuyen mach dién ra & hai chén
khong cung mét lac, & 16i ra cira logic xuét hién xung kim. Su tao thanh xung nhiu &
cac cira logic trong hién tugng chay dua dugc minh hoa trén hinh 5.1.6.5.

R P

¥t

t.

Hinh 5.1.6.5. St hinh thanh xuhg nhiéu.iroﬁg hién tu’c_m'g chay dua

- Do tdc ddng vao X, bi tré-sevdi xung 1ac dong vao X nén c6 thoi diém ca X, va
X, déu & mirc cao cho nén 16i ra Y ¢6 kung kim nhicu. Néu tai cua 161 ra 1a cac phin
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tir nhay nhu trigo,-xung nhidu nay:-cé thé lam clio n6 chuyén trang thai khdéng theo
diéu khién. Vi vay cdn phai loai trir hién twong chay dua nay. Hién tugng nay con
sinh ra do qua trinh qua dd cua mdt mach tb hop nbi tiép nhiéu -phz‘"m tr fogic lam cho
su tré & 167 ra so véi 18i vao ~tﬁng_d§r_1,lén. Dé khéc phyc hién tuong chay dua ngudi ta
dung trigo JK chu —td.. _ Co :

*Trigo JK chii - to (Master Slave) '

So d6 logic va ky hiéu -
cua trigo JK master — slave |

cho trén hinh 5.1.6.6. No
duogc cau tao tir hai trigo RST | Master
mic ndi tiép nhau vdi hai: K-3F- »

h phan hdi tir 16i i - o
mach phan hoi tir 161 ra Q va IR ] CLR

Q tré vé cac 16i vao thiét 1ap e

VA XOA. Hinh 6.1.6.6. So db logic clia trigor JK chii —t¢
Trlgo chu (master) dleu khien tr1g0 to (slave), ch1 nhung thay dbi trang thal cha
trigo chit méi 12 nguyén nhén thay dbi trang thai 151 ra cta trigo slave. o
Vi du, khi. xung nhip chuyen tr mic logic 0 1én mirc logic 1 thong tin & 161 vao
JK duge nap vao trigo chu, trang thdi cta trigo chi duge xac lap theo tin hiéu diéu
khién & 161 vao JK. Trigo chii chi thay ddi trang thai mot: 14n duy nhat trong khoang

thoi gian kéo dai ctaa xung nhlp Khi xung nhlp chuyen tlr mac log1c 1 ve mure logic O
(CLK chuyen tu 0 Ién 1) tr1g0 chu ¢ trong trang thal nhor trigo 1§ sao chép lai trang
thai cua trigo . chu. BO’I vi trong théi gian tr1g0 t& xac lap trang thai thi 1r1g0 chu &
trang thai nhd, nén céc thay dm o ben ngoai khong hé anh" hu’ang den qué trinh xac
lap trang théi 16i ra cua trlgo chmh vi thé hoat dong cua 1r1g0r JK master - slave
mang tinh dut khoat Va én c’hnh cao hon'la trlgor khac - A

Neu trlgor b xung nhip tac dong bo: suorn duong thi 16 ra s& thay d01 trang tha1
theo dau vao dleu khién ung Vol suo*n am cua xung nh1p va nguoc lal )

5 1. 7 Trlgo’ D (Delay)

D Qn “Qnet

0 0 0

0 1 0- Qe

1 0 1 0 . 0

1 1 1 1 1
a) b)

Hmh 51.71. Bang trang thal cua tngc D

Trigo D & 10a1 trlgo duorc dung nhidu trong cac bo ghl lu‘u tru céc blt théng tin
nhi phan Trigo D cé6 mét 167 Vao.dir lieu quoc Ky mied bang chir D. hoat déng dong bd
véi 16i vao xung nhip CLK, trigo D hoat dong thegnguyén tic sau; so lidu & 16i Vao
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D s& dugc chuyén dén 16i ra Q cia trigo sau mdt xung nhip, tirc. la sd lidu duogc

chuyén den 10i ra chdm mat mot khoang thoi gian bang d6 rong cta xung nhip. Chinh

vi vy ma no c6 tén la trigo D 14y theo chit ddu ciia thudt ngir tiéng Anh — Delay c6

nghia la tré. ' : ' S
Bang trang thai ddy da va rit gon cho trén hinh 5.1.7.1a,b.
Ky hiéu logic cia D — FF duoc cho trén hinh 5.1.7.2.

lP—R _ lPR

—° Q Q

—pCLK — @>OLK

TCL‘R B ‘ TE:LR

Hinh 5.1.7.2. Ky hiéu cia D - FF

Phuong trinh logic ctia D — FF: Que; = D
P& hinh chuyén ddi trang thai ctia D — FF cho trén hinh 5.1.7.3.
So dd ctia D — FF duge cho trén hinh 5.1.7.4.

D
o 5 CLK_
D < Q=0 L~ a=1 > [ L
] D |
5 | B
Hinh 5.1.7.3. D hinh trang thai cia D — FF _ Hiph 5.1.7.4. So db cla D - FF

Trigo D c6 thé xdy dung tir trigo RS hodc trigo JK khi ta méc nhw & hinh 5.1.7.5a

vab.
PR o PR
L - |
| ‘ J
{>C—O> CLK C;_ T : ok o ——
— 1R o= Dc K 7. —
a Tﬁ R oy Tﬁfﬁ |

Hinh 5.1.7.5. Chuyén it RS — FF hoac JK —FFsang D - FF
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5.1.8. Trlgo’ T (Toggle)

Tngo T ¢6 mt 161 vao diéu khién duoc ky hleu bang chit T. Trlgor T hoat dong
theo nguyen tdc sau: khi ddu vao T & mic logic O thi déu ra giit nguyén trang thai con
khi ddu vao T & muc loglc 1 thi dau ra 14t lai trang thdi tru¢e d6. Chinh vi vy no cb
tén 1a T 14y theo chir ddu cta thuat ngu tleng Anh - Toggle co nghla 14 I4t,

Bang trang thai ddy du va rit gon cia T — FF duoc cho trén hinh 5.1.8. la,b.

T Qq Qne1
0 0 -0 T Qs
0 L L _ 0 Qn
1 0 1 - 1- . a;
1 1 0 : : b)

a)

Hinh 5.1.8.1. Bang chan Iy cla trigo T

Phuong trinh logic cta trigo T: ~ Q.= TQ+TQ=T®Q
Ky hiéu logic cua T — FF duoc cho trén hinh 5.1.8.2.
D hinh chuyén ddi trang thai cia T — FF trén hinh 5.1.8.3.

J’ﬁ | lﬁ

— T ol T a

— Dok —CLK T

R e | S N e K
o= R T

Hinh 5.1.8.2. Ky hiéu cda T - FF Hinh 5.1.8.3. D& hinh trang thai ctta D — FF
Chirc néng cua T — FF chinh la chirc néng cua JK — FF khi J I_K =1.
5.1.9. Xac dinh dau vao dleu khién (dau vao klch) cho FF

Trong nhiéu trudmg hop, dac blet khi muén thlet ké mach dung FF cin phai xac dinh
d4u vao didu khién cua FF img vai su chuyén ddi trang thai cho trude Q, sang Qu1.

V&i mbi FF, su chuyén bién trang thai Q, sang Qy.; chi xay ra trong 4 kha ning: 0
sang 0, 0 sang 1, 1 sang 0 va I sang 1. Céan cir vao chirc nang cua tirng loai FF phai
xac dinh gia tri diu vao didu khién R, S, J.K, D, T tuong I’mg val'cac chuy'én dbi éy.

Vidu 5.1.9.1. Xét dbi vdi trigo RS.

Tir bang trang thai cia trigo RS ta thdy khi din ra Q gilt nguyén trang thai 0 thi
¢é hai kha ndng hodc trang thdi nhd hodc trang thai xo4. V&i hai kha nang dé thi S
luén ludn bing 0 con R cé thé 0 hodic 1 (cod nghia R 1a bit k¥, ky hidu “x”). Khi du ra
Q chuyén tir 0 sang 1 thi chi e6 I kha nang la trang,thai thiét lap tic R =0, S = 1.
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Khi diu ra Q chuyén tir 1.sang 0 thi cling chi c6 mdt kha néng la trang thdi xo0d tic R
=1, S = 0. Con khi déu ra gilt nguyén trang thai 1 thi cé hai kha ning hodc trang that
nhé hogic trang thai thiét 1ap. Véi hai kha nang d6 thi R ludn ludn bing 0 con S c6 thé
0 hoic 1 (ky hiéu “x”). = "

Pbi v6i cac trigo khac ciing xét tuong tw nhu trén ta duge bang cdc diu vao diéu
khién twong (mg véi sy chuyén bién trang thai Q, sang Qu+1 clia céc trigo cho trén
hinh 5.1.9.1. :

Qn Qw1 | RS K D T
0 0 x0 0x 0 0
0 1 | 01 1x 1 1
1 0 10 x1 0 1
1 | 1 Cox x0 1 | 0

Hinh 5.1.9.‘1. Béng cac dAu vao didu knién

5.1.10. Chuyen asi gitra cac trigo s6

Co 4 loai trigo @4 gisi thiéu la RS, JK, D, T Trong thuc t& c6 khi FF loai nay lai
dugc mic mach va dugc sit dung nhu FF loai khéac. Do do, phal biét cach chuyen dbi
giita cac trigo sb. - ‘ :

Véi 4 loai FF ¢6 12 kha nang chuyén ddi nhu trén hmh 5.1.10.1.

Mgt trong nhitng phuong phap dé xay dung FF loai j tur FF loai i cho trude duoc
cho & so d& khdi hinh 5.1.10.2. G day ky hiéui vaj la loai FF. '

@ al Q
s L I 71 mach P FF

@i{-—» T logic |——> loaii

's.@[ | rl | _A .3

Hinhk 5.1.10.1 Hinh 5.1.10.2. So @6 khéi

Trong so db trén, cac ddu vao j 1a cac diu vao cta FF loai j cin thiét ké, diu ra
cta mach logic 14 cac ddu vao cta FF loai i cho truée. Nhu vy, bai toan chuyén dbi
tir FF loai i sang j la x4y dung mach loglc td hop c6 cac ddu vao 1aj va Q, cac dau ra
14 i bidu didn béi hé ham: i = (3, Q). |

Dé thyc hién chuyén ddi FF loai i sang FF loai j cdn thyc hién cac bude sau:

1. Xdc dinh hé ham i = f{j, Q) tir bang cdc diu vao diéu khién. '

2. Téi thiéu héa cdc ham nay va xdy dung so db.

Vi dy 5.1.10.1. Chuyén tir trigo RS sang trigo JK.

Ta c6 trigo RS 14 trigo cho-trude va trigo JK 13 trigo cin thiét k&, nhu vay diu

v&o cia mach logic 13 T vé K, ddura la R va-S. |
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- Xac dinh hé¢ ham S ={(J, K, Q) va R = f(J K, Q) tir bang cac dau vao didu khién
trén hinh 5.1.10.3.

J K Qn Qn+1 s R
0 0 0 0 0 X
o | o 1 1] X 0
0 1 0 0 0 X
0 1 1 0 0 1
1 0 0 1 1 0
1 0 1 1 X 0
1 1 |0 1 1 0
1 1 1 0 0 1

* Hinh 5.1.10.3. Bang cac dau vao diéu khien
Téi thidu hoa cac ham S vaR bang bang Karnaugh nhur trén hinh 5.1.10.4.

s _JK CR_JK

S\, % 01 11 10 SN 0 ot 1 10
of o | o |i1 1 ol x | x| o | 0
oo o [FT o

Hinh 5.1.10.4. T&i thiéu hoa cac ham Sva R

Vay: R=KQ,; S=JQ,
So d thuc hién chuyén ddi nhu trén hinh 5.1.10.5. -
 Chung ta cling ¢6 thé dva vao phuong trinh
déc trung cua tu’ng Ioal trigo dé thuc hién chuyén

débi. Cach nay tién cho trinh bay viét, c6 thé. dung K D —d R

dai sé logic xir 1y, nhung cén k§ xéo nhit dinh. pCLK
Con véi phuong phéap dd noi & trén cb nhiéu phién
phirc chiit it nhung truc quan, it sai. ‘

J

_;

Vi du 5.1.10.2. Chuyén tir trigg RS sang trigo JK: - Hinh 5.1.10.5
Phuong trinh dic tru’ng cua trigo RS ' ‘ B

Q= S-+~RQI1
RS=0"

Phuong trinh cua trige JK: Qn+1 J Q +KQ,

So sénh, ta co: " S JQ
R =k
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Vi diéu kién rang budc R.S =0 nén ta phai kiém tra. Khi J=K =1 va Q, = 0 thi:

=K =1
khéng thoa man R:S = 0. Ta bién dbi lai: Q,, =JQ, +KQ, = 1Q, +KQ,Q,

$=1Q,

So sanh lai, ta co :
{R =KQ,

So db chuyén dbi nhu da trinh bay & phuong phéap trude.

5.1.11. Mot s6 vi mach trigo

1. 7470: JK- FF

- Xung nhlp Cy tac dong tai sudn ducmg
- PR, CLR t1ch cue O mirc thap
2. 7472 tngo' chiu to N
— Xung nh;p Ck tich cuc & mic cao |
— PR, CLR tich cuc & mirc cao.
37473 va'74LS73: hai JK — FF
- Péu vao xo4 tlch cuc 0 muc thap
= Xung l’lhlp CK o
+7473: tich cuc O mﬁc cao
+741.873: tich cuc ¢ sudn am.

4. 7476 va 74LS76: hai JK - FF ‘
- — Piu vao thiét 14p, xoa tich cuc & mic thip.
-~ Xung nhip Cx: :
"+ 7476: tich cuc & mirc cao.

4 741.876: tich cuc & siwom am.
5. 74107 va 74LS107: hai JK - FF
— Dau vao x04 tich cyc & mic thap
o Xung nhip Ck:
+ 74107: tich cye & miic cao.
+74L.8107: tich cuc ¢ sudn am.
6. 74LS112: Hai JK - FF
— Xung nh1p Ck tich cuc & sudn am.

— Piu véo thiét Iap, ¥04 tich cuc o muc thap
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5.2. CAC BO PEM

5.2.1. Pac diém va phan loai bd dém
‘a) Pdc diém co ban

Dém la kha ning nhé duoc s& xung dau vio, mach dién thue hién thao tac dém
duoe goi 1a bd dém. | _

Dém 1a mdt thao tac co ban cuc k¥ quan trong, bd. dém duoc sit dung vo cing
rdng rdi, tir cac thiét bi do chi thi s6 dén cac may tinh dién tir s6 loai 16, bit ky hé
théng sé hién dai nao cling déu hién dién bo dém.

b) Phan loai ' '

Can cir vao su khac biét cua tinh hudng chuyén dbi trang thai cac trigo trong bd
dém. ngudi ta phan thanh hai loai 16n: Bé dém ddng bd (bo dém song song) va bd
dém khong déng bd (bd dém ndi tidp). Trong bd dém ddng bd, cdc trigo déu chiu tac
dong didu khién cia mét xung déng hd duy nhit, d6 1a xung dém dau vao. Viy su
chuyén dbi trang thai cua chung 1 ddng bd. Bé dém khong dong bd thi khac, c6 FF
chiu tac ddng diéu khién truc tiép chia xung dém dhu vao, nhung ciing c6 trigo chiu
tac dong didu khién cua xung d&u ra ciia FF khac. Vay su chuyén déi trang thai cua
céc FF khong cung luc tirc 1a khong dong bo.

Ci#n ¢ vao su khac biét v& hé sé dém cua bod dém, ngudi ta phan thanh cac loai:
bo dém nhi phén, bd dém thép phan,...

Can cir vao tac dong cua xung dém dau vao ma sb dém cua bd dém ting hay gidm
ngudi ta phan thanh 3 loai: bé dém thudn, bd dém nghich va b dém thudn nghich.
5.2.2. Ma ca b dém

Qua trinh dém cia bd dém 1a qua trinh thay ddi tir trang thai trong nay dén trang
thai trong khac va mdi trang thai trong cua b dém duoc mi hoéa boi mét mé cu thé.

Cung mbdt bd dém co thé cé nhiéu cach mi hoa céac trang thai trong khac nhau.
Cac cach mi hoa khac nhau s& tuong Gng véi nhitng mach thuc hién khac nhau mic
du cac mach d6 co cung chirc nang, hé sb dém Kg... Sau day [a mot vai loal ma
thuong dung dé ma hoa trong bd dém. '

a) Ma nhj phan

M3 nhi phén la loai ma ma céc bit ctia n6 cé trong séla2" =22 _8-4.2-1.
b) Ma Gray
c) Ma BCD
d) Ma Johnson

M3 Johnson 12 loai ma co dac diém:

- Néu ding n bién nhi phén thi s& m# hoa dwoc tdi-da-la 2n trang thai.

— Hai tir ma ké nhau chi khde nhaw.mdtbic

“~

226



Bang mi Johnson véi 5, 4, 3, 2 bit cho trén hinh 5.2.2.1.

A B C D E A B’ c D A B c | A B
o 0 o o ol o o o 0o | o 0 0 o o
o 0o o o 1 o 0 0 1 | o 0 1 0 1
0 0 0 1 1 0 ] 1 1 0 1 1 1 1
0 0 1 1 i 0 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 1 0

11 1 1 1 1 1 1 0 1 0 0

1 1 1 1 0 1 .‘I (VI 0

1 1 1 0 0 1 0 0 0

1 1 0o 0o o0

1 0 0 0 o0

Hinh 5.2.2.1. Bang ma Johnson

e) Ma vong
M3 vong ¢6 dic didm: |
— Néu ding n bién nhi phan thi ma hod dwogc n trang thai.
— Hai tr md ké nhau luén ludn khac nhau & hai bién. 7
— Trong tir mi chi ¢6 duy nhit mét bit bang 1, cac bit khac bing 0. Bit 1 duoc dlch'

tur bit co [I‘OI]E sb nho nhét dén bit c6 trong sb 16n nhét tao thanh mét vong khep kin.

Vidy 5.2.2 1. Ma vong 6 bit c6 cac tr m& nhu bang trén hmh 5222 (Quy ude A'la blt co'_
trong s6 16n nhét):

Y

—x‘oooo'o:p
o|la|lolo|lo|lelwm
olo|l«s|ociolo|a
o|lojolalololo
booo—\om
| OOl o] O

Hinh 5.2.2.2. Ma vong 6 bit ™

5.2.3. Cac bwéc thiét ké bo dém
Cac budc thiét ké bo dém duoe o Tabhir Wik N .2.3.1.
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Buée 1: V& db hinh trang thai cha b dém:

Can clr vao yéu cdu cua bd dem cin thiét ke nhu: he so dem (K¢) va modt sb cac
yéu cau khac dé xdy dung dd hinh md ta hoat dong cua bd dem.

V& dd hinh trang thai

!

Xac dinh sé& FF cla ba dém.
Ma hoa frang thai theo ma da cho.’

|

Xac dinh hé phwong trinh ham ra,
ham kich clia cac FF va téi thidu.
So do
Hinh 5.2.3.1. Cac buwéc thiét ké bd dém

, Buée 2: Xac dinh sb FF cia bd dém, ma ho4 cac trang thai trong bd dém theo ma
da cho. D S o
Trudce tién phal Xac dmh duorc n la sb FF cAn thiét k& dé m3 hoa cho Kd trang thai
trong cia bd dém, n phai thoa man diéu kién sau: :

— Péi véi ma nhi phén va mé Gray : n 2 logKg

— Déi v&i mi vong n=Kg

— Déi véi ma Johnson o n=(1/2)Kq . ,

Sau do tién hanh ma hoA céc trang thai trong bd dém theo ma da cho

Buge 3: Xac dinh ham céc d4u vao diéu kh1en cua cac FF va ham ra:.

Phuorng phap xac dinh ham cac diu vao diéu khién cho céc FF va ham ra cia bd
dém co thé xac dinh theo hai cach sau: - ' ‘

— Dua vao bang chuyén d6i trang thai, bang ra dé xac dinh cac phu’(mg trinh dau
vao didu khién cho cac FF va phuong trinh ham ra. ,

— Dua truc tiép vao dd hinh chuyén abi trang thal v1et cac phuong trmh du vao
diéu khién cho cac FF va phuong trinh ham ra.

Buéc 4: So d6 thuc hién:

. Tir cac phuong trinb d4u vao didu khién cac FF va phuong trinh ham ra, dua ra so
do mach thuc hién.
Vidy5.2.3.1. Xay dung bd dém nhi phan, dém tlen co Kqg=4.

(Buwoc I vi 2) Goi sb FF thiét k& ma hoa lan:nz logng = n = 2. Nhu vy, phai
dung 2 FF (A va B) dé ma hod cac trang thai trong b dém. Sau do tién hanh ma hod
trang thai trong cua bo dém (So, S,, S», S3) theo ma nhi phén nhu sau: 00, 01, 10, 11
(Quy udc A 1a bit co6 trong sé nho nhat). Ta dugc dd hinh.chuyén d6i trang thai, hinh
5.2.3.2.
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QeQa Sy S 8y

So | 00 01 10 1

Hinh 5.2.3.2

(Buwdc 3) Xac dinh ham cac diu vao diéu khién cua FF va ham ra:

Tir d6 hinh chuyén ddi trang thai ta thdy So 1a trang thai hién tai thi S; la trang
thai tiép theo, S la trang thai hién tai thi Sy la trang théi tiép theo,... S; la trang thai
hién tai thi Sy 14 trang that ti€p theo. _

Néu dung trigo JK, ta ¢6 bang trang thai-cua céc diu vao didu khién trén hinh
5.2.33. ‘

Trang thai hién tai Trang thai tiép theo ChoB - FF Cho A-FF
QB“ Q" Q™" Q™ Ks JB Ka Ja
0 0 0 1 X 0 X 1
0 1 1 0 X 1 1 X
1 0 1. 1 0 x x 1
1 1 0 0 1 X 1 X

Hinh 5.2.3.3. Bang trang thai cac dau vao diéu khién

Thye hién ti thidu hod ham logic véi cac diu vao 1a Qa va Qp & trang théi hién
tal (QB“_, QA", dau ra l_él cac ddu vao diéu_khi-én. Ta dugg: Kg=Jg=0Qa; Ka = Ja=1
So d6 thuc hién cho & hinh 5.2.3.4. ' -

1 —
—{Ka Qa Ks el
'~ CLK —d> CLK
N Qn o @
CLK o)

“Hinh 5.2.3.4. B4 dém nhi phan K= 4.

5.2.4. Cac bd dém nhi phan |
a) Pém nhi phan khéng dong bé

Pém nhi phan khong ddng b con duoc goi la dém ndi tiép: cac trigo mic néi tiép
v6i nhau. 181 ra cta trigo trude duge ndi vai 161 vao xung nhip cta trigo sau.

Dic diém ctia bd dém nay 13 xung nhip CLK khéng duoc dua dong thoi vao cac
trigo. Xung nhip chi duge dua vao va lam ch};yén trang thai cua FF dau tién, 16i ra
cita FF trude lam chuyén trang-thal cua FI° ticp theo, -



Trong dém nhi phan khong dbng bo gdm céc loai dém sau:
— Dém tién (Up counter):

Trang thai ra cua bd dém tlen modul 16 theo s6 xung nhlp dwa 141 d4u vao cho
trén hinh 5.2.4.1. ‘

Xung nhip Qp Qc Qp Qa
0 ) 0. 0 S0
1. 0 o 0 1
2 0 0 1 0
'3 0 0 1 1
4 0 1 0 0 -
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 . 0. 0 0
g 1 0 0 1
10 1 -0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
16 0 0 0 0

Hinh 5.2.4.1. Trang thai ra ctia bo dem tlen modul 16

So db dém nhi phan khong dong bd 4 bit dem tién dung trlgo JK 7476 dugc trinh
bay trén hinh 5.2.4.2, gian dd xung duoc trinh bay trén hinh 5.2.4.3.

'F;r o ?QA ) ?QB _ o .Qc. _ Qo
| [ ! ! |
CLK —J Pr g —J Pr g —1J Pr Qb —J Pr q
—p _ —0 — —O —= &P
LK cLR QP K clROP— Kk ctr® P | K clrYP—
CLR '
J K=1

Hinh 5.2.4.2. Dem tién nhj phan khong dong bd modul 16

. R

Hinh 5.2.4:3. Gidn d6-thoi gian démy tién modul 16




Nhu ky hiéu trén so dd hinh 5.2.4.2, muén X04 ta de Pr =1, CLR = 0, mudn thiét
lap @ Pr =0, CLR = 1. P& bo dém lam viéc & ché do dém ta dé Pr = CLR = 1. Dua
vao nguyén ly hoat déng ctia trigo JK ta giai thich hoat dong ciia b dém nay.

+ DAu tién x04 mach dém bing xung xoa CLR = 0. Liic d6 trang thai 16i ra cua ca
4 trigo ddu chuyén vé 0: QaQsQcQp = 0000.

+Saud6 dé Pr=CLR=1.

+ Pt 161 vao dém J = K = 1: Mach d&m bét diu hoat dong theo trang théai ctia cac
16i vao dbdng bo J, K va xung nhip nhur gian dd hinh 5.2.4.3. Tét ca 4 trigo déu c6
J=K =1 nén khi co xung nhlp tac dung cac trigo déu chuyen trang thai.

Trigo A chuyén trang thai véi moi xung nhip tac ddng chuyen tr 1 vé 0.

Trigo B chuyén trang thai khi Qa chuyén tir 1 vé 0.

Trigo C chuyén trang thai khi Qg chuyén tir'1 vé 0.

Trigo D chuyén trang thai khi Q¢ chuyén tir 1 vé 0.

Nhin gian dé xung trén hinh 5.2:4.3 ta thy mdi trigo chia tan s6 xung nhip lam 2.
Cé 4 trigo s€ chia ta‘"lri s6 xung nhip 2% =1614n, néu ¢6 n trigo s& c6 bd chia 2"l4n.
Nhu vay, bd dém ciing 1a bd chia tan.

Ta ciing co thé dung tr1g0’ D mic thanh bo dem nhi phan. Mudn vay ta phai mic

‘101 ra Q cla trigo D vai 101 vao. D cha nd. Khl dé trang tha1 101 ra coa trigo s€ duorc

xac dinh theo phuong trinh sau: Q_,, =D, Q

Truong hop nay trong tu nhu déi véi trlgor JK kh1 cac 1di vao J = K = 1, nghia Ja
¢t sau mdi lan co xung l’lhlp téc dung trigo lai chuyen trang thai mot lan.

So db dém nh; phan 4 bit ding trlgo D 7474 cho trén hinh 5.2.4.4.

Pr - o e 2 . ° € . ° F’
* - ] B |
CLK p g . " ol 4o M al {4 —P g
—1 0 ] P e _' e )N
- 1 cr QP CLR OW . cr @ | oor B
CLR e L e || e — |
‘ J 1 ' |

Hinh 5.2.4.4. D&m tién nhi phan khdng déng bd modul 16 ding D -~ FF

- Pém lii (Down counter).: D .
Trang théi ra cia cac trigo trong bd dém lai modul 16 duge cho trén hinh'5.2.4.5.
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Xung nhip Qo Qe Qe Qa
0 0 0 0 0
1 1 1 1 1
2 1 1 1 0
3 1 1 0 1
4 1 1 0 0
5 1 0 1 1
6 1 0 1 0
7 1 0 0 1
8 q 0 0 0
9 0 1 1 1
10 0 x B 0
11 0 1 0 1
12 0 1 0 0
13 o 0 1 1
14 0 0 1 0
15 0 0 0 1
16 ) 0 0 0

Hmh 5.2.4. 5 Trang thal ra ctia bd dém i modul 16

' Ta c6 thé xdy dung mach dém 10i nhi phén 4 bit dung trlgor JK 7476, mic mach
theo so db trén hinh 5.2.4.6.

Qs : Qe _ N e

Pr : B L N ’
. . . ’
o e e el
cltk —J Prap. ey Prao|_j—u Fra —f;;_m QL
w1l T da [ [ o _
- K CLR @ of—f- K cLR @ K cLr @ O—J K cLR @ P—
CLR :
OR i | i i ]
R
L d=K=1

Hinh 5.2.4.6. Dém lui nhi phan khéng dong b modul 16

O bd dém lui ta théy 16i ra.Q cua trigo treée duoce ndi vao CLK cua trigo sau nén
trigo sau sé chuyén trang thai khi trigo dirng trude noé chuyén tir 0 1én 1. -

Trigo A thay déi trang thai v6i moi xung nhip tic dong

Trigo B thay dbi trang thai khi Qa chuyén tr0'1én 1.

Trigo C thay ddi trang thai khi Qg chuyén tir 0 1én 1.

Trigo D thay doi trang thai khi Qc chuyéntir 0 1én 1. - -

— Pém tién/ i tup y:

Pé ¢c6 mét bd vira dém tlen vua.dem Ll ta thém mot d4u vao diéu khlen tién ui
UP/DOWN so dd mach dém ién i nhir hirh'S. 2042
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@ @

1 1 '

CLK J Joa 2 e _l -
K . . K Q 1= K  Qp-

‘. - : )

oD >0 rHinh. 5.2.4.7. 'Bé'm'tiénl i thy y modul 16

Dem tién: Khi cho 18i vao diéu khién tién lu1 U/D “1” 101 ra Q cla trlgor trude ndi
vdi CLK cua trigo tlep theo, so dd tuong duong nhu hinh 5.2.4. 2 ta c6 mach dém tién.

Pém Iui: Khi cho 16i vao didu kh;en tién i U/D = “0” 16i ra Q. ‘ .
cta trigo trude ndi voi CLK cua trigo tiép theo, so dé tuong duong
nhu hinh 5.2.4.6, ta ¢6 mach dém 1ui. | | :D& —

~ Ta c6 thé thay phé‘m mach gdm céac. phin t¢ AND, OR trong  Hinh 5.2.4.8
hinh 5.2.4.7. bang cac phan r NAND nhu hinh 5.2.4.8. :

— Thoi gian tré do truyén trong b dém khéng dong bo ‘

Dém khong dbng bd la dang don glan nhét trong céc bd dém nhi phén, vi chung doi
hoi it linh kién nhit dé tao hoat dong dém cho trude, Tuy nhién, chung c6 mdt: khuyet
diém 16n do nguyén ly hoat dong co ban cta ching giy nén: mdi trlgor dugc khoi dong
do sur chuyen trang thai tai dAu ra cua trigo trude do. Mit khac, véi mdi trigo né cd mdt
thoi gian tré do truyén 1a tods diéu nay cé nghia 1a trigo thi hai s& khong phan ung gl
trong khoang thoi gian tpg ké tir khi trigo dau tién nhén dugc mjt chuyén dbi tich cuc &
xung dém, tngo thir ba s& khong phan tng gi trong khoang thoi gian 2t,q tr lic xay ra
hoat dong chuyén ddi, nhu vay trigo thir n s& khong phan ng gi trong khoang thdi gian
(n — Dtyg ké tir lac xay ra hoat dong chuyen d6i. Va nhu viy phai sau khoang thoi gian
ntpq thi ta méi nhén duoce su thay d01 v} 101 ra cua trigo n.

Vi dy 5.2.4.1. Xét dang song & cac 181 ra cha bo dém nhl phan khéng dong b6 3 blt hinh
52.4.9. :

~ 50ns: 100ns T50ns B
Qe L 4 ' L

Hinh 5.24.9

Nhin vao dang séng trén-ta-thy:

Gia st chu ky cua xuag nhip 18 1000us va thO’l gian trd do truyen ctta mbi trige
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1a 50ns. Tire 1a trigo A 14t chdm 50ns sau khi xung nhip thay dbi tir 1 sang 0, twong ty
trigo B lat'chdm 50ns sau khi trlgo A chuyen tr 1 sang 0, twong tu v6i trigo C. Nhu
Vay, trigo C thay dbi trang thai tré so véi xung l’lhlp tac dong 1a 150ns. Tuy vay, ta
thiy céc trigo cling van & trang thai dung biéu dlen sb dern nhi phéan.

Tuy nhién tinh huong s& tro nén x4u di neu xung nh1p dua vao ¢6 tin sb cao hon.
Gia st chu ky ctia xung nhip 1a 100ns va thoi gian tré do truyén cua mdi trigo 1a 50ns.
L& ra sau xung nhip thtr 4 chuyén tir 1 sang 0'thi bd dcm s& dém sb nhi phan la 100,
nhung & ddy sau xung nhip thir 4 ddu ra C vin & muc thép, phai sau 150ns thi dau ra
C m6i 1€n muc cao. Nhung lac nay trlgo A lai & mire cao va ta duoc sd nh1 phén 1a
101, nhur vay sé khéng cd trang thai 100. o L

C6 thé phong tranh nhung 1861 nhu vay néu g1a1 doan gifra cac xung vao duoc kéo
dai hon téng thot gian tr& cua'bd dém. Do do; dé bo dém hoat dong ding ta can:

. ) - Terk 2 nutpg. - ' o

Nhu vy tin s6 16n nhit c6 thé si dung fmax = 1/( n. tpdj

Pé tang dung luwong clia b§ dém thi sb trigo sir dung s& tang 1&n; khi d6 thoi gian
tré do truyén tich liiy s& tang 1én, do dé ngum ta str-dung bo dém nhi phan ddng bd
khi ¢ém dung luong 1én. _ : ‘ EER 3
b} Dém nhi phan déng bé

Bem nhi phin ddng bd con goi la dém song song. Dem khong ddng bd ¢6 nhuge
diém1a tdc dd chém vi ¢6 qua trinh tré khi di qua cdc trlgor Bé khic phucnhuge diém
'd6 nguoi ta.ding mach dem song song, ngh1a 14 cac xung nhip dong thm tac dung vao
tat ca cdc trlgo ‘ - S : S : '
o —Dem tzen

So, do dém tlen nhi phan dong bo 4 bit cho tren hmh 5 2. 4 10.,

Qa ‘ Qo - QC © . e QD
[ IR [ H AR : * >

CLK J Q] |
e JE K CLROP—
CLR | ‘
s i

CLK Hinh 5.2.4.10. Dém tién nhi phan dong by modul 16

T so @b trén hinh 5.2.4.10 ta thay Tuy xung nh1p tac dong dong thoi vao cac trigo
nhung chi trlgo nio c6 J = K = 1 thi né méi chuyén trang thai. Tir so dd hinh 5.2.4.10
ta ¢6 duge cac diéu kién chuyén trang tha1 C4c cua trigo trong bd dém nhu sau:

Trigo A chuyen trang thai voi m01 xung CLK
Trigo B chuyén khi Qa = 1.
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Trigo C chuyén khi Qa = Qp =1
Trigo' D chuyen khiQa=Q=Qc=1

"Nhv vy cac trigo sau chi chuyén trang thai khi tit ca 161 ra Q cua cdc trigo ¢
truéc né ddng thoi bang 1. Qua trinh dém ctia so db c6 thé md ta nhu sau:

Khi tac dung xung xod CLR thi Qp Q¢ Qg Q4 = 0000.
Khi ¢6 xung nhip diu tién tic dung chi trigo A chuyén trang thai tir 0 1én 1, cac

trigo B, C, D khong chuyen trang thai vi ] = K 0, trang thai 101 ra ciia bo dém sau
khi két thiic xung nh1p thir nhit la: 0001. -

Khi ¢6 xung nhlp thit hai tac dung: J, K cua trlgo B la 1nén BvaA déu chuyen
trang théi, Qa:tt 1 v& 0, Qp tir 0'1én 1; ; trigo D'va'C van chwa chuyén trang thai, trang
thai & 16i ra chia b dém sau khi két thuc ; xung nhip thir hai 1a; 0010,

Qua trinh hoat dong cua bd dé&m nhi phan dong b ciing diZn ra tiép tuc nhu bd
dém nhi phan khéng dong b0, nd co glan dd xung va bang chan 1y nhu b6 dém nhi
phan khéng dong bd da néu o tren

- Bem fivi:

Trong so dd bo dém tlen tren hlnh 5. 2 4. 10 thay dau ra Q bang dau ra. Q ta sé
duoc bd dém.lui nhu trén hinh 5.2.4.11.

o Q
Qa ..‘B

CLK J Q ay J Q
K LR @ P— E K cLrR @ p—
CLR | bi = T 3

CLK

Hinh 5.2.4.11. Dém Iti nhi phan ddng bd modul 16
Tir so &b hinh 5.2.4.11 ta ¢é duoc cac didu kién chuyén trang thai céc cua trigo
trong b6 ¢ém nhur sau: - '

Trigo A chuyén trang thai véi moi xung CLK.
Trigo B chuyen khi Qa=0 (QA =1)
Trigo C chuyén khi Qx = Qg = 0 (Q, =Q, =1)
Trigo D chuyén khi Qa'=Qs = Qc = 0(Q, =Q, =Q. =1)
Nhu véy, cac trlgo sau chi chuyen trang thai khi tit ca 16 ra (Q cua cac trlgor o

trudc noé dong thoi bang 0. Bang chan ly va gian dbd xung cita bo dém i ddng bd
modul 16 nhu bo dém khong dong bg_ta.dd X6t O (Lén.,
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— Dém tién/ lii tuy y:
So dd bo dém modul 16 ddng bd dém tién Iui tuy ¥ -cho trén hinh 5.2.4.12:

* Tuy thudce diu vao U/D 1d 1 hay 0 ma ta-s& dugc bd dém nhi phin modul 16 tién
hay lui tuong tw nhu bd dém khong ddng bd tién/10i tuy .. ST o

IQA : 1QB ‘ gaes
CLK tJ Q o a : —: - Q'J '
e =@ I .f*%DM:K ap
ar |1 7 === ] T
urlS Po—" -

‘Hinh 5.2.4.12. Dem tlen Ui tuy y dong b6 modul-

- Uu diém ciia bé dém dong bé so vai b6 dém khong dong bo:

Trong mot bd dém dbng bd, moi trigo s¢ thay ddi trang thai ddng thO’l dleu do co
nghia chung duoc ddng bd hoa theo mirc tich cuc cia xung nhip. Do do6 khong gibng
nhu b dém khong ddng bo, nhirng ‘khoéang tré do truyen s€ khéng duoc cong lai voi
nhau ma né chi gdm thoi gian tré cua 1 trigo.- Thoi gian tr& 1a nhu nhau bét ké by dém
d6 ¢6 bao nhiéu trigo. Néi chung 1a thoi gian tré bé hon nhieu so voi bd dém khong
ddéng bod. Do do, bd dém ddng bo co thé hoat dong & tin s& cao hon, di nhién mach
dién cua bd dém ddng bd phirc tap horn SO V01 bo dém khong ddng bo.

Yeu cau Terk 2 tpa cua trigo.
5.2.5. Bo dém dat Ial trang thai

Bo dem co Kd =m#2" (bo dem modul bat ky) c6 the thuc hlen bang cach
— Thiét ke truc tiép (bo qua nhirng trang thai khong su dung).

— Pt lai trang théai: St dung bd dém c6 sin, dé cho bd dém chuyén sang trang
thai m réi dung trang thai nay tao in hiéu diéu khién d& xoa tit ca cac FF vé trang
thai 0 (trang thai ban dau). . _ ‘ . .

Thiét ké truc tlep da dlIO'C gid¢i thiéu trong phan truoc, trong phan nay s& trinh bay
phuong phap thiét ké bd dém trén co s dung bd dém cé san. Véi k¥ thudt vi mach
phét trién nhu hién nay, cdch nay dugc s dung ngay cang nhleu

Vidy 5.2.5.1. Thiét ké bd dém c6 Ka =35 dung phuong phap dat lai trang tha1

Sir dung bd dém co Kq = 8 va dap di 3 trang thai khong mong mudn. Vai bo dém
modul 8, khi dém hét xung thir 8 thi QcQs0QA = 000. Muon cho dem theo modul 5 th1
to ma nhl phan tuong. ung vGi xung thir 5 ¢6 QCQBQA = 101 phai dugc “d‘p” di hai s
1 de cung c6 000. Muon vay ta phal dua hai 16i ra Qc va QA qua mot ¢bng NAND hai
16i vao. Léi ra cua NAND ¢ling vm XUNE o4 CER du’a qua nét cong AND hai 101

vao, diu ra cia cong AND duoe a6l sl eALJEAN bl xo4 cha cac FF, bo dém s& dém
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lai tir ddu khi hét xung ther 5. So 4 mach dém duoc cho trén hinh 5.2.5.1 va gian dé
xung cho trén hinh 5.2.5.2. - ‘ : - :

Pl’ . R . Qa - : o Qs . - ?QC
- . .
! ! 1
CLK d Proa J - Pr g g Proq
P o op N . R B
K clr @ P K car =~ P~ K cr @ P

H1nh5251 BodemKa— ) _ :
D AU
RS IR S B

Qc

. Hinh 5.2.5.2. Gign dd xung b dém tién Ks= 5

526 Bem 10 ma BCD

Co the thlet Kké bo dem modul 10 theo phuorng phap tripe tlep hoéc. dat lal trang. thal
a} Phwong phap truc trep

+ Pém khong dong bé:

Xét bang trang thai cia bo dém 10 ma BCD trén hinh 5. 2 6.1.

Xung nhip Qo Qc Qs -Qa
0 0 0 0 0
1 0 -0 0 1
2 o | o 1 0
3, 0 0 1 1
4 o 1 0 0
5 0 1. 0 1
6 o 1 1 0
-7 o - 1 - 1 1
.8 1 - o | & 0
9 1 0 0 1
10 0 0 0 0

Hinh 5.2.6.4. Bang trang (ha cua bo dém 10 ma BCD
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Ta théy:

— Trigo A thay dbi trang thai khi ¢6 xung nhip tac doéng.

— Trigo B chi thay d6i trang thai khi Qa chuyén tir 1 xubng 0 déng thai c6 Qp =

— Trigo C thay déi trang théi khi Qg chuyen trt xuong 0.

— Trigo D thay d6i trang thai khi Q4 chuYén tir.1 xubng 0 déng thoico Qg =Q¢ = 1.

T nhén xét trén ta ¢ sc db cia bo dém 10 md BCD khéng déng bd nhu hinh
5.2.6.2.

Qa Qs ' Qc - @

1 1 :
J Q — J Q J Q| J Qf |
CLK N . o? R P P
KCcRAP-| [k clrROp- .KCLRE(.}“ LKCLREO—
s el I s m T

Hinh 5.2.6.2. Bd dém 10 ma BCD khéng déng bd

+ Pém dong bo: L :

Thiét ké theo cac budc da trinh bay trong muc 5.2.3. Tuy nhién, & dy ta thiy c6
6 t6 hgp ma nhi phan khéng xuét hién ¢ diu ra cua bé dém (tuong tng tir 1010 dén
1111). Vi vay, khi tbi thidu hoa cac ham cho gi4 tri ciia cic ham trrong tng véi sdu td
hop d6 1a khong xac dinh. Két qua sau khi téi thidu hoa: '

Ja=K, =1 =me;QA ; Ke=A 1 . =K, ZQBQAl; I =0QcQ:Q, 7 Kp =A,

So d6 cia bo dém 10 ma BCD ddng bd dugc cho trén hinh 5.2.6.3.

QA QB o QC QD

_ L1 Q
D I — - D —op .
K cLR QP K cLr @p- KeRAP | K clrAP—
CLR I 9 7 0
* — . !
o

CLK
Hinh 5.2.6.3. Bé6 dém dbng bd ma BCD
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b) Phwong phép dat lai trang thai

Pr Qa
CLK 14 Pr Q— J Pra
——CP _ > a
K clrEP K CLR
J: =1 I _‘
T

Hinh 5.2.6.4. B dém ma BCD dat lai trang thai-

V&i bd dém modul 16 (ddng bd hoac khéng ddng bo), khi hét xung thr 16 thi
QpQcQsQa = 0000, Mubn c6 bd dém modul 10 thi dén Xung thit 10 ta co
QpQcQpQa = 0000. Chung ta biét véi bd dém modul 16 dén xung’ thir 10 thi
QpQcQrQa= 1010, dé c6 duoc QpQcQsQa =:0000. th1 phai dap 2 s6 “17 di. Mudn
vdy. ta phai dua hai 16i ra Qp va Qg (co gid tri 12 1 cén déap di) vao hai 18i vao cta
mot cbng NAND. So d6 bd dém BCD khéng ddng b6 nhu hinh 5.2.6.4.

Gian dd xung duoc cho trén hinh 5.2.6.5.

o [T UTEIES

Hinh 5.2.6.5. Gian 3 xung bd dém ma BCD

5.2.7. Mach dém dit truéc

A B C D
[ 4 ) [ 3 [ 4 .-—
LOAD ‘
CLK Te—i J Pr Q Te—1J Pr Q Te— J Pr Q 1 o— J Pr Q
. ) . ) . —p _ —oP —
te— K cLREP | [te— K cLR@P| [t—] Kk clRAP | [ie—{ k ctrEP
- Qa Qg . Qe ' Qp

Hinh 5.2.7. 1] B deni [dat\truoe
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Ngoe‘li nhitng bd dém néi trén ta con gﬁp nhiing bd dém bét du tir mot sb dat
trude bat ky cho dén hét modul cua néd. So do ciia mdt bd dém dit trude duoc cho trén
hinh 5.2.7.1. :

Khi “LOAD” = 1: Mach dem xéc 1ap sb dat trude.

Vi du: ABCD = 0110 thi QpQcQsQa = 0110.

Khi “LOAD” = 0: Mach -dém tiép tuc Q s
- theo xung nhip: 0111, 1000,..., 1111, 0000, Qc . : A LOAD
i A N B: : O
Pé mach dém quay tr& lai dém tir trang Q. ¢ /- :
thai dat truge (0110, 0111, 1111, 0110,.)  Jinns327.2

thi cac dau ra QDQCQBQA cin duoc n01 vai
cac ddu vao cia cdng NOR 4 diu vio va 16ira cua cong NOR nay dleu khlen dudng
L.OAD nhu hinh 5.2.7.2. - :

5.2.8. Tang dung lu’o’ng cua bo dem

Khi cin dém s luong xung 16n hon 15, ngudi ta khong kéo dai thém trlgc vao
sau trigo thir 4 ma ghép ting. nhom 4 trigo. Viéc ghép lién tiép cac bod dém-4 bit phai
dung tin hiéu nhé E va CE, tin hiéu nh& E va CE duoc tao tir cac mach loglc phu.’

Vi du 5.2.8.1. Xét bo dém dung luong (2'° 1) xung (16 bit) theo phuong phap dém song
song co sodokhmchoohth 2.8. l P

228 I 2" 2" : 2 5 2"
1 S RTINS RN |
— E- CE E . CE[— E  CE[= E CE——
" ] 2 ' 3 " 4
pLKF r ' r . r

CLR :
Hinh 5.2.8.1. Tang dung lwgng bd dém dong bo:

B6 dém 16 bit gom 4 b dem modul 16, cac bd dém chi dem khi c6 tin higu E =1
va tin hiéu CE chi bang 1 khi ca 4 18i ra ctia bd dém modul 16 ddu & muc cao. Nhu
vy, khi bd dém thu 1 dém den xung thir 15 thi tin hi¢u CE = 1 va no kich th1ch 161 -
vao E cua bo’ dém thu 2,. - :

Cé nghla la: o ‘

Sau I xung nhip thi bd dem thit nhit ting thém 1 don vi.

Sau 2*xung nhip thi bd dém thir 2 tang thém 1 doo vi.

Sau 28(2".2Y) xung nhip th: b6 dém thir 3 tang them 1 doh vi:

Sau 27(2*.2*.2%) xung nhlp thi b dém thir 4 tang thém 1 don v vi. .-

So db bd dém 4 bit ¢6 logie taonhd Tha [ren/binh 5.2_._8.2.
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CLK

CLR

Qo Q @ e

N Ql | J oj%;r Q.o
K clRAP—| Hk crqP K cLlRAP—

i ] I

.
CLK.

Hinh 5.2.8.2

Tin hiéu didu khién J, K va tin hiéu nhd CE cén cé diu vao E khéng ché:
CE=E.Qy Qi1 Q2Q;5 : o -

Ki=J3=E. Qs Qi Q

Ky=1J= E‘. ‘Q() Q| R

K1=Jl,;_E.-Q0 o

K():Jo:E

5.2.9. Cac vi mach dém nhi phan va dém 10 ma BCD

= 4
r.
: m

O cac tiét trude chiing ta da khao sat cdu trac hoat dong cia céc bd. dém nhi phan
va ¢ém 10 mi BCD. Céac bd dém nay dugc. tao thanh tir cac trlgo 101 rac. Cong nghé
ché tao cac vi mach logic hién nay da phat trién & trinh d6 rit cao. Di c6 nhiéu vi
mach mirc d6 tich hop trung binh va ¢& lon (MSI, LSI) gia thanh cdc vi mach nay’ rat
ré. Trén thi truong hién nay co rat nhlcu loai vi mach ¢& trung binh MSI la cac bd
dém hoan chinh. Sau day g10'1 thleu mot sb mach dem ho TTL va CMOS

Cac vi mach dém ho TTL:

Céc vi mach dém nhi phin 4 bit: 7493, 74L8293 74161 74163 74193 74191

Cac vi mach dém 10 ma BCD: 7490, 7492, 74160 74190

7490
7492
7493
74160
74161

74190
74191

: mach dém 10 khéng déng b .
- : mach dém 10 déng b6 ma BCD c6 céc ‘mode diéu khlen
: mach dém 16 khéng déng bd mi nhi phan
: mach dém 10 dong bo dat truorc theo ma BCD
: mach dém 16 dong bd ma nhl phan
: mach dem 10 ddng bo theo mid BCD -
: mach dem 16 dong bd ¢6 cac mode dieu khlen.‘ -

Cac vi mach dem thuoc ho CMOS

CD4029
74C193
74C192

: mach dém tién ldi ma nhi phan va ma BCD
mach dém nhi phan ddng b6 4 bit tlen/lm '
: mach dém-10 dong bd tidn/ Ini

74C90: mach dém 10 khéng dong b6 BCD
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5.2.10. Bo dem Johnson

Dung ma J ohnson vl cach thlet ké nhu da trinh bay, ta duoc
— Néu dung D — FF thl cac FF: A; B, C,.

N ¢o6 phuong trinh cac dau vao didu
khién nhu sdu: DA = N DB = A Dc =B

DN = M. Scf do mach thuc hién cho ¢
hinh 5.2.10.1. .
Hinh 5.2.10.1. B6 dém ma Jonhson : .
_ Néu ding JX — FF ¢6 so db nhu hinh 5.2.10.2.
J A Bl— ... J N
K AD ~lk Bb S R “Nb
T

5 2. 11 Bo dem vong:

Dung ma vong, vm phuorng phap thlet ke nhu da trmh bay & phan truoc ta co

Hinh 5.2.10.2. Bo dém mﬁ'_:'.j‘on'h-son o

— Néu dung D — FF dé thiét ké ta ¢6 so d6 nhu hinh 5. 2 11. 1

Vé'i: DA ;_ N, DB —__A, : _D.N = M.
l—-D Al dD Bl tiiiai D. NJ
—a> 45
Ck

— Néu dong JK - FF dé thiét ké ta 6 su.dd nhu’ hmh 5.2. 11 2

Hlnh 5. 2 11 1 Bo dem ma vong

l—-J A= J BF— e aie N—+
—a> e L L — |
55 PR N ~lk
‘——K AD P K .. . PB : ND-O::_I. g
Cx - :
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5.3. CAC BO GHI DICH (Shift Register)

Bo gh} dich con goi 1a thanh gh: d1ch 1a céc phan tu khong thé thiéu duogc trong
CPU, trong cac he v1 XU ly, No co kha ning ghl glu va dnch thong tin (sang phal
hodc sang trai). - :

B& ghi dlCh chu tao tir mot day phan tir nhé don bit (trigo) duoc méc hen tlcp vcn
nhau va mot so cira loglc co ban hd tro. :

Muén ghi va truyen mot tir nhi phan n bit ta can n phan tir nhd (n trlgo) Trong
cac bd ghi dich thuong dung cac trlgo dong bd nhur trigo RST trigo JK, trigo D.

Thoéng thu'ong ngudi ta hay dung cac trigo D hodc céc trlgo khac nhu’ng mic theo
kidu tr1g,o D dé tao thanh cac by ghi. :

C6 hai céach ghi:

— Ghi song song: Cac b1t cla tir nh1 phan duoc ghi dong thO’l cung mot e vao bo ghi.

— Ghi néi tiép: Cac bit ciia tlir nhi phin dugc dua vao bo ghi mdt cach tudn tu theo
thir tu cla tir nhi phéan.

5.3.1. Bo ghl song song

- So db bd_ghi song song 4 bit cho trén hmh 5 3.1 : :
Trong so d6 5.3.1.1 nguorl ta them 1 mach diéu khiénra dung 4 ¢bng AND 2 101 vao:

D1? e .'Dz.' l ' ‘Ds'.' o - Dig'
| CLR . CLR | CLR CLR
CLR I | ' l B l T
™ : : :
ClK o —¢ . : - - »

¢ : N - . "
Diéu khién ra b ' E) . ' b b
. Q1 . . QZ_ . R Q3 Q4

Hlnh 5 3 1 1. Bo ghl song song 4 bit

“Hoat dong ciia so a5 tren hinh 5.3.1.1 nhu sau; .
- Truéce tién dung xung x04 CLR =0 dé xoa 101 ra Q1Q2Q3Q4 = 0000
Cac sb-liéu can ghi duoge dua vao 16i vao DyD3D3Dy. o .

"Khi'cé6 xung diéu khlen ghi dua vio 16i vao CLK; dir ligu duoc nap vao bo nh¢
song song va cho 16i‘ra song song Q10Q:Q3Q4 = D1D2D3Da. L

~ Ma&i 16i ra Q dugc dua vao 1 161 vao ciia cac clra AND Mubn cho du lleu ra thang
161 ra thi 161 “Diéu khidpraphai-bing-1- Néu-chwa-mudn cho dir 11eu Ia 161 ra thl dé
“Piéu khién ra” bang 0.
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5.3.2. B& ghi nbi tiép

a) B6 ghi no; tiép dich phai co céc 16i ra song song va ra néi ttep

Bd ghi ndi tiép co thé dxch pha1 dich tral va cho ra song song hoac ra ndi tiép.
Tren hinh 5.3. 2.1 gi6t thiéu so dd bo ghi néi tiép dich phai c6 céac 16i Ta song song va

,r;l_n01 ‘nop. .
Ra néi tiép

Vao néi tiép 4 . N S \
Pr Pr : Pr R s R = o
e D FT 4 D aQ ‘”._‘D aQ — P Q
~—>  ap P ekl eb|rP .. ¢
' CLR " CLR ‘CLR " CLR
CLR T T T R I
. e * ‘
CLK e .
) -'Diéu khién ra

Ra song song

Hinh 5.3.2.1. B6 ghi néi tiép dich pha:

Pay la s dd chi c6 16i vao ndi tiép, con 16i ra ca song song va ra ndi tlep
Khi cho mot xung kim 4m tac dong vao 16i'vao xo4, cac 16i ra Q cda ca 4-trigo

trong bd ght déu & trang thai 0. : ‘

Muon gh1 ta phai dua céc bit thong tin ndi tiép vé thol gian truyén ]an lugt vao 16i
vao nbi tlep theo su didu khién dong bé cua cac xung nhlp Cir sau mbi xung nhip
trang thai cta trigo lai duge xac lap theo thong tin 16i vao D cua nd. Trong so dd hmh
5.38 16i ra cua trigo-truée lai duoc ndi voi vao 181 vao D cia trigo sau nén sau mdi
14n ¢é xung nhip tac dong trigo sau lai nhén gia tri cla trigo ding trude nod.

Xung nhip Q- Qe Qs Qq
0 0 0 0 0

2 - Dy Das -0 -0

3 D: Ds Di 0

4 Dy D Da D4

Hmh 5. 3 2.2, Qua trlnh ghl thong tin

(Gia sirta co 4 bit s6 lleu D,D2D3D4 du’oc truyen llen tiép t&i 161 vao cha bd ghi
trong do bit Dy dén truéc nhéit. Qua trinh ghi thong tin-dién ra nhu trén hlnh 5.3.2.2.

Sau 4 xung nhip thi thong tin dugc nap xong, mubn dua dir lién ra & céc 16i ra
song song ta dit mirc 1 ¢ 161 “Didu khién ra”, 16i ra ciia cac cira AND & 16i fa song
song'sé dugc xac 1ap theo trang thai Q,, Q, Q3, Q4 cna cac. trlgor trong b ghi. Trong
cach diéu khién dir liéu ra song song nay théng tin trong bd ghi van dugc duy tri.
. De d1eu khlen dir ligu ra. n01 tlf::p, ta phai tdc déng mdt nhom 4 xung ﬂhlp ¢ 101
vao CLK (diéu khlen ghi). Sau 4 xung nhip téc dong 4 bit dir lieu lan lwot dugc dua

ra khoi bo ghi.
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Nhu vay. qua trinh diéu khién ghl nbi tiép 4 bit méi cling 1a qua trmh dua 4. b11 dir
licu ¢di ra khoi bd ghi qua 16i ra ndi tiép.
b) BG ghi ndi tiép dich trai c6 cac 16i ra song song va 16i ra ndi tiép

B& ghi ndi tiép dich trai c6 céc 14i ra song song va 16i ra ndi tiép duoc trinh bay
trén h1nh 5.3.2.3. Céu trac cua bo ghi nay ciing twong tu nhu bé ghi dich phai hinh
5.3.2.1, n6 chi khac trat tu sép xép cac trigo trong bd ghi. Tr1g0 4 lai 1a trlgor du,
trigo 1 1a trigo cubi. :

Qua trinh d1eu khlen xod, diéu khlen ghl vao va dua dit li€u ra hoan toan tuorng tu
nhu bd ghi dich phai hinh 5.3.2.1.

Vao nobi tiép
N ‘ e————®
Ra ndi tiép l— & ) ] & A 4
E Pr : Pr ' l - Pr : Pr :
D Q‘_. L. 1D Q L 1D a % D a
P al P al |+ aplrP | Gk
CLR I CLR . | CLR .- . - .CLR
wr | ] | L LT
*—] L 4 —
CLK a e -

*— - —
Didu khién ra &j _ b &] t)
‘ Q1 Ra song song Q o TQs . . ‘ 4

Hinh 5.3.2.3. Bo ghi néi tiép dich trai

Vi dy, ta ¢é mot chudi dit liéu Dy D, D3 Dy dugc truyen dén 181 vao cia bd ghi
theo trinh ti bit D, dén trudc nhét. Qua trinh ghi dich 4 bit dit ligu dbi voi bo dém
nay di&n ra nhu trén hinh 5.3.2.4.

Xung nhip Q] Qe Qa Qs

0 A o - 0 0

1 ' 0 o 0 D,

2 10 0 D4 D2

3 0. -1 D D2 D;

4 D4 D2 D Dy
Hinh 5.3.2.4

5.3.3. Mach vira ghi néi tiép dich phai, vira ghi song song

C6 thé dung Pr va CLR b sung 1 dau vao song song cho thanh ghl dlCh SO do'
duogce cho trén hinh 5.3.3.1.

3 hinh 5.3.3.1: Dé nhap gia tri vao song song, “PK vao song song” phai. béng l.
Su dung 8 cbng NAND 2 dau vao, khi ca hai ddu vao cung bing 1.thi dau ra bang 0.

Hai c‘iau vao Pr va CLR-tich-crebdi-mbe thap, dwoe-tac dong boi tin hiéu ¢ diu ra
cac cong NAND.
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_ Pé nhap gia tri vao ndi tiép, “PK vao song song” bing 0 lam cho 8 déu ra cua 8
cong NAND biang 1 déng kin cac duong mach vao song song.

; Ra song son ) : R o
. ’ 1 g g Q2 " Qs Q4
Vgo noi lt.lep _ 5—‘ _ [ . g—-— r_
— D Pr Py i D Pr -
! S Q : S Qy Q Ra
» — b — P = néi
Q Q Q L
. [ clR | [ > [ ctR [ | P
. CLK -
" .
p

BK vao
song song

' V lDa
Vao song song
Hinh 5.3.3.1. Mach vira gh| noi tlep vira ghi song song

Co thé dung thém céc phén tir logic dé diéu khién qua trinh ghi song song, va ghi
nbi iiép, so d6 duoc cho trén hinh 5.3.3.2. :
Va3 _
a0 song song o Dy .

DK ghi :

Vao néi tep | ]

4 b 4 )
D Pr o H n FPr a D Pr a 1 D Pr a F'z;
— ab P al.lrv ab|rv Gl | nei
: CLR CLR tiep

CLR

CLK . -
e O ) v o)
Q4 Q- Qs Qs

L E X

Ra song song
Hinh 5.3.3.2. Mach vira ghi néi tiép vira ghi song song .

O hinh 5.3.3.2: “DK gh} =1 thi nap vao nbi ‘uep, ‘DK ghl = 0 thi nap vao song song.

5 3 4. B ghi ndi tiép théng tin c6 the Iwu triv

- So d6 mach cho trén hinh 5.3.4.1. .
Khi “ DK ghi” ='1: cho phép ghi dich ndi tiép, sau mot nhém xung nhlp ta ghi

xong maét tur nhi phén. | N
“PK ghi” = 0: Q; dvge nbi véi D 'hic ¥av-c6 xung nhip tac dong thi trang
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thai ¢ dAu ra cua cac FF van glu fguyén, nghla la lhong tin duoc luu gitt mai. Mudn
ghi tiép la1 cho * DK ghi” = 1. : :

DK ghi
>

Vao néi tiép

4

4D Pr. a

> al

CLR _
o 1
CLK o _

& & &

BK ra' ET;b . b
Ra song song ey Qs ‘ Q3 Q4

Hlnh 5.3.4.1. Bo ghl noi thiép théng tin c6 thé lwu

5.3.5. Bo hinh téng quat cua bo ghl dich

Bang chuyen déi trang thai caa thanh gh1 dich trai hai bit dugc chi ra trong hinh
5.3.5.1. Nho bang nay ta co the blel duoc tat ca cac chuyen d01 trang thai cua mach.

10 1 0(j oo |so O {1 s 11 Dy
0 L 0 1 i L L
/ \ | | / \ ! . k 16 “A 0
00 01 10 11 ’ ' : e -
Hinh 5.3.5.1. Bang chuyén dbi trang thai Hinh 5.3.5.2. D6 hinh téng quat

Vi du 5.3.5.1. Neu trang thai ban dau cua bd ghi dich tral 2 bit 12 00 thi n6 c6 thé chuyen
dén mot trong hai trang thai tiép theo trang thai 00 néu dau vao D cta FF dau tlen {trigo
c6 trong s6 nho nhat) ladvalaol néu diu vio D cua FF dau tién la 1. Tuong 1y, néu trang
thai ban dau ciia bd gln dich 1a 01 thi no6 s€ chuyen dén trang thai tiép theo 13 10 hoac 11.
Tir bang chuyén d6i trang thai o hinh 5.3. 5.1 ¢6 thé biéu dién ¢ -dang db hinh tdng
quat nhu trong hinh 5.3.5.2. Cac gia tri s6 ghi trén cac cung chinh la gia tri eua ham
hoi tiép. (clng chinh ia d4u vao cua FF déu tién) ang véi sy chuyén déi trang thai do.
| Tir d6 hinh ta nhén thay bo-ght dich sE B Khod™ 0| trang thai 00 néu ham h01 tlep
1a 0, hoic ¢ trang thai 11 Aéu hamhoiltiéplavl :
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Vi cach lam tuorng tu ta ¢6 dd hinh tdng quat cua bd ghi dich ¢6 sb blt bat ky

Nhdn xét: Tir dd hinh téng qudat ctia bd ghi dich ludn ludn xé4c dinh du’oc trang
thai s& chuyén bién t6i cua bé ghi dich ing véi gia tri tuong Gng cta ham héi tiép.

Vidu535.2. Néu trang thal ban dau cua bo ghi dich 3 bit 1a 010 (Sy), thi ing véi ham hi
tiép la 1 mach s& chuyen t&1 trang thai 101 (Ss), néu ham hdi tiép 12 0 thi mach s& chuyén
161 trang thai 100(Sy). Néu trang thai ban ddu cia bd ghi dich 1a 110 (Se) thi tng v6i ham
héi tlep 12 1 thi mach s& chuyén t6i trang thai 101 (Ss), néu ham hdi tiép 1a 0 thi mach s&
chuyen tGi trang thai 100(Sy),. ..

Ta thiy vi bd ghi dich 1a dich trai nén bit cé y nghia nhit s& bi mét di va bit hdi
tiép dwoc dua vao vi tri bit it ¥ nghia nhét sao cho sb bit la khong dbi khi ¢6 1 xung
nhip tac ddng.

Bang chuyén déi trang thai cua bd ghi dich 3 bit nhu tren hmh 5.3.5.3.

1

0
000 «— 000
001

0l‘1 o1l1
iy TSt

1

l___lr—lr—ll__—}ﬂ

0 c10 ' o1 100 1M 110

Hinh 5.3.5.3. Bang chuyén déi trang théi cta bd ghi dich 3 bit

Vi du 5.3.5.3. Néu trang thai ban dau cua bd ghi dich 4 bit la 0011 (S3) thi g vai
ham hdi tiép la 1 thi mach s& chuyén t&i trang thai 0111 (S;), néu ham hdi t1ep 1a 0 thi
mach s¢ chuyen t61 trang thai 0110(Ss). Néu trang thai ban dau la 0111 (S5) thi ng
véi ham héi tiép 1a 1 thi mach s& chuyén téi trang thai 1111 (S;5), néu ham hdi tiép 1a
0 thi mach s& chuyén t6i trang thai 1110(Se), v.v.

D6 hinh chuyén déi trang thai duoc st dung de thiét ké bd dém, bd tao day tin
hiéu nhi phén,... nhu sé trinh bay trong céac phin sau.

5.3.6. Thiét ké bd dém dung bo ghi dich

a) So dé kho;

Tir @6 hinh téng quat cta bd ghi dich ta nhén thiy rang: Xuit phat tir mot trang
thai ban diu nao do, ung véi 1 diy tin hiéu hdi tlep fhy = Da = Ja xac dinh, s& c¢6 mdt
ddy xac dinh cac trang thai sé chuyen bién téi. Néu day tin hiéu cua fi; duoc chon
thich hop sao cho diy chuyén bién trang thai tao 1hanh mdt chu trinh kin thi d& hinh
trang thai clia mach chinh 1a @& hinh cta bd dém.

Nhar vay, bai toan thiét ké bd dém dung bd ghi dich tré thanh bai toan thiét ké
ham hoi tlep cung c¢ép cho déu vao cua bd ghi dich sao cho ing v&éi ham nay céc trang
thai ctia mach s& chuyén bién-theo-chu-trinhkin: so trang thai trong cua chu trinh

banFK,.
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fo Mach héi tiép

A EE. N X

> J A J B —AJ N
%Z—cb o> | -
kK - ADL ‘K - Bpb 4 |—{k ~ ND

Ck

Hinh 5.3.6.1. So @b khéi clia bd dém dung thanh ghi dich ¢é ham hdi tiép
 So db khdi cha bd dem dung thanh ghi dich c6 ham hdi tiép dugc chi ra & h1nh
5. 3 6.1.

Cac FF dwoc méic voi nhau thanh mot thanh ghi dich n bit. Pdu ra cua cac FF gbm
ca Q va Q duoce sir dung dé tao ham hdi nep dua vao déu vao diéu khién cta thanh
ghi (C!éu vao diéu khién cua FF du tién: FF — A). Giira dau vao va ddu ra cia timg FF
¢6 moi quan hé sau: '

JA—fm(ABC N) JB=AJC=B JN=

Mach hdi tiép nay co gia tri “0” hay “17 Va duoc dua vao diu vao coa A — FF
Kh1 ¢6 xung nhip s& thiét 1ap trang thai cia A — FF tuong ng.

Néu bd ghi dich dang & trang thaiNM...CBA =00 ...0 0 1, trang thai tiép theo
cua bd ghi dicp s€12400...010hoac 00 ...01 1 phy thudc vao gia tri clia ham hoi
tiép dua vao dau vao Jcia A —FF la 0 hay la 1.

b) Cac bwéc thiét ké bé dém diang thanh ghi djch

Pé thiét ké bd dém dung bo ghi dich ta phai tién hanh theo cac bude nhu & hinh

5.3.6.2.

Xac dinh b bit n ciia bd ghi dich (n 2 logsKa)

:

Chon chu trinh chuyén bién trang thai cda bd dém theo dd hinh chuyén
d6i trang thai (sb trang thai trong ca chu trinh = Kg)

!

Xac dinh fi va téi thidu hoa

!

So db

Hinh 5.3.6.2. Cac budc thiét ké bo dém diing.thanh ghi dich
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Vi dy 5.3.6.1. Thiét ké bd dém 5 trang thai ding thanh ghi dich.
Buéc 1: Xéc dinh sb bit ciia bd ghi dich n = 3.
Buée 2: Chon chu trinh chuyén bién trlang thai. ;
. Gia sir ta chon diy trang thai theo chu trinh kin ¢6é 5 trang thai khéc nhau nhu
trong hinh 5.3.6.3.

So
.8 S S s
CBA 1 3 . 6 4
000 » 001 > 011 of 110 |, 100

A - T

Hinh 5.3.6.3. B4 hinh chuyen déi trang thai

Buorc 3: X&c dinh ham hdi' tlep
Cin ¢t vao diy 5 trang thai di chon'ta'cé bang trang thai va gia tri chia ham héi
tiép twong tmg hinh 5.3.6.4. T01 thleu hod ham bing bang Karnaugh ducrc bleu dién
trén hmh 5.3.6.5..

s _ c B A fit

So 0 0 0 | E

S, 0 0 1 R 1 fm "BA - ‘

S5 o 1 1 To | 00 o1 1M 10
Se 1 1 0 0 0 1 1 0 ix
S4 1 0 0 0 1o [x [x jo

. _Hinh 5.3.6.4. Baing trang thai. 'Hinh 5.3.6.5. Téi thleu hoa ham

Phuong trinh logic ctia ham hai- tlep £, = DCA + DCA+ DB
So do_ bd dém 5 trang thai dung bd gh1 dich cho trén hinh 5.3.6.6_._ _

‘ J A J B J CH
y—d> | —d> I
® A—E’P_ K B K C b

Hinh 5.3.6.6. So d6 bd dém 5 tra’n'g‘théi dung thanh ghi dich
Vi du 5.3.6.2. Thiét ké bo dém 10 trang thai ding thanh ghi dlCh
Bude 1: Xac dinh sb bitjetabd-ghi-dichnre=

Budc 2: Chon chu trinh chuyen bidn trafmgshai.
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. (ia str ta chon diy trang thai theo chu trinh kin ¢6.10 trang thai khac nhau nhu
trong hinh 5.3.6.7. .

So . 54 S ‘ Ss S14
DCBA- S = S
0000 »! 0001 »{ 0010 » 0101 »| 1011
1000 < 0100 < 1010 w 1101 < 0110
"Sg Sa Sio S13 Se

Hinh 5.3.6.7. Db hinh chuyén dbi trang thal

BU’O’C 3: Xac dinh ham hdi tiép.

- Can cir vao diy 10 trang thai di chon ta c6 bang trang thai va gia tri cia ham héi
tiép twong tng hinh 5.3.6.8. Téi thiéu hoa ham bing bang Karnaugh duge biéu dlen
trén hinh 5.3.6.9.

=_
=l
=]

s D c B | A
So . 0 . 0 0 0 1
S 0 0 0 1 0
Sz 0 0 1 0 1
Ss 0 1 0 1 1 T
Snw | 1 |0 | A 1 0 BA
Ss 0 1. 1 0. 1 DC 00 01 11 10
Siz_| 1 1 0 1 0 oo X ]
St 1 o | 1 0 0 01 XS
Sa 0 1 0 0 {0 11 | X X X
Sy 1 0 .0 0. 0 10 X
Hinh 5.3.6.8. Bang trang thai ; : Hmh 5.3.6.9. Téi thleu hod ham

Phuorng trmh loglc cua ham h01 tiép: f, = =DCA+DCA + DB
So d6 bd dém 10 trang thai dung thanh ghi dlCh o h1nh 5.3. 6. 10.

J A J B J c J D b=
> —+> —c> —>
K AD K B K cp K DOP—

Hinh 5.3.6,10. 6/ dd bo dam4 0 ¥4id thai dung thanh ghi dich
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5.3.7. Tao day tin hiéu tudn hoan dung thanh ghi dich
Thanh ghi dich ¢6 thé ding d& tao tin hidu tudn hoan theo yéu ciu cho trude.

a) Sor do khoi cha mach tao day tin hiéu tuan hoan dang bé ghi djch hinh 5.3.7.1

L ; ‘Mach héi tiép
J A J . B H—T— J N
Y —> > | —a>
- K AD 4 K Bolg— . —{ K NDP
Ck |
Mach logic ra

Va

Hinh 5.3.7.1. So db khéi ciia mach tao day tuan hoan dung bé ghi dich

b) Cac bwére thiét ké mach tao diy tin hiéu tuan hoan dung bo ghi dich
Bai toan thiét k& mach tao diy tin hiéu nhi phin tudn hoan ¢6 chiéu dai L dung
bd ghi dich ¢é luu dd thuit toan nhu hinh 5.3.7.2. '

1. Xéc_dinh 56 bit n ctia b ghi dich (n = logzL )

A 4

2. Chon chu trinh chuy&n bién trang thai clia bd d&m theo dd hinh chuyén dbi trang thai
(s trang thai trong cla chu trinh = L) .

l

3. Xac dinh f, va tbi thiéu hoa

v

4. Xac dinh ham ra va tdi-thiéu hoa .

5. SU dé

Hinh 5.3.7.2. Lwu d6 thuét toan.

Céc bute 1,2,3 twong fir cacbude. thidt ké b dém,dung thanh ghi g_lich.
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Vidu5.3.7.1. Xaydu'ngmachtaodaynnh;leunhlphantuanhoan1—1 0-0-1-1-0-0.
Buée 1: Day tin hleu tuin hoan co chleu dai bang L = 8, s0 b1t cta bo ghi d]Ch n=3
(log;8 =3). : . L :
' Buoc 2: Chon chu trink chuyen bién trang thai nhu sau:
So N Si—>S2— 85 —>83 —>S7 ——)S(, —>S4 — So

(]

B .

-]
=
b
b3

S
So |
. Sy
Sz
Ss
ry
Ss
S4

mlala|loi~olo|o
olo|l=a|aioclolw|l=a]

o_\_;“_x O"‘—K'O-O
QOO | =|=|=2|CQ]~=

Hinh 5.3.7.3. Bang gia tri cia ham héi tiép va ham ra
Tir chu trinh chuyén bién trang thai ta c6 bang gia tri coa’ham hdi tiép va ham ra
twong tng nhu trén hinh 5.3.7.3.

Budc 3: Xdy dung ham hbi £y va tbi thleu hoa : o
Tir ham hdi tiép xac dinh  duoc nhu bang hmh 5.3.7.3, tbi th1eu hoa ham ta duorc

fi, = CB+ CA + CBA
Budc 4: Xac dinh ham log1c ra QA va t01 thleu hoa ;
T ham ra nhu bang hinh 5.3.7. 3, téi thleu hoa ham ta duoc QA = CB+ BA
Budc 5: So dd mach trén hinh 5.3. 7. 4

G

T.,

Qa

_High5.3.7.4. 0,40 mach
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5.3.8. Mot so i mach ghi dich thu’o*ng gap o

7495 14 b1t vao song song hoac ndi tiép, ra song song hoac nbi tlep.
74174 : 6 bit, vao song song, ra song song co dau VAo XoAa.

74178 : 4 bit, vao song song hoac nédi tlep, ra song song.

4731B : 64 b1t vao nbi tiép, ra n01 tlep

74165 : 8 bit, vao song song, ra ndi tiép.

74164 : 8 bit, vao nbi tiép, ra song song c6 diu vao xo4.

74194 : dich trai, dich phai, vao song song, ra song song

74373 : 8 bit, vao song song, ra song song

74374 : 8 bit, vao song song, ra song song.

54/74195  : 4bit, vao song song hodc néi tlep, ra song song co d4u vao xoa.
54/7491A : 8 bit, vaora no1 tlep ]
54/7496 : 5 bit, vio song song hodc ndi tiép, ra song song c6 CLR.

54/74199  : 8bit, vio song song _noac nbi tiép, ra.song song ¢6 CLR .

5.4. MACH DAY PONG BO

~ Mach day dong bé 12 mdt mach sb bao gdm céc mach td hop vacac FF, hoat dong
cua mach duoc dong bo boi xung nhip Ck. Trong thuc té, dé giam nho cong- sudt tiéu
thu, thoi gian tr& va dé cho mach thuc hién don gian, nguéi ta thudng thiét ké so dd
st dung cac JK — FF va cac mach NAND.

5.4.1. Phan tich mach day dong bo | _
a) Cac bu’o’c phan t:ch mot mach day dong bo nhw hmh 5.4. 1 1’

1. Sor do mach

!

2. Xac dinh cac du vao, ra. S6 trang thai
trong cua so do.

}

3. Xac dinh hé phwong trinh ham ra, ham-
kich clia cac FF.

1

4. Lap bang chuyen ddi trang thai, bang ra
~- -nhj phan -

l

5. Pb hinh trang thai

.

6. Chirc ndng cia mach

Hinh §.4.1.1. Cacbwée phan-tich mdtmach day dbng bé
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1. T so dd cho trude cén x4c dmh chirc ndng timg phan tlr co ban cua so do ‘mbi
lién hé giita cac phan tir do.

2. Xac Chnh so dau vao, diu ra chia mach, dac dlem ciia cac diu vao, dau ra do. Dé -

xac dmh duoc sb trang thai trong ctia mach chung ta can phéi xac dinh xem mach dugc
x4y dyng tu bao nhiéu FF tir do xac dinh duoc sé trang thai trong co thc c6 cua mach:

Néu s FF lan thi sb trang thai trong co thé c6 ¢hia mach 1a 2" ‘

3. Duwa vao so dd cho trude, chi ra duoc hé phuorng trinh ham ra, ham kich clia
cac FF. S . _

4. Dua vao phuorng trinh ham kich, ham ra da xac dinh dugc ¢ trén, va dua vao
phuong trinh dic tinh cia FF xac dinh duoc trang thai chuyén bién t6i va tin hiéu ra
tuong. ing VO‘l tln higu vao va trang thai hién ta1 cua mach. L

5. Tir bang trang thai va. bang ra. da lap duorc & trén, xdy dung duorc dd hmh trang
thai va tin hiéu ra ctia mach.

6. Sau khi 1ap dugc db hinh trang tha1 dua vao do hmh do X4c dmh duorc chuc
ning ctia mach.

Vidy5.4.1. 1 Phén tich mét mach day dong bo 6 s0'dd cho & hinh 5.4.1.2,

J A ' SIS | B i -
—d> | 4 | }[:DE
P ATJ_\_"- } K B

Oe 8 X

Hinh 5.4.1.2. Srydomach o

Buorc 1 Mach sur dung 2 trigo JK va cac cong NAND

Budc 2: Mach c6 2 déu vao 12 tin: hiéu vao X va xung nhip tac dong CK, mot dau
ra 1a Z. Do mach dugc xiy dung tir hai FF nén sb trang thai trong co the co cua mach
la 4 (00, 01, 11, 10)

Budce 3: Xac dinh phuong trlnh ham ra va ham leh cho cac FF
Phuong trinh ham ra: Z=A. B CK ' :
Phurorng trinh ham leh cho céc FF A va B

| . JA=BiKa=1;Jg=A;Kz=XA=X+A.
Budc 4: Bang trang thal bang ra nhi phén:
Tt phuong trinh cha JK FF Q= JQ +KQ

Tacé: A, = Aan, B -A B +ABX
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Bang chuyén dbi trang thal va bang ra nhi phén theo trang ‘thai hlen ta1 (n) va tin
hleu X cho trén hlnh 5 4.1. 3 ' :

Trang than hién ta| Trang thai tiép theo ~Tinhigura
) ) , 'X=0 X=1 |  X=0 T X=1
AaB AB a2 ez
00 e I | 01 0 0

01 R T T e & 0 -0

1 00 00 1 1

10 . 00 00 L .0 0

Hinh 5.4.1.3. Bang trang thai va bang ra nhi phan

=1 khi va chi khica Ava B’ déubing 1 va co xung nhip tic dong: Cho nén
khoang thdi gian Z = 1 bao gid cling bang khoang thai giahton tai cia xung nhip

Buorc 3: I—)o h1nh trang thal nhu tren h1nh 5.4.1.4.

s ‘AB
0
o 220 |
X=x I
S| Z= AB
X =x II 1 Z=0 01 J_L X = x

AB  AB__ )

S z=0 |10 oMy Z=1

S

Hinh 5. 4 1.4. B4 hinh trang thai

Budc 6: Chirc ndng cua rnach

Nhin vao db hinh chuyén déi trang thai ta thay cd 2 con duong chuyén d6i trang
thal(So—-}So)la So~—>Sl ——)Sz-—)SoV&So—"}Sl —->S3—-)So

—-Theo con duong So —) S~ S3 —> So tln hiéu ra Z = 1 Sé duroc du’a ra cung voi
thoi didm cé xung nhip thir 3. ’ ' - '

— Theo con duorng So —- S, > 8 —> §g s€ khong cho tin hleu ra (Z O)

Phén tich su thay ddi trang thai theo con duong So - 81 - S3 ——> So:

Chuyén dbi trang thai dAu tién tir So dén S, chi nho tac dong cua xung nhlp, khong
phu thudc vao tin hiéu X = 1 hay X =0 (X bét ky). .

Chuyén dbi trang thai thir 2 tir' Sy dén 'S; nho tac déng cua tin hiéu vao X = I va
xung nhip tac dong. o : ‘

Con chuyén ddi trang thai thir 3 tir S3 dén Sg chl nho tic dong cua xung nhip va
kKhong phu thudc vao tin hicu vao-A = | hay X = 0 (X bat By).

Mach chi dua ra tin hiéu fa Z = 1 khi day ifn Hiéo vao X ¢6 dang 010, 011, 1 10 111,
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Toém lai, mach co chirc ning kiém tra day tin hi¢u X vao & dang chudi cé do dai béng 3.
Néu chudi tin hiéu vao c6 dang l1a mét tyong 4 ddy: 010, 011, 110, 111, mach sé& cho tin
hiéu ra Z.= 1 tai th&i diém cé xung nhip thir 3. D6 16ng cla tin hiéu ra Z dung bang do
rong cua xung nhip. - -

5.4.2. T6i thiéu hoa va ma hoa trang thai trong
a). Phu’o’ng phap téi thiéu hoa Caldwell

—Dinh nghia cdc.trang ﬂun tu’cmg duong:

Trang thai S; duoc goi la twong duong véi S khi va chi khi néu 1y S; va S; 1a hai
trang thai ban dau thi v6i moi day tin hiéu vao co thé ¢6 chung ludn luén cho déy tin
hiéu ra gidng nhau. .

Néu ¢ nhidu trang thai tuong duong vél nhau ting dé1 mot thl ching tu’orng duong
véi nhau (tinh chét bic cdu). Dé kiém tra m6t nhém cac trang thai xem ching cé tuong
dwong véi nhau khong, ¢é thé sir dung béng trang thdi va tin hidu ra nhu sau:

+ Nhém céc trang thai tuorng duong pha1 ¢6 nhitng hang trong bang tin hi¢u ra
gibng nhau.

+ Nhém cac trang thai tuong duong pha1 co nhung hang trong bang trang thai & cung
mét ¢bt (Ung véi cing mot 6 hop tin hiéu vao) la twong duong. Nghia 12 tng véi cung
mdt t& hop tin hiéu vao cac trang théi s& chuyén bién 161 cna chung 1a twong duong.

Diéu nay cho thiy thit tuc kidm tra tinh twong duong cia mdt nhom céc trang thai
phai tién hanh tudn tr timg budc cho dén nhom trang théi cudi clng. Néu nhom trang
thai cudi cing nay la tuong duong thi nhém trang théi dugc kiém tra 1a tuong duong.

— Quy tic Caldwell:

Nhirmmg hang (tuong ung vGi trang thai trong) coa bang chuyén ddi trang thai va
tin hiéu ra, sé& dugc két ‘hop véi1 nhau va dugce biéu dién mot hang chung — déc trung
(trang thai dac trung) cho ching néu nhu chl'mg thoa man ca 2 didu kién sau:

+ Céc hang twong ung trong ma trin ra glong nhau.

+ Trong ma trén ra cac hang tuong Ung phai thoa man mot trong ba diéu sau:

e Cac hang trong ma (ran trarg thai giéng nhau.
e Cac trang thai & trong cung mot cit nim trong nhém trang thai duge xét.
* Céc trang thai O trong cung mét cot la cac trang thai tuong duong.

Sau khi d3 thay thé céc trang ‘théi twong duorng bang mot trang thai chung dic
trung cho chung, lap lai cac cbng viéc tim céc trang thai tuong chrcmg (cac hing
tuong duong) khac, t&i khi nao kh(“)ng thé tim dugce cac hang (céé trang th’éi)' .'t'ucmg
duong véi nhau nita thi dimg lai. Sé trang thai trong bang trang tha1 \%:! ‘un hleu ra lic
dé 1a tdi thiéu.

Nhuoc diém ctia phuong phép nz‘iy 14 khi s8 trang thai (s§ hang) ciia bang trang
thai va tin hiéu ra 1a qua 1én thi¢6ng viée tHighidu=haqa mét nhiéu théi gian.
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b) Ma hoa trang thai

Cén pha1 lua chon cach mé hod trang thai sao cho so db mach thuc hlen don gian
nhét: So-dd mach don gian c6 loi vé& nhiéu phucng di€én: truorc hét 1a viéc ché tao va
tap rap s& don glan hon, ting d6 tin cdy cta mach, sé vi mach cén thiét s& it hon..

Xét hai quy tdc mi hoa:

Quy tie 1:

Néu mdt trang thai hién tai S; co thé chuyen blen dén nhidu trang thai Sil, S.z, .
Sy thi cac trang thai S;; do phal duoce ma hoa bang céc tir ma ké cén (nghla la chi khac
nhau madt bit). ' X

Quy tic 2: .

Néu nhiéu trang thai Sii, Siz,.., Sin CUng chuyen bién dén mot trang thai tlep theo
S, thi cac trangthai Sii, Siz,.., Sin d0 phai dirgc m& hoa bang chc tir ma ké can nhau

5.4.3. Cac buwéc thlet ké mach day dong bd
Cac bude thiét ke mach day dong bd duge trinh bay trén hinh S 4 3 1.

1. Xac dinh bai toan

[
2. X4c dinh tin hiéu vao, ra.

I
3. P4 hinh trang thai, bang trang thai,
bang ra.

‘ T
4. Rat gon trang thai.
|
5. Ma hoa nhi phan
- I -
6. Xac dinh hé phwong trinh cia mach
I
7. 3¢ do mach thirc hién

Hinh 5.4.3.1. Cac buwoc thiét ké mach day dong b

Vi du 5.4.3.1..Thiét ké mot mach day ddng bd thuc hién nhiém vy kiém tra diy tin
hidu vao & dang nhi phén ¢6 d¢ dai bing 3 duge dua vao lién t1ep trén diu vao X.
Néu day tin hi¢u vao c6 dang la 010, 011 110 hoac 111 th1 tin h:eu ra Z = 1, trong
céc truomg hop khac Z = 0.

Buéce 1: Xéc dinh bai toan

Mach thiét ké c6 nhigm vu phat hien ~—m— = oz
o ar 1ra \ A R . . . Mach logic '
ddy tin hiéu vao: néu ddy tin hi€u vao ¢ ¢
dang la 010, 011, 110 hodc 111 thi tin
hiéu ra ? =14d¢ lfao I~11¢u' Ia r.rlach’da nhan | “Hinh 5_4'_3'.2
dugc mot trong cac day tin hicu do.
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Budc 2: Xac dinh tin hiéu vao, ra.

© " ‘Mach phai thiét k& la mach ddng b, nén ngodi da

nhip Cx, mot diu tin hiéu ra 1a Z, hinh 5.4.3.2.

Budc 3: Db hinh trang théi, bang trang thai, bang ra.
D3 hinh trang thai nhu hinh 5.43.3.

u vao X con co6 dau vao xung

Hinh 5.4.3.3. B4 hinh trang thai

C6 thé giai thich dd hinh chuyén dbi trang thai nhu sau:

— Trang thai ban dau So:
+ Khi tin hiéu vao1a X.Cx mach s
+ Khi tin hiéu vao la i'.CK mach sé& chuyén dén trang thai Ss.
— Twong tu nhu'vdy cho cac trang thai S; va Sz, -

— Néumach ¢ mdt -trongbén trang thai Si, Sa, Ss, Se:

g chuyé-n dén trang thai Si. -

Z=0 So
) ) Z=0 81 Z=0 82
/ T X M X M %
' g b :
zZ=1 |Ss Z=0 |84 Z=1 S5 Se
X [Ty ¥XJL x [§ XL X TT IxJL xId ¥XJL

- Khi tin hidu vao 1a X.Cg hodc X.Ck mach s& chuyén v& trang thai ban déu So.

Vay khi ddy tin hiéu vao 1a 110 hodc 111 (dudng chuyén déi trang
_» So) hay khi ddy tin higu vao & 010-hodc 011 (dudng chuyén ddi
ch s& cho tin hiéu ra Z = 1-tai thoi diém cta xung nhip thir 3. Véi
= (. Tir dd hinh chuyén dbi trang thai 1dp dugc bang

— S5 — Sp) thi ma
cac dudng chuyén doi khac Z
trang thai, bang ra nhu trén hinh 5.4.3.4.

that So —> S] — S3

trang théi SU —> Sz

Sn ‘ Snn z ]
X=0 X=1 X=0 =1.
So Sz S5y 0 0
T 5 =7 Ss3 0 0
Sz S Ss 0 0
Ss Sy So 1 1
" 84 So So 0 0.
Ss So So 1 1
Ss S . So . ) 0 0
Hinte5:4:3.4.-Bang.trang.thai, bang ra
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Budc 4: Thi thidu hoa trang thai o - .

Ap dung quy tac Caldwell: Trong bang trang tha1 _bang ra, trang thai S, tuong
duong véi Sg, S3 twong duong véi Ss. Thay thé cac trang thai twong duong bang mét
trang thdi chung ddc trung ching. Vi dy, thay thé Sy, Sg b&i Sug; thay thé Ss, Ss bai
S3s. Tur do6 lap duoc bang trang thai, bang ra hinh 5.4.3.5a. |

Nhin vao bang hinh 5.4.3.5a ta thiy ngay S; twong duong vai Sz, gop Spva S ta
duoc bang nhu hinh 5.4.3.5b

X 0 1
So Sz Sy
z=0 |z=0| X 0 1
Sy Sas Sas . So Sz S1z2
z=0 |z=0 | . : z=0 | z=0
Sz ) Sas Sas ' . B2 S5 Sas”
. Z=0 | Z2=0 _ . e z=0 |Z=0
835 So So ) Sas So Sc...
Z= Z= . Z=1 L=
Se 5 o -Sas So So
z=0 | Z=0 _ Z=0 [ Z=0
a) ' - b)

Hinh 5.4.3.5.
a) Bang trang thai, bang ra sau khi gop S, va Sg, S; va S;
b) Bang trang thai, bang ra sau khi gép S, va:S..

Ta khéng thé tim thdy hai trang thai ndo tuong dvong trong bang ¢ hinh: 5.4.3.5b.
Buace tdi thidu hod két thic & ddy voi sb trang thai tbi thiéu 1a 4 gdbm: So, S12, S1s, Sae.
- Budc 5: M4 hoa trang thai

Sau khi d3 téi thiu hoa mach con 4 trang thai So, Sia2, Sjs, S46 M3 hoa 4 trang
thai nay bang 2 bién nhi phan A, B nhu hinh 5.4.3.6 (néu thiét ké mach ding FF ta sé&
dung 2 FF ky hiéu A, B tuong tng véi 2 bién nhi phin trén).

s AB
0

A B Ma hoa S

0 0 Se N fL

) 1 S ‘

1 1 Sas

1 0 Sas

- 'S
S¢[ 7220 |10 1] z=1 %

Hinh 5.4.3.6. Bang ma hoa trang-thai Hinh5:4:3:7-B&hinh trang thai
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Tir bang trang thai, bang ra-da tdi:thiéu hinh trén 5:4.3:5b ¢6 thé xdy dung duogc
d&.hinh trang thai nhu hinh 5.4.3.7. -

Budc 6: Xac dinh hé phuong trinh cua ,ﬁl:z_ich - e

Tt db hinh chuyén ddi trang thai trén hinh 5.4.3.7 tac6 bang trang thai'nhi phan
va gia tri twong g cua cac dau vao d_iéu khién cta céac trigo A va B nhu trén hinh
5.4.3.8. -

" Trang Trang thai tiép theo " 'Cac ddu vao cua cac FF

thai hién B
tai X=0  X=1 L X=0 X=1 X=0 X=1
AB AB B | gl K | x| ke | lKe | e Ks
00 01Z=0) | 01z=0 | 0 X 10 B R 1 X
01 10(Z = 0) 11@Z=0) | 1 1 x |1 X 0
11 o0z = 1) ooEZ=1" | X e ol X 1 X 1
10 00Z=0) | 00Z=0) U 1 o | x 0 X

Hinh 5.4.3.8. Bang trang thai nhj phan va gia tri twohg (ng cla &4c dau vao didu khién
Téi thidu hoa cac ham J vaK taduge! J, =By Ky =1 "J5 = A K, =X+A
Phuong trinh tin hiéura Zkhi X =1:Z=A. B. Cx. |
Buée 7: So dd mach thuc hién nhar trén hinh 5.4.3.9.

J A F J B
—> ——dg Z
Cx : Hinh 5.4.3.9. So’ d& mach

5.5. MACH DAY KHONG DONG BO

Trong phé.p 5.4 da nghién ciru vé cac mafél_if Jdﬁy ddng bd, hoat 'd(f)ng cta ching
dl{qc' dié}l khién béi cac xung nhip. Tuy nhién trong thuc t& c6 nhﬁn’g; mach:lai dugc
dic’?u khién boi cac su kign khong tudn theo mdt quy ludt ndo ca. Ching han mot hé
thong bao dong chay s€ chi hoe_ltNd'éng khi ¢6-hién tuong chdy. Nhitng mach ddy-dugc
didu khién bai nhitng su kién ngau nhién nhu vay goi 14 cac mach khéng dong bo.
 Mach ddy khong ddng b c6 thé thiét ké: | |

_ Chi dung cac mach NAND P

— Dung RS - FF khéng déngba va cac mach NAND
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5.5.1. Cac bwéc thiét ké mach day khong dong bd

Cac buGc thiét ké mot mach day khong dong bo duoc mé ta trong so -d6 hinh
5.5.1.L : P :

1. Xéc dinh bai Qar{.' o
|
.2, Xac dinb tin hiéu vao ra.
. 1
3. ©b hinh trang thi. bang 'trgr'ag thai, bang tin higu ra.
4. Téi thidu hoa trang thai.” ;-

|

5. Ma hoé trang thai.

6. Xac dinh hé phuong trin’h-cﬁa rnach. .

I

7. So dd mach thye hién.

Hinh §.5.1.1. Cac budc thiét ké mach day khong déng bd
Nhdn xét: Cac budc thiét ké mach didy khong ddng bd ciing giéng nhu thiét ké
mach ddng b, chi khac bude 5 va 6. '

Buorc 5: Ma hoa trang thai

Mach khong ddng bd hoat ‘d6ng khéng ¢é sur tac dong cna xung nhip cho nén
trong mach thudng c6 cac hién tugng hodc chu ky hodc 1a chay dua lam cho hoat
ddng chia mach sai di, vi vy khi ma hoa trang thai phai tranh hién tugng nay.

Budc 6: Xéac dinh hé phuong trinh ciia mach

C6 hai cach dé& xac dinh hé phuong trinh cia mach: Dya vao bang trang thai, tin
hiéu ra va dua truc tiép vao d6 hinh. Ca hai cach-déu cé hai loai phwong trinh:

.— Phuong trinh cta ‘mach chi dung NAND.

— Phuong trinh cta mach dung RS - FF khong dong bo va cac mach NAND

N&i dung cia ting phuong phap: : '
Cach 1: Dira vdo bang trang thai va tin hiéura
a) Chi dung cic mach NAND o

Ky hiéu: A, B, ..., N 14 c4c bién nhi phan 'dilng'dé ma hod cdc trang thai trong ctia mach.

X1, X2,....Xm 12 cac tin hiéuvao da duec, ma hoanhi pHan S
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Z1, 2o, ..., 2y 12 cac tin hiéu ra da duge mi hoa nhiphén.
Dira vao bang trang thai, bang ra xac dmh duogc hé phuorng trinh:
Ane1 = fA(An, Ba,. Nn, X1, Xz, i Xm)
Bh+1 = fB(‘An,Bn,... N, Xi, X2, s Xom)
Np+1 = fN(An, b, - A No, X, Xz, 2 X))
Zy = £1(Am Boeoo Niy Xt Xay coon Xe)
Zy= gé(%?\ﬁ, Bns--» Nn, X1, Xz, wees Xm)
= ga(An, Bas-y N X1, Xz, s Xm)
‘ T01 thleu hoa h¢ ham nay va v1et phuomg trmh o dang ch1 dung NAND
b) Mach dung RS — FF va cde mach NAND '
Trong bang trang thai, cin cir vao sy thay dm trang tha1 cuia tu’ng FF:
An sang’ A.,+1, B, sang Ba+1, .1+, Ny sang’ Nn+|, xac dinh duoe gia tri tuorng ung clia
dau V&0 dleu khlen R S cho timg FF tir do viét duorc he phucng trinh: '
'Ra = X1(Aq, Bas-.cs No, X1, X2, - X)'_.__, | '
Sa = x2(An, Bn,.--, Ni, X1, X2, ---‘, Xw)
Téi thiu ho4 cac ham va viét phuong trinh & dang dung NAND
. Tuong tu vdi B, C . o ‘
: 'Ta Xac dlnh duoc tm hleu ra: Z x(An, B“, Nn, Xl, Xz, e ,'1) | '
T01 thiéu hoa va viét phuong trmh & dang-chi dung NAND.. |
Céach 2: Duwra trrc tiép véo do‘hmh Cana
Ta xéc dinki phuong trinh diu vao diéu khién R, S ctia A — FF nhu sau:
Sa= TonA +{(1)] |
RA = ToffA +[(0)]
Trong d6: Tona (tap bat cua A) la tap h(rp A chuyen tir 0 sang 1, Torea (18p tit cla
A) la tdp hop A chuyén tir 1 sang 0, (1) la tap hop A glu nguyen gia tri 1, (0) la tap
hop A gift nguyén gia tri- 0. Vair(1) va (0) duoc dé trong ddu [ | dé chi do 1a cac t6
hop khong xéc dinh, ta co thé dung d& t6i thiéu hoa (neu can) Diéu nay cung hoan
toantucmgtudmva FF,C-FF,... SRR

a) Néu chi dung mach NAND
Ta co da co phuong trmh cua RS - FF 13 Q,1+l = S+RQ suy ra A =S, + R A

Sau dé ta tbi thleu hod phuong trmh va v1et duol dang Chl dung NAND Bon vm
B.C.... N ciing lam tuong-twnhw-véy:
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b) Néu dung RS — FF khéng ddng bp va cdc mach NAND.
Ta cén xac dinh Sy, R theo cic blcn dau VAo va cac blen nhi phan dung de ma hoa:
Ra = X1a(An, Bpy..» Noy X1o Xz, -0r Xm)
Sa = X2a(An, Bi,..., N, Xy, Xo, s Xm)
Rn = Xin(An, Bnsooos Ny X, Xo, o Xim)
Sn = %oN(Ans Bry--os Noy X1, Xz, o0y Xim)
zl = yi(An, Bns...» Nn, X, Xa, ._..;‘X,‘n) |
= y2(As, Bas.os Nuw X, Xa, ooy Xin)
Zn = yN(An, Bn, Nn, Xy, Xz, .., m)
Téi thiéu ho4 hé phucng trinh: viét cac phuorng trmh & dang dung mach NAND

5.5.2. Hién twong chu ky va chay dua

.. Dbi véi mach day khong ddéng bé trong mach thuorng X4y ra cac hlen tuong hoic
la chu ky hoac l1a chay dua..Nhimg hién tugng nay lam cho mach hoat dong sai l¢ch
di so v&i1 chire nang cua no Vi vay khi mi hoa Irang tha1 cac mach day khéng dong
bé, didu kién ddu tién la cin tranh cac hlen tuang do.

a) Hién twong chu ky

“Dinh nghia:

Hién twong chu ky 1a hién tuong tai mét td hop tin hleu va0 nao do mach lién tuc
chuyén tir trang thai nay ‘sang trang thai khac theo mot chu’ ky kin. Nghia 12 trong qua
trinh d6 khéng c6 trang thdi nao 6n dinh. Do vay, khi thay dbi tin hiéu vio khong Xac
dinh duoc mach dang & trang thai nao trong day cac trang that néi trén.. - - o 47

Vi dy, tmg voi mot td hop tin hiéu vao qué trinh chuyen_”dm trang thai theo chu

trinh hinh 5.5.2.1. _ ‘ )

h

Hmh 5.5.2. 1 Qua trmh chuyen doi trang thai

Sy

¥

F 3

Trén bang trang thai hlen tuong chu kv dugc the hlen & cho ¢t ttng: vol to horp tin
hiéu vao do khong cé trang thai nao dugc khoanh tron (khong co trang, thal nao én dinh).

Vi du 5.5.2.1..D4 hinh trang thai clia mdt mach day khong dong bd ducrc bleu dién trén
hinh 5.5. 2.2. Viéc mé hoa trang thai sir dung bién nhi phan A va B hoan toan tuy y Tu doé
hinh trang thai, 1ap dugc bang trang thai trén hinh 5.5.2. 3 '
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. .x - - [T IR X 0 1
. Txsx o P : N
X e e ‘ 8r| Sz ;\-}Sz SN
i A . L

S2| Sa |4Ss

B CU R ' e
X ' ; : S (f:) \30 A
X ‘
Sa G — .
Hinh 5.5.2.2. Db hinh trang thai . Hinh 5.5.2.3. Bang trang thai

Gia thiét ban dau mach o trang thai S; (AB = 10) vaX = - 0. Sau dé tin hiéu vao X
thay dbi tir 0 dén 1 mach s& chuyén tir trang thai S; sang So. Neu X van bang 1, chu
trinh chuyén ddi trang thai nhu hinh 5.5.2.4:

83 =l o So Sa

h 4
A 4

k

Hinh 5.5. 2 4. Chu trinh chuyen aoi trang that

khit do mach khong co trang than on dlnh
b) Hién twrong chay d’ua

* Dinh nghta: '

Hién tuong chay dua trong mach khong dong bo la hién tucmg do tlnh khong
dong nhit ¢la céc phan tir dung dé ma hoa trang thai, vi mach hoat dong khong dong
bd nén khi mach chuyen trang thai tu: S. sang S; mach co thé chuycn blen trang thai
theo nhung con duong khac nhau.

Néu trang thai cudi cung cta nhimng con duorng iy la én dmh va duy nhat thi chay
dua nay l1a chay dua khéng nguy hlem Nguorc lai, chay dua nguy hiém la nhitng cach
chuyén bién trang thai khac nhau 4y cubi cing din toi cac trang thal bn dlnh khac
nhau, c6 the trang thai khoa va khong thoat ra duoc.

Vi du vé chay dua khong nguy hiém: Mot mach day khong dong b6 co bang
trang thaii md ta & hinh 5.5. 2 5
. Nhin vao bang ta thiy neu mach dang & trang thai So (AB = 00) tin h1eu vao X
thay déi tir 0 sang 1, mach sé& chuyen truc tlep toi trang. thai S (AB = 01) Neu X vin
bang 0 trang thai tlep theo ciia mach sé 14 Ss, no6 s& 14 trang thai on dmh cu01 cung cua
mach néu nhu X van bang 0.. L : _ .
 Mach c6.thé thay dbi trang thal theo nhung con duong khac nhau tuy thuoc vao
thir tu thay ddi (hay thoi gian qua dd) cia A va Be z : o
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— Néu A va B thay d01 ddng thoi mach sé chuyen sang trang thai S; rdi mé&i sang
trang thai S;.

~ Néu B thay dbi truce A thi mach s& 14n luot chuyén qua S,, S, rdi méi sang S;.
— Néu A thay. dm truorc B mach s& chuyén tir Sg sang S;.

Ta nhén thdy ring ca 3 con dudng chuyén d6i déu dan dén trang thai 6n dinh cudi
cung 1a S;. Hién tugng chay dua nay 1a chay dua khong nguy hiém. Khi mach dang &
trang thai én dmh S3 n6 chi thay d6i trang thai khi tin hleu vao thay d6i.

X X

0 1 0 0 1
‘ S™ i ‘ . S .
AB Sp| Sz | Sy AB So| So | &
o0 | . - .. 00 -
01 “81|- 8z | Sz ' o1 8¢ So | B2 '~
10 Ss Sa So 10 Ssf - Sa - Sa:

Hinh 5.5.2.5. Chay duakhdng nguy hiém ~ Hinh 5.5.2.6. Chay dua nguy hiém

Vi du vé chay dua nguy htem Bang trang tha1 ciia mot mach khong dbng bd
duorcmotaohmh5526 _ : . '

Gia thiét trang thai ban dau cua mach la Se (AB 00) va tln hi¢u vao X 0 Néu
X thay déi tir 0 sang 1 mach s& chuyén ddi trang thai nhu sau o

— Néu A va B thay dbi dong thai mach sé& chuyén toi trang thal S|

— Neu B thay dbi truorc A mach se chuycn S, sang Sl -

= Neu A thay 601 truorc B mach s€& chuyen toi trang thal S3 va giir nguyen trang
thax d6. ‘
0 day trang ‘thai S3 la trang thal “khoa” “khi A thay don truorc B thl mach 5€ rm
vao trang thai khoa khong thoat ra duge.
_ Chay dua nay 1a chay dua nguy hidm. _
5 5 3.T6i thiéu hoa va ma hoa trang thai
a) Téi thiéu hoda trang thai '

Tbi thleu hoa trang 1 thai la glam bort sb trang tha1 (neu co the) de mach thlet Ké 1a
don gian va do’ vay tin ¢y hon. ‘

Cén luu y rang tai nhitng 6 trong trong bang chuyen dbi trang tha1 va bang ra
(nhung t6 hop nay ung voi nhung 6 hop vao khong xuat hlen) co the lay gia tri tuy y
dé cho két qua t01 thleu ho# trang tha1 13 t6i glan
b) Ma hoa trang tha: -

Sir dung céc bién nhj phan de m3 ho4 cac trang thai trong ctia mach. Goi N la 56
trang thai trong ciia miach;n-1a sb luong blen nhi phin dung de mé hoa, n pha1 thoa
méin: n> logoN. : i N
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Pdi v6i mach diy ddng bd chi cdn t6i thiéu hod va mi hoa trang thai sao cho
mach thirc hién la don gian nhét. : - .

Péi voi mach dady khong déng bd phai mi hoa trang thai sao cho mach thuc hlen
vira don gian lai vira tranh duoc hién twgng chu ky va chay dua.

Pé tranh dugc hién tugng chu ky, phai luu ¥ sao cho v&i moi té hop tin hig¢u vao
thi mach phéi luén ludn c6 mét trang thai on dinh.

Pé tranh hién tugng chay dua, phai ma hoa trang tha1 sao cho véi tit ca cac
chuyén bién trang thai c6 thé ¢6 cua mach chi ¢ duy. nhét 1 bién thay d6i ma théi.

5.5.4. Vi du vé thiét 'ke mach day 'khéng dong bo

Thiét ké mach dleu khlen borm nuoc vao mot thap nuorc nhd hai bom Py va P, Ca
hai bom P, va P; duorc mo khi nude ¢ duoi miac | va vin mé cho dén khi mmc chua
dat toi muc 2. Khi‘nudc vira dat téi mirc 2 thi borm P, ngat chi e¢dn P, vAn bom. P,
van ngat cho dén khi nu‘orc lai & dudi mue 1. P, van mo ¢hi khi ndo nuéce dat 1¢i miuc
3 thi P> mai ngat P2 van. ngat chi-m& khi nuéc lai xuong dudi mirc 1, hé thong duoc
minh hoa trén hinh 5.5.4. 1. So db khéi cho bd didu khién bom cho trén hinh 5.5.4.2.

Yao 1 T Vae
; c
Mrc3 [T -----
MK L N : A T ' - p
@c2 T - . - - P
Mee 1 pme—® : b______ Machlogic . .
e w - 2 A . Sl PR ] P2
ll[ R —> >
a
Hinh 5.5.4.1. Minh hoa h&'théng =~ . Hinh 5.5.4.2. So db khéi -

Mbt bd cam bién duoc sir dung dé do nudc dua ra céc tip higu nhu sau:
a = 1 khi mirc nude 1én hon hojc bing mirc 1, trudng hop khac a=0.
b = 1 khi mitc nude 16n hon hoic biang mirc 2, truong h(_)r'p,_k‘héc b=0.
¢ = 1 khi mirc nudc 16n hon hodc bang mirc 3, truomg hop khac ¢ = 0.
M3 hod cho trang thai cia bom: P = 1 born mé; P = 0 bom ngat.
D6 hinh trang théi trong:
Tir céc dir lidu trén, l1ap duoc dd hmh trang thai nhu‘ trén hinh 5.5.4.3. _
— Trang thai So twong tng khl nudc lorn hon hoic bang mirc 3 ca hai bom P, va P,
déu ngat :

~ Khi nudc tut xubng ducn mirc l(a) mach chuyen sang trang thai S; lac do ca
hai bom déu mé. . .

— Pén khi nuoc dat muc 2 (b), mach’ chuyen sang trang thai S luc d6 bom P; van
bom, bom P, ngét. Cé hai trudng hop co thé xay ra:

+ Néu nuéc giam xuong dum mire 1 (a) chuyen sang trang thai S| ca hai bom
déu mo.
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"+ Néu nuéc tiép tuc dang 1&n dén muc 3 (¢) mach s& chuyén sang trang thai-So va
ca hai bom déu tat. Do

So e N oo o oqoe o110 7M1
= a = . - .
Pi=0 » :’1 1 So | “Pr=1| PiE0 | PTE0 | PE0
P2=0 27 P;=1| Ps=0 [-Pp=0 { P>=0
[ ®®T
a S Pi=11] P1=1 Py=0
M. o | Pem1 | Pe=1 | Pemt
=0 L s )G | s
!.32=J b S Py=1| pP;=o | =0 | Pi=0 |
: L T P2=1} pPo=1 | Pa=1.] P2=0
Hinh 5.5.4.3. Db hinh trang thai -~ " Hinh 5.5.4.4.-Bang trang thai |

Barng trang thai: _

Tir dd hinh trang thai, 14p duoc bang trang thai nhu hinh 5.5.4.4. Do y-nghia vat ly
cita cac bién vao, chi ¢6 thé xudt hién & dAu vao 4 gid tri sau cta abc: 000, 100,110, 111.

Ma hoa trang thai: R

Tir bang trang thai hinh 5.5.4.4 thdy ring: Ung voi mdi ¢ot cua td hop tin hidu vao
mach ludn c6 it nhit mot trang thai &n dinh, nghia 1 trong mach khong c6 hién tuong
chu ky. - ., _ ‘
Nhu vdy, khi m4 ho trang. thai chi con phai tranh hi¢n twong chay ‘dua. P& ma
hoa trang thai cia mach, cin hai bién nhi phin A, B. Va dé tranh hién tugng chay dua
dua thém trang thai gia S; nhu hinh 5.5.4.5. o EEEEE

Hé phwong trinh cﬁa’_fna:ch: | o

Tir db hinh trang thai hinh 5.5.4.5."

So . 7 _ S1
Py =0 a Pi=1
C|AB . AB{ . _

- P2=0 oo o1 | P==1
EL - . N ¥ —
= b

A

c P:=0

AB | py=1

11 S

5

= Sa - ! B
| Hinh5:5:4.5:0 hinh trapg thai
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H¢ phuong trinh ctia mach nhu sau:

Sa=b.B

Rs=B+Ba=B+a

Sp = a.A
Rg=cA

A,, =bB+(B+a)A=bB+aAB

B, -aA+cAB
P=AB

P, “AB+AB=B

Mach thy’c hién:

~ So d6 chi diing cdng NAND cho trén hinh 5.5.{1.6.

Hinh 5.5.4.6. So' do chi diing cdng NAND

- —So db ding RS — FF khong déng b6 va cc cdng NAND cho trén hinh 5.5.4.7.

b
’ DO—DD}—D Sa A
B—» —
oM Ra 2 b Py
—»

H

i 4

A '}—D—pﬂﬁ B pb—

Hinh 5.5.4.7. So @6 dung RS — EF, khang déng bo va cac cbng NAND
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5.6. CAC BO NHO BAN DAN

5.6.1. Khai niém co ban
a) Chirc ning cua bé nho

Cac bd ghi ma ching ta di khao sat & muc trude thuong duge dung dé luu triy
théng tin vé trang thai cia may hodc s 1iéu trung gian trong mot thoi gian ngin. pé
lwu trit duge cac chuong trinh didu khién tinh toan va cac két qua tinh toan trong thoi
gian dai cAn phai c6 cac by nhé dung lugng 16n. Béi véi cac thiét bi sb va may tinh
dién tir, kha nang nhé duge dit ligu la mot yéu cdu quan trong. Vi du nhu trong may
tinh, cic chuong irinh tinh toan cdc con sb cin thiét cho phép toan phai duogc luu tri
ngay trong may. Con trong cac thiét bj diéu khién b thi cac 1énh didu khién ciing
phai duoc luu trlr dé didu kbién qua trinh van hanh theo mét trinh ty da dugc dinh
trudc do ngudi 1ap trinh vach ra. Vi vy, cac bd nh¢ dam nhiém chie ning fwu triv
théng tin khong thé thiéu trong cac thiét bi sb. | | |
b) Cac théng sbé co ban cua bé nho _

Théng tin dit li¢u dugc tao thanh tir mot don vi co ban goi 1a tur (word). Tuy theo
timg loai may, mdt tir ¢6 thé 8 bit, 16bit, 32 bit,... Cac thiét bi chi truyén di hay nhén
vao nguyén 1 tir hay nhidu tir chu khéng phai chi vai bit cta tir. '

Khi n6i dén bd nhd, ngudi ta quan tdm ngay dén hai thong s6 co ban:

1. Dung luong nhé (Capicity): 1a lugng thdng tin hay dit lidu luu trit dugce trong
bd nhé. ' '

Céc don vi nhé la: bit, byte, KB, MB; GB.

1byte = 8 bit; KB = 2'° byte = 1024 byte = 2" bit

IMB =2"°KB=1024KB;  1GB=2'"MB=1024 MB _

2. Thoi gian truy cdp (Access time— at): thol gian nay gém hai phén la: thoi gian
xéc dinh vi tri tir va théi gian doc ndi dung tu luu gitr trong bd nhd, at cang nho, the
d6 lam viéc ciia may cang cao. : |
¢) Phian loai b6 nhé
Viéc phén loai bd nhé co nhiéu cach, xét vé& cdu truc may tinh ta thiy c6 hai loai
bd nho: ' o

B& nhd trong: gdm co ROM, RAM, dia clng.:

B nhé ngoai: gdm c6 cac dia mém, cac dia CD ROM, 5 USB.

Trong pham vi gi4o trinh k¥ thuat sb nay chi d& cap dén cac by nhd ban dan, cac
bd nhé niy c6 trong cic mdy tinh dién tir va cac thiét bi dién tir didu khién sb.

Céac bd nhd ban din duoc chia lam hai loai: _ .

_ B4 nhé truy cdp ngiu nhién RAM (Random Access Memory), RAM la by nhé
ban din tic dong nhanh cg T ghi s tigu vao vardoc sblidu ra tir RAM & thoi diém
o ciing dugc. | (4 2\ T ‘ |



— B& nhé chi doc ra ROM (Read Only Memory) trong d6 cac dir 1iéu da duge cac
nha san xuat ghi vao va nd chi dugc doc ra khi dung.
5.6.2. Bé nhé chi doc ROM

ROM la bd nhé vinh vién, khac véi RAM théng tin chira trong ROM khéng bi mét
di khi khong con ngudn dién. Cac dit liéu d& duge nap vao ROM do nha ché tao thuc
hién khi san xudt c6 thé 1a cac hing sb vét 1y, toan hoc nhu sb m, s6 e, cac cong thic
toan hoc, cac ham sd luong giac sin; cos, cac bd bién db6i ma, giai mi cdc ky tw v.v...
Dit liéu ciing c6 thé 1a cac lénh didu khién khoi dong mdy tinh, cdc chuong trinh con
didu khién su hoat dong cua mdy tinh hay cac thiét bi diéu khién ty dong. N6 chi ding
dé doc ra trong qua trinh vén hanh cia thiét bi. Trong ROM con c6 cic loai:

PROM (Programable ROM) 14 b6 nh¢ duge chuong trinh hod tai nha san xudt.

Céc vi mach loai PROM: o .

54/74S188 (32x8bit) ; 54/74S287 (256x4bit) ; 54/748472(512x8bit).

EPROM (Erasable Programable ROM) la bé nhd c6 thé 14p trinh hoa cé thé xoa
va nap lai duge. EPROM c6 hai loai:

— UV — EPROM (Ultra — Violet). B& nhé 14p trinh hod c6 thé xo4 bang tia cuc
tim. Ta cé thé d& dang nhan ra loai nay tu hinh dang bén ngoai cua né, loai nay duoc
dong trong vo nhua co cua s& tron trong subt, qua cira 56 ta co thé nhin thdy chip ban
dan & bén trong. Nho co cua sb nay ta co thé xoa ndi dung thong tin ghi trong
EPROM bing cich ding dén ti ngoai chiéu tia cuc tim vao chip. Bo nhd sau khi xoa
¢6 thé lap trinh lai. Khi ding loai EPROM nay cin che cira s& dé tranh anh sang mit
troi doi vao 1am mét thong tin ghi trong mach. |

Céc vi mach UV — EPROM cua hang National Semiconductor:

M2708(1028x8bit) ; MM2704(512x8bit).

_ E — EPROM (Electically Programable and Erasable ROM): B nh¢ lap trinh
x04 bang xung dién 20V. Céac vi mach thuéc loai nay cda hing National
Semiconductor ¢6 cac ky hiéu nhu sau: '

MM4203/MM5203 2048bit (256x8bit hodc 512x4bit); MM4204/MM5204 4096
bit {512x8bit). _ ' ' '

5.6.3. B& nhé truy cap ngau nhién RAM
' RAM la bd nhé vira doc ra vira ghi dir liéu vao. Thong tin chira trong RAM s€ bi
mat khi khéng con ngudn dién nudi né. N6 duoc chia ra cac loai: ) :

— RAM luu trir : Dang CMOS nubi bang accur lithium lién tuc dugc 10 nam.

_ RAM khong luu triv: Khi ngét ngudn nudi cac dit ligu d4 nho bi xod. Loai RAM
nay lai co6 hai loai: .

+ RAM tinh (Static): Chutao tir cac trigo ludng cue, MOS hodc CMOS. Ta goi la
RAM tinh vi cac dit liéu & eon nguyén ver khi nguon nudi con duy tri. )
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+ RAM dong (Dynamlc) Céu tao tir céc tranzito MOS hodac CMOS c¢6 thém cac
tu dién dé luu trir sb lidu. Vi qua tu c6 dorig do nén theo thoi glan dién thé trén tu
giam dén nén sb liéu khong duy tri duge nguyén ven mic di chua ngét ngudn. Dé duy
tri duge dir lidu chira trong RAM dong ta phai thuong xuyén dua cac xuﬁg dién kich
nap dlen cho tu thao tac nay duoc goi 1a “lam tum” dir liéu chira trong RAM.

Cac bd nh¢ néi trén dugc xay dung tir cdc & nhé (Memory Cell) cac 6 nhg nay cé
cau tao khac nhau & cac bd nhé khac nhau.

a) Bé nheé truy cap ngdu nhién RAM tinh ,

CAu triic tdng quat cia RAM tinh: RAM: dugc td chirc dudi dang ma trdn cac O
nhd. M&i 6 nhé 1a mot trigo RST hodc trigo D. Pé ¢ thé ghi luu trit va doc théng tin
duoc dé dang, cac & nhé duoc sap xép va dinh vi theo hang va cot. Vige truy cép vao
tirng 6 nhé& dé doc ho#c ghi thong tin dugc giai quyét nhe khéi giai ma dia chi hing
va giai ma dia chi c8t. Theo nguyén thc t6 chirc néu trén, ngudi ta ché tao cac RAM
tinh c6 (2"xb) bit.

RAM cé cac 16i vao dia chi (Address), cac 161 vao dit liéu (Data) cac 16i vao diéu
khién (Control) va cac 15i ra dir liéu. Cac RAM tinh dung trong mdy tinh cac duong
dit liéu vao ra thudng két hop lam mdt nhd ding céc cura 3 trang thai.

Trén hinh 5.6.3.2 gidi thiéu so db khc"}i mé ta cAu tric cia RAM tinh.

Nhu ta da thay trén h1nh 5.6.3.2, cAu ‘trac cia 'RAM gbm: ma trén cac 6 nhé, khodi
g1a1 mai dia ch1 va diéu khlen doc, viét, vao, ra dir li¢u. - . ‘

Vi mach RAM 6164 co 13 duong dia ch1 la Ag,..., Az, 4 dudng diéu khién va 8
dudng dir liéu vao ra chung nhau la : Dy, ..., D7 nhu hinh 5. 6.3.3. '

Péu vao diéu khién:

CS: Chip Selection: chip chon; OE: Output Enable: ddu vao dleu khién cho phép ra.

WE: Write Enable: Du didu khién cho phep ghl
Hoat déng ctia no tuén theo bang trang thai trén hinh 5.6.3.4.

Cs WE OE Mét .vén hanh Dau vao . Pau ra
0 0 1 Ghi sb lidu ~ Bugc ndi Tha ndi
0 1 0 Boc sb ligu Tha ndi Puoc nbi
0 1 1 | ~ ° Knrenglamgi | - Thandi B Tha ndi
1 x X ‘ Ngtrng " Thandi Tha nédi

Hinh 5.6.3.1. Bang trang thai

~ Trén hinh 5.6.3.4 trinh bay.so dd khéi mé ta cAu tric ciia mot & nhd trong RAM
c6 chung dudng vao ra. Khéi giaizmi diarchi x4gdinh vi tri 5-nhé cin truy cap theo
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cac théng tin dat vao céc 181 vao dia chi, n6 tao ra tin hiéu cho phép truy cdp vao 0
nhé. Gia str, ta mudn ghi dir lidu vao 8 nhd, trinh tur tlen hanh nhur sau: '

CS=1, OE=1, WE I, 16i ra hal cira AND 1 va AND 20 trang théi 0 ctra 3
trang thai 1 va 2 tha ndi & nhor cach Iy hoan todn véi dudmg vao ra. Pua thong tin vao
16i vao dia chi dat dia chi 6 nhé cdn ghi. Dua dir lidu vao 161 vao dir liéu, chuyen cac

16i vao chon ch1p v& 0 va vAn dé 101 vao CS=0, OE~1 WE_O 161 ra AND 1
" chuyén lén 1 16i ra AND 2 chuyen vé 0 cira 3 trang thai 1 thong mach cira 3 trang
thai 2 tha néi lam ho.mach 16i ra dl.rcfng vdo ra tro thanh 16i vao dir liéu qua cira 3
trang thai 1 dugc nap vao 6 nho. ' '

A
. [::> DECODE N
) Giai ma dia chi Gidi ma cot
An
—1 Y1 1 Y2 —{ Y3 T Yn
X4 X4 X1 X4
- Gidi ma hang . :
— Y4 — Yo — Y3 - v
Xz Ko xz Xz
Do .- Y, —{ V> Y —x
. . — X3 X3 Xa %
! | Véo" Irad(}" ]iéu | anan —
Do :
LV, 1vs v, v,
Xa Xn — Xn Xn

vaol ra dir ligu

e
cS [:> ..E)_iéu khié_n doc, viet
OE - .

Hinh 5.6.3.2. C4u tric cia RAM  *

Muén doc dit ligu tir 6 nhé ta ciing 1am theo trinh tu nhu thao tac ghi nhung bude
cubi ta dat CS=0, OE=0,. WE =1, 101 ra cira AND 1 chuyen v& 0, 16i ra cira AND 2

chuyén 1én 1, ctra 3 trang thai 1 tha ndi lam hé mach 16 vao, cua 3 trang tha1 2 thong
mach du 11eu duoe dua ra qua cira ba trang thai 2. :
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10 ' ' 11

_9“'"—?9 30 | N I
8_“-_A1 D1 — 13
T - b 1B
NRE V. V a :
6 , D, 16

Ag
5 Ds |7
7 ':5 D. L 18
3 & D7 -—1-9-—
_..—A7
25 As
_._.2EA9
21
T_ﬁm
T |’
A .

6164

2 |oE
27 WE
™| WE
>0 CE2
— CS1

' Hinh 5.6.3.3

b) Cac bd nho' RAM dong

Nguyen the nhé cta cdc & nhd dong 1a théng tin du’orc luru trit dién tich clia mét ty
dién C, néu tu C duoc nap dién ta c6 thong tin bang 1, con tu khéng dugce nap dién ta
¢6 thong tin bang 0. Vi dién tich trong tu dién s& giam din theo thoi gian do tro do
ciia mach dién nén dé duy tri dugc théng tin, sau mt thdi gian nhit dinh (2ms) ngudi
ta phai nap lai thong tin tich dxen lai cho tu. Qua trinh nay g01 la lam twoi bd nhé
(refresh). Dé lam tuoi bo nhé ngudi ta phal doc théng. tin trong b6 nhd ra dem nap

An

DECODE
Giai ma dia chi

11O DATA

u

CELL

. O nhe

CAu trac mét & nhé cia RAM tinh

vao bd nhé dém roi tir bd nhor dém lai tién hanh cac thao tac ghi lai thong tin vao bd

nhd RAM dong.

Trén hinh 5.6.3.5 trinh bay ciu tao mot 6 nho cia RAM dong dung MOSFET.

Puwéng ghi

Piéu khién doc

o
iy ma
FT X

‘Diéu khién ghi
Hinh 5.6.3.5, Cau tao mot é nhd cla RAM dong

Mach c6 3 MOSFET Tr=Ts3 hoat déng- nhu cac khoa dién tir, cac khoa nay ducrc
didu khién bing cac xung l¢énh truyen qud |dirafs diéu khién doc, duong diéu khién
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ghi. T; cung Tj tao thanh mét mach dao. Cuc cira cuia T; tao thank mot tu dién C. Dir
liéu nap vao 6 nhé duoc luu trir dudi dang dién tich nap & tu dién nay.

Nhu ta théy.tré_n hinh 5.6.3.5 6 nh& c6 4 duong: o

— Pudng didu khién doc va diéu khidn ghi thude v& mét tir (word).

— Pudng “ghi” dé ghi dit liéu vao, dudng “doc” dé Idy dit lidu ra.

Thao tac ghi dir liéu vao RAM Gia sit Ty, To, T3 déu la cac tranzito MOS kénh P.

— Cho xung 4m vao ducmg “dleu khién ghl” T, dan. Néu ducng “ghi” & OV tu C
khéng tich dién: ghi bit “0”.

-~ Néu du'orng “ghl” c’r ( U) tu C ¢6 dién tich: gh1 b1t “1”,

Thao tac doc: _ : )

— Cho x‘u'ng Am vao dudmg “diéu khién doc”.

~ Néuty C khong c6 dién tich (bit “0”) thi T» cAm 1am Tj; ciing cdm, dudng “doc”
khéng ¢6 dong dién ra: doc “07.

— Néu tu C ¢6 dién tich (bit “17) thi T, din lam T; ciing ddn dudng “doc” c6 xung
dong dién” doc “1™.

Vi mach luén mét din dién tich trén tu dlen C (do hién tuong do) nén dx liéu

khéng Tuu trit duge vinh vién. Do d6 mach cén duoc ¢ ‘viét” lai lién tu¢, chu ky lam
tuoi bd nhé ¢& 2ms, chinh vi vay tdc d6 cia RAM ddng cham hon so véi RAM tinh.

BAI TAP CHUONG 5

Bai 5.1. Viét bang chan 1y cua trigo JK, D, T cé hai ddu vao bt déng bd Preset va
clear tich cuc & muc thap.
Bai 5.2. V& tin hiéu Q trén cac gian dd thai gian cho &hinh 5.2BT a, b, ¢, d.
Bai 5.3. Thuc hién chuyén dbi:
a) Tir trigo RS sang trigo D, T
b) T trigo JK sang trigo RS, D, T
c) Tu trigo D sang trigo RS, JK, T
d) Tir trigo T sang RS, JK, D .
Bai 5.4. Thiét ké bd dém thuan nhi phan ¢6 Ky = 8.
Bii 5.5. Thiét ké bs dém nghich nhi phan c6 Kq = 8.
Bai 5.6. Thiét ké bd dém Gray thudn c6 Kq = 8.
Bai 5.7. Thiét k& bd dém Gray nghich ¢6 Kq = 8.
Bai 5.8. Gia st bd dém modul 8 dang & trang thai 101. Cho biét trang thai sé dém sau
13 xung ap vao? : '
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I S T | er——
e Thee——
) HE T o Y o R o
Qﬂﬂﬂﬂﬂﬂﬂﬂt'aﬂﬂﬂﬂﬂﬂﬂW
3 - e t
CLKD-——__—I__,[———| Tt CL:. — ] ¢
LANfnf A DA A A

Q] - tQ] T t

c). , o 9
‘ " Hinh 5.2BT

Bai 5.9. X¢ét mach & hinh 5.9BT. Ban déu, tit ca ddu ra FF déu ¢ trang thai 0 trwée
khi xung nhip ap vao. X4c dinh dang song tai Qa, Qg, Qc va W ung voi 8 chu ky cna
diu vao xung nhip. . - :

. QC‘ .
L
CLK —J Q L
—p o
K Q b
W

Hinh 5.9BT
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Bal 5.10. Mot bo dem nhi phan dugc tac dong boi xung nh1p c6 thn sb 256kHz Tan
sé dAu ra tr FF cubi cang la 2kHz. - -
a) Tim modul cua bo dém ; b) Xac dinh khoang dém o
Bai 5.11. Bd dém & hinh 5. 11BT bat diu & trang thai 0000, sau d6 xung nhip dugc
~ dua vao. Sau mét thdi gian, xung nhip bi ngit va FF bo dém hién thi 0011. Cé bao
- nhiéu xung nhip da xay ra?

Pr o o ‘ ' .Qa .Qc Qo
._ - &
CLK — Pr Q| —J Pr ol | ~—J .Pr Q — Pr Q
oD _ -Op —_ op — o _
Lk erOP— Lk cr9P— Ldk clr@ P— |k cir Op—
CLR
- I T | 1 i
.- _
J=K=1 Hinh 5.11BT

Bai 5 12. X4c dmh modul ctia b dem trong hinh 5. 12BT va tin sb tai dau ra QD khi
tan sb6 xung I]hlp la 30Hz.

Pr 9 Qa _ ol .QC QQD
1 ] 1 1
ek —d P ol —{¢ 7" a4y P a4 P
—1—b . o — -y ) _ op |
b— K LR K CLR Keor P | +—{KcrR P
J=K=1 l ! : ] ]
.
CLR F—‘ )
' Hinh 5.12BT ..

Bai 5.13. Xay dung bd dém modul 60 d& chia tin sé dufyhg day dién 60Hz xubng
thanh 1Hz.

Bai 5.14. Cho gian db thoi gian cia mét bo dém hmh 5.14BT, v& so'dd clia bd dém
do va giai thich hoat dong.

Qa l[lll! Ill I 1|
@ 1 L1 17 L

L
Qc : I l I—

Qo

Hifh Bl14BT
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Bai 5.15. Vé so dé_ bé ghi dich n("')iAtiép 4 bit vira dich phai vira dich wrai. .
Bz‘ni 5.16. Noi dung thanh ghi nbi tiép dich phai ABCD = 0101, vo1 D la c6t co trong
s6 nho nhit. Day div liéu vao 1a 10011 (bit cudi cling la bit ¢ trong sb nho nhal)
duge nap tuan ty vao thanh ghi. Hay ve d6 thi thoi glan cha bon dau ra cua cac FF
A, B.C, D sau 5 xung nhip.

Bal 5.17. Thiét ké bd dém Kd = 12 ding thanh gh1 dich va mach hoi tlep o

Bai 5.18. Thiét ké mét bd céng nhi phan ndi tiép cho hai sb hang theo hinh 5.18BT:

A ' Thanh ghi dich

Mach day - _,Z__,[ ] l E .. |

Hinh 5.18BT - | Xungnhip

Bai 5.19. Th1et ké mach diéu khién mot hé thong bao hidu or mot ngd tu gilta duong
tau va duong giao thong hinh 5. 19BT. Hé théng bao hiéu gém chudng (c)’ va den (@)
hoat déng nhu sau:

Pen sang va chudng kéu khi xe Itra vao khu vue 1 va 3.

Peén duoc tat va chuong nging kéu khi xe lra di qua nga tu gma dudmg qude 16

va duong sét.
Buweng qubc IC)

\

Buéng st

c2 Khu virc 3 / .

S _ -

Khu vyc 1 Khu v

Hinh 5.19BT
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: Chuong 6 _
BO CHUYEN DOI TUONG TU - SO VA SO TU()NG TU

6.1. BO CHUYEN POI TUONG Ty — SO ADC

B& bién d01 teong tu sb ADC (Analog To Digital Converter) 142 mach bién ddi tin
hiéu tuong tu thanh tin hiéu s& c6'ma sé ty 1é voi gia tri bién d9 tin hiu tuwong ty &
161 vao. Gia tri cua ma nhj phan & 161 ra cia DAC bleu dién do 10‘11 cia tm hi¢u tuong

tu tai thoi diém thue hlen phép blen d01

6.1.1. Mach lay mau va duy trl mau

M6t vai loai DAC doi hoi tin hiéu glu nguyen khong d01 trong thcn glan thuc hlen
qua trinh bién dbi, con dbi voi mot sd khac didu kién’ tren khéng can thlet “Péi voi
loai DAC doi hoi tin hiéu khong ddi trong qua trinh bién ddi thi co thé dung mach lay
mau va duy tri méau dat vao gilra 1861 vao cia bd DAC.

A Tin hiéu twong tw

' \/ Théi g’ian
. a) — .
4 Xung lay mau ' :

\HHHHHH!HH\ N

O’I glan‘

4 Tin hiéura

"H_L_I__,_-l‘—Lrhfyi gian
| S o
Hinh 6.1.1.1. Tin hiéu 18i vao vara

Mach duy tri mau va ldy mau cé chtc ning sau: ldy miu & nhitng thoi diém xac
dinh va duy tri gia tri d6 cho dén thoi diém 14y méu tiép theo.

Hinh 6.1.1.1 trinh bay dang tin hiéu 16 vao va ra cia mach ldy mAu va duy tri
méu. Trong d6: hinh 6.1.1 Jata-tin hicu trong.tw. hinh 6.1.1.1b la diy xung diéu
khién hoat dong b0 lay mag, hinh 6.1, 1" 1c 14 tin'hién ra cua bd lay mau.
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M6t mach duy tri miu va 14y méu dugc su dung phd bién c6 so do nhu hinh
6.1.1.2. Trong so db 6.1.1.2, qué trinh trich miu va duy tri dugc thure hién bai hai
tranzito loai FET hoiic MOSFET: T; va Tz. Khi lay mau thi T, thong, T2 ngat Trang
thai duy tri dugc thuc hién khi Ty ngét T, théng.

—}

]

‘Tﬁﬁl‘”’ o
| ' o N - 0A L Vo
Vin, - . : .
| _.—_—:1 Ton UL
I © Xung lay mau ! ;

Hinh 6.1.1.2. Mach duy tri

H—

[D’l

uv alady mau
6.1. 2 Cac loai bién ddi ADC

Co nhleu loaJ ADC tuy theo két cau chia no: ADC tirc thot (ADC kiéu flash),
ADC kiéu tich phan ADC kiéu servo. ‘

Vet Vin J—I—-L,_r_—[‘ '
I L

R .
o
| A
QA
R + Bo ma hoa wu tién
T ; {priority encoder).
OA . 7 ‘
R - ) .
| 6
4 As
R OA > :
]' * 1.5 11— Dg
& Aq 4 2 - Dy
R
]‘ 3 4 — D2
b il
R 2
| :
b i
R
] 0 EN
. Al
R +

HIfF 6. L2T - ADC KIS TIash



6.1.2.1. ADC kiéu flash

So db bo bién dbi twong tu sb theo kleu flash duoc trinh bay trén hinh 6.1.2.1.

Trong so dd hinh 6.1.2.1, Vi, la dién ap véo- lay tir d4u ra cia bd lay mau va duy
tri mAu; EN 13 cac xung cho phép; Do, Dy, D2 la cac dau ra nhi phén song song.

Py 14 loai bién déi A/D don gian nhit va co the do nhanh nhét. Néu b6 bién doi
¢6 n bit ¢ 16i ra thi ta dung n mach so sanh tuong tu'¢ 181 vao dé so sanh tin hiéu Va
v&i cdc muce dién ap chudn: AVa, 2AV 4, ..., DAV A = Vanax. Vé&i Vamax 1a giol han
thang do cita b bién ddi A/D, AV duge goi Ia d phan giai. Nhu vy, & ddy thang do
V amax duoc chia lam n mirc va khoang cééligifra'cé'c muc AVA' = V amax/N. Bién dé
cta tin hiéu tuong ty Va ioc x4c dinh bang gia tri nim gifta - hai mirc ndo do. Gia su
néu Va nam glua hai gia tri 10AV 4 va 11AV 4 thi 10 bd so sanh twong ty s&€ cho gia tri
& mirc cao con cac bd khdc sé ‘cho gia tri & mirc thip. Bo giai ma uu tién s& cho két
qua la 10 va tao ra md nhi phan 1010 & 16i ra. '

Tbe do ciia bd bién ddi A/D ¢ thoi rét nhanh, né chi phu thudc vao téc dd phan
rng cua cac bd so sanh twong ty ma thoi.

Nhuoc diém cia loal nay la kich thuorc rat cong kenh néu 16i ra cin n bit thi 18i
vao can 2 —1 b so sanh tuong tyr. Neu n = 8 thi ta cén co 255 bo 50 sanh tuorng tu, va
bo gial mé uu t1en véi 255 16i vao cung rét phuc tap '

Vidu 6.1.2.1. Hay xac dinh mé nhi phén ¢ d4u ra cta ADC 3 b1t cho trén h1nh 6.1.2. 1,
biét tin hiéu vao va xung cho phép nhu trén hinh 6 1.2. 2 V,ef = 8V.

1
1 »> t
[

JL'Vin
. .8|s"'|'|||,|1 ||l‘ll:
B2 - T~ I B I o R I S A B B e R P TR R
N ¥ T
vao 6::':::::’:::'::'
N 11 .1 1y 1 Iy 'l
tu'o’ngtl_f ||l||l|ll|ll'tl|
5|I:||I|I||ll|l|'
T t LI T
.|Il||l|I'|:I'1l'
AL e e
<) [ I o I O O O A I O
ey o I R R A
2 o BRI L 0 I S B o S O 0 O
vy v Ty Fe Lo [ e by [y e pee {0 |
.__‘l"l"""‘l"l"""—l—
ol Ll T e [ e i
i L L ] I
| T I N | [ [ T T |

xungehophép [ [ AN LLR LRI

123456738 910111213141515
Hlnh6122

Giai:
Mai nhi phan nhén duoc tai dau ra song song tuong ng DngDo tudn tu la

010 100, 101, 111, 110 101, 011 001, 010 100, 110, 111, 110 101, 011 001
Dang séng cua tin hiéu ra theo cdc xung cho. phép. dugce bleu dién trén hinh
6.1.2.3. : :
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Xung cho phép Lummo 1213 14 ]5| 12
Dz 1 .

Hinh6123

6.1.2.2. ADC kiéu béc thang (k.'eu Servo) _

Trén hinh 6.1.2.4 gigi thigu so db khéi cua bo ADC kiéu béc, thang Nguyen téc
hoat déng cua né nhu sau: :

Chu trinh bién déi bét dau kh] Xung start xoé b6 dém nhi phan n bit. Vorl V, nho
hon V; 18i ra bd so sanh & mirc 1, céng AND mé& cho cac xung Clock vao bo dem S6
dem tang dan tsi khi V, bat dau vugt qua V|, 101 ra cua bd so sanh S& troy vé 0 va khoa
cbng AND lai.

Ma sb 16i ra ctia bo dém lac ‘nay tuong u’ng véi do lorn dlen thé tuorng fur can bien dbi.
Néu do dang séng V, trong mot chu k¥ bién dbi, ta s& thdy mot song hinh bac thang

ADC loai nay c6 két cau don glan nhung co nhuogc dlem 1a thisi gian bién ddi phu
thudc vao do lon dién the cin b1en déi.

Pau ra sb n bit

— DAC

P

VoY

B& so sanh

v % ‘ } Bo dém n bit
o + -
Y [ Clock
Start (Reset)

Hinh 6.1.2.4. So db khéi ctia ADC kiéu bac thang
6.1.2.3. ADC bam sat (Tracking)

Trén hinh 6.1. 2 5 v& so dd khéi cua ADC bam sat

Néu gla tri V) chi bién dbi quanh mot gia tri nao dé thi 10a1 ADC nay tlen lgi hon.
nguyén tdc cua né la ding b dém 1én/xudng. Mach dugc thiét ké sac cho néu 'V, < V;
(dién thé 16i ra ciia'bd so sanh bang 1), bd dém s& & trang thai dém 1én. Néu v, > Vv,
(thé 181 ra ciia bd so sanh bang O)thi-bod dém & ¢, trang thai dém xuéng. Nhr vay thé
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-

16i ra cia DAC cd xu huo’ng bam sat thé 101 vao can bién d01

Péau ra sé n blt

—1 - DAC <:_
Vo¥
B& so sanh
Vi . _OA1 > - Uﬁj

—p—a + ’
l " |B6 dém tidnini |
Clock n bit.

Hinh 6.1.2.5. So db khéi clia ADC bam sat

6.2. KHAI QUAT VE BO CHUYEN POI SO - TWONG T DAC
6.2.1. Chirc nang

DAC (Dlgltal To Analog Converter) tiép nhan modt mi 56 n b1t song song & 16i
vao va blen dbi no6 ra dong dién hoac di¢n 4p tuong tu ¢ 16i ra. Dong dién hoidc dién

ap & 18i ra DAC 12 ham sb cia mi s6 16i vao va pha1 blen thién phi hgp voi sy bién
thién ciia mi sd nay. ' :

6.2.2. Cau trac

So db kh01 cua bd blen d6i DAC hoan chmh bao gbm 3 phan tr co ban nhu hinh
6.2.2.1: mdt dién ap chuédn (Referent Voltage) on dmh bén ngoai, mdt DAC co SO va rnot
mach khuéch dai thuat todn.

Cac 16i vao sb Re

Bién ap chuan DAC c 5 <5
Vref

Hinh 6.2.2.1. So db khéi cta bo bién déi DAC
V6i mdt ma sé nhi phén tu nhién & 16i vao cta DAC, ta ¢6-dién ap Vo & 18i ra Ia:
Vo= —Vie(B1.2 + B2 +B2™Y (6.2.2.1)
~ Trong d6: By 12 bit ¢6 trong s6 nhd nhét ' : ’
Bi la bit ¢6.trong-sd.1én: nhét
Vier 12 dién dp chuan.
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DAC co s¢ duge tao thanh tir nhitng chuyén mach tuong ty duge didu khlen boi ma sb
& 161 vao va mdt loat dién rd chinh xéc, Nhe ¢d céc chuyen mach tuong tu diéu khién
dong hoac dién ap trich tir dién ap chuan tao nén dong dién hoac dién ap 16i ra twong tu véi
mi sb dé.

Mach khuéch dai thudt toan diing dé chuyén dbi dong dién thanh dién ap va déng
thdi ¢6 chirc nang cna tAng dém. Nhung do c6 mdt khoang thoi gian tré trong qua
trinh thiét 1ap trang thai & 16i ra theo su bién ddi dong dién & 16i vao cta bd khuéch
dai thudt toén cho nén trong cac ung dung cin tdc dd cao, c6 thé ding mot dién trd
thay thé cho OA dé thuc hién viéc chuyén dbi nay. Tuy nhién ciing vi thé ma pham vi
bién d6i s6 — trong tu bi gidi han.

DAC duoc sir dung nhiéu trong viéc dleu khién ngudn nudi cho. cac thiét bi kiém tra tu
ddéng, cac bd tao séng va cac bd phin didu khién qua trinh.

6.2.3. Do chinh xac .

Ta thiy rang dai luong ra tuong tw khéng lién tuc ma nhan m6t gi4 tri rOi rac tuong
ing véi 1 trong 2" to hop ctia ¢4c mé nhi phan n bit tai 161 vao so cua mft b DAC n bit.

Tir cong thuc (6 2.2.1) ta suy ra ring, gia tri cuc dai cta 161 ra khong dat i gia tr1 Iém
nhét ctia thang tri sb FS (Full scale) ma chi c6 thé dat t6i gia tri FS. (2"—1y2"%

D06 16n cia mdi don vi di€n 4p ra duoc goi 1a d6 phan g1a1 va ung voi blt ¢cO trong )
nho nhét LSB, n6 ¢o gla tri la FS/2".

-Mat DAC cé sb bit cang lém thl s& mire dlen 4p ra cang 10’n va gia tri cia m01 néc cang
nho, nhur vy tap hop cac gia tri cua dai luong tuong ty cang lién tuc va bd DAC co do
chinh xac cang cao.

D6 chinh xdc cia DAC bing 1/2" véinla sb bit.

Vi du 6.2.3.1. Tim gla tri 16n hhét cia muc dién thé daura tr 1 DAC 8 blt blet ring Ung
véi ddu vao $6 00110010 mic dién ihé sinhra ta 1V.
Gidi: :

Ta co6: (00110010); = (50)10

Do d6: 1V = FS.50/256

' FS =256/50

Viy: Vou(max) = FS8.255/256 = 255/50 5 lV

P§ phén gia la 1/50.

Do chinh xac: 1/256
6.2.4. Cac loai ma sé dung cho DAC.

" Céc loai md s6 dung cho DAC gbm c6 mi nh1 phén tu nhién, ma bu hai, mad BCD. O
cac bd DAC c6 cung sd bit, bd DAC sir dung ma3 BCD sé& ¢é.dd chinh xac kém hon khi
dung ma nhi phan ty nhidnyPé-chinh-xée-eiia-bd-PAC-dimg mi BCD dugc tinh bing
1/10" trong d6 D 1a tdng céc chirso.
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Vidu6.2.4.1, Voi bg DAC c6 12 bit . :

Dung md BCD dd chinh x4c 1a: : - 1/10° =0,001

Dung ma nhi phén tu nhién dé chinh xac la: 1/2'% = 0,00024.

Dung ma nhi phén ty nhién ta c6 d chinh xdc ién ghp 4 1an d6 chinh xéac ding
ma BCD. 7 :

Do d6, nhitng DAC dang vi mach thudng st dung ma nhi phan hodc mi bu hai.

6.2.5. Cac loai DAC

6.2.5.1. DAC ding mang dién tr& trong sd )

Tren hinh 6.2.5.1 trinh bay so dd nguyén ly cua DAC 4 bit ding mang dién tro
trong sb. Trong phuong phap nay dé thuc hién bién dbi sb — turong tu, nguoi ta tao ra
mot dong dién I; 1a tong céc dong thanh phén tuong rng Ix dugce chon tuong thich véi
mi sb & 101 vao nhé su didu khién b0'1 trang thai cac bit cha ma sb. Néu dién 4p vao 1a
0V (bit 0) thi I; twong tng la 0A, néu dién ap vao 12 muc cao (bit 1) thi gia tr1 Ik phu
thudc vao gia tri dién tré vao. Gia tri dién tr& phu thudce vao trong sb cta cac bit diu
vao nhu hinh vé.

Hinh 6.2.5.1. DAC 4 bit diing mang dién tré’-frdng )

Dong I; 17 18 véi ma s6 181 vao duoc chuyen thanh dién ap ra ty 1€ v&1 ma s6 nhi phan &
16i vao nho mach khuéch dai thuét toan mic theo kiéu cong déo pha. Pién ap o 101 ra clla
b DAC chinh 1a dién ap & 16i ra ciia bd khuech dai thuat todn. -

Cac déng thanh phén Ix duoc xdc dinh theo céc gia tri cic dién trer trong $6 R, 2R, 4R,
8R va céac bit nhi phan Bk Bk=0 hoac 1) theo cac hé thu’c sau day:

1o = Bo. V/R;

- I, =B). V/2R;
I =B, V/4R:
13 < 83. V/SR ‘
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Tirsoddtacd:  Vo=-IfRy , 3 (6.2.5.1)

=Y(B B B B (6.2.5.2)
RUS 42 1
Vo _ _VB_f(&JrEJFEz.JrE (6.2.5.3)
R\8 4 2 1

Vi du 6.2.5.1. X4c dinh dién ap ra cia DAC trén hinh 6.2.5.1 v6i R = 25kQ), Rl = IOkQ néu
dang séng cua bén bit vao cho trén hinh 6.2. 5 2.

0 12 34 5 6 7 8 9 10 11 12 1314 15 '
. 5V . ‘
T +5Y '
S - L Y | I | AI_ Lm,__J L_ A
A N S |
B2 ¢ ' ' : ‘ ' .
45V o i [_
B o o .

Hinh 6.2.5.2
Giai:
" B, B, B, B},
Taco: V, =-—VR By +B +B By =_2(__0+_1+_2+_3J(V)
R{8 4 2 1 8 4 2 .1

Dién ép ra thay dbi theo tin hiéu vao cho trén hinh 6.2.5.3.

1100
1101
1110
1111

o ‘ Béu vao nhi phan
0,25 : g
-0.50
0,75 L
-1.00 . -I
1,25 L"I
1,50 ]
1,75 ™ 1
-2,00 ™ 3 L
225 A
-2,50 [ ' ; §
2,75 : T
_.3',00 . — - I_
3,25 -

0100
0101
0110
0111
1000
1001
1010
1011

0000
0001
0010
0011

-3,50
3,75 ' |

Ve¥) Hihh®6:2:5:3
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Nhu viy, dién 4p ra ty 1 thuln VO‘I mi s6 16i vao theo hé sb ty 18 1a dxen ap
chudn, Nhuoc diém cia mach nay 1a s bit cang tang thi s& dién tré khac nhau vé gia
tri cling tang, viéc chon cac dién tré chinh xéc cang khé khan hon. Pé khic phuc
nhuoc diém nay ngudi ta di dua ra loai DAC dung mang dién tro R 2R, loai nay chi
dung co hai loai dién trd.
6.2.5.2. DAC diang mang dién tré R - 2R

Khac vii DAC dung dién tro trong sb, mach DAC sir dung mang dién trd R-2R
chi can dung 2 loai gia tri dién trd. Nhung so voi cac DAC dung dién trd trong sb ¢b
cung sd bit thi sé lugng dién tr¢ doi héi phai nhiéu hon. So dd nguyén ly by DAC
dung mang dién ird R — 2R ‘dugc v trén hinh 6.2.5.4.

Cac dau vao

Hinh 6.2.5.4. DAC dung mang dién tr&é R - 2R

Qua mdi nat mang cia dién trg dong dién la1 glam di mdt nira ding véi quy luét caa
md nhi phin nhu trong hinh vé&. Chi bang mang dién tr& R — 2R, cong thém bd khuéch dai
thudt 1o4n, ta cé thé xay dl:mg duge mot bd chuyén déi DAC. Dién trd phén héi 4m ctia
mach khuéch dai thuat toan néu chon dung bing R thi ving blen thién cua dién ap ra sé€
phit hop véi két qua tinh toan cho DAC dung dién tr& trong sb. Dlen ap ra trong truong
hop nay ciing duge xac dinh theo hé thirc (6. 2.5.1). Tuy theo yéu ciu cu thé ta co thé chon
gia tri cua nd xung quanh gia tri R.

Vi'du 6.2.5.2. Xac dmh gia tri.dién ap ra Vo néu sd nhi phan & dau vao la 1000, 0100
0010, 0001. .

: S+ 5V
Giai. Ba = 1 -
. . Rf =2R

V('nB3=1,B2=B.=B_0:0tacésordétu0'ng Ry o
duong nhu trén hinh 6.2.5.5. L : 2R

Do dién 4p dua vao cac diu vao By, ByvaBola h
0V nén Ry = 2R. Dong qua Ry bing 0 nén dong Rie
qua Ry chinh 1a dong Iy. Vay ta co:

I
V, =1, R, = ~2% 2R.=—5V ' - ,
- 2R - Hinh 6.2.5.5.
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Tmh toan twong tu taco:
' V0183 0,B;=1,B,= Bo—OthlVo—*ZSV

VmB3—B2—0 By =1,B;=0thi Vo=-1,25V.

V6iBs =By = By =0, Bo= 1 thi V, = ~0,625V.
6.2.5.3. DAC ding 2" dién tré bing nhau

DAC loai nay c6 thé dugc xay dung bang cach su dung 2n d:en tré co cung 1 tr1 sb R.
Trong d6 n 1a sb bit ctia b DAC.

* Ngoai sb dién tré trén, DAC loai nay cén d01 hoi cé (2 -1 chuyen mach dlen tir.
Trén hinh 6.2.5.6 trinh bay so d6 nguyén ly bolblen dol DAC 3 bit thudc loai nay.

Vier . . -

- Bs | 3 Bz: ,.:Bz 181 :__1.
AN
SN0 W A S
S A AN P

i ' | ' '
i
i
Sl
I
VAR |

—— Hinh 6.2.5.6. BG bién ddi DAC 3 bit diing 8 dién tré bing nhau

Do phuomg phap nay doi hoi phal st dung mot sb lucng dién trd va chuyen mach khi
16n nén DAC’ ‘16ai nay du’oc san xuét theo cong nghé MOS — LSI (vi mach ¢& léon MOS).
Céc dién trd duoc ghép ndi tiép véi nhau dé tao thanh mach chla dién ap. Mach nay tach
dién ap chun Vs thanh 2" mirc.-Céc chuyén mach-duge ghép ndi theo hinh cay va duoc
diéu khién bing ma sb & 16i vao. Mach khuéch dai thudt toan & day duoc mic theo so° db

1ap lai dién ap
6.2.5.4. DAC hai b:en s0
Céu triic DAC hai bién so duorc trinh bay trén hinh 6 2.5.7.
Tur hai cong thite (6.2.5.1) va (6.2.5.2) ta c6:
Vo= Vet (B1.27 L B,272 B2
Vo=—ItR
Khi gia tri cua dién ap chuén Vier thay dbi,-gia-tri-cua-dién ap ra Vo cung thay ddi. Néu
& cac 16i vao ctia bd DAC giit & mé eo.dirh thi dign dpa thay déi tuyén tinh véi su thay
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dbi cha dién: 4p chudn V. DAC lam viéc
B1 B; Bs B4 Bs Bs By Bg

v&i ca hai dai luong vao 1a ma sb va dién ap X
chuin duoc goi 1a DAC hai bién sb. I | , I | | : _
Vre
" DAC hai bién s6 dung trong nhimg hé vi. : o -
DAC hai bien s6
xu ly dé didu khién do nhay cua bd khuéch o : -
dai bang phuong phap s6. _
O diy DAC hai bién sb dong val tro dieu v
chinh mach phan hdi am mac cho mach : o
khuéch dai thuat toan.. : : % S Vo
Vi . _ -
. nhGﬁl F la he 50 I%han hdi 4m duorc Xac S+
t . . ! PR Y A
inh theo ma s0 vao. Ta ¢6: Hinh 6.2.5.7. C4u tric DAC hai bién sé
=F, Vo 5 V() = VI/F : ‘ :
6. 2 6. DAC TINH cUA DAC
6. 2 6.1. bdc tinh chuyén déi sé tu’o’ng tir cia DAC
' 3 '
A5/16} = - e mmmmmmmmmmmmmmmmm e oo R LT LS
w . 1
R VY T BRI S !
£ - : . _ . ) :
S L | S e e bl . : |
ug . . ) . . . : : '
£ 12116f------- Smmmmmmmsemmomsooeeooooenes R S
SR TVET: A S N S CEEEE SRR LR EET , ' y i '
> : : ; : i ) i
R R R T
£ 9M16|-mmmm e e s T
O ' 1 \ 1 , ! '
V2 - [ Vo ; :
] e S DR U B A S
616 === --==== - - S Coor i C
51 |- mmmm e mom e 0 T T T T T A A R B
P72 E E A E : ! ! E E i |
ALY A A
216 |- m e - ! E E : i E E E E i ! ! -
7 (A W T UL T S AR T S N SRR
O P S S TS VRS SN S NN IS S S S NI SN NN

0000 0001 0010 0011 0100 ©101 O11¢ 0111 1000 1001 1010 1011 1100 1101 1110 1111
L M3 sé vac
Hinh 6.2.6.1. Dac tring chuyén ddi so6 twong tw cia DAC 4 bit
Dic trung chuyén déi sb twong tu cia DAC Ia mét @b thi biéu didn sy phu thude dién
ap 16i ra cia DAC vao cac.mi so 16i.vao. Trong trudmg hop 1y tuéng no la dudmg thing
qua diém 0 gdc toa dd (tuongAting ¥Gimasoy ko vaorDAC va dién dp ra DAC déu bang 0)
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va diém tmg véi dién 4 ap ra cuc dai va cdc bit cta 161 vao DAC déu bang 1. Hlnh 6.2.6.11a
dac trung chuyén déi sé twong tu ctiia DAC 4 bit. o

Xac lap duoc dic trung chuyén dbi s6 tuong tu cho phép chiing ta dénh gia duge pham
chit ciia DAC, Chit hrorng ctia mdt bd DAC ¢6 thé dugc danh gla thong qua sai s6 cua.no.
6.2.6.2. Nhirng sai sé ctia DAC i

Sai s6 do lech (Offset Error), sai sb khuéch dai (Gain Error), sai sb tuyén tinh
(Lmeanty) sai sb phi tuyén tinh vi sai (Differential Nonlmearny) Céc sai sb nay duoc
biéu di&n theo don vi %FS hoidc %LSB. . S '

 Sai 56 do [éch 1 gia tri dién 4p ra cha b DAC khi 16i vao Ia m3 tmg vor1 0. Sai s6 nay
duoc tinh bang mV hoic %LSB hoéc %FS. Dé hiéu chinh giam nho sai s§ do léch, ta dua
ma g v&i 0 vao 161 vao ctia bd DAC va diéu chinh chiét ap d6 l&ch sao cho dién ap:1éi ra
la OV. Bay la qua trinh chinh didni 0 ciia DAC. C

Sai vo khuéch dgi 1a do 1&ch glu'a dién 4p ra tinh theo ly thuyet va thuc té khl 16i vao &
mot ma sd nao d6, thudng la mi sb tmg voi FS — 1LSB. Sai sé khuéch dai duoc hidu chmh
sau khi da hiéu chinh sai sb d6 léch bang cach dua méa tng vai FS — 1L.SB 161 161 vao rdi
diéu chinh chiét 4p do nhay sao cho dién ap ra c6 gia tri 1a (FS — 1LSB). \

.Cac sal s6 do léch va do khuéch dai phu thuoc vao su thay dbi nhiét d6 cia moi
truong. Khi nhiét d6 moi truong thay dbi, cac sa1 s6 nay lai xudt hién. Gia tri nay thu’O'ng
vao ¢l phan nghm cho 1°C. Bé la sy nhay cam ve nhiét do cua DAC. :

Sui 56 tuyén tinh 1 loai sai s6 khong thé hleu chinh duge va la do thiét ké ciia bd DAC
Mirc tuyen tinh ctia DAC cho biét do 1&ch dién 4 ap ra s0 v&i mot dudng thang di qua nerng
diém nit cia dac tuyén chuyen d6i. ‘Mir¢ do tuyén tinh cia DAC phal nho hon hoac bang
1/2LSB. :

Sai 56 phz tuyén vi sai 1a dai luong cho biét d6 léch gma gid tri thue t& va dic trung 1y
tuong cua mdt mach DAC ung v&i moi thay dbi cua ma s6 vao. ‘
6.2.6.3. Thoi gian thret 1dp ) _ _

“Thot glan thiét 1ap d6i voi mdt DAC la thcn gian cin thiét dé dién é&p ra dat toi. gla tri
on dinh cudi cung khi ¢6 su thay déi ma sb 16i vao. Thoi ‘glan thiét lap trude hét phu thudc
vao kiéu chuyén mach, kiéu dién tro va kiéu khuéch dai dung de xdy dung DAC Théi gian
thiét 1dp khdng bao ham thdi gian tré.

6.2.7. Dién ap chuan cua DAC

Ngubn dién ap chuén 1a thanh phin hét sirc quan trong cho hoat dong cua DAC Co
loal DAC duoc cay dién 4p chuan bén trong duoc trich tir dién ap nudi va trong .mach da
ciy diode 6n ap co om n’*net Nhu'ng cac dién &p chudn bén rgoai van duorc sir dung dé dat
d6 chinh xdc cao. .

Nhitng mach tao nguon dlen ap chuan ngay nay da durorc che tao ducrl dang vi mach.
Trong mach ding diode Zener én nhiét dugc kich thich bang ngudn dong khéng d6i va
tang cudng cong sudt bing khméeh-dai-dién ap dung thuét todn. Do chmh xac cua dién ap
ra rat cao dat 161 0.01%. : - e
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BAI TAP CHUONG 6

Bai 6.1. Cho tin hiéu twong ty nhu trén hinh 6.1BT. Hay v& tin higu tuong ty sau khi qua
mach 1y mAu va giit miu, biét rang chu ky 14y méu 13 1ms.
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Bai 6.2. Hay xé4c dinh ma nhi phén & diu ra cia ADC kiéu flash 3 bit cho trén hinh 6.1.2.1
vol 16 xung tac dong, biét tin hiéu vao va xung cho phép nhu trén hinh 6. 2BT, V= 8V.
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Bai 6.3. Néu chu k¥ xung cho phép (EN) trong bai tap 6.2 ting 1én 2 lin, hay xac dinh mé
nhi phan nhén duge ¢ diu ra ADC véi § xung téc dong. Thong tin ¢6 bi mat khong

Bai 6.4. Tim gia tri 1on nhét coa mac dién thé dau ra tir 1 DAC 8 bit, biét ring (mg voi dau
vio s6 00110111 mirc dién thé smh ralalV.

Bai 6.5. Xac dinh dién 4p-ra V, cua DAC trén hlnh 6.5aBT voéi R= 25kQ, Ry = 10kQ2 néu
dang song ctia bdn bit vao cho trén hinh 6.5bBT.

Bii 6.6. Cho DAC ding mang dién tro R — 2R nhu wrén hlnh 6.6BT.

Hay xac dinh di¢n ap ra V, Gmg voi cac sb nhi phan & ddu vao theo thit tu BsB,B1Bo
nhw saw: 1010, 1011. :

Bai 6.7. Cho DAC ding mang ditntré R=2Rnhurtrén-hinh 6 6BT.
Hay xac dinh dién ap ra Vg ing voicac @Auvao mhi'phin cho trén hinh 6.7BT.
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