Chuong I : Cac Hé Théng S6 I-1

CHUONG 1: CAC HE THONG SO & MA

NGUYEN LY CUA VIEC VIET SO
CAC HE THONG SO

* Hé co s 10 (thap phan)

* Hé co s6 2 (nhi phan)

* Hé co s 8 (bat phan)

* Hé co s6 16 (thap luc phan)

BIEN POI QUA LAI GIUA CAC HE THONG SO
* Doi tir hé b sang hé 10

* DO tir hé 10 sang hé b

* Doi tir hé b sang h¢ b & nguoc lai

% Doi tir hé b* sang hé b

CAC PHEP TOAN S6 NHi PHAN
* Phép cong

%* Phép trir

% Phép nhan

%* Phép chia

MA HOA

* Mi BCD

* Ma Gray

Nhu ciu vé dinh luong trong quan hé giita con nguoi voi nhau, nhat la trong nhiing
trao d6i thuong mai, di c6 tir khi xa hoi hinh thanh. D3 c6 rat nhiéu cb ging trong viéc tim
kiém cac vat dung, cac ky hiéu . . . dung cho viéc dinh lugng nay nhu cac que go, vo so, s6
Lamai ... Hién nay sd A rap to ra c6 nhiéu wu diém khi duoc str dung trong dinh luong, tinh
toan. . .

Viéc str dung hé théng sé hang ngay trd nén qua quen thudc khién ching ta co thé da
quén di sy hinh thanh va cac qui tic dé viét cac con sd.

Chuong nay nhic lai mot cach so luoc nguyén 1y cta viée viét sd va gidi thiéu cac hé
thong s6 khac ngoai h¢ thong thap phan quen thudc, phuong phap bién ddi qua lai cia cac sb
trong cac hé théng khac nhau. Ching ta s& dic biét quan tim dén hé thong nhi phan la hé
thong dugc dung trong lanh vuc dién ti-tin hoc nhu 1a mot phwong tién dé giai quyét cac van
dé mang tinh logic.

Phan cudi ciia chuong s& gidi thidu cac loai ma thong dung dé chuan bi cho céac
chuong ké tiép.

1.1 Nguyén ly ciia viéc viét so

Mot s6 duoc viét béng cach dat ké nhau cac ky hi€u, dugc chon trong mét tap hop xac
dinh. Mdi ky hiéu trong mét sé dugc goi 13 s6 mi (s6 hang, digit).
Thi du, trong h¢ thong thap phan (co s6 10) tap hop nay gom 10 ky hiéu rit quen
thudc, d6 1a cac con s tir 0 dén 9:
S10=10,1,2,3,4,5,6,7,8,9}
Khi mot s6 gdom nhiéu s6 ma dugc V1et gia tri cua cac s6 ma tiy thudc vi tri coa nd
trong s6 d6. Gia tri nay dugc goi 13 trong s6 cua sd ma.
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Chuong I : Cac Hé Théng S6 I-1

Thi du s6 1998 trong hé thap phan c6 gia tri xac dinh béi trién khai theo da thirc ciia
10:

1998, = 1x10° + 9x10* +9x10" + 9x10° = 1000 + 900 + 90 + 8

Trong trién khai, s6 mii cua da thirc chi vi tri ciia mot ky hiéu trong mot sb voi qui udc
vi tri ctia hang don vi 1 0, cac vi tri lién tiép vé phia trai 1a 1, 2, 3, ... . Néu c6 phan 18, vi tri
dau tién sau dau phay 1a -1, cac vi tri lién tiép vé phia phai la -2, -3, ...

Ta théy, s6 9 dau tién (sau s6 1) co trong s6 14 900 trong khi s6 9 thtr hai chi 1a 90.

C6 thé nhan xét 1a v6i 2 ky hiéu giong nhau trong hé 10, ky hiéu dimg trudc co trong
s6 gap 10 1an ky hiéu dung ngay sau no. Diéu nay hoan toan ding cho cac hé khac, thi du,
ddi voi hé nhi phén ( co s0 2) thi ti 1€ nay 1a 2.

Tong quat, mot hé théng sé duoc goi 1a hé b s& gom b ky hiéu trong mot tap hop:

) , Sb = {So, Sl, Sz, e Sb-l}

Mot sO N duoc viét:

N = (apan-13n2. . .@j . . .20, a.1a7 . . .am)p VOi 3; € Sp

S€ co gia tri:

N=a, b"+a,,b™ + a,b™ + .. +ab + .. +ab’+a,;b' +a,b?+. . +a,b™

$an

i=—m

ab' chinh 1a trong s6 ciia mot ky hiéu trong Sy, ¢ vi tri thu i.

1.2 Céc hé thong sb

1.2.1 Hé co s6 10 (thap phan, Decimal system)

Heé thap phan 13 hé thong sb rat quen thudc, gdbm 10 sé ma nhu noi trén.

Duéi ddy 1a vai vi du s6 thap phén:

N =1998,0 = 1x10° + 9x10* + 9x10" + 8x10° = 1x1000 + 9x100 + 9x10 + 8x1
N =3,14;0 =3x10°+ 1x10™" +4x10% = 3x1 + 1x1/10 + 4x1/100

1.2.2 Hé co s6 2 (nhi phén, Binary system)
Hé nhi phan gdm hai s6 ma trong tap hop

S, =1{0, 1}
M&i s6 ma trong mot s6 nhi phan dugc goi 1a mot bit (viét tit cia binary digit).
S6 N trong hé nhi phan:
N = (apap-1an2. . .3 .. .20, 2122 . . .am)2 (voi aje Sy)

Co gia tri la:
N=a,2"+a,2" + .. +a2'+ .. +a2’+a ;2" +a,2% +. . +a,2™
a, 12 bit c6 trong s6 16m nhat, duoc goi 1a bit MSB (Most significant bit) va a.y 1a bit
c6 trong s6 nhé nhit, goi 14 bit LSB (Least significant bit).

Thi du: N =1010,1, = 1x2° + 0x2? + 1x2' + 0x2° + 1x2"' = 10,59

1.2.3 Hé co s 8 (bat phin ,Octal system)
Heé bat phan gom tam s trong tip hop
’ Ss= {0,1,2,3,4,5,6,7}.
SO N trong h¢ bat phan:
N = (apan-13n2. - .@j .. .20, a1a7...am)s (VOia; € Sg)
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Co gia tri la: .
N=a, 8" +a,18"" + an 8" +.. + a8 .. +ap8"+ a8 +a, 8% +. . +an8™
Thidu: N=1307,15=1x8 + 3x8” + 0x8' + 7x8" + 1x8"' = 711,125},

1.2.4 Hé co s 16 (thap luc phan, Hexadecimal system)

Hé thap luc phan duoc dung rat thuan tién dé con ngudi giao tiép véi may tinh, hé

nay gébm mudi sau sd trong tap hop
S16={0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F }

(A tu(rng dlIO’Ilg vOi 1010,B:1110 he e ,F:1510) .

S6 N trong hé thap luc phan:

N = (anan-13n2. . .@j .. .20, 3122 ...am)16 (VOi a€ Sip)

Co gia tri la:

N=2a,16"+a,116™ + 2,,16™> +. . +a;16'.. +agl6’+ a1 16" +a, 167 +. . +a,l6™

Ngudi ta thudng ding chit H (hay h) sau con s6 dé chi sé thap luc phan.

Thi du: N =20EA,8H = 20EA,8,¢ = 2x16> + 0x16 + 14x16' + 10x16° + 8x16™
= 4330,510

r
A

1.3 Bién doi qua lai giira cac hé thong so

Khi di c6 nhiéu hé thong s6, viéc xac dinh gia tri tuong duong cua mot sb trong hé
nay so voi hé kia 1a can thiét. Phan sau day cho phép ta bién doi qua lai gitra cac so trong bat
cir h¢ nao sang bat cur hé khéc trong céc hé¢ da dugc gidi thicu.

1.3.1 Po6i mot s6 tir hé b sang hé 10

Dbé ddi mot sb tir hé b sang h¢ 10 ta trién khai truc tiép da thirc cia b
Mot s6 N trong hé b:
N = (apan-13n2. . @i . . .20, a.1a7 . . .a.m)p VO1 3; € Sp
Co gia tri tuong duong trong h¢ 10 la:
N=a, b"+a, b+ . +ab + .. +ab™+a b +a,b?+ . +anb™
Thi du:
* Poi 86 10110,11, sang hé 10
10110,11, =1x2*+0+1x22+1x2+ 0+ 1x2' + 1x2? =22,751¢
* Poi s6 4BE,ADH sang hé 10
4ABE,ADH=4x16>+11x16'+14x16"+10x16+13x167 = 1214,675

1.3.2 P6i mét so tir hé 10 sang hé b

Day 1a bai toan tim mot diy ky hiéu cho s6 N viét trong hé b.
Tong quat, mot s6 N cho ¢ hé 10, viét sang hé b ¢6 dang:

N =(apani...20,a1a2...amp = (apani...20)p + (0,227 ...am)
Trong do

(an@n-1 - - -@0)b = PE(N) la phan nguyén cua N
va  (0,a,a,...a.m)p = PF(N)IlaphanlécuaN

Phéan nguyén va phan 1¢ duogc bién dbi theo hai cach khac nhau:
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+ Phin nguyén:
Gié tri ciia phan nguyén xac dinh nho trién khai:
PE(N) = ab"+ a, b™ + .. +ab '+ agh’
Hay c6 thé viét lai
PE(N) = (anb™" + an.ib"? + .. +ay)b + ag
V0’1 cach viét nay ta thiy néu chia PE(N) cho b, ta duoc thwong s6 1a PE’(N) = (a,b"
Ty apb™2+.. + a;) va s6 dw 12 a,.
Vay sé dwr ciia 1an chia thir nhit nay chinh 1a s6 ma c6 trong s6 nhé nhit (ag) cua
phan nguyén.
Lap lai bai toan chia PE’ (N) cho b:
PE’(N) = anb + a, b"? ta= (ab"* + an b™ +. .+ a)b+ a
Ta duoc s6 du thir hai, chmh 13 s6 ma c6 trong s6 lon hon ké tiép (a;) va thuong sb
1a PE"(N)=a,b"* + a,.,b"> +.. .+ a,.

Tiép tuc bai toan chia thuong sO ¢6 dugc voi b, cho dén khi duoc s6 dw cia phép chia
cudi cuing, d6 chinh 1 s6 ma co trong s 16n nhét (a,)

+ Phin 1é:
Gia tri cia phan 1é xac dinh béi:
PF(N)=a, b’ +a,b?+ . +anub™
Hay viét lai
PE(N)=b" (ay+as b +. . +a,b™")
Nhan PF(N) véi b, ta duoc : bPF(N) =a; +(az2b’' .. Fand™") = a+ PFP(N).
Vay lan nhan thir nhit nay ta dugc phan nguyén cia phep nhén, chinh 13 s0 ma cé
trong s6 16n nhét ciia phan 1é (a_) (s6 a.; ndy c6 thé van 1a s6 0).
PF’(N) 12 phan 1¢ xuét hién trong phép nhan.
Tiép tuc nhan PF’(N) vdi b, ta tim duoc a., va phan 1é PF”(N).
Lip lai bai toan nhan phan 1¢ v6i b cho dén khi két qua c6 phan 1é bang khong, ta s&
tim duogc day sb (a.jas . . .am).

Chii y: Phan 1é ciia sé N khi doi sang hé b c6 thé gom vé s6 s6 hang (do két qua cua
phép nhan luon khac 0), dleu nay c6 nghia la ta khong tim dwoc mot so trong hé b co gid tr
dung bang phan lé cua 6 thdp phan, vdy tiy theo yéu cau vé d chinh xdc khi chuyén doi ma
nguoi ta ldy mot sé sé hang nhat dinh.

Thi du:
*Pdi 25,310 sang h¢ nhi phan
Phan nguyén:  25:2 =12dul = ay=1
12:2 =6 du0 = a
6:2=3du 0 = a=0
3:2=14dul = a3=1
thuong s6 cudi cung 1a 1 ciing chinh 1a bit a,:
=a, =1
Vay PE(N)=11001
Phan lé: 03*2=0,6 =a; =0
0,6*2=1,2 =ay=1
02*2=04 =a3=0
0,4*2=0,8 =ay4=0
0,8*2=1,6 =as=1...
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Nhan thiy két qua ciia cac bai toan nhan ludn khic khong, do phan 1¢ ciia 1an nhan
cudi cung la 0,6, da lap lai két qua cua 14n nhan tht nhat, nhu vay bai toan khong thé két thic
v6i két qua dung bang 0,3 cta hé 10.

Gia sir bai toan yéu cau lay 5 s6 1¢ thi ta c6 thé dimg & day va

PF(N) =0,01001.
Két qua cubi cing la:
25,310=11001,01001,

*Po6i 1376,85¢ sang hé thap luc phan
Phéan nguyén: 1376:16=286s6 du=0 = ap=0
86:16=5 sddu=6 = a;=6& = a,=5

137610 = 560H
Phan 1¢: 0,85 * 16 =13,6 = a, =13,;=DH
0,6 * 16=9,6 =a,=9
0,6 * 16=9,6 —aj3 =9
Néu chi can lay 3 s6 1é: 0,85,0= 0,D99H

Va két qua cudi cung:
1376,8519 = 560,D99H

1.3.3 P6i mot so tir hé b sang hé b* va ngwoc lai

Tir cach trién khai da thtrc ctia s6 N trong hé b, ta c6 thé nhom thanh timg k sé hang tir
du phay vé hai phia va dat thanh thira s6 chung

N =a,b" +. .. +asb’ +asb* +asb® +a,b”> +a;b' +ab’+a;b' +a, b2 +a3b>. . +a,b™

Dé dé hiéu, chung ta léy thi du k=3, N dugc viét lai béng cach nhom tung 3 ) hang,
ké tir ddu phay vé 2 phla

N =+ (asb”+ ash' +asb”)b’ + (ab” +asb' + agb” )b’+ (a b’ +a,b' +asb’)b” +

Phan chua trong mdi ddu ngodc ludn ludn nho hon b’ , viy sb ndy tao nén mot s6
trong hé b’ va lac d6 dugc biéu dién boi ky hiéu tuong tmg trong he_: nay.

That vay, s6 N ¢co dang:

N=..+AB+AB'+AB"+ A B" +...

Trong do:

B=b’ (B’=b’; B'=b*; B>=b®, B'=b" ...)

Ar=agh’+ azb' + agh’ = b’(agh™ + a;b + agb™) < B=b’

A= ash?+ asb' +asb’ =b’(asb™ + asb? + azb) < B=b

A¢= asb” +ab' +agh’ =b(ab™ + a;b? + agb™) < B=b’

Céc sb A; ludn ludn nhé hon B=b’ nhu vy no chinh 1a mot phan tir caa tap hop sb tao
nén hé¢ B=b’

Ta c6 két qua bién d6i tuong tu cho cac hé s6 k khac.

Tom lai, dé ddi mot sb tir hé b sang hé b*, tir du phay di v& hai phia, ta nhom timg k
) hang, gia tri cua mdi k s6 hang nay (tinh theo hé b) chinh la s6 trong hé b~

Thi du:
*Pois6 N=10111110101, 01101, sang h¢ 8 =2°
Tir ddu phay, nhom timg 3 s6 hang vé hai phia (neu can, thém s6 0 vao & nhom dau va
cudi dé du 3 sb hang ma khong 1am thay doi gia trj cia sd N):
N=010111110 101,011 010,
Ghi gi4 tri twong Gmg ctia cac s6 3 bit, ta duoc s6 N trong hé 8
N=2 7 6 5,3 23

* Pbi s6 N trén sang hé 16 =2*
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Ciing nhu trén nhung nhom ting 4 sé hang
N=0101 1111 0101, 0110 1000,
N= 5 F 5 5 6 8 16
Tir két qua cia phép ddi sb tir hé b sang hé b*, ta c6 thé suy ra cach bién déi nguoc
mdt cach d& dang: Thay mdi s6 hang cua sé trong hé b* bang mot sd gdm k sé hang trong hé
b.
Thi du dé d6i sb N =35 F5, 6815 (hé 2*) sang hé nhi phan (2) ta ding 4 bit dé viét cho
mdi s6 hang cua sd nay:
N=0101 1111 0101, 0110 1000,

1.3.4 P6i mot so tir hé b* sang hé b®

Qua trung gian ctia hé b, ta co thé doi tir hé b~ sang hé b". Mudn d6i s6 N tir hé b*
sang hé bP, trudc nhat d6i s6 N sang hé b rdi tir hé b tiép tuc d6i sang hé bP.

Thi du:

- Poi s6 1234,67¢ sang hé 16

1234,673 =001 010 011 100,110 111, =0010 1001 1100,1101 1100, =29C,DCH

- b6i s6 ABCD,EFH sang hé 8

ABCD,EFH = 1010 1011 1100 1101,1110 1111, =1 010 101 111 001 101,111 011
110, = 125715,7365

Duéi day 1a bang ké cac sb dau tién trong cac hé khac nhau:

Thap Nhi Bat Thap luc | Thap Nhi Bat Thap luc
phan phan phan phan phan phan phan phan
0 0 0 0 13 1101 15 D
1 1 1 1 14 1110 16 E
2 10 2 2 15 1111 17 F
3 11 3 3 16 10000 20 10
4 100 4 4 17 10001 21 11
5 101 5 5 18 10010 22 12
6 110 6 6 19 10011 23 12
7 111 7 7 20 10100 24 14
8 1000 10 8 21 10101 25 15
9 1001 11 9 22 10110 26 16
10 1010 12 A 23 10111 17 17
11 1011 13 B 24 11000 30 18
12 1100 14 C 25 11001 31 19

Béang 1.1

1.4 Cac phép tinh trong hé nhi phan

Céc phép tinh trong h¢ nhi phan dugc thyuc hién tuwong ty nhu trong h¢ thap phan, tuy
nhién cting c6 mot s6 di€m can luu y
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1.4.1 Phép cOng

La phép tinh lam co s& cho céc phép tinh khac.
Khi thyc hién phép cong can luu ¥:

0+0=0;

0+1=1;

1 +1=0nh¢ 1 (dem qua bit cao hon).

Ngoai ra néu cong nhiéu sd nhi phan cting mét lac ta nén nhé :

- Néu s6 bit 1 chan, két qua la 0;

-Néusdbit 1 lekétqualal

-Vacul cdp s6 1 cho 1 s6 nhé (b6 qua $6 1 du, thiduvsi5sd1takéla?2 cap)

Thi du: Tinh 011 +101+011+011

11 <« sbnhs
111 <« sénho

011
+ 101
011
011
1110
1.4.2 Phép trur
Can luu y:
0-0=0;
1-1=0;
1-0=1;
0-1=1nhé 1 cho bit cao hon
Thi du: Tinh 1011 - 0101
1 « s6 nhé
1011
-0101
0110
1.4.3 Phép nhan
Can luyu y:
0x0=0;
0x1=0;
Ixl=1
Thi du: Tinh 1101 x 101
11
x 1
1101
0000
1101
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1000001

1.4.4 Phép chia

Thi dy: Chia 1001100100 cho 11000 ) )
’ Lan chia d@u tién, 5 bjt cua 56’ bi chia nhé hon so0 chia nén ta dqu két qua 1a 0, sau do
ta lay 6 bit cua so bi chia d€ chia ti€p (twong g voi viée dich phai so chia 1 bit trude khi

thuc hién phép trir)
1001100100|11000

-110001 011001.1
0011100
- 11000
00100100
- 11000
011000+ Thém vao d& chia
- 11000 téplayphanle
00000

Két qua : (11001.1) 5 = (25.5)10

1.5 Ma hoa

1.5.1 Tong quat

Ma hoa 1a gan mét ky hi€u cho mét dbi tuong dé thuén tién cho viéc thuc hién mot
yéu cau cu thé nao do.

Mot cach toan hoc, ma hoa 1a mdt phép ap mot ddi mot tir mot tap hop ngu?)n vao
mot tap hop khac goi 1a tap hep dich.

\
/

(

(H1.1)

Tap hop ngudn c6 thé 1a tap hop cac sb, cac ky tu, dau, cac 1énh dung trong truyén di
lidu . . . va tap hop dich thuong la tap hop chira cac to hop thir tu cua cac s6 nhi phéan.

Mot t6 hop cac s6 nhi phan twong tng véi mot sé duge goi 1a tir méi. Tap hop cac tir
ma dugc tao ra theo mot qui ludt cho ta mot by ma. Vi¢c chon mot bd ma tuy vao muc dich
su dung.

Thi du dé biéu dién cac chit va sd, nguoi ta c6 ma ASCII (American Standard Code
for Information Interchange), ma Baudot, EBCDIC . . .. Trong truyén dit liéu ta c6 ma do
16i, do va sira 16i, mat ma . . ..

Vén d& nguoc lai ma hoa goi 1a giai ma.
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Cach biéu dién céc sb trong cac hé khac nhau ciing c6 thé dugc xem 1a mot hinh thirc
ma héa, d6 1 cic ma thap phan, nhi phan, thap luc phan . . . va viéc chuyén tir ma nay sang
ma khac cling thudc loai bai toan ma hoa.

Trong k¥ thuat s6 ta thuong ding cac ma sau day:

1.5.2 Ma BCD (Binary Coded Decimal)

Mi BCD dung s6 nhi phén 4 bit c6 gia tri twong duong thay thé cho tirng sé hang
trong sb thap phan.

Thi du:

S6 62510 co ma BCD 120110 0010 0101.

Ma BCD dung rat thuan loi : mach dién tir doc cac sé6 BCD va hién thi ra bang dén
bay doan (led hoic LCD) hoan toan giéng nhu con ngudi doc va viét ra s thap phan.

1.5.3 Ma Gray

Ma Gray hay con goi la ma cach khodang don vi.

Néu quan sat thong tin ra tir mot may dém dang dém cac sy kién ting dan timg don vi,
ta s& dugc cac s6 nhi phan dén dan thay d6i. Tai thoi diém dang quan sat c6 thé c6 nhiing 16
rat quan trong. Thi du gitra s6 7(0111) va 8 (1000), cac phan tir nhi phan déu phai thay d6i
trong qua trinh dem nhung sy giao hoan nay khong bat budc xay ra dong thoi, ta co thé c6
cac trang thai lién tiép sau:

0111 —» 0110 - 0100 — 0000 — 1000

Trong mdt quan sat ngan cac két qua thay dugc khac nhau. Pé tranh hién tuong nay,
ngudi ta can ma hoa mdi sé hang sao cho hai s6 lién tiép chi khac nhau mét phan tir nhi phan
(1 bit) goi la mé cach khoang don vi hay ma Gray.

Tinh ké nhau ciia cac t6 hop mi Gray (tirc cac ma lién tiép chi khac nhau mot bit)
duoc dung rat c¢6 hiéu qua dé rat gon ham logic téi mic ti gian.

Ngoai ra, md Gray con dugc goi la mé phan chiéu (do tinh ddi xtng cta cac s hang
trong tap hop ma, glong nhu phan chiéu qua guong)

Ngudi ta c6 thé thiét lap ma Gray bang cach dya vao tinh d6i ximg nay:

- Gia sir ta d4 c6 tap hop 2" tir m ctia s& n bit thi c6 thé suy ra tap hop 2™ tir mi cia
sd (n+1) bit bang cach:

- Viét ra 2" tir ma theo tht tu tir nho dén 16n

- Thém s6 0 véo trudc tat ca cac tir ma da c6 dé duge mot phan cia tap hop tir ma méi

- Phan thir hai cua tap hop gém cac tir ma gidng nhu phan thir nhat nhung trinh bay
theo thir tyr nguoc lai (gidng nhu phan chiéu qua guong) va phia trude thém vao sé 1 thay vi
s0 0 (H 1.2).
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hrl a hrl
iy 27 0 ty 27
n bit 1 te 27
Gusng : !
phan chidu : !
! il
[ ——
N+l kit
(H1.2)

Dé thiét 1ap ma Gray cua sd nhiéu bit ta c6 thé thyc hién cac budc lién tiép tir tap hop
dau tién cia s6 mot bit (gom hai bit 0, 1).

Duéi déy 1a cac bude tao ma Gray cia sd 4 bit. Cot bén phai ctia bang ma 4 bit cho gia
tri trong duong trong hé thap phan ciia ma Gray tuong tmg (H 1.3).

Tri thap
phéan
tuong
duong
-0
—>1

— 14
— 15

B o= o= = = = = = =

(H 1.3)

Nguyén Trung Lap

Ki THUAT SO



Chuong I : Cac Hé Théng S6 I-1

Nhan xét cac bang mi cua cac sé Gray (1 bit, 2 bit, 3 bit va 4 bit) ta thdy cac s6 gan
nhau luén luén khac nhau mot bit, ngoai ra, trong tirng bd ma, cac so6 doi xirng nhau qua
guong cting khac nhau mgt bit.

Bai Tap

1. Dbi cac s6 thap phan dudi day sang hé nhi phan va hé thap luc phan :
a/ 12 b/24 ¢/ 192 d/2079 e/ 15492
t/ 0,25 g/ 0375 b/ 0,376 117,150 j/192,1875

2. D6i sang hé thap phan va ma BCD céc s nhi phan sau day:
a/ 1011 b/ 10110 ¢/ 101,1 d/ 0,1101
e/ 0,001 /110,01 g/ 1011011 h/10101101011

3. D6i cac s6 thap luc phan dudi ddy sang hé 10 va hé 8:
a/FF b/1A ¢/ 789 d/ 0,13 e ABCD,EF

4. P6i cac s6 nhj phan dudi ddy sang hé 8 va hé 16:
a/ 111001001,001110001 b/ 10101110001,00011010101
¢/ 1010101011001100,1010110010101 d/1111011100001,01010111001

5. M3 hoéa s6 thap phan dué6i day dung ma BCD :
a/12 b/192 ¢/2079 d/15436 /0,375 1/ 17,250
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& CHUONG 2 HAM LOGIC

# HAM LOGIC CO BAN

# CAC DANG CHUAN CUA HAM LOGIC
* Dang tong chuan

+ Dang tich chuan

¢ Dang s6

+ Bién d6i qua lai gitra cac dang chudn

# RUT GON HAM LOGIC

* Phuong phap dai sb

¢ Phuong phép dung bang Karnaugh

¢ Phuong phap Quine Mc. Cluskey

Nam 1854 Georges Boole, mot triét gia dong thoi 1a nha toan hoc ngudi Anh cho xuét
ban mot tac phdm vé 1y luan logic, ndi dung cua tac pham dit ra nhitng ménh dé ma dé tra 1oi
nguoi ta chi phai ding mot trong hai tir ding (cd, yes) hodc sai (khong, no).

Tép hop cac thuét toan dung cho cac ménh dé nay hinh thanh mén Dai s6 Boole. Day la
mon toan hoc dung hé thong s6 nhi phan ma ung dung cua né trong k¥ thuat chinh 1a cac
mach logic, nén tang cua k¥ thuat sd.

Chuong nay khong c6 tham vong trinh bay 1y thuyét Pai sé Boole ma chi gidi han trong
viéc gidi thiéu cac ham logic co ban va cic tinh chét cin thiét dé gitp sinh vién hiéu van
hanh ctia mot hé thong logic.

2.1. HAM LOGIC CO BAN

2.1.1. Mt s6 dinh nghia

- Trang thai logic: trang thai cua mot thuc thé. Xét vé mit logic thi mot thuc thé chi
tdn tai & mot trong hai trang théi. Thi dy, ddi v&i mot bong deén ta chi quan tdm né dang &
trang thai nao: tat hay chay. Vay tat / chay 1a 2 trang thai logic ctia né.

- Bién logic dung dic trung cho cac trang thai logic ciia cac thyc thé. Nguoi ta biéu
din bién logic bai mot ky hiéu (chir hay ddu) va né chi nhan 1 trong 2 gia tri : 0 hodc 1.

Thi du trang thai logic cia mdt cong tac 1a dong hodc mo, ma ta co thé dac trung boi tri
1 hoac 0.

- Ham logic dién ta boi mot nhom bién logic lién hé nhau béi cac phép toan logic.
Ciing nhu bién logic, ham logic chi nhan 1 trong 2 gia tri: 0 hodc 1 tiy theo cac diéu kién lién
quan dén céc bién.

Thi dy, mét mach gém mot ngudn hi¢u thé cip cho mot bong dén qua hai cong tic mic
nbi tiép, bong dén chi chay khi ca 2 cong tac déu dong. Trang thai ctia bong dén 1 mot ham
theo 2 bién 1a trang thai cta 2 cong téc.

Goi A va B 1a tén bién chi cong tic, cong tic dong tmg véi tri 1 va hd ing véi tri 0. Y 1a
ham chi trang thai bong dén, 1 chi dén chay va 0 khi dén tit. Quan hé gitra ham Y va céc bién
A, B dugc dién ta nho bang sau:
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A B Y=f(A,B)
0 (ho) 0 (ho) 0 (tat)
0 (ho) 1 (d6ng) 0 (tat)

1 (dong) 0 (ho) 0 (tét)

1 (dong) 1 (dong) 1 (chay)

2.1.2. Biéu dién bién va ham logic
2.1.2.1. Gian @6 Venn

Con goi 1a gian dd Euler, dic biét dung trong lanh vuc tap hop. Mdi bién logic chia
khong gian ra 2 ving khong gian con, mot ving trong do6 gia tri bién 1a dang (hay=1), va viing
con lai 13 ving phu trong d6 gié tri bién 14 sai (hay=0).

Thi du: Phan giao nhau ctia hai tap hop con A va B (gach chéo) biéu dién tap hop trong
do A va B la dung (A AND B) (H 2.1)

(H2.1)
2.1.2.2. Bang su that

Néu ham ¢6 n bién, bang su that ¢6 n+1 ¢ot va 2" + 1 hang. Hang du tién chi tén bién
va ham, cac hang con lai trinh bay cac t6 hop ctia n bién trong 2" to hop co thé co. Cac cot dau
ghi gia tri cua bién, cot cudi cung ghi gia tri cia ham tuong ung véi to hop bién trén cing
hang (goi 1a tri riéng cua ham).

Thi du: Ham OR cua 2 bién A, B: f(A,B) = (A OR B) c6 bang su that twong tng.

A f(A,B)=A OR B

B
0
1
0
1

—_—— O O

0
1
1
1

2.1.2.3. Bang Karnaugh

bay la cach biéu dién khac ctia bang sy that trong do m(~)1 hang cua bang su that dugc
thay thé bai mot 6 ma toa do (gom hang va c6t) xac dinh boi t6 hop da cho cua bién.

Bang Karnaugh cua n bién gom 2" 6. Gia tri ctia ham dugc ghi tai mdi 6 clia bang. Bang
Karnaugh rat thuan tién dé don gian ham logic bang cach nhom céc 6 lai v6i nhau.

Thi du: Him OR & trén duoc dién td boi bang Karnaugh sau day

A\B 0
0| O 1
1 1 1
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2.1.2.4. Gian dd thoi gian

Dung dé dién ta quan hé gilta cac ham va bién theo thoi gian, dong thoi véi quan hé
logic.

Thi du: Gian dd thoi gian cia ham OR cua 2 bién A va B, tai nhitng thoi diém c6 mot
(hoac 2) bién c6 gia tri 1 thi ham c6 tri 1 va ham chi c6 tri O tai nhitng thoi diém ma ca 2 bién
déu bang 0.

]

(H2.2)

2.1.3. Qui wéc

Khi nghién ctru mot hé théng logic, can xac dinh qui wdc logic. Qui wdc nay khong
dugc thay doi trong sudt qua trinh nghién ctru.

Nguoi ta ding 2 mirc dién thé thip va cao dé gan cho 2 trang thai logic 1 va 0.

Qui udc logic dwong gan dién thé thap cho logic 0 va dién thé cao cho logic 1

Qui udc logic am thi nguoc lai.

2.1.4. Ham logic co ban (Cac phép toan logic)

2.1.4.1. Ham NOT (dao, bu) : Y=A
Béng sy that

[a—
S

2.1.4.2. Ham AND [tich logic, toan tir (.)] : Y=A.B
Béng sy that

A B Y=A.B
0 0 0
0 1 0
1 0 0
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L1 1] 1]

Nhdn xét: Tinh chit cua hélrp AND 6 thé duoc phat biép nhu sau: o

- Ham AND cua 2 (hay nhiéu) bién chi c6 gia tri 1 khi tat ca cac bién déu bang 1
hoic

- Ham AND cua 2 (hay nhiéu) bién c6 gia tri 0 khi c6 mot bién bang 0.

2.1.4.3. Haim OR [tong logic, toan tir (+)] : Y=A+B
Béng sy that

A B Y=A+B
0 0 0
0 1 1
1 0 1
1 1 1

Nhdn xét: Tinh chit cta h;‘1m OR 6 thé duoc phat biép nhu sau: o

- Ham OR cua 2 (hay nhi€u) bién chi c6 gia tri 0 khi tat ca cac bién déu bang 0
hoic

- Ham OR cua 2 (hay nhiéu) bién c6 gia trj 1 khi c6 mot bién bang 1.

2.1.4.4.Ham EX-OR (OR loaitrwv) Y=A®B
Béng su that

A B Y=A®B
0 0 0
0 1 1
1 0 1
1 1 0

Nhdn xét: Mot sb tinh chit ctia ham EX - OR:

- Ham EX - OR cua 2 bién chi c6 gia tri 1 khi hai bién khac nhau va nguoc lai. Tinh
chat nay dugc dung dé so sanh 2 bién.

- Ham EX - OR cua 2 bién cho phép thuc hién cong hai sd nhj phan 1 bit ma khéng
quan tam t6i s6 nhd.

- Tir két qua ctia ham EX-OR 2 bién ta suy ra bang sy that cho ham 3 bién

Y=A®B®C
0

—_—_—— O OO O
—_ —_ OO —~,—~,OoOOoO|W

—_O = O~ O = OO0

—_—O O = O = =
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- Trong trudng hop 3 bién (v suy rong ra cho nhiéu bién), ham EX - OR co gia tri 1 khi
s6 bién bang 1 1a s6 1é. Tinh chét nay duoc dung dé nhan dang mot chudi dit liéu c6 sb bit 1 1a
chin hay 1é trong thiét ké mach phat chén 1¢.

2.1.5. Tinh chét ciia cac ham logic co ban:

2.1.5.1. Tinh chét co ban:

¢ C6 mot phan tir trung tinh duy nhét cho mdi toan tir (+) va (.):
A+0=A: 01aphan t trung tinh ciia ham OR
A.1 =A; 11aphan tir trung tinh ctia ham AND

¢ Tinh giao hoan:
A+B=B+A
A.B=B.A

¢ Tinh phéi hop:
(A+B)+C=A+B+C)=A+B+C
(A.B).C =A.(B.C) = A.B.C

¢ Tinh phan bé:
- Phén b6 ddi voi phép nhan: A.(B+C)=A.B+A.C
- Phan b6 d6i véi phép cong: A + (B.. 0)=(A+B).(A+C)
Phan b ddi v6i phép cong 1a mot tinh chat dic biét cua phép toan logic

¢ Khong c6 phép tinh lily thira va thira s
A+A+..... +A=A

¢ Tinh bu:
A=A
A+A=1
AA =0

2.1.5.2. Tinh song doi (duality):

Tat ca biéu thirc logic van dung khi [thay phép toan (+) boi phép (.) va 0 boi 1] hay
nguoc lai. Piéu ndy co6 thé chimg minh d& dang cho tt ca biéu thirc ¢ trén.

Thi du : A+B =B+A < AB = B.A
A+AB=A+B << A(A+B) = AB
A+l1=1 = A0 =0

2.1.5.3. Dinh ly De Morgan
Dinh 1y De Morgan dugc phat biéu bdi hai biéu thirc:

ABC=A+B+C
Dinh Iy De Morgan cho phép bién ddi qua lai giira hai phép cong va nhan nho vao phép

A+B+C=ABC
B+

dao.
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binh Iy De Morgan dugc chirng minh bang cach 1ap bang su that cho tat ca truong hop
co theé co6 cua cac bién A, B, C véi cac ham AND, OR va NOT cua chung.

2.1.5.4. Sy phu thudc 1in nhau ciia cic ham logic co ban

Dinh Iy De Morgan cho thdy cac ham loglc khong doc 1ap v6i nhau, ching c6 thé bién
ddi qua lai, sy bién d6i nay can co su tham gia cua ham NOT. Két qua 1 ta ¢ thé dung ham
(AND va NOT) hodc (OR va NOT) dé dién ta tit ca cac ham.

Thi du:

Chi dung ham AND va NOT dé dién ta ham sau: Y =A.B+B.C+A.C

Chi can ddo ham Y hai lan, ta dwoc két qua:

) Y = Y AB+BC+AC ABBCAC
Néu dung ham OR va NOT dé dién ta ham trén 1am nhu sau:

Y =ﬁ+§+K.C=K+§+§+E+A +C

2.2. CAC DANG CHUAN CUA HAM LOGIC

Mot hém }ogic duoc })iéu dién boi mét to hop cua nh}}ng tong va tich logic.

¢ Néu bi€u thtrc 1a tong ctia nhirng tich, ta c6 dang tong

Thidu: f(X,Y,Z) =XY+XZ+YZ

¢ Néu biéu thuc 14 tich cta nhimng tong, ta ¢ dang tich

Thidy: f(X,Y,Z) =(X+Y).(X+2).(Y + Z)

Mot ham logic dwoc goi 1a ham chuan néu mdi s6 hang chia day du cac bién, ¢ dang
nguyén hay dang dao ctia chiing.

Thidu : f(X,Y,Z) = XYZ+XYZ +XYZ 1a mét tong chuén.

MJi sb hang ctia tong chuan dugc goi 1a minterm.

f(X,Y,Z) =(X+ Y +2).(X+ Y +2).(X+ Y +2) 1amét tich chuan.
MJi sb hang cua tich chuan duoc goi 1a maxterm.

Phén sau day cho phép chung ta viét ra mot ham duéi dang tong chuan hay tich chuan
khi c6 bang su that dién ta ham do.

2.2.1. Dang tong chuan

Pé ¢6 dugc ham logic dudi dang chuan, ta 4p dung cac dinh 1y trién khai ciia Shanon.
Dang tong chuan c6 duoc tir trién khai theo dinh 1y Shanon thir nhat:
Tat ca cac ham logic ¢é thé trién khai theo mdt trong nhirng bién dwéi dang tong
cuia hai tich nhw sau:
f(A,B,...,Z) = A.f(1,B,...,.Z) + A £(0,B,....7) (1)
He thue (1) co thé dugc chimg minh rat dé& dang bang cach lan lugt cho A bang 2 gia
tri 0 va 1, ta co két qua 13 2 vé cua (1) ludn ludn bang nhau. That vay
Cho A=0: f(0,B,...,Z) = 0.f(1,B.,...,Z) + 1. f(0,B.,...,Z) = f(0,B,...,Z)
Cho A=1: f(1,B,...,Z) = 1.f(1,B,...,Z) + 0. f(0,B,...,Z) = f(1,B,...,Z)
Véi 2 bién, ham f(A,B) c6 thé trién khai theo bién A :
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f(A,B) = A.f(1,B) + A .f(0,B) o ,
Mbi ham trong hai ham vira tim dugc lai c6 thé trién khai theo bién B
f(1,B) = B.f(1,1) + B.f(1,0) & {(0,B) =B.f(0,1) + B.f(0,0)

vay:  f(A,B)=AB.f(1,1)+ A .B.f{0,1) + AB.f(1,0) + A B.f(0,0)
f(i,j) la gia tri riéng cua f(A,B) khi A=i va B=j trong bang su that cia ham.

Véi 3 bién, tri riéng cua f(A, B, C) 1a f(i, j, k) khi A=i, B=j va C=k ta dugc:
f(A,B,C)=A.B.Cf(1,1,1) + AB.C.f(1,1,0) + A.B.C.f(1,0,1) + A.B.C .f(1,0,0) +
A B.C.f(0,1,1)+ A B.C.f(0,1,0) + A .B.C.f(0,0,1) + A .B.C.f(0,0,0)

Khi trién khai ham 2 bién ta duoc téng cta 2° = 4 s6 hang
Khi trién khai ham 3 bién ta dugc tong ciia 2° = 8 s6 hang
Khi trién khai ham n bién ta duoc tong ctia 2" s6 hang
Mbi sb hang Ia tich ctia mot td hop bién va mot tri riéng cua ham. Hai truong hop co
thé xay ra:
- Gia tri riéng = 1, ) hang thu gon lai chi con cac bién:
A .B.C.f(0,0,1)= A .B.C néu f(0,0,1) =1
- Gi4 tri riéng = 0, tich bang 0 :
A.B.C 1£(0,0,0)= Oneuf(OOO) 0
va s6 hang nay bién mat trong biéu thirc ciia tong chuan.

Thi du: )
Cho ham 3 bién A,B,C xac dinh boi bang su that:

Han Cc | z=f(A,B,C)
0 0 0 0 0
1 0 0 1 1
2 0 1 0 1
3 0 1 1 1
4 1 0 0 0
5 1 0 1 1
6 1 1 0 0
7 1 1 1 1

V61 ham Z cho nhu trén ta c6 céc tri riéng (i, j, k) x&c dinh boi:

£(0,0,1) = 1(0,1,0) = f(0,1,1) = £(1,0,1) = f(1,1,1) =1

£(0,0,0) = £(1,0,0) = f(1,1,0) = 0

- Ham Z co6 tri riéng (0,0 1) 1 twong tmg v&i cac gia tri cua to hop bién & hang (1) 1a

A=0, B=0 va C=1 dong thoi, vay A.B.C 12 mot s hang trong tong chuan

- Tuong tu véi cac td hop bién twong u’ng voi cac hang (2), (3), (5) va (7) ciing 1a cac sb
hang ctia tong chuan, d6 1a cac to hop: AB.C, A BC, A.B.C vaAB.C

- Vi cac hang con lai (hang 0,4.6), tri riéng cua f(A,B,C) = 0 nén khong xuét hién trong
trién khai.
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Téomlaitacdé: Z= A.B.C+AB.C+A.BC +A.B.C+AB.C

- Y nghia ciia dinh 1y Shanon thir nhit:

Nhic lai tinh chat cia cac ham AND va OR: by.b,.... b, = 1 khi by, b,..., b, dong thoi
b?mg lvadéa, +a,+ .. + a, =1 chi can it nhét mot bién ai, az, ..., p béng 1

Trd lai thi du tren biéu thirc logic twong ng voi hang 1 (A=0, B=0, C=1) duoc
viét A.B.C=1vi A=1, B—l C = 1 dong thoi.

Biéu thirc logic twong tng véi hang 2 1 A.B.C =1 vi A=0 (A = 1), B=1,C=0(C=1)
dong thoi

Tuong tu, voi cac hang 3, 5 va 7 ta ¢6 cac két qua: A.B.C , A.B.C va A.B.C

Nhu vay, trong thi du trén

Z =hang 1 + hang 2 + hang 3 + hang 5 + hang 7

Z=A.B.C+ABC+ABC +AB.C+AB.C

Toém lai, tor mot ham cho dudi dang bang sy that, ta co thé viét ngay biéu thie cia ham
duéi dang tong chuan nhu sau:

- S0 s0 hang ciia biéu thirc bang so gia tri 1 ciia ham thé hién trén bang sy that

- Mi s6 hang trong tong chun Ia tich ciia tit ca cic bién twong ving véi té hop ma
ham cé tri riéng bang 1, bién dwoe giir nguyén khi ¢é gia tri 1 va dwoc dao néu gia tri
ciané = 0.

2.2.2. Dang tich chuin

Pay 1a dang ctia ham logic c¢6 dugc tir trién khai theo dinh 1y Shanon thtr hai:
Tat ca cic ham logic c6 thé trién khai theo mdt trong nhiing bién dwéi dang tich
ciia hai tong nhw sau:
f(A,B,...,Z) = [ A + f(1,B,...,Z)].[A + f(0,B,...,Z)] (2)

Cach chimg minh dinh 1y Shanon thir hai cling giong nhu da ching minh dinh 1y
Shanon thir nhat. o ’
Vi hai bién, ham f(A,B) c6 thé trién khai theo bién A
. f(A,B)=[ A +f(1,B)].[A + f(0,B)] o )
Moi ham trong hai ham vira tim dugc lai c6 thé trién khai theo bién B
f(1,B) =[B +{(1L,D].[B +f(1,0)] & f(0,B) = [B +(0,1)].[B + f{0,0)]
f(AB) =1 A +[B +f(L,DLB+ (1O FAA+[B +f0,)].[B +f0,0)]¢
Vay: f(AB) = [§+§ + f(},l)].[K+B + 1(1,0)].[A+B + f(0,1)].[A+B + £(0,0)]
Cling nhu dang chuan thtr nhat, f(i,j) 1a gia tri riéng cta f(A,B) khi A=i va B=j trong
bang su that cua ham.
V61 ham 3 bién:
f(A,B,C)=[ A+ B+C+f(1,1,l)] [A+ B+C+f(1,1,0)] [ A+B+C+f(1 0,1)].[ A+B+C+{(1,0,0)].
[A+B+C+{(0,1,1)].[A+B +C+ £(0,1,0)].[A+B+ C+£(0,0,1)].[A+B+C+£(0,0,0)]

S6 s6 hang trong trién khai n bién 1a 2". Mdi sb hang 1a tong (OR) cua céac bién va tri
riéng cua ham.
- Néu tri riéng bfmg 0 sb hang dugc rat gon lai chi con céac bién (0 1a tri trung tinh cta
phép cong logic)
A+B+C+1£0,0,00=A+B+C néu £(0,0,0)=0
- Néu tri riéng bang 1, s6 hang trién khai = 1

A+B+ C+f0,0,1)=1 néu £0,0,1)=1
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va bién mét trong biéu thirc cua tich chuén.
Lay lai thi du trén:

Hang C | 7Z=f(A,B,0)
0 0 0 0 0
1 0 0 1 1
2 0 1 0 1
3 0 1 1 1
4 1 0 0 0
5 1 0 1 1
6 1 1 0 0
7 1 1 1 1

Céc tri riéng cua ham da néu ¢ trén.

- Ham Z ¢6 gia tri riéng £(0,0,0) = 0 twong Ung v6i cac gia tri cua bién ¢ hang 0 1a
A=B=C=0 dong thoi, viy A+B+C 1a mot s6 hang trong tich chuan.

- Tuong tu voi cac hang (4) va (6) ta duoc cac td hop A+B+C va A+B+C.

- Véi cac hang con lai (hang 1, 2, 3, 5, 7), tri riéng cua f(A,B,C) = 1 nén khong xuit
hién trong trién khai.

Tém lai, ta c6: Z=(A +B+C).(A+B+C).(A+B+C)

- Y nghia ciia dinh Iy thir hai:
Nhic lai tinh chét cua cac ham AND va OR: Dé by.b,.... b, =0 chi can it nhét mot bién
trong by, by,..., by =0 va a; +a, + ... + a, =0 khi cac bién ai, a, ..., ap déng thoi béng 0.
Nhu vay trong thi du trén:
Z = (hang 0).(hang 4).(hang 6)
Z=(A+B+C).(A+B+C).(A+B+C)
That vy, & hang 0 tat ca bién = 0: A=0, B=0, C=0 dong thoi nén c6 thé viét (A+B+C) =
0. Tuong tu cho hang (4) va hang (6).
Tom lai,
Biéu thirc tich chuin gdm cac thira sd, mf)l thira s6 1a tong cac bién tuong ung voi
t6 hop cé gia tri riéng =0, mot blen giir nguyen néu né ¢6 gia tri 0 va dwgc dao néu c6 gia
tri 1. S6 thira s6 ciia biéu thirc bang s6 s6 0 ciia ham thé hién trén bang sy that.

2.2.3. Poi tir dang chuin nay sang dang chuin khac:
Nho dinh 1y De Morgan, hai dinh 1y trén c6 thé chuyén dbi qua lai.
Trd lai thi du trén, thém ¢t Z vao bang sy that

Hang | A | B | C | Z=f(A,B,C)

N|
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Dién ta Z theo dang tong chuén:

Z ABC+ABC+ABC
Lay d4o hai vé:

Z=ABC+ABC+ABC=ABCABCABC 7
Dung dinh 1y De Morgan mot 1an nira cho tirng thira s6 trong biéu thuc, ta duogc:
Z=(A+B+C).(A+B+C).(A+B+C)
Dién t4 Z theo dang tich chuén:
Z= (A+ B+E)(A +B+ C)(A +§+E)(K+ B+E)(K+E+E)
Lay d4o hai vé:
Z=(A+ B+E)(A +B+ C)(A +§+E)(X+ B+E)(K+§+E)

Z :é-_i- B+_E+_A +_§+C+é +B+C+A+B+C+A+B+C
=ABC+ABC+ABC+ABC+ABC

2.2.4. Dang s6

Pé don gian cach viét nguoi ta co thé dién ta mot ham Tong chuin hay Tich chuin bai
tap hop cac s6 dudi ddu tong (Z) hay tich (IT). Mdi to hop bién dugc thay bai mot s6 thap
phan tuong duong véi tri nhi phan cta ching. Khi str dung cach viét nay trong luong cac bién
phai dugc chi rd.

Thi du : Cho ham Z xac dinh nhu trén, trong tmg v6i dang chuan tht nhat, ham nay
léy gia tri cia cac hang 1, 2, 3,5, 7, ta viét Z= f(A,B,C) = 2(1,2,3,5,7). Tuong tu, néu dung
dang chuan thi hai ta co thé viét Z =f(A,B ,C)=11(0,4,6).

Chu y: Khi viét cac ham theo dang sé ta phai chi vé trong s6 cia cdc bit, thi du ta c6
thé ghi kém theo ham Z ¢ trén 1 trong 3 cdch nhw sau: A=MSB hodc C=LSB hodc A=4, B=2,
C=1

2.3. RUT GON HAM LOGIC

Pé thuc hién mot ham logic bf?mg mach dién tir, nguoi ta luon ludn nghi dén viéc su
dung luong linh kién it nhat. Mudn vay, ham logic phai ¢ dang tbi gian, nén van dé rat gon
ham logic 1a bwéc dau tién phai thue hién trong qué trinh thiét ké. C6 3 phuong phép rut
gon ham logic:

- Phuong phap dai sb

- Phuong phap dung bang Karnaugh

- Phuong phap Quine Mc. Cluskey

Nguyén Trung Lap
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2.3.1. Phwong phap dai s6

 Phuong phap nay bao gdm viéc ap dung cac tinh chit cua ham logic co ban. Mot sd
dang thirc thuong duoc st dung dugc nhom lai nhu sau:

(1) AB+AB =B (A+B).(A+B) =B (1)
(2) A +AB =A A.(A+B) =A 2%)
3) A +AB=A+B A(A+B) =AB (3%)

Chtng minh cac dang thirc 1, 2, 3:

(1) AB+AB=B(A+A)=B.1=B

2) A +AB =A(1+B) =A

(3) A+AB =(A+A).(A+B)=A+B

Céc dang thuc (1), (2°), (3”) la song doi cua (1), (2), (3).

Cic qui tic rit gon:

- Qui tic 1: Nho cac ding thire trén nhom céc sd hang lai.

Thi du: Rat gon biéu thic ABC + ABC + ABCD

Theo (1) ABC+ ABC = AB

Vay ABC + ABC + ABCD = AB + ABCD = A(B+BCD)
Theo (3) B+ BCD=B+CD

Va két qua cudi cung: ABC + ABC + ABCD = A(B+CD)

- Qui tic 2: Taco thé thém mot s6 hang dd c6 trong biéu thic logic vao biéu thirc ma
khong lam thay doi biéu thurec.

Thi du: Rat gon biéu thic: ABC + ABC+ABC+ABC

Thém ABC vao dé duge: (ABC + ABC) +(ABC + ABC) + (ABC + ABC)

Theo (1) cac nhém trong dau ngodc rut gon thanh: BC + AC + AB

Vay: ABC+ ABC+ABC+ABC=BC + AC + AB

- Qui tic 3: C6 thé bo sd hang chira cac bién di co trong sb hang khac
Thi du 1: Rat gon biéu thirc AB + BC+AC
Biéu thtc khong d6i néu ta nhan mot sé hang trong biéu thirc véi 1, vi du (B+§ ):
7 , ~AB+BC+AC =AB+BC+AC(B+B)
Trién khai s0 hang cudi cung cua vé phai, ta dugc:
AB+ BC+ABC+ABC
Thira sé chung: AB(1+C) + BC(1+A)=AB + BC
Tém lai: AB+BC+AC=AB+ BC.
Trong bai tdéan nay ta da don gidn dugc s6 hang AC.

Thi du 2: Rut gon biéu thirc (A+B).(B +C).(A+C)
Biéu thirc khong doi néu ta thém vao mét thura so6 ¢o tri =0, vi du B.B
(A+B).(B+C).(A+C) = (A+B).(B+C).(A+C+B .B)

= (A+B).( B+C).(A +B+C).(A +B+C)
Theo (2°) (A+B).(A +B+C) = (A+B) va (B+C).(A+B+C) = (B+C)
Vay:  (A+B).(B+C).(A+C) = (A+B).(B+C)
Trong bai téan nay ta da bo s6 hang A+C
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= Qui tic 4: C6 thé don gian bang cach dung ham chuan tuong duong ¢ sb hang it
nhat.
Thi du: Ham f(A,B,C) = £(2,3,4,5,6,7) v6i trong luong A=4, B=2, C=1

Ham dao cua f: f(A, B,C)=Z2(0,1)=A. BC+ABC=AB=A+B
Vay f(A,B,C) = A+B

2.3.2. Dung bang Karnaugh
Dung bang Karnaugh cho phép rat gon dé dang cac ham logic chtra tir 3 t6i 6 bién.

2.3.2.1.Nguyén tic

Xét hai t6 hop bién AB va AB, hai t6 hop nay chi khic nhau mét bit, ta goi chung 13
hai t6 hop ké nhau.

Tacdé: AB+AB =A, bién B di dugc don gian .

Phuong phép ctia bang Karnaugh dia vao viéc nhom cac t6 hop ké nhau trén bang dé
don gian bién co gia tri khac nhau trong cac t6 hop nay.

Cong vi¢e rat gon ham dugc thuc hién theo bdn bude:

* V& bang Karnaugh theo s6 bién ctia ham

+ Chuyén ham can don gian vao bang Karnaugh

+ Gom cac 6 chita cac to hop ké nhau lai thanh cac nhém sao cho cé thé riit gon ham
t61 muc toi gian

+ Viét két qua ham rat gon tir cic nhom da gom dugc.

2.3.2.2 V& bang Karnaugh

- Bang Karnaugh thyc chit 1a mot dang khac cta bang su that, trong d6 mdi 6 ciia bang
tuong duong v6i mot hang trong bang sy that.

Pé vé& bang Karnaugh cho n bién, ngudi ta chia sé bién ra lam d6i, phan ntra ding dé tao
cOt, phén nira con lai tao 2"% hang (néu n 1a s 1&, ngudi ta co thé cho sd luong bién trén
cot 16n hon sb luong blen cho hang hay nguoc lai cing duoc). Nhu vay, voi mot ham ¢6 n
blen bang Karnaugh gom 2" 6, mdi 6 tuong ung véi t6 hop bién nay. Cac 6 trong bang duoc
sap dat sao cho hai 6 ké nhau chi khac nhau mét don vi nhi phan (khac nhau mdt bit), diéu
nay cho thay rat thuan tién néu chung ta ding ma Gray. Chinh sy sip dit nay cho phép ta don
gian bang cach nhom cac 6 ké nhau lai.

Vi 2 bién AB, su sép dat sé€ theo thir tu: AB =00, 01, 11, 10 (day la thu ty ma Gray,
nhung dé cho dé ta ding sb nhi phan twong tmg dé doc thir tw nay: 0, 1, 3, 2)

2n/2

Thi du : Bang Karnaugh cho ham 3 bién (A = MSB, va C = LSB) (H 2.3)

o
AR 0 1
BC
)

B oo o1 11 10 o 0}1
+ .-';::2:3\

Ol ol 4 al 1o 01| (2] =
4 ' J N |1 6|7

4 5 7 & LN RF.
w0l — “”

4 =5
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Vi 3 bién ABC, ta duge: ABC = 000, 001, 011, 010, 110, 111, 101, 100 (sé nhi phan
tuong tmg: 0, 1,3,2,6,7, 5, 4)

Luu y 14 ta c6 thé thiét 1ap bang Karnaugh theo chiéu nim ngang hay theo chiéu dimg.

Do cac t6 hop & cac bia trai va phai ké nhau nén ta co thé coi bang c6 dang hinh tru
thang dmg va cac to hop & bia trén va dudi ciing ké nhau nén ta c6 thé coi bang c6 dang hinh
try tryc ndm ngang. Va 4 to hop bién & 4 goc ciling 1a cac t6 hop ké nhau.

Hinh (H 2.4) 14 bang Karnaugh cho 4 bién.

cD
~E o1 11 10

001 W \12
01 ¥ /
_{4 5 7 ®

M vz wel 4] s
10

i

al ol 1 10

2.3.2.3. Chuyén ham logic vao bing Karnaugh.

Trong mdi 6 ciia bang ta dura vao gid tri cia ham twong ing véi to hop bién, dé don gian
chung ta c6 the chi ghi céc tri 1 ma bo qua céc tri 0 cia ham. Ta c6 cac truong hop sau:

¢ Tir ham viét dwéi dang tong chuin:
Thidu1:f(A,B,C)= A.B.C+ A.B.C+AB.C

fiAEC) = ABCTABC +ABC

o B [Be B BB
oo Lol 11 10

_ Y J
A D 0 11 13 2
L5 4 5 1".}' 3]
s

(H2.5)

K Néu ham khéng phai la dang chuén, ta phai dua vé dang chuan })@ng cach thém vao
cac s0 hang sao cho ham van khong d6i nhung céc s6 hang chira du cac bién.
Thidy2:  Y=ABC+ABD +ABC+ACD
Ham nay gém 4 bién, nén dé dua vé dang tong chuan ta [am nhu sau:
Y =ABCMD+D)+ABD(C+C)+ABC(D+D)+ACD(B+B)
Y =ABCD+ ABCD+ABCD+ABCD+ABCD+ABCD + ABCD+AB CD
Va Ham Y dugc dua vao bang Karnaugh nhu sau (H 2.6):
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CDCD To cD oD
AB OO0 11 10

AE 00

AE 01 111
A1 1|1 1
AE 10 11111

(H 2.6)
¢ Tir dang s6 thir nhit, voi cic trong luong twong img A=4, B=2, C=1

Thi du 3 : f(A,B,C) = 2(1,3,7). Ham sb sé lay gia tri 1 trong cac 6 1,3 va 7.

¢ Tir dang tich chuin: Ta lay ham dao dé co dang tong chuan va ghi tri 0 vao cac 6
tuong tng v4i to hop bién trong tong chuan nay. Cac 6 con lai chtra s6 1.

Thidy4:Y =f(A,B,C) = (A+B+C).(A+B+C).(A +B+C).(A+B+C).(A+B C)

Y=A.B.C+ AB.C+AB.C+A.B.C+AB.C
Va bang Karnaugh tuong ung (H 2.7).

a1l O o |1 0

(H2.7)
¢ Tir dang so thi hai:
Thi du 5 : f(A,B,C) =11(0,2,4,5,6)
Ham sé léy cactri 0 6 cac 6 0, 2, 4, 5, 6. D1 nhién la ta phai ghi cac gia tri 1 trong cac 6
con lai (H 2.7).

¢ Tu bang su that:
Thi du 6 : Ham f(A,B,C) cho bdi bang su that

N A B C f(A,B,C)
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Ta ghi 1 vao cac 6 twong (mg véi cac td hop bién & hang 1, 3 va 7, két qua gidng nhu &
thi du 1.

¢ Truong hop c6 mét s6 to hop cho gia tri ham khéng xac dinh: nghia 13 (mg voi
cac t6 hop nay ham c6 thé ¢ gia tri 1 hoic 0, do do, ta ghi dau X vao cac 6 trong tmg véi cac
t6 hop nay, liic gom nhom ta sir dung n6 nhu s6 1 hay s6 0 mot cach tiy ¥ sao cho c6 duge
két qua rat gon nhat.

Thi du 7: f(A,B,C.D) = £(3.4,5,6,7) v6i cac t6 hop tir 10 dén 15 cho ham c6 tri bat ky
(khong xac dinh) (H 2.8).

ch
AB o011 10

oo 1

o O R R 1

M| X | X[ *x ]| X

10 x| X

2.3.2.4. Qui tic gom nhém

Céc t6 hop bién c6 trong ham logic hién dién trong bang Karnaugh dudi dang céac sb 1
trong céac 0, vy viéc gom thanh nhom céc t6 hop ké nhau duoc thyc hién theo qui tic sau:

- Gom céc sb 1 k& nhau thanh timg nhém sao cho sé nhom cang it cang tt. Diéu nay co
nghia 1 s6 s hang trong két qua s& cang it di.

- Tat cé cac so 1 phai dugc gom thanh nhoém va mot s6 1 c6 thé ¢ nhicu nhom.

- S6 s6 1 trong mdi nhom cang nhidu cang tét nhung phai 14 bdi cua 2 (mdi nhom co
thé c6 1,2, 4, 8 ... s6 1). Ctr mdi nhom chira 2° s 1 thi t6 hop bién twong tng v6i nhom do
giam di k s6 hang.

- Kiém tra dé bao dam s6 nhém gom dugc khong thira.

2.3.2.5. Qui tic rat gon

- Két qua cubi cung dugc lay nhu sau:
Ham rut gon 1a téng ctia cac tich: Mdi sd hang cua tong tuong ung v6i mot nhoém céc sd

1 no6i trén va sd hang nay 1a tich ciia cac bién, bién A (hay A) la thira s6 cua tich khi tit ca cac
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s6 1 ctia nhém chi chira trong phan nira bang trong d6 bién A c6 gia tri 1 (hay 0). No6i cach
khac néu cac sé 1 ctia nhom dong thoi nam trong cac 6 cua bién A va A thi bién A s& duogc

don gian. Hinh dudi ddy minh hoa viéc 14y cac thira sb trong tich

Thi du ddi v6i bang (H 2.9) ta c6 két qua nhu sau:

- Ham Y 1a ham 4 bién A,B,C,D
- Nhém 1 chira 2 s6 1 (k=1), nhu vy nhém 1 s&
cD con 3 bién, theo hang, 2 s6 1 nay & 2 6 tmg v6i AB va
AN o0 o1 11 10 4, AB, bién A s& duge don gian va theo cot thi 2 6 ndy tng
00 FTL//E VéitéhQR C.D. L
Keét qua wng véi nhém 1 la: B.C.D
o1 m ! Q - Nhém 2 chira 4 s6 1 (4=2*, k=2), nhu viy nhom
11 LJ—J | 2 s& con 2 bién, theo hang, 4 s6 1 nay ¢ 2 0 ung voi to
10 f R hop AB va AB, bién B sé& dugc don _gién va theo cOt
*  thi4 6 nay tmg vé6i td hgp CD va C D, cho phép don
f gian bién D .
nhsm 1

(H2.9) Két qua éng v6i nhém 2 1a: A C.
- Nhom 3 chira 4 s 1 (4=2%, k=2), nhu viy nhém
2 s€ con 2 bi,é'n, theo hang, 4 s6 1 nay & 6 ung vdi td hop AB, theo cot 4 sb 1 nay chiém hét 4
cOt nén 2 bién Cva D dugc don gian.
Két qua wng véi nhém 3 1a: A B.
VahamYratgonla:Y = BCD +AC+AB
Duéi day 1a mot so thi du
Thidu 1: Rut gon ham Y = f(A,B,C) = A.B.C+A.B.C+A.B.C+A.B.C+A.B.C

G
ABE 0 1

] 1

01 1

11 1

an

(H 2.10)

(H2.10)cho Y=AB+C
Thi du 2 : Rat gon ham Y = f(A,B,C,D) = £(0,2,4,5,8,10,12,13) v&i A=MSB

cD
AE™S_ 00 01 11 {0

w| 1) (]
Nan
an
@

li W
(H2.11)
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(H2.11)cho Y=BC+BD

Thi du 3 : Rat gon ham S cho béi bang sy that:

Chuong 2

N A D S

0 0 0 0 0 0
1 0 0 0 1 0
2 0 0 1 0 1
3 0 0 1 1 1
4 0 1 0 0 1
5 0 1 0 1 1
6 0 1 1 0 0
7 0 1 1 1 0
8 1 0 0 0 0
9 1 0 0 1 0

10—15 x (Khong xac dinh)
Bang Karnaugh: (H 2.12)
ch

o | o)

i

Ml x| K]l x | K

oL LI

(H2.12)
Kétqua:S=BC + BC

2.3.2.6. Riit gon cic ham nhiéu bién bang cach diung bang Karnaugh 4

bién:

Dé rit gon cac ham nhiéu bién (5 va 6 bién) ngudi ta co thé dung bang Karnaugh 4

bién. Dudi day 1a vai thi du:

Thi du 4 : Rat gon ham f(A,B,C,D,E) = Y. (0,2,8,10,13,15,16,18,24,25,26,29,31) véi

(7,9,14,30) khong xac dinh

Bang tng v6i A dung cho céc s,(”') tur 0 dé',n 15
Béang ung vd6i A dung cho céc so tir 16 dén 31

- Nhoém céc s6 1 ¢6 cung vi tri & hai bang, két qua s& don gian bién A
- Nhom céac s0 1 cua tirng bang cho dén hét , két qua dugc xac dinh nhu cach lam thong

thuong, nhd A va A trong ting nhom (H 2.13).

Trudc nhat v& 2 bang Karnaugh cho 4 bién BCDE, mét tmg véi A va mit v6i A

KY THUAT SO
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DE DE
BC ~ 00 01 11 10 BC 00 01 11 10

oo\ﬁ 1] 00\1) 1]

01 ® 01
1 2 1 TR
01N [ e 1, L
x — 1 ) L
A e A
ool
o (H2.13) B
nhom (1) cho: CE ; (2) cho: BCE ; (3) cho : BDE

Vay f(A,B,C,D,E)= CE + BCE + BDE

Thi du 5 : Rat gon ham
f(A,B,C,D,E,F)=>(2,3,6,7,8,9,12,13,14,17,24,25,28,29,30,40,41,44,45,46,56,57,59,60,61,63)

Tuong ty nhu trén nhung phai v€ 4 bang cho:

AB cho cac sb (0-15) ; AB cho céc s (16-31) ;
AB cho céc s6 (48-63) va AB cho céc sb (32-47).
EF EF
CO™N_ oo o1 11 10 CDP_ 00 o1 11 10
Qo F Joks

K
01 |4 o mA
111’?)? aq 1] 1 @l
1011 _1)__ \@1;9 A \@

EF EF
CO~_ o0 o1 1110 CD>_ oo o1 11 10

a0 a0

01 01

W@ |

1ol | 1) \@10 VIR

qy B ay s ®

(H2.14)

Két qua: (1)cho CE; (2) ACDF + BCDF ; (3) ABCE; (4) ABDEF ; (5) ABCF
Viy:
f(A,B,C,D,E,F)= CE + ABCE+ ABCF + ACDF + BCDF+ ABDEF
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2.3.3. Phwong phap Quine-Mc. Cluskey

'Phuong phap Quine-Mc. Cluskey ciing duya trén tinh ké cuia cac to hop bién dé don gian
5O blen trong cac so hang cua biéu thire dang tong (minterm). Trong qua trinh don gian nay cé
thé xudt hién cac s6 hang gidng nhau ma ta co thé bé bét duoc.

Phwong phap dwec thuc hién qua 2 giai doan:

Giai doan 1: Dya trén tinh ké ctia cc t6 hop bién dé don gian s6 bién trong cac s hang
cua bi¢u thirc dang tong (minterm).

Giai doan 2: Kiém tra va thuc hién viéc tbi gian .
Thi du dudi day minh hoa cho viéc thyc hién phuong phap d€ rut gon mét ham logic.

Thi du 1: Rat gon ham f(A,B,C,D) = £(1,2.4,5,6,10,12,13,14)

& Giai doan 1

- Céc minterm duoc nhom lai theo s6 s6 1 ¢6 trong t6 hop va ghi lai trong bang theo thi
tu s6 1 ting dan:

Trong thi du nay c6 3 nhém:

Nhém chira mét s6 1 gém cac t6 hop 1, 2, 4

Nhom chira hai s6 1 gom cac t6 hop 5, 6, 10, 12

Nhém chira ba sb 1 gdm cac t6 hop 13, 14

Bang 1:
| A D
X 1] 0 | 1
X 21 0 | 0
X 4 0 | 0
x 5] o0 1
X 6| 0 0
X 10 1 0
Xil 0
x 13] 1 1
x 14| 1 0

- Mbi t6 hop trong mot nhom s& duge so sanh véi mdi t6 hop trong nhom ké can. Néu

2 t6 hop chi khac nhau mét bién, ta co thé ding biéu thirc AB + AB = B dé don gian duoc 1
bién. Bién da don gian dugc thay bai ddu -. Panh diu x vao cac to hop da xét dé tranh sai sot

Nhu vay, t6 hop thi nhit ciia nhém thir nhat 0001 so sanh véi to hop thir nhat cia nhom
thir hai 0101 vi chung chi khac nhau & bién B, vdy ching c6 thé don gian thanh 0-01. Hai sb
hang 1 va 5 da dugc gom lai thanh nhom (1,5) va duoc ghi vao bang 2.

Tiép tuc so sanh t6 hop 0001 nay véi cac t6 hop con lai cia nhém 2 (0110, 1010, 1100),
vi chung khac nhau nhiéu hon 1 bit nén ta khong duoc két qua nao khac. Nhu vay, ta di so
sanh xong to hop thir nhat, danh dau x trudc t6 hop nay dé ghi nhé.

Cong viéc tién hanh twong ty cho nhom thir hai va thu ba.

Lwu y: Nhdn xét vé viéc so sdnh cdc 16 hop véi nhau ta thdy co thé thuwc hién nhanh dwoc
banlg cach lam bai toan truc 2 s6 nhi phdn twong vmg ciia 2 16 hop, néu két qua la mét s6 c6 tri
=2(1, 2,48 ...) thi 2 t6 hop dé so sanh dwoc va bién dwoc don gian chinh la bién cé trong
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56 =2" (thi du 2 16 hop 1 va 5 ¢6 higu s6 la 4 nén don gidn duoc bién B), néu hi¢u s6 = 2° thi 2
to hop do khong so sanh dwoc, ticc khong co bien dwoc don gian.

Két qua cho bang tht hai

- Bang thr hai gdm cac t6 hop di duge rat gon va chi con lai 2 nhém (giam mot nhoém
so v&i bang 1).

Bang 2

A D

1,5] 0 1

X 26| 0 0
X 2,10 | - 0
X 451 0 -
X 46| 0 0
X 4,12 | - 0
X 513 | - 1
X 6,14 | - 0
x 10,14 | 1 0
x 12,13 ] 1 -
x 12,14 1 0

Thuc hién coéng viée tuong tu nhu trén v6i hai nhom trong bang thtr hai nay, cac sb
hang s€ dugc nhom lai néu chung chi khic nhau mét bién va cé vi tri dau - trung nhau. Ta
duoc bang thu 3.

Bang 3:
A N v
2,6;10,14 | - - 1 0
2,10;6,14 | - - 1 0
4,5;12,13 | - 1 0 -
4,6;12,14 | - 1 - 0
4,12;5,13 | - 1 0 -
4,12;6,14 | - 1 - 0

Quan sat bang thir 3 ta thay co cac t6 hop gidng nhau, nhu vay ta c6 thé loai bo bt cac
t6 hop nay va chi gitr lai mét.

Két qua ciia ham rut gon gdm tong cac sd hang tuong (mg vai cac to hop khéng gom
thanh nhém trong cac bang dau tién, do la t6 hop (1, 5) trong bang 2, tri twong Gmg la A cD
v6i cac t6 hop con lai trong bang cudi cung, d6 1a cac to hop (2,6 ; 10,14) ma tri twong tng 1a
CD , (4,5;12,13) cho BC va (4,6 ; 12,14) cho BD trong bang 3. Véy:

f(A,B,C,D)=A CD+CD +BC +BD

Dén day, néu quan sat cac té hop cho cac két qua trén, ta thiy cac t6 hop con chua cac
s0 hang giong nhau (s6 4 va so 12 chang han), nhu vay két qua trén c6 thé 1a chua toi gian.

& Giai doan 2:
Dé c6 thé rit gon hon nita ta lap mot bang nhu sau:
Cot bén trai ghi lai cac td hop da chon dugc trong giai doan 1, cac cot con lai ghi céac tri
thap phan c6 trong ham ban dau.
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~ Trén cung hang cua t6 hop ta danh du * dudi cac cot co sd twong tng (vi du hang chira
td hop 1,5 c6 cac dau * ¢ cot 1 va 5). Tuong tu cho cac t6 hop khac.

Béang 4
1,5 <«
2,6; 10,14 «
4,5; 12,13 «
4,6; 12,14

Xét cac cot chi chira mot déu *, d6 1a cac cot 1,2,10 va 13, cac to hop & ciing hang véi
cac dau * nay s€ dugc chon, do 1a céac td hop (1,5), (2,6 ; 10,14), (4,5 ; 12,13), tuong Gng véi
ACD + CD + BC. Panh diu X dudi cac cot tuong (mg voi cac sd co trong cac to hop di
chon. Néu tit ca cac cot déu duoc danh dau thi cac to hop di chon dii dé dién ta ham ban dau.

Trong trudng hop ciia bai toan niy, sau khi chon cac to hop néi trén thi tat ca cot da
dugc danh dau do d6 két qua cubi cung 1a (sau khi loai bo t6 hop BD ):

f(A,B,C,D)=A CD+CD +BC
Thi du 2: Rat gon ham f(A,B,C,D) = %(3,4,6,7,8,11,12,15)

& Giai doan 1

Bang 1:
| A
X 41 0
X 81 0
X 31 0
X 6| 0
x _12] 1
x 7] 0
x 11] 1
x 15[ 1 1 1]1

So sanh céc t6 hop ciia 2 nhom gan nhau ta duoc két qua cho bang thir hai
- Bang thr hai gom céc t6 hop da dugc rat gon va chi con lai 3 nhom (gidm mot nhom
so voi bang 1).

Bang 2
4,6
4,12
X
X 3,11
X 7,15
x 11,15
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Bang 3:
N
3,7;11,L15 | - - 1 1
3,11;7,15| - - 1 1

Két qua ciia ham rat gon gém tong cac sd hang tuong ung véi cac to hgp khong gom
thanh nhom: (4,6), (4,12), (8,12), (6,7) va (3,7;11,15)
f(A,B,C,D)=CD+ABD +BCD +ACD +ABC

& Giai doan 2:
Bang 4

3,7;11,15 <~
4,6

4,12

8,12 <~
6,7

Céc cot 3, va 8 chi chita mot dau *, cac t6 hop ¢ cung hang voi cac dau * nay s& duoc
chon, d6 14 cac t6 hop (3,7;11,15) va , (8,12), tuong ung voi CD va ACD.
Panh ddu X dudi cac cot trong tmg vai cac sd co trong cac td hop di chon. ’ 7 7
Pén day ta thay con 2 cot 4 va 6 chua co dau X, trong lac chung ta con dén 3 to hop dé
chon. D1 nhién trong truong hop nay ta chi can chon t6 hop (4,6) (A BD ) thay vi chon (4,12)
va (6,7) thi du ddu X dé 14p day cac cot.
Tém lai: f(A,B,C,D)=CD +ABD + ACD

Thi du vé bai toan day du:

Thi du 1:

Cho ham logic F(A, B, C) thoa tinh chat: F(A,B,C) = 1 néu c¢6 mot va chi mot bién
bang 1

a- Lap bang sy that cho ham F.

b- Rut gon ham F.

c- Dién ta ham F chi dung ham AND va NOT

Giai
a. Dua vao diéu kién cuia bai toan ta c6 bang sy that ctia ham F:
A B C F(A,B,C)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0
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b. Rat gon ham F
Bang Karnaugh

Bi_
& o0 01 11 10

ol @] @
1@

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

c. Dién ti ham F chi ding ham AND va NOT
Dung dinhly De Morgan, lay dao 2 1an ham F:

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

Thi du 2:

Cho ham logic F(A, B, C, D) thoa tinh chéat: F(A,B,C,D) = 1 khi co it nhit 3 bién
bang 1

a- Rat gon ham F.

b- Dién ta ham F chi dung ham OR va NOT

Giai

a- Rat gon ham F

Ta c6 thé dwa ham v6 bang Karnaugh ma khong can v& bang su that.

Ta dua sb 1 vao tit ca cic 6 chira 3 tri 1 tré 1én

co
ABN_ 00 01 11 10
0o
e
01 1
11 SOOI
10 L

Va két qua ctia ham rat gon 1a:
F(A,B,C,D) = ABC + ABD + ACD + BCD

b- Dién ta ham F chi dung ham OR va NOT »
Dung dinh Iy De Morgan cho timg s6 hang trong tong
Viét lai ham F:

F(A,B,C,D) = ABC +ABD +ACD +BCD
=A+B+C+A+B+D+A+C+D+B+C+D

BAI TAP

1. Dién ta mdi ménh d¢ dudi day bing mot biéu thirc logic:
a/ Té}t ca cac bié,n A,B,C.D dej:u bejlng 1
b/ Tat ca cac bién A,B,C,D déu bang 0
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% N o

O

o/ It nhét 1 trong céc bié:n XY, Z,T ba‘jlng 1
d/ It nhat 1 trong cac bi‘én X,Y,Z, T bang 0
e/ Cac bién A,B,C,D lan luot c6 gia tri 0,1,1,0

. Tinh dao cua cac ham sau:

a/ f; = (A+B)(A + B)

b/ Hh=(A+B + C)(B+ C +D)(A +C+D)
o/f5=A(C+D)+(A +C) B +C+D)
d/f4—(AB+C)(BC+D)+ ABC+CD
e/fs=ABC+ABC +ABC+BC)

. Chting minh bang dai s6 cac biéu thirc sau:

a/ AB+AB=A.B+AB
b/ AB+A.C=(A+C)A+B)

¢/ AC+BC=A.C+BC
d/ (A +B)(A+C)(B+C)=(A+B)A +C)

e/ (A+C)(B+C)=(A +C)B+C)

. Viét du6i dang tong chuén cac ham xac dinh boi:

a/ f(A,B,C)=1 neu sd nhi phan (ABC); la s6 chin
b/ f(A,B,C)=1 neu co it nhat 2 biénsé = 1

¢/ f(A,B,C) =1 néu s nhi phan (ABC), >5

d/ f(A,B,C) = 1 néu s6 bién s 1 1a s6 chin

e/ f(A,B,C)=1néucod 1 vachi 1 bién s =1

Viét du6i dang tich chuan cac ham & bai tap 4

Viét dudi dang s cac bai tap 4

. Viét du6i dang s6 cac bai tap 5

. Ruat gon cac ham dudi day bang phuong phép dai s6 (A = MSB)

a/ f,=ABC+ABC+ABCD
b/ f,=(A+BC) + A (B+C)(AD+C)

¢/ fy=(A+B+C)(A+B+C)(A +B+C)( A +B+C)
d/ £4(A,B,C,D) = £(0,3,4,7,8.9,14,15)

e/ fs= AB+AC +BC

f/ fs=(A+C)(B+C)(A+B)

. Dung bang Karnaugh rut gon cac ham sau: (A = MSB)

a/ f(A,B,C) = 2(1,3,4)
b/ f(A,B,C) = 2(1,3,7)

¢/ f(A,B,C) = 2(0,3,4,6,7)

d/ f(A,B,C) = %(1,3,4) . Cac t6 hop bién 6,7 cho ham khong xac dinh

e/ f(A,B,C)= AB.C+A.BC+A.BC+AB.C

f/ f(A,B,C,D)=13(5,7,13,15)

g/ f(A,B,C,D) = £(0,4.,8,12)

1/ f(A,B,C,D) = £(0,2,8,10)

i/ f(A,B,C,D)=12(0,2,5,6,9,11,13,14)

i/ f(A,B,C,D)=T11(0,1,5,9,10,15)

K/ f(A,B,C,D) =11 (0,5,9,10) v&i cac t6 hop bién (2,3,8,15) cho ham khong xac dinh
I/ f(A,B,C,D,E) = £(2,7,9,11,12,13,15,18,22,24,25,27,28,29,31)
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m/ f(A,B,C,D.E) = £(0,2,8,10,13,15,16,18,24,25,26,29,31) véi cac td hop bién
(7,9,14,30) cho ham khdng xac dinh

n/ f(A,B,C,D,E,F) =
>(2,3,6,7,8,9,12,13,14,17,24,25,28,29,30,40,41,44,45,46,56,57,59,60,61,63)
o/ f(A,B,C,.D,E,F) =
>(9,11,13,15,16,18,20,22,25,27,29,31,32,34,36,38,41,43,45,47,48,50,52,54)

10. Lam lai cac bai tap tir 9f bang phuong phap Quine-Mc Cluskey.
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E CHUONG 3 CONG LOGIC

< CAC KHAI NIEM LIEN QUAN
% CONG LOGIC CO BAN
< THONG SO KY THUAT

< Ho TTL
<> Cong co ban
<> Cac kiéu nga ra
* Ho MOS
<> NMOS
7 , % CMOS
% GIAO TIEP GIUA CAC HQ IC SO
<> TTL thuc CMOS
<> CMOS thac TTL

Cong logic la tén goi chung cua cac mach dién tur c6 chuc nang thyc hién cac ham
logic. Cong logic c6 thé duoc ché tao bang cac cong nghé khac nhau (Ludng cuc, MOS), cb
thé duoc td hop bang cac linh kién roi nhung thudng dugc ché tao bai cong nghé tich hop IC
(Integrated circuit).

Chuong nay gidi thiéu cac loai céng co ban, cac ho IC sb, céc tinh nang k¥ thuat va su
giao tiép giira chung.

3.1 CAC KHAI NIEM LIEN QUAN

3.1.1 Tin hiéu twong tw va tin hiéu so

Tin hiéu twong tu 14 tin hiéu c6 bién do bién thién lién tuc theo thoi gian. N6 thuong
do cac hién tuong ty nhién sinh ra. Thi dy, tin hiu dic trung cho tiéng noi 1a tong hop cia
céc tin hiéu hinh sin trong dai tin s thap vdi cac hoa tan khac nhau.

Tin hiéu sd 14 tin hiéu c6 dang xung, gian doan vé thoi gian va bién d¢ chi c6 2 mirc
1d rét: muc cao va mirc thap. Tin hiéu sé chi duoc phat sinh boi nhitng mach dién thich hop.
Dé ¢6 tin hiéu s ngudi ta phai sé hoa tin hiéu tuong ty bang cac mach bién d6i twong tu sang
s0 (ADC)

3.1.2 Mach twong tw va mach s6

Mach dién tir xtt 1y céc tin hi€u twong tu dugc goi 1a mach twong ty va mach xu ly tin
hiéu s6 dugc goi 1a mach so.
Mot cach tong quat, mach so ¢6 nhicu vu di€m so véi mach tuong tu:
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- D2 thiét ké va phan tich. Van hanh cua cac cong logic dua trén tinh chat dan dién
(bao hoa) hodc ngung dan ca transistor. Viéc phan tich va thiét ké dua trén chic ning va dic
tinh k¥ thuat cua cac IC va céc khdi mach chir khong dya trén tirng linh kién roi

- C6 thé hoat dong theo chuong trinh 1ap sin nén rat thuan tién trong diéu khién tu
dong, tinh toan, luu trit dit liéu va lién két voi may tinh.

- it bi anh hudng cua nhiéu tic c6 kha nang dung nap tin hiéu nhiéu véi bién do 16n
hon réat nhiéu so véi mach tuong tu.

- D& ché tao thanh mach tich hop va c6 kha ning tich hop v6i mat do cao.

Dua vao s cong trong mot chip, ngudi ta phan loai IC sé nhu sau:

- S6 cong < 10: SSI (Small Scale Integrated), mirc do tich hop nho.

- 10 < S6 cdng < 100: MSI (Medium Scale Integrated), mirc do tich hop trung binh.

- 100 < Sé cong < 1000: LSI (Large Scale Integrated), mirc d6 tich hop 16n.

- 1000 < Sb cong < 10000: VLSI (Very Large Scale Integrated), mirc do tich hop rat
l6n

- 86 cong > 10000: ULSI (Ultra Large Scale Integrated), mirc do tich hop siéu 1on.

3.1.3 Biéu dién cac trang thai Logic 1 va 0

Trong hé théng mach logic, cac trang thai logic dugc biéu dién boi cac mic dién thé.
Véi qui u6e logic dwong, dién thé cao biéu dlen logic 1, dién thé thip biéu dién logic 0.
Nguoc lai ta c6 qui udc logic 4m. Trong thyuc té, mirc 1 va 0 tuong ung v6i mot khoang dién
thé x4c dinh va c6 mot khoang chuyén tiép giira muc cao va thip, ta goi la khoang khong xac
dinh. Khi dién ap cua tin hi€u roi vao khoang nay, mach s€ khong nhén ra la mirc 0 hay 1.
Khoang nay tuy thudc vao ho IC str dung va dugc cho trong bang thong s6 k¥ thuat caa linh
kién. (H 3.1) 14 gian d0 dién thé ciia cac murc logic ciia mot s6 cong logic thude ho TTL.

B

2,4

Fhiang xdc dinh

0.

(H3.1)

3.2 CONG LOGIC CO BAN

3.2.1 Cong NOT

- Con goi 1a cong dao (Inverter), dung dé thyc hién ham dao Y= A
- Ky hiéu (H 3.2), miii tén chi chiéu di chuyen cua tin hi€u va vong tron 1a ky hiéu
dao. Trong nhitng truong hop khong thé nham 14n vé chiéu nay, nguoi ta c6 thé bo miii tén.

A V=R
- o 1
A Y=R
Dc 1| o
(H3.2) Bang su that
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3.2.2 Cong AND

- Dung thuc hién ham AND 2 hay nhiéu bién.

- Cong AND c6 s6 ngi vao tuy thudc sb bién va mot nga ra. Ngi ra ciia cong 1a ham
AND cuia cac bién ngi vao.

- Ky hiéu cong AND 2 nga vao cho 2 bién (H 3.3a)

B=0 B=1

(a) (H3.3) (b)
A B Y=A.B A B | Y=AB
0 0 0 Hoac X 0 0
0 1 0 X 1 A
1 0 0
1 1 1

- Nhan xét:

- Ngi ra cong AND chi & mirc cao khi tit ca nga vao 1én cao.
- Khi c6 mét ngd vao = 0, nga ra = 0 bat chap cac ngd vao con lai.
- Khi c6 mot ngd vao =1, ngéd ra = AND cua cac ngé vao con lai.

Véy voi cong AND 2 ngé vao ta c6 thé dung 1 ngd vao lam ngi kiém soat (H 3.3b),
khi nga kiém soat =1, cong mé cho phép tin hiéu logic ¢ ngé vao con lai qua cong va khi nga
kiém soat = 0, cong dong nga ra ludn bang 0, bat chap nga vao con lai.

Vi céng AND c¢6 nhiéu ngi vao hon, khi c6 mot ngd vao dugc dua 1én mirc cao thi
ngi ra bang AND ctia cac bién & cac ngi vao con lai.

Hinh (H 3.4) 1a gian d6 thoi gian cta céng AND hai ngd vao. Trén gian do, ngd ra Y
chi 1én mirc 1 khi ca A va B déu ¢ mc 1.

'1 -
A —|
1
5 e

(H 3.4)

3.2.3 Cong OR
- Dung dé thyc hién ham OR 2 hay nhiéu bién.
- Cong OR c6 so nga vao tuy thudc so bién va mot nga ra.
- Ky hiéu cong OR 2 ngi vao
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A —
E

B=1 B=0
(H3.5)
- Bang sy that
A B | Y=A+B A B | Y=A+B
0 0 0 Hoac X 1 1
0 1 1 X A
1 0 1
1 1 1

- Nhén xét: - Ngi ra cong OR chi & mirc thap khi ca 2 nga vao xudng thap.
- Khi ¢6 mot ngd vao =1, nga ra = 1 bat chip nga vao con lai.
- Khi c6 mét nga vao =0, ngad ra = OR cac nga vao con lai.

Vay voi cong OR 2 ngd vao ta ¢ thé dung 1 ngi vao lam nga kiém soat, khi nga kiém
soat = 0, cong mé, cho phép tin hiéu logic ¢ ngd vao con lai qua cong va khi nga kiém soat =
1, cong dong, ngd ra luon bang 1.

V6i cong OR nhidu ngd vao hon, khi ¢c6 mot ngd vao dugce dwa xudng mirc thap thi
ngd ra bang OR cua cac bién ¢ cac ngd vao con lai.

3.2.4 Cong BUFFER

Con goi 1a cong dém. Tin hiéu s6 qua cong BUFFER khong ddi trang thai logic. Cong
BUFFER dugc dung véi cac muc dich sau:

- Stra dang tin hiéu.

- Pua dién thé cua tin hiéu vé dung chuan cua cac muc logic.

- Nang kha niang cap dong cho mach.

- Ky hiéu ctia cong BUFFER.

(H 3.6)
Tuy cong dém khong lam thay doi trang thai logic cua tin hiéu vao cong nhung né git
vali trd rat quan trong trong cac mach so.

3.2.5 Cong NAND

- Lakét hop cua céng AND va céng NOT, thuc hién ham Y =A.B

(O day chi xét cong NAND 2 nga vao, doc gia tu suy ra trudng hop nhiéu ngi vao).

- Ky hiéu ctia cong NAND (Gom AND va NOT, cong NOT thu gon lai mot vong tron)

- Tuong ty nhu cong AND, & cong NAND ta c6 thé dung 1 ngd vao lam ngd kiém
soat. Khi nga kiém soat = 1, cdng m& cho phép tin hiéu logic ¢ ngd vao con lai qua cong va bi
dao, khi nga kiém soat = 0, cong dong, ngi ra ludén bang 1.

- Khi ndi tat ca nga vao cua céng NAND lai v6i nhau, n6 hoat dong nhu mot céng dao
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; v=AB A v=1 4 Y=A N vk
B=0 B=1
(H3.7)
3.2.6 Cong NOR

- Lakét hop cﬁva céng OR Vé} céng NOT, thuc hién ham Y =7A +B
Ky hi¢u cua cong NOR (GOm cong OR va NOT, nhung cong NOT thu gon lai mot

vong tron)
A Y=AtE A?[> =0 “’4_[>ﬂ AAE[>‘Y;E
Ei:j >°
BE="1 E=0

(H3.8)
Céc bang su that va cac gian do thoi gian ctua cac cong BUFFER, NAND, NOR, sinh
vién c6 thé tu thyc hién lay

3.2.7 Cong EX-OR

- Dung dé thyc hién ham EX-OR. Y =A ®B=AB+AB
- Cong EX-OR chi ¢6 2 ngd vao va 1 ngd ra
- Ky hi¢u (H 3.9a)
- Mot tinh chét rit quan trong ctia cong EX-OR:
+ Twong duong voi mot cong dao khi c6 mot ngd vao ndi 1én muc cao, (H
3.9b)
+ Tuong duong v6i mot cong dém khi c6 mot ngd vao ndi xudng mure thap, (H

B + 7
(a) (b) ()
(H3.9)

3.9¢)

3.2.8 Cong EX-NOR
- La két hop cuia cong EX-OR va cong NOT
- Cong EX-NOR ¢6 2 ngd vao va mot nga ra
- Ham logic g véi cong EX-NOR 1a
Y=A®B=AB+A.B
- Ky hi¢u (H3.10) ) 7
- Céc tinh chat cua cong EX-NOR giong cong EX-OR nhung c6 nga ra dao lai.

B . I
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(H 3.10)

3.2.9 Céng phirc AOI (AND-OR-INVERTER)

Ung dung cac két qua cta Pai sé6 BOOLE, ngudi ta c6 thé két ndi nhiéu céng khac
nhau trén mét chip IC d€ thuc hién méot ham logic phire tap nao d6. Cong AOI 1a mét két hop
cua 3 loai cong AND (A), OR (O) va INVERTER (I). Thi du dé thuc hién ham logic
Y = A.B.C+D.E, ta c6 cong phuc sau:

Y =AEC +DE

(H3.11)

3.2.10 Bién doi qua lai giira cac cong logic

Trong chuong Ham Logic chung ta di thy tit ca cac ham logic ¢6 thé duoc thay thé
b6i 2 ham duy nhat 1a ham AND (hoic OR) két hop v6i ham NOT. Cac cong logic co chirc
nang thyc hién ham logic, nhu vy chung ta chi can dung 2 cong AND (hoic OR) va NOT dé
thuc hién tt ca cac ham logic. Tuy nhién, vi cong NOT ciing c6 thé tao ra tu cong NAND
(hodc NOR). Nhu vay, tat ca cac ham logic c6 thé dugc thyuc hién boi mot cong duy nhat do
12 cdng NAND (hodc NOR). Ham y nay cho phép chung ta bién d6i qua lai giita cac cong voi
nhau.

Quan sat Pinh 1y De Morgan chiing ta rat ra qui tic bién d6i qua lai gita cac cong
AND, NOT va OR , NOT nhu sau:

Chi can thém céc cong dao ¢ ngd vao va nga ra khi bién doi tir AND sang OR hoic
nguoc lai. Di nhién néu & cac ngd da c6 dao roi thi dao nay s& mat di.

Thi du 1: Ba mach duéi day tuong duong nhau:
(H 3.12b) ¢6 duoc bang cach d6i AND - OR thém cac dao ¢ cac ngid vao va ra. Tur (H
3.12b) d6i sang (H 3.12c¢) ta bo 2 cong déo ndi tir ngd ra cong NOR dén ngi vao cong AND

CmI-

Y=2AFC +DE

(a) (b) ()
(H3.12)

Thi dy 2: V& mach tuong duong cua cong EX-OR dung toan cong NAND
Dung dinh ly De-Morgan, bicu thirc ham EX-OR viét lai:
Y = AB+AB = ABAB
Va mach tuong duong cho ¢ (H 3.13)
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(H3.13)

3.3 THONG SO KY THUAT CUA IC SO

Pé st dung IC sb ¢ hiéu qua, ngoai so dd chan va bang su that cua chung, ta nén biét
qua mot sO thuat ngli chi cac thong so cho biét cac dic tinh cua IC.

3.3.1 Cac dai lwgng dién dic trung

- Vee: Dién thé ngudn (power supply): khoang dién thé cho phép cap cho IC dé hoat
dong tét. Thi du v6i IC s6 ho TTL, Vee=540,5 V , ho CMOS Vpp=3-15V (Nguoi ta thuong
ding ky hiéu Vpp va Vss dé chi ngudn va mass ctia IC ho MOS)

- Vig(min): Pién thé ngd vao muc cao (High level input voltage): Pay la dién thé nga
vao nho nhét con duge xem 1a muc 1

- Vi(max): Pién thé ngd vao murc thip (Low level input voltage): Dién thé ngi vao
16n nhét con duge xem 13 murc 0.

- Von(min): Dién thé ngd ra mic cao (High level output voltage): Dién thé nho nhat
cua nga ra khi & muc cao.

- Vor(max): Pién thé nga ra muc thip (Low level output voltage): Dién thé 16n nhat
ctia nga ra khi & muc thap.

- Irn: Dong dién ngd vao mirc cao (High level input current): Dong dién 16n nhét vao
nga vao IC khi ngad vao nay & murc cao.

- I.: Dong dién ngd vao mirc thap (Low level input current) : Dong dién ra khoi ngi
vao IC khi nga vao nay & muc thip

- Ton: Dong dién nga ra mirc cao (High level output current): Dong dién 16n nhat nga
ra c¢6 thé cap cho tai khi né & mirc cao.

- Ior: Dong dién ngé ra muc thip (Low level output current): Dong dién 16n nhat nga
ra c¢6 thé nhan khi & mirc thap.

- Iccnslecr: Dong dlen chay qua IC khi nga ra lan lugt & mirc cao va thap

Ngoai ra con mot s6 thong sé khac duoc néu ra dudi day

3.3.2 Cong suit tiéu tan (Power requirement)

M5i IC khi hoat dong s€ tiéu thu mot cong suét tir ngudn cung cip Vee (hay Vpp).
Cong suat tiéu tan ndy xac dinh boi dién thé ngudn va dong dién qua IC. Do khi hoat dong
dong qua IC thuong xuyén thay doi giira hai trang thai cao va thap nén cong sudt tiéu tan sé
duoc tinh tir dong trung binh qua IC va cong suét tinh dugc 1a cong suat tiéu tan trung binh

P, (avg)=1..(avg).Vec
Trong do
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| +1
| c(avg)= CCH2 ccL

Dbi véi cac cong logic ho TTL, cong sudt tiéu tan & hang mW va v6i ho MOS thi chi
0 hang nW.

3.3.3 Fan-Out:

Mot cach tong quét, ngi ra cia mot mach logic doi hoi phai cap dong cho mot sb ngi
vao cac mach logic khac. Fan Out 1a s6 ngd vao 16n nhat c6 thé ndi voi nga ra ciia mot IC
cung loai ma van bao dam mach hoat dong binh thudng. Néi cach khac Fan Out chi kha ning
chiu tai ciia mot cong logic
Ta c6 hai loai Fan-Out tmg véi 2 trang thai logic ctia nga ra:

I
Fan-Out, = —IOH

IH

Fan—-Out, =
IL

Thuong hai gid tri Fan-Out nay khac nhau, khi str dung, dé an toan, ta nén dung tri nho
nhat trong hai tri nay.

Fan-Out dugc tinh theo don vi Unit Load UL (tai don vi).

3.3.4 Thoi tré truyén (Propagation delays)

Tin hi¢u logic khi truyen qua mot cong ludn ludn c6 mot thoi gian tré.

(Co hai loai thoi tré truyén: Thoi tré truyén tir thap 1én cao tp y va thoi tré truyén tir
cao xudng thap tpyr. Hai gid tri nay thuong khac nhau. Sy thay d6i trang thai dugc xac dinh &
tin hiéu ra. Thi du tin hiéu qua mét cong dao, thoi tré truyen dugc xac dinh nhu 6 (H 3.14)

Tuy theo ho IC, thoi tré truyén thay ddi tir vai ns dén vai tram ns. Thoi tré truyén cang
16n thi tbc d6 1am viée cta IC cang nho.

i vao 0%
_/ o
50% |/
—

thra s.

— —
t

pL;-|
(H3.14)

3.3.5 Tich s6 cong suat-vén toc (speed- power product)

Dé danh gia chat luong IC, nguoi ta dung dai luong tich sb cong sut-van tc do 1a
tich s6 cong suat tiéu tan va thoi tré truyén. Thi du ho IC cé thoi tré truyén 13 10 ns va cong
sut tiéu tan trung binh 13 50 mW thi t1ch s6 cong suét-van toc la:

10 ns x 5 mW =10.10° ’x5.107 = 50x10"'* watt-sec = 50 picojoules (pj)

Trong qua trinh phat trién cta cong ngh¢ ché tao IC ‘nguoi ta luén muodn dat duge cac
IC co6 cong suét tidu tan va thoi tré truyen cang nho cang t6t. Nhur vay mot IC ¢ chat lugng
cang tot khi tich s6 cong suat-van toc cang nho. Tuy nhién trén thuc té hai gia tri ndy thay d6i
theo chiéu nguoc v6i nhau, nén ta khé ma dat dugc cac gia tri theo ¥ mudn, di sao trong qué
trinh phat trién cla cong nghé ché tao linh kién dién tu trj sb nay ludén duoc cai thién .
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3.3.6 Tinh mién nhiéu (noise immunity)

Céc tin hiéu nhiéu nhu tia ltra dién, cam tng tir c6 thé 1am thay doi trang thai logic
ctia tin hiéu do d6 anh huong dén két qua hoat dong ctia mach.

Tinh mién nhiéu ctia mot mach logic tiy thudc kha nang dung nap higu thé nhiéu cia
mach va duoc xac dinh boi 1& nhiu. Lé nhidu c¢6 duge do sy chénh 1éch cua cac dién thé gioi

han (con dugc goi 1a ngudng logic) cia mirc cao va thap giita ngd ra va ngd vao cua cac cong
(H 3.15).

H - L
Yiing T Vipimin) iing
bétdinh J; ¥jp{max)| batdinh

(H 3.15)

Tin hiéu khi vao mach logic dugc xem la mirc 1 khi ¢6 tri >Vig(min) va 1a mirc 0 khi
<V 1 (max). Dién thé trong khoang giita khong mg véi mot mirc logic nao nén goi 1a ving
bat dinh. Do c6 sy khac biét giita Vop(min) véi Vig(min) va Vor(max) voi Vi (max) nén ta co
2 gié tri 1& nhiéu:

Lé nhiéu mirc cao: Vi = Von(min) - Viy(min)
L& nhidu murc thap VL = Vi(max) - VOL(max)

Khi tin hiéu ra & mirc cao dua vao nga vao, bat cir tin hiéu nhidu nao cé gia tri 4m va
bién do >V déu 1am cho dién thé nga vao roi vao vung bt dinh va mach khong nhén ra
duoc tin hiéu thudc mirc logic ndo. Tuwong tu cho trudng hop ngd ra & muc thap tin hiéu nhidu
c6 tri duong bién do >V s€ dua mach vao trang thai bét dinh.

3.3.7 Logic cap dong va logic nhan dong

Mot mach logic thuong gdm nhiéu tang két ndi v6i nhau. Tang cip tin hiéu goi 1a ting
thic va tAng nhan tin hiéu goi 1 ting tai. Su trao doi dong dién gitra hai tang thuc va tai thé
hién boi logic cap dong va logic nhan dong.

(H 3.16a) cho thiy hoat dong goi 1 cAp dong: Khi nga ra mach logic 1 & muc cao, no
cap dong L cho ngd vao cua mach logic 2, vai trd nhu mét tai n6i mass. Nga ra cong 1 nhur 1a
mot nguén dong cap cho nga vao cong 2

(H 3.16b) cho thiy hoat dong goi 1a nhan dong: Khi ngd ra mach logic 1 ¢ muc thap,
n6 nhan dong I tr nga vao cua mach logic 2 xem nhu ndi véi nguon Vee.
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Yoo e
W —]
o oH 1 VoL

lH ] L
Thuic Tai Thuiz Tai
Logic cap dang Logic nh&n dong

(a) (b)

(H3.16)

Thudng dong nhén cua tang thiic khi & mie thap co tri kha 16n so v6i dong cp ciia nd
khi & murc cao, nén nguoi ta hay dung trang thai nay khi can ganh nhiing tai twong doi nho, vi
du khi chi can thuc cho mot led, nguoi ta c6 thé dung mach (H 3.17a) ma khong thé dung

mach (H 3.17b).

(a) (H3.17)

3.3.8 Tinh Schmitt Trigger

Trong phan gidi thiéu 1& nhidu, ta thdy con mot khoang dién thé nam gitra cac ngudng
logic, ddy chinh 1a khoang dién thé g véi transistor 1am viéc trong ving tac dong. Khoang
cach nay xéac dinh 18 nhidu va co tac dung lam giam do rong sudn xung (tic lam cho dudng
déc 1én va ddc xubng cua tin hiéu ra doc hon) khi qua mach. Lé& nhidu cang 16n khi ving
chuyén tiép cua ngd vao cang nho, tin hiéu ra thay d6i trang thai trong mot khoang thoi gian
cang nho nén sudn xung cang ddc. Tuy nhién van con mot khoang sudn xung nim trong vung
chuyén tiép nén tin hiéu ra khong vudng hoan toan. (H 3.18a) va (H 3.18b) minh hoa diéu dé

Vin ¥in

g TN

\errrex

Vout

(a) (b)
(H 3.18)
Dé cai thién hon nita dang tin hi¢u nga ra, bao ddm tinh mién nhiéu cao, nguoi ta ché
tao cac cong co tinh tré dién thé (H 3.19a), duoc goi 1a cong Schmitt Trigger
(H 3.19b) mé ta mdi quan hé giita Vou va Vi, cia mot cong dao Schmitt Trigger.
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Wout

v

-— + =-
VTV Vv, t

(a) (b)
(H 3.19)

(H 3.20a&b) 1a ky hiéu cic cong Schmitt Trigger.

D -

(a) (b)
(H 3.20)

3.4 HO TTL

Trong qué trinh phat trién ciia cong nghé ché tao mach sb ta c6 cac ho: RTL (Resistor-
transistor logic), DCTL (Direct couple-transistor logic), RCTL (Resistor-Capacitor-transistor
logic), DTL (Diod-transistor logic), ECL (Emitter- couple logic) v.v.... Pén bay gio ton tai hai
ho c6 nhiéu tinh ning k¥ thuat cao nhu thoi tré truyen nho, tiéu hao cong suit it, d6 1a ho TTL
(transistor-transistor logic) dung cong nghé ché tao BJT va ho MOS (Cong nghé ché tao
MOS)

Duéi déy, lan lugt khao sat cac cong logic ctia hai ho TTL va MOS

3.4.1 Cong co ban ho TTL

Lay cong NAND 3 ngi vao 1am thi du dé thiy cdu tao va van hanh ciia mot cong co
ban

CmI=

(H3.21)
Khi mét trong cac ngd vao A, B, C xubng muc khong T, dan dwa dén T, ngung, T;
ngung, nga ra Y Ién cao; khi ca 3 ngd vao Ién cao, T; ngung, T> dan, T; dan, ngd ra Y xubng
thap. D6 chinh 1a két qua ciia cong NAND.

Nguyén Trung Lap

KY THUAT SO



Chwong 3 Cong

logic III - 12

Tu Cp trong mach chinh 13 tu ky sinh tao boi sy két hop giita ngd ra ciia mach (tang
thiic) v6i ngd vao cua tang tai, khi mach hoat dong tu s& nap dién qua R4 (luc T; ngung) va
phong qua T; khi transistor nay dan do d6 thoi tre truyén cua mach quyét dinh boi R4 va C,
khi R4 nh6 mach hoat dong nhanh nhung cong suat tiéu thy lac d6 16n, mubn giam cong suét
phai tang R4 nhung nhu vay thoi tré truyén s& l6n hon (mach giao hoan cham hon). bé giai
quyét khuyét diém nay dong thoi thoa man mot sé yéu cau khac , ngudi ta da ché tao cac cong
logic véi cac kiéu nga ra khac nhau.

3.4.2 Cac Kkiéu ngi ra
@ Nga ra totempole

1=

(H3.22)

R4 trong mach co ban dugc thay thé boi cum T4, Re va Diod D, trong d6 Re c6 tri rét
nho, khong dang ké. T, bay gio giit vai trd mach dao pha: khi T, dan thi T3 dan va T4 ngung,
Y xudng thap, khi T, ngung thi T3 ngung va T4 dén, ngara Y lén cao. Tu Cp. nap dién qua T,
khi T4 dan va phong qua T; (din), thoi hang mach rat nho va két qua 1a thoi tré truyén nho.
Ngoai ra do T3 & T4 ludn phién ngung tuong tmg véi 2 trang thai clia ngd ra nén cong suit
tiéu thy giam dang ké. Diod D c6 tac dung nang dién thé cuc B ciia Ty 1én dé bao dam khi Ts
dan thi T, ngung.

Mach nay c6 khuyét diém 1a khong thé ndi chung nhiéu nga ra cta cac cong khac nhau
vi ¢6 thé gay hu hong khi cac trang théi logic ctia cac cong nay khac nhau.

@ Nga ra cue thu dé hé

I

(H3.23)

Nga ra cuc thu dé hé c6 mdt s6 191 di€m sau:

- Cho phép két ndi cac ngd ra cua nhiéu cong khac nhau, nhung khi st dung phai méc
mot dién tro tir ngd ra 1én nguodn Vee, goi 1a dién tré kéo 1€n, tri s6 cua dién tro nay co thé
dugce chon 16n hay nho tiy theo yéu cau c6 lgi vé mit cong suat hay toe do lam viéc.
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Diém ndi chung cua cac ngi ra c6 tac dung nhu mot cong AND nén ta goi 13 diém
AND (H 3.24)

- Nguoi ta ciing ché tao cac IC nga ra c¢6 cuc thu dé hd cho phép dién tré kéo 16n méc
vao nguén dién thé cao, dung cho céc tai dac bi¢t hodc dung tao sy giao tiép gitta ho TTL véi
CMOS dung ngudn cao. ‘

Thi du IC 7406 1a loai cong déo ¢ nga ra cuc thu dé ho c6 thé méc 1én ngudn 24 V (H
3.25)

gc:c T* B +24y

R kealén
. _ 24y,
5 M 74LE5112 7406 25mA
c } -, = AB)CD).EF) T @
E R\Diém AND S L
- :',I RS — ) ) O
(H 3.24) (H 3.25)
@ Nga ra ba trang thai

Bang =) that
(H 3.26) (H 3.27)

Mach (H 3.26) 1a mot cong déo c6 ngi ra 3 trang thai, trong d6 T4 & Ts dugc mac
Darlington dé cép dong ra 16n cho tai. Diod D ndi vao ngi vao C dé diéu khién. Hoat dong
cua mach giai thich nhu sau:

- Khi C=1, Diod D ngung dan, mach hoat dong nhu mét céng dao

- Khi C=0, Diod D dan, cuc thu T, bi ghim 4p & muc thép nén Ts, Ts & Ts déu ngung,
ngd ra mach ¢ trang thai tong trd cao.

Ky hiéu clia cong déo ngi ra 3 trang thai, c6 ngd diéu khién C tac dong mirc cao va
bang su that cho ¢ (H 3.27)

Ciing c6 cac cong dao va cong dém 3 trang thai v6i ngd diéu khién C tac dong mirc
thép ma SV ¢o thé tu vé ky hi€u va bang su that.

(H 3.28) 1a mot tng dung cua cong dém c6 ngd ra 3 trang thai: Mach chon dit liéu

o] IG1
|::uU 1 I3 ¥
1 L/z_,
Dz |E§
D {%

& ‘l‘"ﬂ ‘1"1 VE ‘l"3

B i3 1AL ME,

BIA CHI
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(H 3.28)

Van chuyén: Ung v6i mot gia tri dia chi AB , mot ngé ra mach giai ma dia chi dugc
tac dong (1én cao) cho phép mot cong ma va dir lidu 0’ nga vao cong d6 duoc truyén ra ngi ra.
Thi du khi AB=00, Yo=1 (Y 1=Y2=Y3=0) G; mo, Dy truyen qua G, dén nga ra, trong luc G,,
Gs, G4 dong, co ngd ra o trang thai Z cao, khong anh huong dén hoat dong ciia mach.

3.4.3 Dac tinh cac loat TTL

Cac IC sbho TTL duoc san xuit 1an dau tién vao nam 1964 boi hang Texas
Instrument Corporation ctia My, liy sb hiéu la 74XXXX & 54XXXX. Su khac biét giita 2 ho
7T4XXXX va 54 XXXX chi & hai diém:

74: Vee=5 + 0,5 V va khoang nhiét do hoat dong tir 0° C dén 70° C

54: Vee=5 £ 0,25 V va khodng nhiét d¢ hoat dong tir -55°C den 125°C

Cac tinh chat khac hoan toan giéng nhau néu chiing co cung s6.

Trude s6 74 thuong co thém ky hiéu dé chi hang san xuat. Thi du SN ctia hing Texas,
DM cua National Semiconductor, S cua Signetics

Ngoai ra trong qua trinh phat trién, cac thong sb ky thuat (nhat 1a tich sé cong suét
van toc) ludén duoc cai tién va ta co cac loat khac nhau: 74 chuan, 74L (Low power), 74 H
(High speed), 74S (Schottky), 74LS (Low power Schottky), 74AS (Advance Schottky),
74ALS (Advance Low power Schottky), 74F (Fast, Fair Child).

Béng 3.1 cho thiy mot s6 tinh chét ctia cac loat ké trén:

Théng s6 ky thuit 74 | 74L | 74H | 74S | 74L | 74AS | 74ALS | 74F
S

Thoi tré truyén (ns) 9 | 33 6 3 195 | 1,7 4 3
Cong suét tiéu tan (mW) 10 1 23 20 2 8 1,2 6
Tich s6 cong suat van tde (pJ) | 90 | 33 | 138 | 60 | 19 | 13,6 4,8 18
Tan s6 xung Cx max (MHz) | 35 | 3 50 | 125 | 45 | 200 70 100
Fan Out (cung loat) 10| 20 | 10 | 20 | 20 40 20 33
Pié¢n thé

Von(min) 241 24 | 24 | 2,7 | 27 | 25 2,5 2,5
VoL (max) 04| 04 | 04 | 05| 0,5 0,5 0,4 0,5
Vi (min) 20020 | 20|20 |20 | 20 2,0 2,0
Vi (max) 08| 07 ] 08 ] 08 | 08| 08 0,8 0,8

Bang 3.1

- Loat 74S: C4c transistor trong mach dugc mic thém mdt Diod Schottky gitra hai cuc
CB véi muc dich giam thoi gian chuyén trang thai cua transistor do d6 lam giam thoi tré
truyén.

- Loat 74AS va 74ALS 1 cai tién ciia 74S dé lam giam hon nita gié tri tich s6 Cong
suét - Van tdc.

- Loat 74F: Dung ky thuét déc biét lam giam dién dung ky sinh do d6 cai thi¢n thoi tré
truyen cua cong

3.5 HO MOS

Gom cac IC s dung cong nghé ché tao cua transistor MOSFET loai tang, kénh N va
kénh P . Vi transistor kénh N ta c6 NMOS, transistor kénh P ta c6 PMOS va néu dung ca hai
loai transistor kénh P & N ta c6 CMOS. Tinh nang k¥ thuat cia loai NMOS va PMOS c¢6 thé
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noi 1a gidng nhau, trir nguon cap dién cé chiéu nguoc voi nhau do do ta chi xét loai NMOS va

CMOS.

Céc transistor MOS dung trong IC sé ciing chi hoat dong & mot trong 2 trang thai: dan

hodc ngung.

- Khi dén, tuy theo ndng d6 pha ctia chit ban din ma transistor c6 ndi trd rit nho (tir

vai chuc Q dén hang traim KQ) twong duong voi mot khoa dong.

- Khi ngung, transistor c6 ndi trd rat 16n (hang 10'°Q), twong dwong v6i mot khoa hé.

3.5.1 Cong co ban NMOS

n\}'DD:+5\J"
o Wyt BY o Y Y
'_
D N ,_
= T 5 Yoot — T Yout
3 M|: 1 —OY G |_
e Yout I—DT
© adin 6 QL
= 5 D_‘ \—Q
Vi G "; T2 o in G
s Yo o |7 T :
E 5
s
Ere
(a) (b) (c)
(H 3.29)

(H 3.29a), (H 3.29b) va (H3.29c¢) la cac cong NOT, NAND va NOR dung NMOS

Bang 3.2 cho thiy quan hé giita cac dién thé ctia cic ngd vao , ra cong NOT

Vin T, T, Vout
0V (logic 0) | Ron=100KQ | Ropr=10"Q | +5V (logic 1)
+5V (logicl) | Rox=100KQ | Rox=1KQ | 0,05V (logic 0)

i Bang 3.2
Ngoai ra van hanh cua cong NAND va NOR dugc giai thich nhu sau:

% Cong NAND:

- Khi 2 nga vao ndi 1én mirc cao, T, va T3 din, ngi ra xudng thip.

- Khi ¢6 1 ngd vao nbi xudng mic thap, mot trong 2 transistor T, hodc T;
ngung, nga ra lén cao.

D6 chinh 1a két qua ctia cong NAND 2 ngi vao.
% Cong NOR:

- Khi 2 ngd vao ndi xuong murc thap, T, va T3 ngung, ngi ra 1én cao.

- Khi ¢6 1 nga vao ndi 1én mirc cao, mot trong 2 transistor T, hodc T3 dan, ngi
ra xubng thép.

D6 chinh 1 két qua ciia cong NOR 2 ngi vao.

3.5.2 Cong co ban CMOS

) H(_),CMOS su dung hai loai transistor’ kénh N va P v61 muc dich cai thién tich sb cong
sudt van toc, mac du kha nang tich hop thap hon loai N va P. (H 3.30a), (H 3.30b) va (H
3.30c) 1a cac cong NOT, NAND va NOR ho CMOS
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(a) (b) (c)
(H 3.30)

Béng 3.3 cho thiy quan hé dién thé ctia cdc nga vao , ra cong NOT

Vin T, T, Vout
Vpp (logicl) | Rop=10"Q | Rox = IKQ | OV (logic 0)
0V (logic0) | Ron=1KQ | Ror=10"Q | Vpp (logic 1)
Bang 3.3

Ngoai ra van hanh ctia cdng NAND va NOR duoc giai thich nhu sau:

% Cong NAND:

- Khi 2 ngd vao ndi 1én muc cao, T; va T, ngung, T3 va T4 dan, ngad ra xudng

thap.

- Khi c6 1 ngd vao noi xuong muc thap, mdt trong 2 transistor Tz hodc T4

ngung, mot trong 2 transistor T; hodc T, dan, nga ra 1én cao.
D6 chinh 1a két qua cua cong NAND 2 nga vao.

% Cong NOR:

- Khi 2 nga vao noi xuong muc thap, Tyva T, dan, Ts va T4 ngung, nga ra lén

cao.

- Khi c6 1 ngd vao ndi 1én mirc cao, mét trong 2 transistor T3 hodc T4 dan, mot

trong 2 transistor T; hodc T, ngung, ngi ra xudng thap.
Do chinh 1a két qua ctia cong NOR 2 nga vao.

3.5.3 Cac cong CMOS khac

Nguoi ta cling san xuat cac cong CMOS voi cuc Drain dé¢ ho va nga ra 3 trang thai dé

su dung trong cac truong hop dic biét nhu ho TTL

KY THUAT SO
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(a) (H 3.31) (b)

(H 3.31a) 1a mot cong NOT c¢6 cuc D dé ha, khi sir dung phai ¢ dién tro kéo 1én

(H 3.31b) 1a mot cong NOT c6 ngé ra 3 trang thai:

- Khi nga vao Enable =1, T, va T4 dn, mach hoat dong nhu 13 cong dao,

- Khi ngi vao Enable =0, T; va T4 déu ngung dua mach vao trang thai Z cao.

Ngoai ra loi dung tinh chét cua transistor MOS c¢6 ndi trd rat nho khi dan, nguoi ta
cling ché tao cac mach c6 kha nang tmyén tin hiéu theo 2 chiéu, goi la khoa 2 chiéu. (H 3.32)
1a mot khoa 2 chiéu véi A 1a nga vao diéu khién. Khi A = 0 khoa hé, khi A = 1, khoa dong
cho tin hiéu truyén qua theo 2 chiéu

W —
oo P Ty
n_, i
out x v oin A
I

"
- A [XtoY YtX
(]
0 OFF OFF
a = [ T3 1 | ON ON
fhl'i; —
a1
Iyl
s

(H 3.32)

Van hanh: T3 va T4 vai tro 1a mot céng dao

-Khi A =0, cuc G cia T, & mirc thip nén T, (kénh N) ngung, cuc G caa T; (kénh P)
0 muc cao nén T ngung, mach tuong duong vdi khoa ho.

-Khi A =1, cuc G cia T, & muc cao nén T, din, cyc G ciia T; & mic thip nén T, dén,
mach twong dwong voi khéa dong. Tin hiéu truyén qua mot chiéu nhd T, (loai P) va theo
chiéu nguoc lai nho T, (loai N)

Bién d¢ cua tin hiéu V; truyén qua khoa phai thoa diéu kién 0 <V; < Vpp .

Nhu vy néu ta sir dung ngudn + Vpp thi khéa cho tin hiéu xoay chiéu di qua.
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3.5.3 Dac tinh cua hg MOS

Mot s tinh chét chung cia cac cong logic ho MOS (NMOS, PMOS va CMOS) c6 thé
ké ra nhu sau: o )
- Nguon cap dién : Vpp tir 3V dén 15V

- Murc logic: Vor (max) =0V Vou (min) = Vpp
. . Vi (max) =30% Vpp Vi (mln) =70%Vpp
- Lé nhiéu : VNH = 30%VDD VNL = 30%VDD

Véi ngudn 5V, 1& nhidu khoang 1,5V, rit 16n so véi ho TTL.

- Thoi tré truyén tuong ddi 16n, khoang vai chyc ns, do dién dung ky sinh ¢ ngi vao va
tong trd ra cua transistor kha 16n.

- Cong suat tiéu tan twong ddi nho, hang nW, do dong qua transistor MOS rat nho.

- S6 Fan Out: 50 UL

Do tong tré vao cua transistor MOS rat 16n nén dong tai cho cac cong ho MOS rat
nho, do d6 s6 Fan Out ctia ho MOS rét 16n, tuy nhién khi mic nhiéu ting tai vao mot ting
thac thi dién dung ky sinh tang 1én (gom nhleu tu mic song song) anh huong dén thoi gian
giao hoan cua mach nén khi dung ¢ tan so cao ngudi ta gidi han sé Fan Out 1a 50, nghia 1a
mot cong MOS c6 thé cip dong cho 50 cong tai cung loat.

- Nhu d3 néi & trén, CMOS c¢6 cai thién thoi tré truyén so voi loai NMOS va PMOS,
tuy nhién mat do tich hop cua CMOS thi nhé hon hai loai ndy. Du sao so v6i ho TTL thi mat
do tich hop cua ho MOS no6i chung 16n hon rat nhiéu, do d6 ho MOS rét thich hop dé ché tao
dudi dang LSI va VLSIL

3.5.4 Cac loat CMOS

CMOS c¢6 hai ky hiéu: 4XXX do hang RCA ché tao va 14XXX cua hang
MOTOROLA, c6 hai loat 4XXXA (14XXXA) va 4XXXB (14XXXB), loat B ra doi sau c6
cai thién dong ra.

Ngoai ra con co céc loat :

- 74C : CMOS c¢6 cung so do chan va chirc ning voi IC TTL néu c6 cung sb. Thi du
IC 74C74 1a IC gém 2 FF D tac dong boi canh xung dong ho giéng nhu IC 7474 cua TTL.
Hau hét (nhung khong tit ca) cac thong sb cua loat 74C giéng voi 74 TTL nén ta ¢ thé thay
thé 2 loai nay cho nhau dugc.

- 74HC (High speed CMOS), 74HCT: Pay la loat cai tién ctia 74C, tbc d6 giao hoan
c¢6 thé so sanh véi 74LS, riéng 74HCT thi hoan toan tuong thich véi TTL ké ca cac muc
logic. Pay la loat IC CMOS dugc dung rong rai.

- T4AC va 74ACT (Advance CMOS) cai tién cua 74 HC va HCT vé mat nhiu bang
cach sip xép lai thir tw cac chan, do d6 nd khong twong thich v6i TTL vé so db chan.

3.6 GIAO TIEP GIUA CAC HO IC SO

Giao tiép 1a thyc hién viéc két ndi ngd ra cua mot mach hay hé thdng v6i ngi vao cua
mach hay hé thong khac. Do tinh chat vé dién khac nhau gitra hai ho TTL va CMOS nén
viée giao tiép giira Chung trong nhiéu truong hop khong thé ndi truc tiép duoc ma phai nho
mét mach trung gian ndi gilta tang thuc va tang tai sao cho dién the tin hiéura & tang thiic phu
hop vi tin hiéu vao cia tang tai va dong dién ting thic phai du cip cho tang tai.

CMOS (VDD: TTL
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5V)

Thongsd  4000B  74HC 74HCT 74 74LS  74AS T4ALS
Vin(min) 3,5V 35V 2,0V 2,0V 2,0V 20V 2,0V
Vyr (max) 1,5V 1,0V 0.8V 08V 08V 08V 0,8V
Vou(min) 4,95V 49V 49V 24V 27V 27V 27V
Vor(max) 0,05V 0.1V 0,1V 04V 05V 05V 04V
Ij(max) 1pA 1uA 1uA 40uA  20uA  200pA  20pA
I (max) 1A 1uA 1A 1,6mA 04mA 2mA  100uA
Iop(max) 04mA 4mA 4mA 0,4mA 04mA 2mA 04mA
Iormax) 04mA 4mA  4mA 16mA 8mA 20mA  8mA

Béang 3.4

C06 thé néi diéu kién dé thic truc tiép

- Khi dong dién ra ciia tang thac 16n hon hoic bang dong dién vao cia tang tai ¢ ca hai
trang thai thap va cao.

- Khi hiéu thé nga ra clia ting thuc ¢ hai trang thai thdp va cao phu hop voi dién thé
vao clia ting tai.

Nhu vay, trude khi xét cac truong hop cu thé ta xem qua bang ké cac thong sb cia hai
ho IC

3.6.1 TTL thuc CMOS

- TTL thiic CMOS dung dién thé thap (Vpp = 5V):

Tur bang 3.4 dong dién vao cia CMOS c6 tri rat nho so voi dong ra cua céc loat TTL,
vy vé dong dién khong co van dé

Tuy nhién khi so sanh hiéu thé ra cia TTL véi hiéu thé vao cia CMOS ta thiy
Vou(max) cua tt ca cac loat TTL déu kha thip so v6i Vig(min) cia TTL, nhu vay phai c6
bién phap nang hié¢u thé ra cia TTL 1én. Piéu nay thuc hi¢n duoc béng mot dién trd kéo 1én
mic & ngd ra cua IC TTL (H 3.33)

- TTL thuc 74 HCT: o
Nhu da ndi trude day, riéng loat 74HCT la loat CMOS duoc thiét ke twong thich voi
TTL nén c6 thé thyc hién két ndéi ma khdng can dién tro kéo 1én.

- TTL thiic CMOS dung ngudn cao (Vbp = +10V)
Ngay ca khi dung dién tr¢ kéo Ién, dién thé nga ra mic cao ctia TTL van khong du cap

cho ngd vao CMOS, nguoi ta phai dung mot cong dém co nga ra dé ho c6 thé ding ngudn cao
(Thi du IC 7407) dé thuc hién sy giao tiép (H 3.34)

i HOV
| Rp ?Hp
_ o—
T |TTL L E mos _f MO
e T "
(H3.33) (H3.34)

3.6.2 CMOS thuc TTL
- CMOS thuc TTL ¢ trang thai cao:
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Bang 3.4 cho ‘ghéy dién thé ra va dong dién ra mirc cao cia CMOS du dé cap cho TTL
. Vay khong c6 van dé ¢ trang thai cao

- CMOS thuc TTL ¢ trang thai thap:

Dong dién vao & trang thai thip ctia TTL thay d6i trong khoang tir 100 pA dén 2 mA.
Hai loat 74HC va 74HCT c6 thé nhan dong 4 mA . Vay hai loat nay c6 thé giao tiép v6i mot
IC TTL ma khong c6 van dé. Tuy nhién, véi loat 4000B, Iop rat nhé khong du dé giao tiép véi
ngay ca mot IC TTL, ngudi ta phai ding mot cong dém dé nang dong tai ciia loat 4000B trudc
khi thuc vai IC 74LS (H 3.35)

- CMOS dung nguén cao thuc TTL:

C6 mot so IC loat 74LS dugc ché tao dic biét co thé nhan dién thé ngad vao cao
khoang 15V ¢6 thé duoc thuc truc tlep boi CMOS dung ngudn cao, tuy nhién da s6 IC TTL
khong c6 tinh chit nay, vay dé c6 the giao tiép véi CMOS dung ngudn cao, ngudi ta phai
dung cong dém dé ha dién thé ra xudng cho phu hop véi IC TTL (H 3.36)
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Vai thi du ding cong thiét ké mach
1. Dung cong NAND 2 ngi vao thiét ké mach tao ham Y = f(A,B,C) =1 khi thoa cac diéu kién
sau.
a. A= o B=1 va C=I
b. A=1, B=1 bt chip C
Giai
Du vao diéu kién cua bai toan ta co bang su that cia ham Y

>

—_— O =, O~ O~ OO0
—_—_0 o=, O O O

— e e— OO OO
—_—— O O = = O O

Rut gon ham:
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Y =AB+BC (H3.37)

Dé dung toan cong NAND tao ham, ta dung dinh 1y De Morgan, bién d6i ham Y:

Y=Y=AB+BC=ABBC
Va mach c6 dang (H 3.37)

2. Cho mach
A I>°
L
e =
~ v
=D
: |
o (H P3.38)
a./ Viét biéu thirc ham Y theo cac bién A,B,C.
b./ Rut gon ham logic nay

c./ Thay thé mach trén bang mot mach chi gdm cong NAND 2 nga vao
Giai

a/TacoY=ABC+ABC+A.BD
b./ Rut gon

Y=A.BC+AB.C+A.BD=B.C(A +A) +A.BD =B.C+A.BD = B(C+AD)

c./ V& mach thay thé dung cong NAND 2 ngi vio o
Trudc nhat ta vé mach tuong tmg ham rut gon, sau d6 dung bién do6i cong

A [[_}'I»’—_D’tl: ’”‘ﬁ[}’j}y
O i O A
—> 0 ’_‘[}—E[}
o 1>
(H P3.39)
3% 3% 3k
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BAI TAP

1. Thiét ké mach thyc hién cac ham sau ddy dung toan cong NAND 2 ngi vao:
a./ f(A,B,C) = 1 néu (ABC), 1a s6 chan.
b./ f(A,B,C) = 1 néu c6 it nhit 2 bién = 1.
c./ f(A,B,C) = 1 néu s6 nhi phan (ABC), > 5.
d./ f(A,B,C) = 1 néu sb bién co gia tri 1 12 s chan.
e./ f(A,B,C) = 1 néu c6 mot va chi mot bién = 1.

o
-NéuE=1 D=0 = P=1,C=0
-NéuE=1 D=1 = P=0,C=1
-NéuE=0 Dbatky = P=1,C=1

3. Ham logic F(A, B, C) thoa tinh chat sau day :
F(A,B,C) = 1 néu c6 mot va chi mot bién bang 1
a- Lap bang sy that cho ham F.
b- V& mach logic tao ham F.

4. Thiét Ké mach tao ham Y = A.B.C+AB.C+A.BC bang cac cong NAND 2 ngi vao

5. Ham F(A,B,C) xac dinh bdi bang sy that

>

a- Dung ban d6 Karnaugh rt gon ham F.
b- V& so d6 mach logic thyc hién ham F.
c- V& lai mach chi ding cong NOR hai nga vao.

—_—_—_—_0 O oo

—_—_o o~ r— o olw
—_o = o = o= o0
—_—— O = = O O~

6. Rut gon ham logic :

f(A,B,C,D) = 2(0,1, 2, 4, 5, 8), A = MSB. Ham khong xac dinh véi cac t6 hop bién (3,
7,10). ‘

Dung ) céng NOR it nhat dé thuc hién mach tao ham trén.

7. Ham f(A,B,C) =1 khi s6 bién = 1 1a s6 chén 7 ,
- Viét bicu thire logic cua ham f(A,B,C) theo t6 hop bién A,B,C.
- Dung cac cong EX-OR dé thuc hién mach tao ham trén.

8. Mot mach td hop nhan vao mot s6 nhi phan A=A3A,A 1A (AglaLSB)taoradngdraY &
mirc cao khi va chi khi 0010<A<1000. Hay thiét ké mach véi:

a) Cau trac NAND-NAND.

b) Toan cong NAND 2 ngi vio.
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9. Mot mach t6 hop nhan vao mot s6 BCD, c6 tén la X. Nga ra cua mach 1én 1 khi thdéa diéu
klén 110 <X 3510.
Hay thiét ké mach t6 hgp trén, dung toan cong NAND 2 nga vao.

10. Ham f(A,B,C,D) =1 khi co it nhat 3 bién = 1
- Viét biéu thire logic cua ham f(A,B,C,D) theo to hop bién A,B,C,D.
- Dung cac cong NAND 2 nga vao (s6 cong it nhat) dé thuc hién mach tao ham trén.
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Mach t6 hop IV - 1

CHUONG 4: MACH TO HQP

% MACH MA HOA

% Mach ma héa 2" duong sang n dudng
s% Mach tao ma BCD cho sd thap phan
3% MACH GIAI MA

% Mach giai ma n duong sang 2" dudng
# Mach giai ma BCD sang 7 doan

% MACH DA HOP VA GIAI PA HOP
% Khai niém

% Mach da hop

s Ung dung ctia mach da hop

# Mach giai da hop

# MACH SO SANH

% Mach so sanh hai s mot bit

% Mach so sanh hai s6 nhiéu bit

#% MACH KIEM / PHAT CHAN LE

% Mach phat chin 1¢

% Mach kiém chén 1é

Céc mach s6 dugc chia ra lam hai loai: Mach td hop va Mach tuan ty.

- Mach t6 hop: Trang thai nga ra chi phu thudc vao t6 hop cac ngd vao khi to hop nay
d3 on dinh. Nga ra Q ctia mach t6 hop 1a ham logic ctia cc bién ngi vao A, B, C . . ..

Q=1f(A,B,C..))

- Mach tuan ty : Trang thai ngi ra khong nhitng phu thudc vao to hop cac ngd vao ma
con phu thudc trang thai ngi ra truée do. Ta noéi mach tuan tu ¢ tinh nhé. Ngi ra Q: cua
mach tuan ty 1a ham logic cia cac bién nga vao A, B, C . . . . va ngi ra Q trudc do.

Q:=f(QABC. )

Chu()'ng nay nghién ciru mot s6 mach t6 hop thong dung théng qua viéc thiét ké mot

s6 mach don gian va khao sat mot s6 IC trén thuc té.

4.1. MACH MA HOA

Ma hoa la gan cac ky hiéu cho cac dbi tuong trong mot tap hop dé thuan tién cho vige
thyc hién mot yéu cau cu thé nao d6. Thi du ma BCD gan sb nhi phan 4 bit cho tung s6 ma
ctia sd thap phan (tir 0 den 9) dé thuan tién cho may doc mot s6 c6 nhiéu sé mi; ma Gray
dung tién loi trong viéc tdi gian cac ham logic . . .. Mach chuyén tir ma nay sang ma khac goi
la mach chuyén ma, cling dugc xép vao loai mach ma hoa. Thi du mach chuyen s6 nhi phan 4
bit sang s6 Gray 1a mot mach chuyén ma.
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4.1.1 Mach ma hoa 2" dwong sang n dwong

Mot sb nhi phan n bit cho 2" to hop sé khac nhau. Vay ta c6 thé dung s n bit dé ma
cho 2" ngi vao khac nhau, khi c6 mot nga vao dugc chon béng cach dua no 1én muc tac dong,
& ngi ra sé chi bao sd nhi phan twong tng. P6 1a mach mi hoa 2" duong sang n duong.

(H 4.1) 1a m6 hinh mdt mach ma hoa 2" duong sang n dudng.

- (H 4.1a) 1a mach c6 ngé vao va ra tac dong cao : Khi cac ngi vao déu ¢ mirc thép,
mach chua hoat dong, cac nga ra déu ¢ muc thap. Khi c6 mot ngd vao duogc tac dong béng
cach 4n khéa K tuong tng dé dua ngd vao d6 1én mirc cao, cac ngd ra s& cho s nhi phan
tuong ung.

- (H 4.1b) 12 mach c6 ngi vao va ra tac dong thip. Hoat dong tuong ty nhu mach trén
nhung c6 muc tac dong nguoc lai. (trong mé hinh (H 4.1b) ky hiéu dau o & nga ra dé chi muc
tac dong thap, con ¢ ngi vao khong c6 du o vi 1a mach that)

Trong truong hop ngi ra c6 muc tic dong thap, mudn doc dung s6 nhi phan & ngi ra,
ta phai dao cac bit dé doc.

oo Ve
_.lé__
% 1 ROR SR SRR
s 3 Al K
- i ' Al
Ma . B K l )
Héa A, K _
2 - 4 A p—
— 1 A | ]
L Mi
; Ag— Héa AL
_Ilé- T En—pn A L
- » 271 iy
Ab—
¥
1
ESRESE SESE K
= 271
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(H4.1)

Di nhién, nguoi ta cling c6 thé thiét ké theo kiéu ngd vao tac dong thip va ngi ra tac
dong cao hay nguoc lai. Trén thyc té, ta c6 thé c6 bit cir loai nga vao hay ra tac dong theo bat
ctr kiéu ndo (mirc cao hay thap).

Ngoai ra, dé tranh truong hop mach cho ra mot mé sai khi nguoi st dung vo tinh (hay
¢d V) tac dong déng thoi vao hai hay nhiéu ngd vao, ngudi ta thiét ké cac mach ma hoa uu
tién: 1a mach chi cho ra mot ma duy nhat c6 tinh vu tién khi c6 nhiéu ngi vao ciing dugc tac
dong.

4.1.1.1 Ma héa wu tién 4 dwong sang 2 dwong

Thiét ké mach ma hoa 4 duong sang 2 dudng, vu tién cho ma cd tri cao, ngd vao va ra
tac dong cao
Béng sy that va so d6 mach (H 4.2)

0 1 2 3 A Ao
1 0 0 0 0 0
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X 1 0 0 0 1

X X 1 1 0

X X X 1 1 1
Bang 4.1

Nhan thay bién 0 trong bang sy that khong anh hudng dén két qua nén ta chi v& bang
Karnaugh cho 3 bién 1,2 va 3. Luu y 13 do trong bang su that c6 cac truong hop bét chip cua
bién nén ung v6i mot tri riéng ctia ham ta co thé 0 dén 2 hoic 4 s6 1 trong bang Karnaugh.
Thi du véi tri 1 ctia ca 2 ham A; va Ay & dong cudi ciing dua dén 4 s6 1 trong cac 6 001, 011,
101 va 111 cua 3 bién 123.

Tir bang Karnaugh, ta c6 két qua va mach twong (mg. Trong mach khong c¢6 ngi vao
0, diéu nay duoc hiéu Ia mach sé& chi bao s6 0 khi khong tac dong vao ngi vao nao.

23 2%
1 oo o4 11 10 1 m o1 11 10

I N ) W ~
1@ 1) 1 [l ) o
Bo=3 + 31 Ay=2 +3 _D_’E“

(H4.2)

4.1.1.2 Ma hé6a 8 dwong sang 3 dwong

Chuing ta s€ khao sat mot IC ma hoa 8 duong sang 3 duong.

Trén thuc té khi ché tao mét IC, ngoai cac nga vao/ra dé thuc hién chuc nang chinh
ctia nd, nguoi ta thudng du tru thém cac ngd vao va ra cho mot sd chirc ning khac nhu cho
phép, ndi mach dé mo rong hoat dong cua IC.

IC 74148 13 IC ma héa uu tién 8 duong sang 3 duong, vao/ ra tac dong thap, cé cac
nga ndi mach dé mo rong ma hoa véi s6 ngd vao nhiéu hon.

Duéi day 1a bang su that ciia IC 74148, trong d6 E; nga vao n6i mach va cho phép, E
1a ngi ra ndi mach va G, ding dé ma rong cho s nhi phan ra.

Dua vao bang su that, ta théy IC lam viéc theo 10 trang thai:

- Céc trang théi tir 0 dén 7: IC ma hoda cho ra s6 3 bit

- Cac trang thai 8 va 9: ding cho viéc mé rong, s& giai thich rd hon khi ndi 2 IC dé mo
rong ma héa cho s6 4 bit

Trang Nga vao Ngara
thai E, 01 2 3 4 5 6| Ay A Ay G E,
7
9 l1 1 x x X X X X X 1 1 1 1 1
8 0 x 1 1 1 1 0
7 0 1 1 1 1 1 1 1 O 0 O 0 1
6 01 0O O 1 0 1
5 0 x X X X X X X 0 1 0 0 1
4 0 0 0 1 1 0 1
Nguyén Trung Lap
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) i Béng 4.2
(H 4.3) 1a cach nd1 2 IC dé thuc hién ma hoéa 16 duong sang 4 dudng
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(H 4.3)

- IC2 c6 E; =0 nén hoat dong theo céc trang thai tir 0 dén 8, nghia l1a ma hoa tur 0 dén
7 cho cac nga ra AyA Ay.

- IC1 ¢6 E; ndi v6i E, cia IC2 nén IC1 chi hoat dong khi tat ca nga vao dir li¢u cua
IC2 1&én muc 1 (IC2 hoat dong ¢ trang thai 8)

* Pé ma hoa cac sb tir 0 dén 7, cho cac ngd vao 8 dén 15 (tc cac nga vao dit lidu cua
IC2) 1én murc 1, IC2 hoat dong ¢ trang thai 8.

Luc d6 Ej; = Eq = 0: két qua 1 IC1 s& hoat dong & trang thai tir 0 dén 7, cho phép tao
mi cac sd tir 0 dén 7 (tir 111 dén 000) va IC2 hoat dong & trang thai 8 nén cic ngi ra
(A2A1Ag),= 111, day la didu kién mo cac cong AND dé cho ma s6 ra 1a BoB By = A,A A clia
IC1, trong lic d6 Bs = Gy = 1, ta dugc két qua tr 1111 dén 1000, tirc tir O dén 7 (téc dong
thap).

Thi du dé ma sb 4 , dua ngd vao 4 xubng mirc 0, cac ngd vao tir 5 dén 15 1én muc 1,
bat chép cac nga vao tu 0 dén 3, ma sb rala B;B,B1Bi=Gs;:B,B1By=1011, tirc s6 4

* Pé ma hoa cac sd tir 8 dén 15, cho IC2 hoat dong & trang thai tir 0 dén 7 (dua nga
vao tng véi s mudén ma xudng thap, cic ngi vao cao hon 1én mirc 1 va cic ngi vao thap hon
xubng mirc 0), bat chdp cic ngd vao dir liéu ctia IC1 (cho IC1 hoat dong & trang thai 9), nén
cac ngad ra (A,A1Ap) =111, day la diéu kién mé& cac céng AND dé cho ma sb ra 1a B,BBo=
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AsA A cua IC2, , trong lic d6 Bs = Gy = 0, ta duoc két qua tir 0111 dén 0000, tirc tir 8 dén
15.

Thi du dé ma s 14, dua ngé vao 14 xudng mirc 0, dua nga vao 15 1én muc 1, bat chap
cac nga Véq tr 0 dén 13, ma s@ ra la B;B,B1Bg = G B,B1Bo = 0001, tirc s6 14

Muon c6 nga ra chi s6 nhi phan ding véi ngd vao duoc tac dong ma khong phai dao
cac bit ta c6 thé thay cac cong AND bang cong NAND

4.1.2 Mach tao ma BCD cho s6 thiap phan

Mach gém 10 ngi vao tuong trung cho 10 s thap phan va 4 ngi ra 1 4 bit cua sb
BCD. Khi mét nga vao (tuong trung cho mot sb thap phan) dugc tic dong bang cach dua lén
murc cao cac ngi ra sé cho s6 BCD tuong ting

Béang sy that ciia mach:

Trang thai cac nga vao Mai sb ra

9 87 65 4 3 2|1A A A
1 0 Ay

0 00 0 0 0 0 O] O 0 0
0 1 0

0 00 0 0 0 0 O] O 0 0
1 0 1

0 00 0 0 0 0 1] 0 0 1
0 0 0

0 00 0 0 0 1 OO 0 1
0 0 1

0 00 0 0 1 0 O] O 1 0
0 0 0

0 00 0 1 0 0 O] O 1 0
0 0 1

0 00 1 0 0 0 O] O 1 1
0 0 0

0 01 0 0 0 0 O] O 1 1
0 0 1

0O 1.0 0 0 0 0 Of 1 0 0
0 0 0

1 00 0 O O O Of 1 0 0
0 0 1

Bang 4.3
Khéng can bang Karnaugh ta ¢ thé viét ngay cac ham xac dinh céc ngi ra:
Ay =1+3+5+7+9 A =2+3+6+7
Ay =4+5+6+7 A3 =8+9
Mach cho ¢ (H 4.4)
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- S pm e wa P e

(H4.4)
i bé tao ma BCD uu tién cho s0 16n, ta viét lai bang su that va dung phuong phép dai so
dé don gian cac ham xac dinh cac ngara Az, Az, Ay, Ao

Trang thai cac nga vao Mi s6 ra

9 8 7 6 5 4 3 2] A A A
1 0 Ay

0O 00 0 0 0 0 o0} O 0 0
0 1 0

0O 00 0 O 0 O0 o0} O 0 0
1 x 1

0O 00 0 O 0 O0 1] 0 0 1
X X 0

0O 00 0 0O 0 1 x| O 0 1
X X 1

0O 00 0 O 1 x x| O 1 0
X X 0

0O 00 0 1 x x x| O 1 0
X X 1

0 00 I x x x x| O 1 1
X X 0

0 01 x x x x x| O 1 1
X X 1

0 1 x x x x x x| 1 0 0
X X 0

I x x x x x x x| 1 0 0
X X 1

Bang 4.4
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=9+ (7+56.7+3.456.7+1.23.456.7)89

Mach cho ¢ (H 4.5)

(H4.5)

4.1.3 Mach chuyén ma

Mach chuyén tor mot ma nay sang mot ma khac ciling thudc loai ma hoa.
#®Mach chuyén ma nhi phan sang Gray

Thir thiét ké mach chuyén tir ma nhi phan sang ma Gray ctia s6 4 bit.

Trudc tién viét bang sy that ciia s6 nhi phan va sé Gray tuong tng. Cac sb nhi phan la
cac bién va cac s6 Gray s& 1a ham cua céc bién do.
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A B [C |D - XY | Z|T
0O 0 0 0 - 0O 0 0 O
0O 0 0 1 N 0O 0 0 1
0O 0 1 0 N 0O 0 1 1
0O 0 1 1 N 0O 0 1 0
o i ot 2 Johiiln
_)
o i il 2 ool
1 0 0 0 ~ {1 1 .0 0
1 0 0 1 - 1 1 01
1 0 1 0 - 1 1 1 1
1 0 1 1 - 1 1 1.0
1 1 0 0 - 1 0 1 . 0
1 1 0 1 - 1 0 1 1
1 1 1 0 - 1 0 0 1
1 1 1 1 - 1 0 0 O
%
Bang 4.5
Dung bang Karnaugh dé xac dinh X,Y,Z, Ttheo A,B,C,D
Quan sat bang su that ta thiy ngay: X=A,

Vay chi can lap 3 bang Karnaugh cho cac bién Y, Z, T (H 4.6 a,b,c) va két qua cho &
(H4.6d)

cD D D

AES. gg o1 11 10 AB 0o o1 11,10, AB 00 01 11 10
00 X |V o T [m
011 [1 [ 1 [ 1) 01 ({_—ﬁ 01 1 1

11 11 h_ﬂ 11 1 1
MK EEERE 10 ﬁ_ﬂ 10 1) 1)

¥ =AE +AE = ADR Z=BC+BC =B&C T=CD+CD=C&D

(a) (b) (©)

D
c Dﬁz
D DﬁT

(H4.6) (d)
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4.2 . MACH GIAI MA

4.2.1 Giai ma n duwong sang 2" duwong
4.2.1.1 Giai ma 2 dwong sang 4 dwong:

Thiét ké mach Giai ma 2 duong sang 4 dudng c6 nga vao cho phép (ciing duoc dung
dé ndi mach)

Dé don gian, ta xét mach giai ma 2 duong sang 4 duong c6 cic ngi vao va ra déu tc
dong cao .

Béng sy that, cac ham nga ra va so dd mach:

Vo R a Y,=G.A1Aq
G A1 Ao Y() Y1 YZ Y3
O x x |0 0 0 0 Y, =G.AA,
1 0 o0/, 1 o0 0 0 o
1 0 1,0 1 0 0 Y. =G.A_ A
1 1 o]0 o 1 o0 2 R0
1 1 1,0 o o 1 _
Y3—G.A1AO
00
& T
Ky higu:
e —
— Ay Yo
= — R
—%
3 D "3

(H4.7)
4.2.1.2 Giai ma 3 dwong sang 8 duwong

Dung 2 mach giai ma 2 dudng sang 4 dudng dé thuc hién mach giai mi 3 duong
sang 8 duong (H 4.8)

Vao R a
A; Al Ay | Yo Yi Yo Y3 Y4 Ys Y Yy
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1
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Quan sat bang sy that ta thdy: Trong cac t6 hop s6 3 bit c6 2 nhom trong d6 cac bit
thap AIAO hoan toan glong nhau, mot nhom coO bit A, = 0 va nhém kia ¢c6 A, = 1. Nhu vay ta
¢6 thé dung ngd vao G cho bit A, va mic mach nhu sau.

An sy Tol—To
. .
A A

it I>°_G Wy s

A o pb— 4
.
ol v
G v
Fidim33 —35
(H4.8)

Khi A;=G=0, IC1 giai ma cho 1 trong 4 ngi ra thip va khi A,=G=1, IC2 giai mi cho 1
trong 4 nga ra cao

Trén thi truong hién c6 cac loai IC gidi ma nhu:

- 74139 1a IC chtra 2 mach gidi ma 2 duong sang 4 duong, c6 nga vao tac dong cao,
céc ngd ra tac dong thap, ngad vao cho phép tac dong thip.

- 74138 1a IC giai ma 3 duong sang 8 dudng cd nga vao tac dong cao, cac nga ra tac
dong thap, hai ngd vao cho phép Gaa va Gop tac dong thap, G, tac dong cao.

- 74154 1a IC giai méa 4 dudng sang 16 duong c6 ngé vao tac dong cao, cac ngé ra tac
dong thap, 2 ngd vao cho phép E; va E, tac dong thip

Duéi day la bang sy that ctia IC 74138 va cach ndi 2 IC dé mo rong mach giai mi 1én
4 duong sang 16 duong (H 4.9)

Vao Ra

Ch phép D

0 liéu
Gy G, |[C B A|Yy Yr Y2 Y3 Yy Ys Y¢ Y7
X H x| x| x| H| H H H H H H H
L X x| x| x| H| H H H H H H H
H L L/ L L|L  H| H H  H|H | H  H
H L L/L H|H L H H H |  H | H | H
H L L H L|H H L H H |  H |  H | H
H L L H H|{H H | H L  H H| H H
H L H/L|IL|H|H | H |  H L H H H
H L H/ILIH|H| H H H | H L H  H
H L HH|L|H|H |  H| H H  H L H
H L H|H H H H| H| H H | H | H L

Ghi chtt G, =Ga+Gap , H= 1, L =0, x: bat chap
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o C E A
N .
[ —
C B A GuGxpl C B A G uGpG

o S I = T O O VR RS I = R R R

FTTrrIrrrnr 111111711

Yoo\ Y2 Yo Ya Y5 g TT My Yo M0 M1 W2 YA M4 M5
(H4.9)
Mot ung dung quan trong cia mach gidi ma 1a dung gidi ma dia chi cho b nh¢ ban

dan.

Ngoai ra, mach giai ma két hop v6i mot cong OR co thé tao duge ham logic.
Thi du, thiét ké mach tao ham Y=f(A,B,C)=ABC + ABC + ABC + ABC

Véi ham 3 blen ta dung mach giai ma 3 duong sang 8 duong. 8 ngd ra mach giai ma
tuong (mg vaoi 8 t6 hop bién cua 3 blen cac ngé ra tuong ung voi cac t6 hop bién co trong
ham s€ 1én muc 1. V6i mot ham da viét duéi dang tong chuan, ta chi cAn ding mot cong OR
6 sb nga vao bang v6i s6 t6 hop bién trong ham ndi vao céc ‘nga ra tuong Umg cua mach giai
mi dé cong cac to hop bién co trong ham lai ta s& dugc ham can tao.

Nhu vay, mach tao ham trén c6 dang (H 4.10)

y |AES

EC

A a4 BEC

E—E EC
C—C E
E

(H4.10)
Di nhién, v6i nhimg ham chwa phai dang tong chuan, ching ta phai chuén héa. Va néu
bai toan co6 yéu cau ta phai thuc hién viéc doi cong, bang cach dung dinh 1y De Morgan.

4.2.2 Giai ma BCD sang 7 doan

4.2.2.1 Dén 7 doan

?éy la loai dén dung hién thi cac sb tir 0 dén 9, dép gém 7 doan a, b, c, d, e, f, g, bén
dudi moi doan 1a mdt led (dén nhd) hodc mot nhém led mac song song (den 16m). Qui ude cac
doan cho boi (H 4.11).

fl g b
e c
d
(H4.11)

Khi mot td hop cac doan chay sang sé tao dugc mot con ) thap phan tir 0 - 9.
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(H 4.12) cho thiy cic doan nio chay dé thé hién cac s6 tir 0 dén 9

a a a a a a a a
f h b g b g hf| g |hf g f g b { g b f g b
e C C B C C C B C C B C C
d d d d d d d
0 1 2 3 4 5 6 7 8 9
(H 4.12)

bén 7 doan cling hién thi dugc mot s& chit cai va mot sb ky hiéu dac biét.
Co hai loai dén 7 doan:

- Loai catod chung (H 4.13a), dung cho mach giai ma cé nga ra tdc dong cao.
- Loai anod chung (H 4.13b), dung cho mach giai mi c6 nga ra tac dong thap.

a b c d e f q

EEIEILINITTIIIE

s

(a) (H 4.13) (b)

4.2.2.2 Mach giai ma BCD sang 7 doan :

Mach c6 4 nga vao cho s6 BCD va 7 nga ra thich ing véi cac ngd vao a, b, c,d, e, f, g
ctia led 7 doan, sao cho cic doan chay sang tao duoc sb thap phan dung véi ma BCD & nga
vao.

Béng sy that ctia mach gidi ma 7 doan, c6 nga ra tdc dong thép:

S6 Nga vao Nga ra

TP | D C B A a b c d e f g
0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 1 1 0 0 1 1 1 1
2 0 0 1 0 0 0 1 0 0 1 0
3 0 0 1 1 0 0 0 0 1 1 0
4 0 1 0 0 1 0 0 1 1 0 0
5 0 1 0 1 0 1 0 0 1 0 0
6 0 1 1 0 0 1 0 0 0 0 0
7 0 1 1 1 0 0 0 1 1 1 1
8 1 0 0 0 0 0 0 0 0 0 0
9 1 0 0 1 0 0 0 0 1 0 0

Bang 4.6

Dung Bang Karnaugh hodc c6 thé don gian truc tiép voi cac ham chia it t6 hop, ta co
két qua:
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a=DB(CA +CA)
b =CBA + CBA

c=DCBA
d= DCBAL+ CBA +CBA
e=A+CB

f =CB+BA +DCA

g=DCB+CBA

Tir céc két qua ta c6 thé v& mach giai ma 7 doan dung cac cong logic.
Hai IC thong dung dung dé giai ma BCD sang 7 doan la:

- CD 4511 (loai CMOS, nga ra tac dong cao va c6 dém)

- 7447 (loai TTL, ng ra tac dong thap, cuc thu dé ho)

Chung ta khao sat mot IC giai ma BCD sang 7 doan : IC 7447

Béng su that ctia 7447:
Vao H Ra
S6/ BI
Him |[LT RB D C B A|J(({1)] a b c d e f g
I RBO
0 1 1 0 0 0 0 1 0 0 0 0 0 0 1
1 1 X 0 0 0 1 1 1 0 0 1 1 1 1
2 1 X 0 0 1 0 1 0 0 1 0 0 1 0
3 1 X 0 0 1 1 1 0 0 0 0 1 1 0
4 1 X 0 1 0 0 1 1 0 0 1 1 0 0
5 1 X 0 1 0 1 1 0 1 0 0 1 0 0
6 1 X 0 1 1 0 1 1 1 0 0 0 0 0
7 1 X 0 1 1 1 1 0 0 0 1 1 1 1
8 1 X 1 0 0 0 1 0 0 0 0 0 0 0
9 1 X 1 0 0 1 1 0 0 0 1 1 0 0
10 1 X 1 0 1 0 1 1 1 1 0 0 1 0
11 1 X 1 0 1 1 1 1 1 0 0 1 1 0
12 1 X 1 1 0 0 1 1 0 1 1 1 0 0
13 1 X 1 1 0 1 1 0 1 1 0 1 0 0
14 1 X 1 1 1 0 1 1 1 1 0 0 0 0
15 1 X 1 1 1 1 1 1 1 1 1 1 1 1
(2) X X X X X X 0 1 1 | 1 1 1 1
3) 1 0 0 0 0 O 0 1 1 1 1 1 1 1
4) 0 X X X X X 1 0 0 0 0 0 0 0
Ghi chu:

1. BURBO duoc ndi theo kiéu diém AND bén trong IC va dugc dung nhu ngd vao xoa
(Blanking Input, BI) va/hoac nga ra x6a dgn song (Ripple Blanking Output, RBO). Nga vao
BI phai duoc dé ho hay giit & mic cao khi can thuc hién giai ma cho sb ra. Ngi vao xoa don
song (Ripple Blanking Input, RBI) phai dé ho hay ¢ mic cao khi mudn doc s 0.
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2. Khi dua ngi vao BI xudng thap, nga ra 1én 1 (khong tac dong) bat chap cac ngd vao
con lai. Ta néi IC 1am viéc duéi diéu kién bi ép budc va day la trudng hop duy nhét BI giit
vai tro nga vao.

3. Khi ngd vao RBI & muc 0 va A=B=C=D=0, tit ca cac ngi ra ké ca RBO déu xudng
0. Ta néi IC lam viéc dudi diéu kién dap tng.

4. Khi BI/RBO dé ho hay duoc gitt & mirc 1 va ngd vao thir dén (Lamp test, LT)
xudng 0, tat ca cac led déu chay (nga ra xudng 0).

Duya vao bang sy that va cac ghi cha 7447 1a IC giai ma BCD sang 7 doan c6 diy du

cac chirc ning khac nhu : thir dén, x6a s6 0 khi né khong c6 nghia. Ta c6 thé hiéu r& hon
chirc nang nay voi thi du mach hién thi mot két qua cé 3 chir s6 sau day: (H 4.14)

+— ab fg HEH::'+|'—T ab .fg ;HED+LT ab .fg |RE O

et el s,

T 1
—_—— —_— —_——
Tram Chuc Ban i

(H4.14)

Van hanh cta mach c6 thé giai thich nhu sau:

- IC hang don vi ¢6 ngé vao RBI dua 1én muc cao nén den s6 0 hang don vi ludn luén
duoc hién thi (dong 0 trong bang su that), diéu nay 1a can thiét dé xac nhan rang mach vin
chay va két qua giai ma 1a s6 0.

- IC hang chyc ¢6 nga vao RBI nbi véi ngd ra RBO cua IC hang trim nén s6 0 hang
chuc chi duoc hién thi khi s6 hang tram khéc 0 (RBO=1) (dong 0 den 15).

- IC hang trim c6 ngd vao RBI dua xubéng mirc thap nén sb 0 hang trim ludn ludn tat
(dong ghi chu 3).

4.2.2.3 Hién thi 7 doan bang tinh thé 16ng (liquid crystal displays, LCD)

LCD gbém 7 doan nhu led thudng va c¢6 chung mot cuc nén (backplane). Khi cé tin
hiéu xoay chiéu bién d6 khoang 3 - 15 Vrms va tan sb khoang 25 - 60 Hz ap giita mot doan va
cuc nén, thi doan d6 dugce tac dong va sang 1én.

Trén thuc té nguoi ta tao hai tin hiéu nghich pha gitra nén va mot doan dé tac dong cho
doan do chay.

Dé hiéu duoc cach van chuyén ta ¢ thé dung IC 4511 két hop véi cac cong EX- OR dé
thiuc LCD (H 4.15). Cac ngé ra cta IC 4511 (Giai mé BCD sang 7 doan, tac dong cao) nbi vao
cac ngd vao cua cac cong EX-OR, ngi vao con lai nbi vé6i tin hiéu hinh vudng tan sb khoang
40 Hz (tan s6 thip c6 thé gy ra nhap nhay), tin hidu nay ddong thoi duoc dua vao nén. Khi
mot nga ra mach giai ma lén cao, nga ra céng EX-OR cho mot tin hiéu dao pha voi tin hi¢u ¢
nén, doan tuong ing xem nhu nhan dugc tin hi¢u c6 bién do gép doi va s€ sang 1én. Vi cac
ngd ra mach giai ma & muc thap,
ngi ra cong EX-OR cho mét tin hiéu cting pha véi tin hiéu & nén nén doan twong mg khong
sang.
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Nguoi ta thuong dung IC CMOS dé thic LCD vi hai ly do: ,
- CMOS tiéu thu nang luong rat thap phu hop véi viée dung pin cho céac thiét bi dung
LCD.
- Mirc thap ctia CMOS dat tri 0 va tin hiéu thac LCD s& khong chira thanh phan mot
chi€u, tudi tho LCD duoc kéo dai. (Mure thap cua TTL khoang 0,4 V, thanh phan DC nay lam
gidm tuoi tho cua LCD).

BZD — 7 doan
o
4511
=
o—D
=
¢ —le >
BE—]E d e ——.
o
e D:: Lco —
’7——-
HL
q J
— =,
NNewr =T

(H 4.15)

4.3 MACH DA HOP VA MACH GIAI DA HOP

4.3.1.Khai niém

Trong truyén dir liéu, dé tiét kiém dudng truyén, nguoi ta dung mot duong day dé
truyén nhiéu kénh dir liéu, nhu vay phai thuc hién viéc chon nguén dir li¢u nao trong cac
ngudn khac nhau dé truyén.

Mach da hop hay con goi 1a mach chon dir liéu s€ lam cong viéc nay.

O noi thu, dit liéu nhan duoc phai dugc chuyén téi cac dich khac nhau, ta can mach
phan bd dit liéu hay giai da hop (H 4.16).

z Dich

N;#u:-n 1
Fagnin Dz [P+ Dif  Dp Bich

2 1 'I\ /1! 2
hguan 4T T— Fich

3 D3 D4 Dy D:3 2
N;Ii-i:n {1”1

(H4.16)
4.3.2 Mach da hop

Con dugc goi l1a mach chon dir ligu, g@)m 2" ngd vao dir liéu, n ngd vao dia chi (hay
diéu khién) va mot ngi ra. Khi c6 mot dia chi duoc tac dong dir liéu ¢ nga vao twong tmg véi
dia chi do sé€ duoc chon.

- Thiét ké mach da hop 4—1

Mach c6 4 ngi vao dir liéu Dy . . . . D3, 2 ngd vao diéu khién AB vangira Y
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Bang su that:

A B|] Y
0 0] Do
0 1| Dy
1 0| D
1 1] Ds
Tu bang sy that ta c6 ham Y nhu sau:
Y=ABD,+ABD,+ABD,+ABD,
Va mach cé dang (H 4.17)
A E
Cdra B
5 L
0 !_F-"’l _D-I MK '
[ AED d—1—
g . ~ 1 v —C:
AE
22 = " hs
N [ ABDg ]
B — )
(H4.17)

Néu chiu kho quan sat ta s& thiy mach da hop 4—1 c6 thé dugc thiét ké tir mach giai
mi 2 dudng sang 4 duong trong d6 nga vao cho phép G di duogc tach riéng ra dé 1am ngi vao
dir liéu (Do . . . . D3) va ngd vao dir liéu ciia mach giai mi da tré thanh nga vao diéu khién cua
mach da hop (A, B)

(H 4.18) 1a ky hiéu mot mach da hop voi 8 nga vao dir liéu, 3 nga vao diéu khién va 1
nga ra, ta goi la da hop 8 — 1.

5 Béng su that:
D" A B C| Y
D; 0 0 0| D
—p; MUX | v=fiaB.C) 0 0 1 D,
o 8—1 | 01 0| D,
D 0 1 1| Dy
—log 1 0 0| D
— 1, 1 0 1| Ds
PR 1 1 0| Dg
\ 1 1 1| D,

(H 4.18)

Mot da hop 8 — 1 ¢6 ngd ra Y quan hé véi cac ng vao dir liéu va diéu khién theo ham

Y =ABCD,+AB.CD,+ABCD,+ABCD,+ABCD,+ABCD,+ABCD, +ABCD,

4.3.3 Ung dung mach da hop

Ngoai chtrc nang chon dir 1iéu mach da hop con dugce dung dé:
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4.3.3.1 Bién chudi dit liéu song song thanh néi tiép:

Mot mach da hop két hop véi mot mach dém sé& bién chudi dir liéu song song & ngi
vao thanh chudi dir liéu noi ti€p ¢ ngad ra (H 4.19)

s
oo ul
liéu D1 Co
: CMUKE 1 liéu
vao ' Y 3
song) —Dg néi
—1In N
el T B A tigp

G——d 9% D

ﬂ_ﬂ_ 2em

—"

(H 4.19)

4.3.3.2 Tao chudi xung tuin hoan :

Néu cho dir lidu vao tuan hoan, dit lidu ra ndi tiép ciing tuan hoan, nhu vy chi can dat
trudc cac ngd vao thay dbi theo mot chu ky nao d6 ta s& duoc chudi xung tudn hoan & ngi ra.

4.3.3.3 Tao ham:
% Mot da hop 2" — 1 ¢6 thé tao ham n bién bang cach cho cac bién vao ngi vao diéu
khién va cho tri riéng cua ham vao cac ngé vao dir ligu.
Thi du: Dé tao ham 3 bién bang da hop 8—1 ta viét lai biéu thirc ctia da hop
Y =ABCD,+AB.CD,+ABCD, +ABCD,+ABCD, +ABCD, +ABCD, + ABCD,

So sanh voi biéu thire cia ham viét dudi dang trién khai theo dinh 1y Shanon thtr nhat
f(A,B,C) = A.B.Cf(0,0,0)+ A.B.Cf(0,0,1) + ABCf(0,1,0) + ABCf(0,1,1)+ AB.Cf(1,0,0)

+ ABCf(1,0,1) + ABCf(1,1,0) + ABCf(1,1,1)
Ta dugc két qua:
Dy =1(0,0,0); D;=10,0,1),. . . .. ... ... D¢ = 1(1,1,0) va D; =1(1,1,1)
Thi du: Tao ham:
Y =f(A, B,C) = A.B.C+ABC+ABC+ABC+ABC
Ta théy Do=D>,=D;=Ds=D-=1 pén cac nga vao nay dugc ndi 1én nguén, cac nga vao
con lai D;=D4=D¢=0 nén dugc dua xudng mass (H 4.20).

Yoo ¢
f(0,0,0) —Dg Do
f(0,0.1] —— D4 D
f(0.,1,0)—p, o
f0,1.1] — Dy MUX Y=flA.B.C] D:Z} MUX Y=f(A,B.C)
f[1,l:l,l]]—[)_‘1 g—1 Dy 8— 1 - -
f(1.0.1) —Dg Dg
f1.1,0) —— Dg Dg
f1.1.1] — Dy D7
A B C 77 A B C

»— —

B——m B

cC———4 C

(H 4.20)
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% Mot da hop 2" — 1 két hop véi mot cong NOT c6 thé tao ham (n+1) bién. Thi dy :
Tao ham F, = AB+ABC+BC + AC dung da hgp 4 — 1 va cong NOT
Giai

Da hop 4 sang 1 thyc hi¢n ham: Y = ABD,+ABD, +ABD, + ABD,
Chuén hoa ham F; : F,=ABC+ABC+ABC+ABC+ABC
Pé Y =F ta phai co: D,=C;D,=C;D,=1,D,=C

G o
|_[>° oy Fi

+ Lz

B |
L}
(H4.21)

Trén thuc té, ta c6 du cac loai mach da hoptr 2 —> 1 (IC 74157),4 — 1 (IC 74153), 8
— 1 (IC 74151) va 16 —> 1 (74150) .. ..

Ngoai ra, dé chon dit liéu 1 cac ngudn tin hiéu twong tu, ta ciing co cac da hop tuong
tu voi tén goi khoa twong tu (analog switch), duoc ché tao theo cong nghé MOS nhu IC 4051
(8 kénh) IC 4053 (2 kénh). . . . Cling c6 loai khéa str dung dugc cho ca tin hi€u tuong tu va
s6 (bilateral switches) nhu IC 4016, IC 4066,. . ma sinh vién c6 thé tim hiéu, st dung dé dang
khi c6 bang tra k¥ thuat.

4.3.4 Mach giai da hop

Mach giai da hop thuc chit 1a mach giai ma trong d6 nga vao cho phép tré thanh ngi
vao dir liéu va ngd vao ctia to hop sb nhi phan trd thanh nga vao dia chi.

Trén thi truong, ngudi ta ché tao mach giai ma va giai da hop chung trong mét IC, tuy
theo diéu kién ma str dung. Thi du IC 74138 1 IC Giai mi 3 sang 8 dudng dong thoi 13 mach
gididahop 1 — 8.

Khi sir dung IC 74138 1am mach giai da hgp, nguoi ta dung mdt nga vao cho phép lam
ngi vao dir liéu va cac ngd vao sd nhi phan 1am nga vao dia chi. (H 4.22a) 14 IC 74138 ding

giai da hop voi nga vao dir liu 1a G,, . (H 4.22b) 1a dang dir li¢u vao G,, vara ¢ Y, (vi
CBA=000), cac nga ra khac (Vl—Y_7 ) & muc cao.

D ligu
vao

l_ 1 |+5‘u"
%008 e | UL
7777y e-JHU L
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4.4 MACH SO SANH

4.4.1 Mach so sanh 2 s 1 bit

Trudc tién ta thiét ké mach so sanh hai sb 1 bit.
Béng sy that ciia mach so sdnh mdt bit c6 nga vao cho phép (ndi mach) G :

G a b S (a>b) [(a<b)  E (a=b)
0 X X 0 0 0
1 0 0 0 0 1
1 0 1 0 1 0
1 1 0 1 0 0
1 1 1 0 0 1
Bang 4.7
G
a _ﬁ_j S Ky hieu:
b
s=Gjab) :D_D—E __1a6 s
FG(ab)_ —p
E=G|a®b) = Gi5+]) _D I
(H 4.23)

Tur mach so sanh 1 bit ta c6 thé mé rong dé so sanh nhiéu bit.

4.4.2 Mach so sanh 2 s nhiéu bit

Dé so sanh 2 s nhiéu bit, trude tién nguoi ta so sanh 2 bit cao nhat (MSB), két qua
16n hodc nhé hon do 2 bit nay quyét dinh, néu 2 bit MSB bang nhau ngudi ta so sanh 2 bit co
trong s6 thip hon tiép theo va két qua duoc quyét dinh theo cach twong tu nhu ¢ 2 bit MSB. .
... Su so sanh dugc lap lai cho dén bit LSB dé duoc két cubi cung.

Duéi day 1a so d6 mach so sanh 3 bit (H 4.24).

1

— 15 G 5
a &
i @ E
=P
——
— g G 5
a a
2
b®E \ I
DE_ | ]
———
—1a b 5
a a
1
® E -
b1—b I

(H 4.24)
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- IC 1 so sanh 2 bit cao (a3 & b3) nén nga vao cho phép dugc dua 1én mure cao, néu két
qua bang nhau, nga ra E cta n6 1én cao, cho phép IC 2 so sanh, néu két qua lai bang nhau, nga
ra E cta IC 2 1én cao cho phép IC 3 so sanh, két qua bang nhau cudi cung chi béi ngi ra E cia
IC 3.

- Céc ngd vao cong OR nhan tin hiéu tir cac ngd ra S (hodc I) s& cho két qua 16n hon
(hodc nho hon) tiy vao két qua so sanh & bat ctr bit ndo. That vay khi c6 mot két qua 16n hon
(hodc nho hon) thi S (hodc I) 6 mét IC 1én cao, cac ngd ra E va I (hoac S) cua cac IC khac
bang 0, day 1a diéu kién mo cong OR dé cho két qua so sanh xuét hién & mot trong cac cong
OR nay.

Trén thi trudng c6 san loai IC so sanh 4 bit 7485 c6 ngi ndi mach dé mé rong viéc so
sanh cho sb nhiéu bit hon.

Bang su that cua IC 7485

Trang | Nga vao SO sanh Vao ndi mach ra
thai A3Bs  Ax,Bo ALB;r ApBy | A’>B’ A’<B’ A’=B’| A>B A<B A=B
1 A3>Bs3 X X X X X X 1 0 0
2 Ajz< X X X X X X 0 1 0
3 B; Ax>B, X X X X X 1 0 0
4 Az= A< X X X X X 0 1 0
5 B3 B2 A1>B 1 X X X X 1 0 0
6 Asz= Ay= A< X X X X 0 1 0
7 B; B> B, Ay>By X X X 1 0 0
8 Asz= Ay= A= A< X X X 0 1 0
9 B3 B2 B1 Bo 0 0 1 0 0 1
10 A3— A2: Al— A()— 1 0 0 1 0 0
11 B3 B, B, By 0 1 0 0 1 0
A3— A2: Al— A()—
B3 B, B, By
Az= Ar= A= Ag=
B3 B> B, Bo
A3— A2: Al—
B3 B, B,
A3— A2=
B3 B,
A3=
B

Bang 4.8

Dua vao bang su that, ta thay:

- Khi dung IC 7485 dé so sanh 2 sd 4 bit ta phai giir ngd vao ndi mach A’=B’ ¢ mirc
cao, hai ngd vao ndi mach con lai & mic thap, nhu vay IC méi thé hién dugc két qua cua trang
thai 9.

- Khi so sanh 2 sb nhiéu bit hon ta phai ding nhiéu IC 7485 va ndi ngi ra cta IC so
sanh bit thap vao ngd vao ndi mach tuwong mg cua cac IC so sanh cac bit cao hon va IC so
sanh céc bit thip nhat c6 ngd vao ndi mach duoc mac nhu khi ding riéng 1é. Bé doc duoc két
qua so sanh ta phai quan tam tdi cac trang thai 9, 10 va 11 trong bang su that.

(H 4.25) cho ta cach mac 2 IC 7485 dé so sanh 2 s6 nhi phén 8 bit:

Nguyén Trung Lap

KY THUAT SO



Chuong 4

Mach t6 hop IV - 21

Bz —B; A>B
Bg—Bs A<B Out
Bs — By A=B

By—Bg 7485 —
A lay @l

iﬁ—ﬂz A'<B'
E—A AI=BI
Aq—.ﬁa

B3_ B3 A»B
By — By A<B
B —B,4 A=B

Bop—{Bg 7485
a3—ag @ e

Az —Ap A'<B"

A‘l —A A'=B'

iV =
(H 4.25)

Thi du :

a. So sanh hai s6 A7 ....A0=10101111 vaB7....B0=10110001

IC 2 so sanh cac bit cao A5 . A4 =1010vaB;...B4=1011 co A7— B, A¢=Bs, As=
Bs va A4<By4 cho nga ra A<B =1 bat chap trang thai cua cac ngd vao nbi mach (trang thai 8).
Diéu nay c6 nghia 1a khi IC so sanh bit cao thay co két qua khac nhau giita 2 sb bit cao thi
khong quan tam toi két qua cia bit thap.

b. So sanh hai s6 A7 ....Ag=10101111va B;....By=10101001

Trong trudng hop nay két qua hai sd bit cao bang nhau nén IC 2 nhin vao ngi vao ndi
mach dé xem két qua so sanh ctia IC1 (so sanh bit thip), A3A,A1Aq =1111>B;3B,B;By = 1001
nén ngd ra A>B = 1 dé chi két qua so sanh cua 2 sb 8 bit (trang thai 10).

4.5 MACH KIEM / PHAT CHAN LE

Do yéu cau kiém sai trong truyén dit lidu, ngudi ta c6 phuong phap kiém tra chén 1é.
Trong phuong phap nay, ngoai cdc bit dir liéu, ngudi ta thém vao 1 bit kiém tra sao cho tong
s0 bit 1 ké ca bit ki€m tra 1a s6 chan (KT chan) hoac 1¢ (KT 1¢)

|1 0 1 1.0 0 1] 1 <« Bitchinléthémvao (KT I¢)

(1717070 1[0 1] 0 | «Bitchinlé thém vio (KT chin)

O noi thu, mach kiém tra chin 1& s& kiém tra lai s6 s6 1 c6 trén tat ca cac bit dé biét
dong dir liéu nhan dugc ding hay sai.

Véi phuong phap nay may thu s€ co két luan dung khi sd bit 101 1a sb 16. Nhu vay
phuong phap chi cho két qua dung voi xac suit 5 0%, tuy nhién vi xac suat dé mot 16i xay ra 1a
rat nho nén phuong phap van dugc sir dung phd bién trong mot sé hé truyén thong.

4.5.1 Mach phat chéin 18 (Parity Generator, PG)

Ta s& xét truong hop mach c6 4 bit dir ligu. N
Mach c6 4 nga vao dir licu A, B, C, D va 1 nga vao chon chan 1¢ S
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- Giai doan 1: Thiét ké mach ghi nhan s bit 1 1a chén hay 1é

Gia sir ta mudn c6 mach bao két qua Y=1 khi s bit 1 1a 1é va Y=0 khi nguoc lai.
Loi dung tinh chat cta cong EX-OR c6 ngi ra =1 khi s6 sb 1 & ngd vao 1a 1é. Vi 4
ngi vio, ta ding 3 cong EX-OR dé thyc hién mach ghi nhan nay:

Y =(A®B)®(C®D)

A

.
N

—-

O

(H 4.26)
- Giai doan 25 Thiét ké phan mach tao bit chin 1é P theo sy diéu khién cua nga vao S
Ggé sur ta muon co y
Tong so bit 1 cia A, B, C, D, Plalé¢ khi S=1 va chan khi S=0

S S bit 1 cia ABCD Y p
0 Leé 1 1
0 Chan 0 0
1 Leé 1 0
1 Chan 0 1
Bang 4.9
Béng 4.9 cho két qua: P=S®Y
Vay mach c6 dang
A
E
hid P
G
O
(H 4.27)

4.5.2 Mach kiém chén 1é (Parity checker, PC)

) Néu ta xem mach phat ¢ (H 4.27) nhu la mach c6 5 ngé vao thi ngé ra P quan h¢ voi
s0 lugng bit 1 & cac nga vao dé c6 thé dugc suy ra tir bang 4.9
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S4 bit 1 cia ABCDS P

Lé
Chan
Bang 4.9
Nhu vay, ta co thé dung mach phat & trén dé 1am mach kiém tra chin 1é.
Tom lai, mot hé théng gém mach phat va kiém chin 1& duoc méc nhu (H 4.28)
Khi ngd vao S cua mach phat dwa xudng muc 0, néu ban tin nhan ding thi ngd ra P & mach
kiém ciing xudng 0.

O =

e —— A
E .
EL—*—:E : [ ————— oo S KIEM g P=0
E——+p PHAT p—————— === o
n

(H 4.28)

Trén thi truong co cac IC kiém/phat chin 1é nhu 74180 (9 bit) 74280 (9 bit), loai
CMOS c6 40101 (9 bit), 4531 (13 bit).

BAI TAP

1. Thiét k& mach ma hoa 32 dudng sang 5 dudng dung IC 74148 va cong logic.

2. Thiét k& mach giai mi 4 dudng sang 16 dudng tir mach giai ma 2 duong sang 4 dudng co
nga vao cho phép.

3. Thiét ké mach so sanh 4 bit tir mach so sanh 1 bit

4. Thiét ké mach chuyén tir md Gray sang ma nhj phan

5. Thiét ké mach chuyén tir md BCD sang mi Excess-3 ctia cac sd tir 0 dén 9. )

(Ma Excess-3 cua 1 s0 ¢6 dugc tur tri nhi phan tuong ing cong thém 3, thi du ma s6 0 1a 0011,

mi s6 9 1a 1100)

6. Dung mot mach giai ma 3 sang 8 duong, 2 cong NAND 3 ngi vao va 1 cong AND 2 ngi
vao thuc hién cac ham sau:

Fi=2x(1,23) ; F,=%(457) ; F3=1X(1,2,3,4,5,7)
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7. Cai dat cac ham sau dung b don kénh (multiplexer) 4 — 1 (Dung thém cong logic néu
can)

F,=AB+ABC+BC+AC
F, =A ®(BC)
F, =I1(1,3,6)

8. Thiét ké mach MUX 4 —> 1 tir cac MUX 2 — 1

9. Dung 2 MUX 2 — 1 dé thyc hién 1 MUX 3 — 1 nhu sau:
AB =00 chon C
AB =01 chonD
AB =1X chon E (Truong hop nay B khong xac dinh).

10. Thyc hién ham Z= AB +BC + CA
- Giai ma 3 sang 8 duong (dung thém cong loglc néu can).

- bBahop 4 — 1 (dung thém cong logic néu can).
- Hai mach cong ban phan va mét cong OR.
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2 CHUONG 5 MACH TUAN TU

% CHOT RS
a Chot RS tac dong mirc cao
a Chot RS tac dong mirc thap
% FLIPFLOP
A FF RS
a FF JK
AFFT
A FFD
% MACH GHI DICH
* MACH PEM
A Ddng bo
A Khong dong bo
a Bém vong

Trong chuong trudc, chiing ta da khao sat cac loai mach td hop, do 1a cac mach ma
ngd ra ctia n6 chi phu thudc vao céc bién ¢ ngd vao ma khong phu thudc vao trang thai trude
d6 cua mach. No6i cach khéc, day 1a loai mach khong c6 kha nang nhd, mot chirc nang quan
trong trong cac hé thong logic.

Chuong nay s& ban vé loai mach thir hai: mach tuan tu.

- Mach tuén ty 1a mach c6 trang thai ngd ra khong nhitng phu thudc vao t6 hop cac ngi
vao ma con phu thudc trang thai nga ra trude d6. Ta néi mach tuan ty c6 tinh nhé. Nga ra Q-
ctia mach tuan ty 13 ham logic cua cac bién ngavao A, B, C....vangara Q trudc do.

Q:=1f(Q,AB,C..)

- Mach tudn tu van hanh dudi tac dong cua xung déng hd va duoc chia 1am 2 loai:
Dong by va Khong dong bd. O mach dong bd, cac phan tir clia mach chiu tic dong dong
thoi cua xung ddng hod (Cx) va 6 mach khong ddng bo thi khong c6 diéu kién nay.

Phén tir co ban cdu thanh mach tudn tu 1a cac flipflop

5.1 FLIP FLOP

Mach flipflop (FF) la mach dao dong da hai ludng on tirc mach tao ra sdng vudng va
c6 hai trang thai 6n dinh. Trang théi ctia FF chi thay d6i khi c6 xung dong hd tac dong.

Mot FF thuong co:

- Mot hoac hai nga vao dir liéu, mdt nga vao xung Ck va co thé c6 céac nga vao voi cac
chure nang khac.

- Hai nga ra, thuong duogc ky hi¢u 1a Q (nga ra chinh) va Q (nga ra phu). Nguoi ta
thuong dung trang thai ciia ngé ra chinh dé chi trang thai ctia FF. Néu hai nga ra c6 trang thai
giong nhau ta n6i FF & trang thai cAm.

Flipflop c6 thé dugc tao nén tir mach chét (latch)

Diém khac biét gitra mot mach chét va mot FF 1a: FF chiu tac dong cua xung d@)ng hd
con mach chdt thi khong.

Ngudi ta goi tén cac FF khac nhau bang cach dua vao tén cac ngd vao dit liéu cua
ching.
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5.1.1 Chét RS
5.1.1.1. Chét RS tac dong mirc cao:

(H 5.1) 1a chdt RS ¢6 cac ngd vao R va S tac dong miic cao.

(=]

(H5.1)

Cac trang thai logic cua mach cho ¢ bang 5.1:
(D4i voi mach chdt vi khong c6 tac dong clia xung ddng hd nén ta co thé hiéu trang
thai trude 13 trang thai gia str, con trang thai sau 13 trang thai khi mach 6n dinh).

R S Q Q- R S| o
0 0 0 |0] Tac dung nhé 0 0 Q
0 0 11 Q=0Q 0 1 1
0 1 0 |1] bat(Set) 1 0 0
0 1 | 1 |1 Q=I 1 | 1 | Cim
1 0 0 | 0] batlai (Reset)
I 0 1]0) Q=0
L1 10 1) Q=Q,:=0(Cim)
1 1 1]
Béng 5.1 Béang 5.2

Tir Bang 5.1 thu gon lai thanh Bang 5.2 va tinh chét ciia ch6t RS tac dong mic cao
duoc tom tit nhu sau:

- Khi R=S=0 (c4 2 nga vao déu khong tac dong), ngi ra khong ddi trang thai.

- Khi R=0 va S=1 (ngi vao S tac dong), chdt duoc Set (tirc dit Q.=1).

- Khi R=1 va S=0 (nga vao R tac dong), chdt dugc Reset (tirc dat lai Q+=0).

- Khi R=S=1 (c4 2 ngi vao déu tac dong), chdt roi vao trang thai cAm

5.1.1.2. Chét RS tac dong mirc thip:

(H 5.2) 1a chdt RS ¢6 cic ngd vao R va S tac dong mirc thap. Cac trang thai logic cho
boi Bang 5.3

R Q.
0 Cam
1
0
1

1
0

Q

(H5.2) Béng 5.3

—_—_ O O

=]
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Dé ¢ chdt RS tac dong mirc cao dung cong NAND, nguoi ta thém vao 2 cong dao &
cac nga vao cua mach (H 5.2)

—L]

=]

.

Do
N

(H5.3)

(H 5.4a) 13 ky hiéu chdt RS tac dong cao va (H 5.4b) 1a chét RS tac dong thap.

— s ob— —d= oF—
—R o— —r [~ —
(a) (b)
(H5.4)

5.1.2 Flip Flop RS
Trong cac phan dudi day, ta ludn sir dung chbt RS tac dong muc cao ding cong
NAND. Khi thém ngé vao xung Ck cho chot RS ta duge FF RS . (H 5.5a) 1a FF RS ¢6 cac
nga vao R, S va xung dong ho Ck déu tac dong murc cao.

-] =]

Sk

=l
(=]}

R

D
D=

D=
=

(a) (H5.5) (b)

Hoat dong cia FF (H 5.5a) cho bdi Bang sy that: (Bang 5.4)

Vao Ra
Ck S R Q-
0 X X Q
1 0 0 Q
1 0 1 0
1 1 0 1
1 1 1 Cém
Bang 5.4

Dé ¢6 FF RS ¢6 xung d@)ng’ ho tac dong thap chi can thém mot cong dao cho ngi vao
Ck (H 5.5b). Ta c6 bang su that giong Bang 5.4, trir ngad vao Cx phai dao lai
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5.1.2.1. Flipflop RS c6 nga vao Preset va Clear:

Tinh chat ciia FF 1a co trang thai ngd ra bat ky khi mé méy. Trong nhiéu truong hop,
c6 thé can dit trude ngd ra Q=1 hodc Q=0, mudn thé, ngudi ta thém vao FF céc ngi vao
Preset (dat trudc Q=1) va Clear (X6a Q=0), mach c¢6 dang (H 5.6a) va (H 5.6b) 1a ky hi¢u cua
FF RS c6 nga vao Preset va Clear tic dong mtc thap.

—aql

(a) (H5.6) (b)

Thay 2 cong NAND cudi bang hai cong NAND 3 ngi vio, ta dugc FF RS ¢ ngi vao
Preset (Pr) va Clear (Cl).

- Khi ng Pr xudng thip (tac dong) va ngd Cl Ién cao ngd ra Q 1én cao bat chép céac
nga vao con lai.

- Khi ngi CI xudng thap (tic dong) va ngi Pr 1én cao ngd ra Q xudng thap bat chip
cac nga vao con lai.

- Ngoai ra 2 ngi vao Pr va Cl con dugc dua vé 2 ngd vao mot cong AND, noi dua tin
hiéu Cx vao, muc dich cua viéc lam nay la khi mot trong 2 nga vao Pr hodc CI tac dong thi
mirc thap ctia tin hidu nay s& khéa cong AND nay, vo higu héa tac dung ctia xung Ck.

Bang su that caa FF RS c6 Preset va Clear (tac dong thip) cho ¢ bang 5.5

Pr Cl Ck S R Q-
0 0 X X X Cam
0 1 X X X 1
1 0 X X X 0
1 1 0 X X Q
1 1 1 0 0 Q
1 1 1 0 1 0
1 1 1 1 0 1
1 1 1 1 1 | Cim

Bang 5.5

Luwu y: Trén bang 5.5, dong thir nhat twong (mg voi trang thai cAm vi hai nga vao Pr va Cl
dong thoi & mirc tac dong, 2 cong NAND cuoi cung déu dong, nén Q.=Q=1.

5.1.2.2. Flipflop RS chu t¢:

Két ndi thanh chudi hai FF RS véi hai ngd vao xung Cx cta hai FF c¢6 muc tac dong
trai nguoc nhau, ta dugc FF chu té (H 5.7).
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C}{ Crm

(H5.7)

Hoat dong cua FF dugc giai thich nhu sau:

- Do Cks cua tang t& 1a ddo ctia Cxy = Ck clia ting chi nén khi Cx=1, tng chi giao
hoan thi tang t& ngung. Trong khoang thoi gian nay, dir liu tr ngd vao R va S duoc dua ra
va 6n dinh ¢ ngd ra R’ va S’ cua tang chu, tai thoi diém xung Cx xudng thip, R’ va S’ duoc

truyén dén ngi ra Q va Q (H5.8)

MNgara
«giao hodn

HS5.8
- Béi v6i truong hop R = S =1 khi ((thl tl)li R’= S’ =1, nhung khi Cx xuong thép thi
mot trong hai ngd ra nay xudng thap, do do mach thoat khoi trang thai cam, nhung S hay R’
xudng thap trudc thi khong doan trude duge nén mach roi vao trang thai bat dinh, nghia 1a Q-
¢6 thé =1 ¢6 thé =0, nhung khac v6i Q .. Ta c6 bang su that:
S R Ck Q-+

o0 1] Q
0 1 0
1 0 j 1
1 1 Bit dinh
J
Bang 5.6

Tom lai, FF RS chi t& da thoat khoi trang thai cAm nhung van roi vao trang thai bat
dinh, dong thoi ta dugc FF c6 nga vao xung dong ho tac dong boi canh xudng ciia tin higu Cy.

Dé c¢6 FF RS c6 ngi vao xung dong ho tac dong bai canh 1én cia tin hiéu C ta co thé
doi cong NOT dén nga vao FF chi va cho tin hi¢u Ck véo thang FF t6.

Mic du thoat khoi trang thai cAm nhung FF RS chil t& van con trang thai bat dinh nén
nguoi ta it su dung FF RS trong truong hop R=S.

5.1.3 Flipflop JK
FF JK duoc tao ra tir FF RS theo so dd nhu (H 5.9a).

K

JgLD::?: Q J| J,‘;r i
TD
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(a) (b)
(H5.9)

(H 5.9b) 1a ky hiéu FF JK c6 nga vao Pr va Cl tac dong thép.
Béang sy that 5.7 (B¢ don gian, ta bo qua cac nga vao Pr va Cl)

J K Q Q|sIQ RKQ Ck| Q J K G Q
0o 0 o0 1 0 0 \’ Q 0o 0 Q
0O 0 1 0 0 0 l Q 0o 1 | 0
o 1 0 1 0 0 I | Q=0 1 0 1
0 1 1 0 0 1 ) 0 11 | Q
1 0 0 1 1 0 J 1 Bang 5.8

1 0 1 0 0 0 1] Q=1

1 1 0 1 1 0 d 1

11 1 0 0 1 ) 0

Béng 5.7

Bang 5.8 1a bang rat gon, suy ra tur bang 5.7
Két qua tir bang 5.8 cho thdy: )
FF JK da thoat khoi trang thai cam va thay vao do 1a trang thai dao (khi J=K=1 thi

Q.=Q). Nguoi ta loi dung trang thai dao nay dé thiét ké mach dém
5.1.4 FlipFlop D

Thiét ké tir FF RS (hoic JK) bang cach ndi mot cong dao tir S qua R (hoidc tir J qua
K). Dt liéu duoc dua vao nga S (J) ma bay gio goi la nga vao D (H 5.10a&b) va bang 5.9 cho
thdy céc trang thai ciia FF, cu thé 1a mdi khi c6 xung Ck tac dong dir liéu tir ngd vao s& xudt

hién & nga ra.
D SJ a— —Iip g — T J  al—
_OCK _OCK _OCK
|:{>3——FLK a— a— K al—

(a) (b) (c)
(H5.10)
D Ck | Q+ T Ck| Q
I ] o0 0 V] Q
1 J 1 1 2 Q
Béang 5.9 Bang 5.10

5.1.5 FlipFlop T

N&i chung hai ngd vao J va K cua FF JK ta dugc FF T (H 5.10c). Tinh chat caa FF T
thé hién trong bang su that 5.10:
- Khi T=0, FF khéng déi trang thai du c6 tac dong cta Cx.
- Khi T=1, FF ddi trang thai mdi 1an c6 xung Cx tac dong.
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5.1.6 Mach chéot D
‘Mach chét D hoat dong gidng FF D, chi khac ¢ diém nga Vao xung dong ho Ck duoc
thay bang nga vao cho phép G, va tac dong bang mirc chir khong bang canh (H
5.11) va Bang 5.11.

—In  al— 3 D |o

0 ¥ | @

_ 1 oo

| 9 104 |1
(H5.11) Béng 5.11

5.2 MACH GHI DICH

Qs

5.2.1 So' d0 nguyén tic va van chuyén (4 5.12)
Q

Q. Qg
C D
ndi figp — | D Q D

Cy C, C, Cy
Ty [ [T [T
m il

(H5.12)
(H 5.12) 1a so d6 mdt mach ghi dich 4 bit don gian, mach gém 4 FF D ndi thanh chudi
(ngi ra Q ctia FF trudc ndi vao nga vao D ctia FF sau) va cac ngd vao Cx duge ndi chung lai
(cac FF chiu tic dong dong thot). Mach ghi dich nay c6 kha nang dich phai.
Ngi vao Dy cta FF dau tién duoc goi 1a ngé vao dir li¢u ndi tiép, cac ngd ra Qa, Qs,
Qc, Qp la cac ngi ra song song, ngi ra cua FF cudi cing (FF D) 13 nga ra néi tlep

=

=]

=]
=]

4o

H oo

Trudc khi cho mach hoat dong, tic dung mot xung xda vao cac nga vao cl (dua cac

chan Cl da duogc ndi chung xudng thap rdi 1én cao) dé cac nga 1raQa=Q=Qc=Qp=

Cho dir liéu vao Da, sau moi xung ddng ho, dir lidu tir tang trude 1an luot truyen qua
tang sau. (Gia sit D, 1a chudi dir liéu gdm 3 bit cao, 2 bit thap rdi 1 cao va 1 thap), trang thai
cac nga ra cua cac FF cho ¢ Bang 5.12

Vao
Ck Da

=
o

Q
I®)
=
i)
@
Q
o)
)
o]

—_— e e = = O
R e e e
R e =)
= =N =)
= = R =R =)
oO———o0ocoo

e

Béng 5.12
Cac mach ghi dich dugc phan loai tuy vao s6 bit (sé FF), chiéu dich (phai/trai), cac nga
vao/ra (noi ti€p/song song).
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bé c6 mach dich trai, dir 1iu noi tiép dua vao ngad vao D cua FF cudi cung va cac nga ra
cua FF sau noi nguoc trd lai nga vao cua FF trude (H 5.13)

0 Q; Q; Q.
nidi tidp
® J e S =
LD Q D afH LD = LD Q-
Cy C, — & C, Cy
r o 9r r a 9 o 9- r o 9
Ll T i i |
] | | [
(H5.13)

Cho dir liéu nbi tiép vao ngd vao D cua FF 4, sau mdi xung dong hd, dit lidu truyén tir
tang sau ra tang trude. Gia sir chuoi dir liu giong nhu trén, trang thai cac nga ra cua cac FF
cho ¢ bang 5.13

Vao Ra
Cl Ck Dy | Qi Q2 Q3 Qq
0 X X 0 0 0 0
1 J 1 0 0 0 1
1 J 1 0 0 1 1
1 d 1 0 1 1 1
1 l 0 1 1 1 0
1 l 0 1 1 0 0
1 l 1 1 0 0 1
1 ! 0 0 0 1 0
Bang 5.13

5.2.2 Vai IC ghi dich tiéu bié¢u

Trén thi truong hién c6 kha nhiéu loai IC ghi dich, c¢6 day du cac chirc ning dich phai
trai, vao/ra ndi tiép, song song. Sau day, chung ta khao sat 2 IC tiéu biéu:
- IC 74164: dich phai 8 bit;

- IC 7495: 4 bit , dich phai, trai, vao/ra ndi tiép/song song .

5.2.2.1. IC 74164:
l:' Fin numbers @ I:-EI @ @ Iﬂjl @ @
(FIGMD fdvee Qg Ly Ly Lig Ly Uy Uq Ly
@ | | i
o @:D— 0 oo oH+o ofFHo oFHD oH—HD oFHD oD o
Cl‘: ) GI{ — Cl‘: Gl‘: CH - Gl‘: GI{ - Gl‘:
ol [ [ [T [T [T [T [ Ts
GF‘ T
g
(H5.14)
MR : Master Reset, day cting la chan Clear cua ca mach, tac dong thap
CP: Clock pulse, nga vao xung dong ho tac dong canh lén.
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5.2.2.2. IC 7495:

;:—DO——DG Fq Fy F, Fs
A

ra |
ra |
[

C_FIE—DDE}
— I I I

Ty .
— CK — CK — CK CK
Ls QH Ls QH Ls QH 5 Q
Q 2y Q2 —‘Qs
(H5.15)

Y nghia cac chan: S: Mode control input Ds: Serial Data input
Py - P3 : Parrallel data inputs
CP; : Serial Clock CP, : Parrallel clock
Qo - Qs : Parrallel outputs

Duoi day 1a cac budce thao tac dé thuc hién cac chuc nang cua IC

% Nap dir liéu song song

- Chuan bi dit lidu & cac ngd vao Py - Ps

- Cho S =1, dir li¢u dugc dua vao cac ngad vao cua cac FF, CP; bi khoa, CP; 1a nga
vao Cx, dir liéu xudt hién o ngi ra Qo - Q3 khi c6 canh xudng ciia Cx

% Dich phai

- Sau khi d nap dir liéu song song - Chuén bj dit liéu ndi tiép.

-ChoS=0

- Pua dit liéu ndi tiép vao nga vao Ds, CP, bi khoa, CP; 1a ngd vao Ckg, khi Ck tac
dong, dir liéu s€ dich phai tirng bit mdt trén cac nga ra Qo - Q3

% Dich trai

- Néi nga ra FF sau vao nga vao song song ctia FF trudc - Ps 1a ngd vao ndi tiép
- S =1 dé cach ly ngi ra FF trudc véi ngd vao FF sau

- CP, 1a ngd vao xung Ck, dit liéu s& dich trai tmg voi canh xudng cta Cx.

Luu y: Mac du co 2 ngd vao cho xung Cg nhung khi su dung chiing thuong dwoc noi chung
lai, Iy do la vi ting véi mot trang thdi cua tin hiéu diéu khién S chi ¢6 mét trong hai cong
AND mé dé cho tin hiéu Cxdi qua.

5.2.3. Ung dung ciia ghi dich

Ghi dich ¢6 kha nhiéu tng dung:

- Mot sb nhi phan khi dich trai 1 bit, gia tri dugc nhan lén gép doi1 va duoc chia hai khi
dich phai mot bit.

Thi du $6 1010.00 = 10,0 khi dich trai thanh 10100.0 = 20;¢ va khi dich phai thanh
101.000 = 510.
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- Trong may tinh thanh ghi (tén thuong goi cua mach ghi dich) 1a noi luu tam dir li¢u
dé thyc hién cac phép tinh, cac 1énh co ban nhu quay, dich ...

- Ngoai ra, mach ghi dich con nhiing ing dung khac nhu: tao mach dém vong, bién
dbi dir liéu ndi tiép <> song song, dung thiét ké cac mach dén trang tri, quang bdo. . . ..

5.3 MACH PEM

Loi dung tinh dao trang thai ctia FF JK khi J=K=1, ngudi ta thuc hién cac mach dém.

Chirc ning ctia mach dém 1a dém s6 xung Ck dua vao ngi vao hodc thé hién sb trang
thai c6 thé ¢ cua cac nga ra.

Néu xét khia canh tan sd cua tin hiéu thi mach dém c6 chuc nang chia tan, nghia la tan
s6 ctia tin hiéu & nga ra 1a két qua ctia phép chia tan s6 cta tin hiéu Cx & nga vao cho sé dém
cua mach.

Ta c6 cac loai: mach dém dong bo, khong dong bd va dém vong.

5.3.1 Mach dém dong bd

Trong mach dém dong bo cac FF chiu tic dong dong thoi cua xung dém Ck.

5.3.1.1 Mach dém dong b n ting, dém lén

Pé thiét ké mach dém dong bo n tang (lay thi du n=4), trudc tién lap bang trang thai,
quan sat bang trang thai suy ra cach mic cac ngi vao JK ciia cac FF sao cho mach giao hoén
tao cac ngd ra ding nhu bang da lap. Gia sir ta dung FF tac dong boi canh xudng cia xung Cx
(That ra, két qua thiét ké khong phu thudc vao chidu tac dong ciia xung Ck, tuy nhién diéu nay
phai duoc thé hién trén mach nén ta ciing can luu ¥). Véi 4 FF mach dém dugc 2*=16 trang
thai va s6 dém dugc tir 0 dén 15. Ta ¢ bang trang théi:

Cx Qp Qc Qs Qa S6 dém
Xoa 0 0 0 0 0
1 0 0 OV 1 1
2 0 0 1 0 2
0 oV 1 1 3
Z i 0 1 0 0 4
0 1 (N 1 5
v 0 1 1 0 6
64 OV 1y 1 1 7
7y 1 0 0 0 8
2l 1 0 0 1 9
1 0 1 0 10
190t 1 oV 1 1 11
1 1 0 0 12
1 1 1 Oy 1 13
124 1 1 1 0 14
134 N 1 1 1 15
144 0 0 0 0 0
154
164
Bang 5.14
Nhan thay:
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- FF A dbi trang théi sau tirng xung Cg, vay: Ta=Ja=Ka=1

- FF B d6i trang thai néu trudc d6 Qa =1, vdy Tg=Jg=Kp=Qa

- FF C d6i trang thai néu trude do Qa=0Qs=1,vay: Tc=Jc=Kc=Qa.Qp

- FF D d6i trang thai néu trudc d6 Qa=Qp=Qc=1, viy:
Tp=Jp=Kp=0Qa.Qs.Qc =Tc.Qc

Ta duoc két qua ¢ (H 5.16)

Q, Q|

Gl

(H 5.16)

5.3.1.2 Mach dém ddng bd n ting, dém xudng

Béng trang thai:
Cx QD Qc QB QA S dém
Xba 0V 0 0 0 0
14 1 1 1 1 15
2 1 1 1 0 14
1 1 0 1 13
i i 1 1V O 0 12
1 0 1 1 11
5¢ ] 0 I 0 10
64 1 0 0 1 9
71 IV 0y 0y 0 8
2l 0 1 1 1 7
0 1 1 0 6
190¢¢ 0 1 0 1 5
0 1 O 0 4
1y 0 0 1 1 3
124 0 0 1 0 2
134 0 0 0 1 1
144 0 0 0 0 0
154
164
Bang 5.15
Nhéan théy:
- FF A dbi trang thai sau tung xung Ck, vay: Ta=Ja=Kp=1

- FF B dbi trang thai néu trudc d6 Q, = 0, vay: Te=Jg=Kp=Qp
- FF C d6i trang thai néu trude d6 Qa=Qp=0, vay: Tc =Jc =Kc = QA Qg

- FF D dbi trang thai néu trudc d6 Qa = Qg = Qc= 0, viy:
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Ta duoc két qua ¢ (H 5.17)

Q,
+ A
J Q
-||—|_I— CK
Kg O

Cl

(H5.17)

5.3.1.3 Mach dém dong bd n ting, dém 1én/ xudng

Pé c6 mach dém n ting, dém 1én hodc xudng ta ding mot da hop 2—1 c6 ngi vio
diéu khién C dé chon Q hodc Q dwa vao ting sau qua cac cong AND. Trong mach (H 5.18)
dudi day khi C=1 mach dém 1én va khi C=0 mach dém xudng.

Q, Q. Q. Qg
™
—+ A B c D
’~J o J o J a J a
L LCK Cy Cy Cy
K g QH K& Qf K ¢ Of K g O
t T T i

e Le]]

(H5.18)

5.3.1.4 Tan s6 hoat dong 16m nhit ciia mach dém dong bd n ting:
Trong mach (H 5.16) ta can 2 cong AND. Trong truong hop tong quat cho n ting, sb
cong AND 14 (n-2) nhu vay thoi gian tdi thiéu dé tin hiéu truyén qua mach la:
Timin = Terr + Tp anp(n-2)

Tan s6 cuc dai xac dinh béi:
A S 1
M T toer +(N—2)T PAND

De gia ting tan sd 1am viéc cua mach, thay vi dung cac cong AND 2 ngi vao ta phai
dung cong AND nhiéu nga vao va mic theo kiéu:

Ta=Ja=Ka=1 Tg=Js=Kg=Qa
Te=Jc=Kc=Qa.Qs Tp =Jp =Kp=Qa.Qs.Qc
Nhu vay tan s6 lam viéc khéng phu thudc vao n va bang:
o = =

Terr + Toawn
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5.3.1.5 Mach dém dong bd Modulo - N (N = 2"

Dé thiét ké mach dém modulo - N, trudc nhét ta phai chon s tang.
S tang n phai thoa didu kién:
2n—l <N< 2n
Thi du thiét ké mach dém 10 (N = 10).
2" <10<2t.
Viy sb tang 1a 4
C6 nhiéu phuong phap thiét ké mach dém ddng bo modulo-N.
Sau déy ta khao sat hai phuwong phap : dung ham Chuyén va MARCUS

#* Phuong phap ding ham Chuyén (Transfer function)

Ham Chuyén 13 ham cho thdy c6 sy thay ddi trang thai cua FF. Mi loai FF c6 mot
ham Chuyén riéng cia no.

Ham Chuyén dugc dinh nghia nhu sau: ham c¢6 tri 1 khi c6 sy thay ddi trang thai cua
FF (Q: # Q) va tri 0 khi trang thai FF khong d6i (Q: = Q).

Chung ta chi thiét ké mach dém dung FF JK do d6 ta chi xac dinh ham Chuyén ciia
loai FF nay.

Bang trang thai cua FF JK (Bang 5.16)

1 0 0 0 0 0
1o o 1 1 0
J 0 1 0 0 0
1 o] 1 0 1
) 1 0 0 1 1
U 1 1 0
) 1 1 0 1 1
U 1 0 1
Bang 5.16

Dung Bang Karnaugh ta suy ra dugc biéu thire cia H:  H = JQ +KQ

Pé thiét ké mach dém cu thé ta s& xac dinh ham H cho tung FF trong mach, so sanh
v6i biéu thire ciia ham H suy ra J, K cua cac FF. Dudi day 1a mot thi du.

Thiét ké mach dém 10 ddng bd ding FF JK

Bang trang thai cia mach dém 10 va gid tri cia cac ham H tuong tmg:

Ck | Qo Qc Qs Qa|Qp Qc Qs Qa|Hp Hc Hg Ha
+ + + +
14 o 0 o0 o]0 O O 1]0 0 01
2l o o o 1]0 o0 1 o0 o 1 11
3d O o0 /| 1 0]O0 |0 1 |1]0/]0 0171
4l o, 0 1, ,1,0, 10,0001 1/ 1
5 o 1.0 o0o]Jo0o 1 o 1}l0 0 0 1
64 o 1 .0 1]0 1 1 o}lo0o o 1 1
74 0 1 1 o] o0 1 1 10 o0 0 1
8l o 1 1 1|1 o0 o o1 1 1 1
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9 | 1
ol |10 0

)
)
(=)
—_

0
0 0 0 1 0 0 1

[a—
S
p—
e
(-
—

) Bang 5.17
T bang 5.17, ta thay:
H,=1=Q,+Q,=J, =K, =1
Dbé xac dinh Hp, Hc va Hp ta phai v€ bang Karnaugh

L D, D,
E
Uplde™, 00

01
s
g

A

10 Ul 00 01 11, 10 Qplc~, 00 01 11 10

01

1] %

<

k3 11 X ) w X 11 k3 (I_ﬂ X
— Uy

X 10 l/;\I X 10 1 X X

Hg = QpQaQs +QpQ40Qs He = QsQaQc +QpQaQc Hp = QcQsQaQp +QaQp
= J =Kz =QpQ, = J. =K¢ =QgQ,4 = J = QcQpQn.Kp =Q,
(H5.19)
Ghi chi: Trong két qua ciia ham H ta muon cé chira Q va Q twong iing dé suy ra

10

ngay cdc tri J va K nén ta da chia bang Karnaugh ra lam 2 phan chira Q va Q va nhém
riéng tieng phan nay.
Tur cac ket qua nay, ta vé dugc mach (H 5.20)

Q, Q; Q. Qp
+ A B C '—DL D
JaF J ap —J ! J a
Ck Cy % C
Kg Q- Kg OF K
[]

" C
Cl aﬂ— Kﬁu
3 (=
T —‘

(H 5.20)

Bay gio ta c¢6 thé kiém tra xem néu nhu vi mot 1y do nio d6, sé dém roi vao céac trang
thai khong sir dung (twong tng véi sb tir 10 dén 15) thi khi c6 xung dong hd trang thai tiép
theo s& nhu thé nao ? Mach ¢ quay vé dé dém tiép ?

Ap dung cac ham chuyén c6 dugc, tmg véi mdi trang thai Q cua timg FF trong céc t6
hop khong str dung, ta tim tri H twong tng roi suy ra Q., ta duoc bang két qua sau:

O

=

Ck [Qp Qc Qs Qa|Hp Hc Hg Ha|Qp Qc Qs Qa

[N N
—_— == OO
—_—— O OO ==

0
1
0
1
0
1

o~ o~ O |+
O == = = O+

+
1
1
0
0
1
1

SO = O~ O
—_ 0 OO = O
OO OO OO
g I Y Sy pyC—
O —io—= o |+

e e
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Béang 5.18

Tir bang két qua ta co két luan:

- Khi nga ra roi vao trang thai 10,9 (1010), né s& nhay tiép vao trang thai 11,9 (1011)
r0i sau d6 nhay vé 6,0 (0110) (Dong 1 va 2)

- Khi ng ra roi vao trang thai 12, (1100), n6 s& nhdy tiép véo trang thai 13,9 (11 01)
r0i sau d6 nhay vé 4,9 (0100) (Dong 3 va 4)

- Khi ngi ra roi vao trang thai 14,5 (1110), né s& nhay tiép vao trang thai 1550 (1111)
r0i sau d6 nhay vé 2,0 (0010) (Dong 5 va 6).

Tom lai, néu c6 mot sy ¢b xay ra lam cho s6 dém roi vao cac trang thai khong str dung
thi sau 1 hodc 2 s dém né ty dong quay vé mot trong cac sd dém tir 0 dén 9 rdi tiép tuc dém
binh thuong.

* Phuwong phap MARCUS

Phuong phap MARCUS cho phép xéc dinh cac biéu thirc ciia J va K dua vao su thay
ddi cua Q. so v6i Q

Tir bang trang thai cua FF JK (Bang 5.7) ta c6 thé viét lai Bang 5.19:

Q Q. J K

0 0 0 X

0 1 1 X

1 0 X 1

1 1 X 0
Bang 5.19

Dé thiét ké mach, ta so sanh Q:vaqQ dé co duoc bang sy that cho J, K cua ting FF,
sau do6 xac dinh J va K.

Thi du thiét ké lai mach dém 10 bang phuwong phap MARCUS

Béng sy that cho J, K cua tirng FF

CK QD QC QB QA JD I<D JC KC JB KB JA I<A
wlo 0o o o]0 x |0 | x|]O0 x| 1 x
24 0 0 0 1 0 X 0 X 1 X X 1
3y 0 0 1 0 0 X 0 X X 0 1 X
44 0 0 1 1 0 X 1 X X 1 X 1
54 0 1 0 0 0 X X 0 0 X 1 X
64 0 1 0 1 0 X X 0 1 X X 1
74 0 1 1 0 0 X X 0 X 0 1 X
] 0 1 1 1 1 X X 1 X 1 X 1
9 1 0 0 0 X 0 0 X 0 X 1 X
104 1 0 0 1 X 1 0 X 0 X X 1
Bang 5.20

Ghi chi: Trong bdng 5.20, khéng cé cdc cét cho O, tuy nhién ta cé thé thdy ngay la dong
bén duoi chinh la Q- cua dong bén trén, nhw vay ket qua co duoc tie su so sanh dong trén va
dong ngay dwdi no.

Ta thiy ngay Ja=Ka=1

Dung bang Karnaugh dé xac dinh cac ham con lai

Nhan thay cac FF B va C c6 thé x4c dinh chung cho J va K (cung vi tri 1 va x), FF D
duoc xac dinh J va K riéng
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Qg O, Qg Qg

Opaon 90 01 11 10 opon, 00 01 :_1 10 Quoo 00 01 11 10 guoX 00 01 11 10
oo (1 1] 0o 1 0o ool x |{x |« =
o1 |1 |1] 01 1 01 (1] o1 | x ||x | x| =
11 X X X X 11 X X X X 11 X X Q/I X 11 X i X i
10 x| X 10 &J X 0 % | x| x| % 10 J__Kz X
3 =Kg=QpQ, Jc=Kc=Qg.Qa Jp=Qc.QB.Qa Kp=Qa

(H5.21)

Ta duoc lai két qua trén. i )
Trén thi truong co6 khéa nhiéu IC dém:
- 4 bit BCD: 74160, 74162, 74190, 74192, 4192, 4510, 4518. . ..

- 4 bit nhi phan: 74161, 74163, 74191, 74193, 4193, 4516, 4520. . ..
- 8 bit nhi phan: 74269, 74579, 74779. . ..

5.3.2 Mach dém khong dong b

La cac mach dém ma cac FF khong chiu tac dong ddng thoi cua xung Ck.

. Khi thiét ké mach dém khong dong bo ta phai quan tAm t&i chiéu tac dong ciia xung
dong hé Ck.

5.3.2.1. Mach dém khong dong bd, n ting, dém lén (n=4):

Ttr bang trang thai 5.14 cua mach dém 4 bit, ta thay néu dung FF JK tac dong boi
canh xuodng clia xung ddng hd thi co thé lay ngi ra cta tang trudc lam xung dong hd Ck cho

tang sau, voi diéu kién cac ngd vao JK cua cac FF déu dugc dua 1én mirc cao. Ta dugc mach
dém khong dong b, 4 bit, dém 1én (H 5.22).

Q, Q, Q. Q,
+ A + B + C + D
J Q J Q J 0 J a
UL - Cy Cy Cy Cy
Ka QF Kg Q- K g QF K¢ O
= i i i

(H5.22)

(H 5.23) 1a dang tin hiéu xung Ck va céac nga ra cua cac FF
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a1 2 3 4 B @ fF &8 89 o 11 12 13 14 16 16

(H5.23)
T6 hop céac so tao boi cac nga ra cac FF D, C, B, A 1a s nhi phan tir 0 dén 15

5.3.2.2. Mach dém khong dong bd, n ting, dém xudng (n=4):

Dé c6 mach dém xudng ta ndi 6 (thay vi Q) cua tang trudc vao ngd vao Ck cua ting
sau. (H 5.24) 1a mach dém xubng 4 tang.
Dang song ¢ nga ra cac FF va so dém tuong tng cho ¢ (H 5.25)

Q Q, Q, Q
+ A + B + C + D
J Q J (0] J Q J Q
J_l_l_l_ CK CK CK CK
Kg @ Kg @ K g @ K ¢ O
= i i i i
(H5.24)

o1 2 3 4 B 6 f 8 9 W M 12 13 14 16 16

(H5.25)
Quan sat tin hi¢u ra & cac Flipflop ta thay sau moi FF tan s6 cua tin hi¢u ra giam di
mot nira, nghia la:

f
f. =-CK
Qa 2
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f =fQA fee _ fec
R 2 22 4
f :fQA _fC_K_fC_K
Qe 4 2 8
f :fQA _fC_K:fC_K

@8 2" 16
Nhu vay xét ve khia canh tan so, ta con goi mach dém la mach chia tan.

5.3.2.3. Mach dém khéong dong bd, n ting, dém lén, xudng (n=4):

Pé c6 mach dém 18n hodc dém xubng ngudi ta dung cac mach da hop 2—1 véi ngi
vao diéu khién C chung dé chon Q hoic Q cia tang trudc ndi vao Ck tang sau tiy theo yéu
cau vé cach dém.

Trong (H 5.26) , khi C =1, Q ndi vao Ck , mach dém 1én va khi C =0, 6 nbi vao Cx,,
mach dém xudng

Q, Qs
+ A + B
J  aH J a
JUL C, ,
K¢ O K¢ 9
i i i
C |_[>c
¢ =0 : dém xubng c=1:dém lén
(H 5.26)

Trén thyc té , dé don gian, ta co thé thay da hop 2—1 boi mot cong EX-OR, ngi diéu
khién C ndi vao mot nga vao cong EX-OR, nga vao con lai nbi véi ngara Q cua FF vangara

ctia cong EX-OR ndi vao ngd vao Cx cua FF sau, mach ciing dém 1én/xudng tiry vao C=0 hay
C=1.

Q, U
+ A + B +

J Q J Q
e .

K¢ O K¢ 9
@i i i
C

c=1:dém xubng ¢=0:démlén
(H 5.27)

5.3.2.4. Mach dém khong dong bé modulo - N (N=10)

* Kiéu Reset: i ) o
beé thiét ké mach dém kiéu Reset, trude nhat nguoi ta 1dp bang trang thai cho s6 dém
(Bang 5.21)
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Quan sat bang 5.21 ta thiy ¢ xung tht 10, néu theo cach dém 4 tang thi Qp va Qg phai
1én 1. Loi dung hai trang thai nay ta dung mot cong NAND 2 ngi vao dé dua tin hiéu vé xo6a
cac FF, ta dugc mach dém ¢ (H 5.28).

S6 xung Ck vao S6 Nhi  Phan Ra S6 thap phan
Qp Qc Qs Qa tuong Ung
Xoa 0 0 0 0 0
1 0 0 0 1 1
2 0 0 1 0 2
3 0 0 1 1 3
4 0 1 0 0 4
5 0 1 0 1 5
6 0 1 1 0 6
7 0 1 1 1 7
8 1 0 0 0 8
9 1 0 0 1 9
10 0(1) 0 0(1) 0 10
Bang 5.21
Q, 0, Q. QD}‘D}
+ A + B + C + D J
J 0 J  oH J o+ J a
UL Cy Cy Cy Cy,
Kg QF Kg QF K g QF K g O
[ I i i
(H 5.28)

Mach dém kiéu Reset c6 khuyét diém nhu: o ’
- Co mét trang thai trung gian trude khi dat s6 dém cudi cung.
- Nga vao Cl khong dugce dung cho chirc nang x6a ban dau.

#* Kiéu Preset:

Trong kiéu Preset cac ngé vao cua cac FF s€ dugc dat trude thé nao dé khi mach dém
dén trang thai thir N thi tat ca cac FF tu dong quay vé khong.

Dé thiét ké mach dém khong dong bod kleu Preset, thuong nguoi ta lam nhu sau:

- Phan tich s6 dém N = 2".N’ (N’<N) rdi két hop hai mach dém n bit va N’. Viéc thiét
ké rat don gian khi s6 N' <<N

- Quan sat bang trang thai va két hop voi phuong phap thiét ké mach dém dong bo
(MARCUS hay ham chuyén) dé xac dinh JK ciia cac FF.

i ,Thi du, dé thiét ké mach dém 10, ta phan tich 10=2x5 va ta chi can thiét ké mach dém
5 161 két hgp voi mot FF (dém 2)
Bang trang thai cua mach dém 5.

S6xung Cx | SONhi Phian  Ra S6 thap phan
vao Qb Qc Qs tuong ng
Xoa 0O 0 0 0
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1 0 0 1 1

2 0 1 0 2

3 0 1 1 3

4 1 o 0 4

5 o 0 0 0
Bang 5.22

Gia sir dung FF JK c6 xung Ck tac dong canh xudng.
Tir bang 5.21, ta thiy c6 thé dung tin hiéu ng ra FF B 1am xung dong hd cho FF C va
dua Jc va K¢ 1én muc cao:
Ckc=Qs.;  Jc=Kc=1
Céc FF B va D s€ dung xung Ck cua h¢ thong va céc nga vao JK dugc xac dinh nho
ham chuyén:

Ck Qp | Qc Qs | Hp Hg
1 0 0 0 | o 1
24 0 0 1 0 1
3 0 1 0 |0 1
4l 0 1 1 1 1
54 1 0 0 1 0
0 0 0
Béng 5.23
Dung bang Karnaugh xac dinh Hp va Hg 10i suy ra cac tri J, K cta cac FF.
QEGGDBD 91 11 10 QEGQDBD g1 11 10

: @ o[ [ )]
dISHERERE) 1 @_:{Jx

HD:QC'QBQ_D+QD HB:Q_DQ_B+QB
= ‘JD :QC'QB ;KDZI :>JB:QD;KB:1
7 ‘ (H 5.29)
Co thé xac dinh J, K cua cac FF B va D bang phuong phap MARCUS:
Ck Qp Qc Qs Jp Kp JB Kg
N 0 0 0 0 X 1 X
24 0 0 1 0 X X 1
34 0 1 0 0 X 1 X
44 0 1 1 1 X X 1
5¢ 1 0 0 X 1 0 X
0 0 0
Bang 5.24

Ta c6 ngay Kp=Kgp=1
Dung bang Karnaugh xac dinh Jp va J
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I:::I'::-l:::lﬁ C:IC-DE
Qg oo o1 11 10 g, o0 01 11 10

0 m 0(1;{;{1:1
1;{;{@;{ 1 X | x| x

Jp = Qc.Qs J = Qp
, o HS30) , ,
(H 5.31) 1a mach dém 10 thiét ké theo kiéu dém 2x5 vdi mach dém 5 c6 duoc tur ket
qua trén.

—

[
]

Oy u O ‘OD
+ J + |
J o J (8] o 1 J Q
I Gk —-Ck Ch —-Ck

=]
[
|
=
=]}

s
—oe

(H5.31)
IC 7490 1a IC dém 10, c6 cau tao nhu mach (H 5.31) thém cac ngd vao Reset 0 va
Reset 9 c6 so do mach (H 5.32)

|O_,i:,| Cg O ‘OD

Fgl1)
=D o wy +
Froa J b J L} —L—D* J
Ck Ck — Gk
K & K

.
J

I Ck
k = al- o oF o O g

R

—

Plp-H
o
L |

It}
]

o0

B

(H 5.32)

Bang 5.25 1a bang su that cho cac nga vao Reset

Reset Input Outputs
S

Ro(1)  Ro(2)  Ro(l)  Re(2) | Qp Qc Qs Qa
1 1 0 X 0 0 0 0
1 1 X 0 0 0 0 0
0 X 1 1 1 0 0 1
X 0 1 1 1 0 0 1
X 0 X 0 Pém Pém DPém DPém
0 X 0 X nt nt nt nt
0 X X 0 nt nt nt nt
X 0 0 X nt nt nt nt

Bang 5.25

Dung IC 7490, 6 thé ’thuc hién mét trong hai cécb méc:
% Mach dém 2x5: Noi Qa vao nga vao B, xung dém (Ck) vao nga vao A
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#* Mach dém 5x2: Néi Qp vao ngi vao A, xung dém (Ck) vao ngi vao B

Hai cach méc cho két qua s6 ¢ém khac nhau nhung cing mot chu ky dém 10. Tan sé
tin hi€u & nga ra sau cung bang 1/10 tan s6 xung Cx (nhung dang tin hi¢u ra khac nhau).
Dudi day la hai bang trang thai cho hai trudng hop noi trén.

Qp Qc Qs Qa Qp Qc Qs Qa
O 0 0 0 0 0 0 0
0o 0 0 1 0 0 1 0
o 0 1 0 0 1 0 0
o 0 1 1 0 1 1 0
o 1 0 0 1 0 0 0
o 1 0 1 0 0 0 1
o 1 1 0 o 0 1 1
o 1 1 1 0 1 0 1
1 0 0 o0 o 1 1 1
1 0 0 1 1 0 o0 1
Bang 5.26 : Pém 2x5 Bang 5.27 : Bém 5x2

(H 5.33) cho thay dang song & cac ngi ra cta hai mach cing dém 10 nhung hai kiéu
dém khac nhau:

- Kiéu dém 2x5 cho tin hiéu ra & Qp khong dbi xting

- Kiéu dém 5x2 cho tin hiéu ra & Q4 dbi xing

[V 2 ) 4 5 G 7 g El m 11 12 13 14 15 16 17 18 19 20 21
ARARaRaRaRaRaRaRRaRARARaRaRRARRIRARIRARS
Op, (Dém 2x5)
Qp (DEm B2
(H 5.33)
5.3.3 Mach dém vong

Thuyc chét 1a mach ghi dich trong do ta cho héi tiép tir mot ngd ra nao do vé ngi vao dé
thue hién mot chu ky dém. Tuy duong hdi t1ep ma ta ¢ cac chu ky dém khéc nhau
Sau day ta khao sat vai loai mach dém vong phd bién.

5.3.3.1. Hoi tiép tir Qp vé J, va Q, ve K,

Q. Qg Q. Qg
A B C D
J Q J Q J Q J ar-
Cy —a C, — Cy —t Cy
|—jkaﬁ Kg @ KgQ K g O
] I I T
Al | | |
(H 5.34)

bdi véi mach nay, sy dém vong chi théy duogc khi co dat trude nga ra
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- Pat trude Qa =1, ta duoc két qua nhu bang 5.28.

Ck | Qo Qc Qs Qa] SOTP
Preset 0 0 0 1 1
14 0O 0 1 0 2
24 0O 1 00 4
34 11 0 00 8
4y 0O 0 0 1 1
) Bang 5.28
Neéu dat truéc Qa = Qp = 1 ta c6 bang 5.29
Ck Qb Qc Qs Qa| SO6TP
Preset 0 0 1 1 3
14 0 1 1 0 6
24 1 1 0 0 12
34 1 0 0 1 9
4 0 0 1 1 3
Béang 5.29
5.3.3.2. Hoi tiép tir Q, vé J, va Qp vé K, (H 5.35)
Qy Qg Q. Qg

J Q J Q J Q J QM

Cy — Cp — G — Gy
|—jkaﬁ Kg @ K¢ @ K g OH
a7 T T T
Tl | | |

(H 5.35)

Mach nay con c6 tén 1a mach dém Johnson. Mach c¢6 mét chu ky dém mic nhién ma
khong can dat trudc va néu co6 dat trude, mach sé cho cac chu ky khac nhau tuy vao t6 hop dat
trude do. Bang 5.30 1a chu ky dém mdc nhién.

Ck Qo Qc Qs Qa| SOTP

Preset 0 0 0 0 0
4 o 0 o0 1 1
24 0o, 0 1 1 3
3l 0o 1 1 1 7
4l 1 1 1 1 15
5l 1 1 1 0 14
64 1 1 0 0 12
70 1 0 0 0 8
3l 0O 0 0 0 0

Bang 5.30

Nguyén Trung Lap KY THUAT SO



Chuong 5

Mach tudn ty V - 24
5.3.3.3. Hoi tiép tir Q, vé J, va Qc vé K, (H 5.36)

Q, 0y Q. OD|

(H5.36)
Ck Qp Qc Qs Qa S6 TP
Preset 0 0 0 0 0
14 0 0 0 1 1
24 0 0 1 1 3
34 0 1 1 1 7
4 1 1 1 0 14
54 1 1 0 0 12
64 1 0 0 0 8
74 0 0 0 0 0
Bang 5.31
Vai thi du thiét ké mach ¢ém ‘
1. Dung FF JK thiét ké mach dén} 6, dong ‘tg(f)
Bang trang thai va ham chuyén mach dém 6:
N | Qa Qs Qc | Qar O+ | Qc+ | Ha i Hg | Hc
0 0 0 0 0 0 1 0 0 1
1 0 0 1 0 1 0 0 1 1
2 0 1 0 0 1 1 0 0 1
3 0 1 1 1 0 0 1 1 1
4 1 0 0 1 0 1 0 0 1
5 1 0 1 0 0 0 1 0 1
Bang 5.32
Hc = 1 = Jc=Kc=1
Xac dll’lh JA, KA, JB, KB ,
Béang Karnaugh cho hai ham chuyén Hy & Hp
QBQC QBQ:;
Q00 01 11 10 Q. 00 o111 10
0 (D) ol |@|1]
NG NN CE
(H5.37)
Ha= QBQcQa +QcQa Hp= Q, Qc Qg1tQcQs
= Ja=Q8Qc ; Ka=Qc = Jg= QA Qc; Kg=Qc

Mach:
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Ck — = Gk — - Ck

=

]
I

=

(]
I

=

(o]
|

Ck

(H5.38)
2. Thiet ké mach dém 7 khong dong bd, dung FF JK c6 nga vao xung dong ho tac
dong bdi canh 1én cua Ck.

Béng trang thai

N Qs Qs Qc| Js Ks Jc Kc
ot o o0 o0 0 X 1 X
1T1 0 0 1 1 X X 1
1 0 1 0 X 0 1 X
3t 0 1 1 X 1 X 1
47 1 0 0 0 X 1 X
X 1 0 1 1 X X 1

1 1 0 X 1 0 X
67 0 0 0

Bang 5.33

Nhan xét bang trang thai ta thiy mdi lan Qg thay doi tir 1 xudng 0 thi Qa dbi trang
thai, ma FF c¢6 xung dong ho tac dong boi canh 1én nén ta co thé 1dy Qglam xung dong hd
cho FFA va J,=K=1.

FF B va FFC sé& ding xung dong hod hé thong, dung phuwong phap MARCUS dé xéac
dinh J & K cua cac FF nay.

Ta thiy ngay Kc=1

el e e
Q00 o1 11 1o Q00 o1 11 1o Q00 o1 11 1o
] (1_? x 0| x TT ] r1 x| x 1]
1 bﬂ % ! (x L "j 1@4& x
(H 5.39)
J5=Qc Kp=Qat+ Qc Jc= QA+ Q5

(H 5.40)
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BAI TAP

1. Thiét ké bo dém ddng bo co diy dém sau: 000, 010, 101, 110 va lip lai.

2. Lam lai bai 1. Thém diég kién cac trang thai khong st dung 001, 011, 100 va 111 phai lu6n
luén nhay ve 000 ¢ xung dong ho ke tiep.

3. Thiét ké bo dém ddng bd dung FF-JK véi day dém sau: 000, 001, 011, 010, 110,111, 101,
100, 000 . . .

4.

a. Thiét ké mot mach dém ddng bo dung FF-JK tac dong canh xubng, co diy dém nhu
sau: 000, 001, 011, 111, 110, 100, 001. . . Nhitng trang thai khong sir dung dugc dua vé trang
thai 000 & xung dong ho ké tiép. V& so d6 mach.

b. Mic nbi tiép mot bd dém 2 (Dung FE-JK, tac dong canh xubng) voi bo dém da
dugc thiét ké & ciu a. V& dang song & cac ngi ra cua bo dém gia sir trang thai ban dau cua cac
ngd ra déu bang 0. Xac dinh diy dém cua mach.

5. Thiét ké mach dém ddong bdé modulo-12 dung FF JK.
Dung nga ra mach dém dé diéu khién hé thong dén giao thong:
- Bén xanh chay trong 40 s
- Bén vang chay trong 20s
- Bén do chay trong 40s
- Bén vang va dé cung chay trong 20s. Chu ky lap lai
Cho chu ky xung dong hé 1a 10s.

6. Thiét ké mach dém ddng bo dung FF JK c6 nga vao diéu khién X:
- Khi X=0 mach dém theo thu tu 0, 2, 4, 6 r6i tré vé 0
- Khi X=1 mach dém 0, 6, 4, 2 10i tro vé 0.
Céc trang thai khong st dung trong hai lan dém déu trd vé 0 khi c6 xung dong ho
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E CHUONG 6: MACH LAM TOAN

, ¢ SOBU

¢ PHEP TRU SO NHI PHAN DUNG SO BU 1
4 PHEP TRU SO NHI PHAN DUNG SO BU 2
4 PHEP TOAN VOI SO CO DAU

¢ MACH CONG

X Bén phan

X Toan phan

X Cong hai s6 nhiéu bit

4 MACH TRU

X Bén phan

X Toan phan

X Trir hai s6 nhiéu bit

X Cong & tru hai s6 nhiéu bit trong mot mach

4 MACH NHAN

X Mach nhan co ban

X Mach nhan nbi tiép - song song don gian

< MACH CHIA

X Mach chia phuc hdi sb bi chia

X Mach chia khong phuc hdi s6 bi chia

6.1 S bu

Cho sb duong N, n bit, cac sd bu cta N duoc dinh nghia:
S6 bu 2: (N); =2"- N (s6 2" gdm bit 1 va n bit 0 theo sau)
S6bul: (N) =(N),-1=2"-N-1
Thidul: N=1010
S6 bu 2 cua N 1a (N), =1a 10000 - 1010 =0110
VasbbulcuiaNla (N);=0110-1=0101
Thidu2: N=110010101100 = (N), =001101010100 va (N); =001101010011
Nhan xét:
- Dé c6 s bu 2 cia mot s, bat dau tir bit LSB (tan cung bén phai) di ngugc vé bén
trai, cdc bit s& gilt nguyén cho den lac gap bit 1 dau tién, sau do dao tat ca cac bit con lai.
- Dé c6 s bu 1 ciia mot sb, ta dao tit ca cac bit clia sd do
Tir cac nhan xét trén ta c6 thé thuc hién mot mach tao s6 bu 1 va 2 sau day:

C —
hﬂiaz

bzi

. L D s

(H6.1)

-Khi C=1, B 1asd bu 1 cia b (B; va b; 1a bit LSB)
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- Khi C=0, B 1a 56 bu 2 ctia b
That vay, cac biéu thirc logic cia B theo b va C la:

B,=b,®C
B,=b,®(C+b,)
B,=b,®(C+Db,+Db,)
‘ - Khi C=1, céc nga ra cong OR ludn bang 1, cac cong EX - OR ludn c6 mot ngd vao
bang 1 nén nga ra 1a ddo cua nga vao con lai, ta dugc:
B,=b,®1=b,
B,=b,®(1+b,)=b,®1=b,
B,=b,®(1+b,+b,)=b,®1=b,
- Khi C=0
B,=b,®0=Db,
B,=b,®0+b,)=b,®b,

= bz néu b1:0 va b_2 néu b] =1

B,=b,®0+b,+b,)=b,®(b, +b,)
= by néu b; va by déu =0
= b, néu (b; va/hoic by = 1)

Nhu vay tat ca cac bit sau bit 1 thir nhét tinh tir bit LSB déu bi ddo va B chinh 1a s bu
2cuab

Chung ta ciing c6 thé thiét ké mach tao s6 bu hai bang cach dung FF RS, c6 ngi vao
R, S tac dong murc cao, két hop véi cac cong logic nhu (H 6.2). Mach nay dung kha tién loi
khi can thuc hién bai toan cong va trir nhiéu bit kiéu ndi tiép.

Inpul B Ci;

(Bl
Oulpul

=]

1—R
G

|
' G
2
0o—s T QD
Je—

Shill pulse|
(H 6.2)

Bit dau, Preset mach dé ngdra Q =1, cﬂéng Gs; dong, G mg, cho s:c*) B di qua ma
khong bi ddo cho dén khi c6 bit 1 dau tién dén, cong G; md cho xung dong ho di qua, FF RS
duogc reset, Q =0, 6 =1, G, déng, Gz mo, s6 B di qua céng G, va bi dao. O nga ra dugc sb
bu 2 cua B.

6.2 Phép trir so nhi phan ding so bu 1:

Cho hai s6 duong A va B ¢6 n bit (néu sb bit khac nhau, ta thém s6 0 vao , ma khong
lam thay doi tri, dé cd hai c6 cung so bit)

a/ - A<B
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Két qua A-B la s6 0 hodc am, phép tinh dugc thuc hién nhu sau:
Tinh A - B:
A-B = A-B+2"-1-2"+1
=A+Q2"-B-1)-2"+1
=A+B); -2"+1
- {27 - [A+(B )] -1}
- [A+(B )i
Vay A-B c6 dugc bang cach cong sé bu 1 cia B vao A roi lay bu 1 cua tong va thém
du trir . Nhu vay dé thuc hién phép tinh trir ta chi cAn dung phép cong va phép dao

Thi du 3 : Tinh 1001 - 11010 dung s6 bu 1
Ta co A =01001 (thém s6 0 vao dé c6 5 bit nhu sb B
B=11010 = (B); = 00101
A-B =- [A+(B)1]1 =-(01001+00101) =- (01110),
=-(10001)
Trong hé thap phan, day la bai toan 910 2610= -1710
Dé thiy déu trir dwgc nhéan ra nhu thé nao, ta viét lai phép toan:

A = 01001
+
(Bi, = 00101

a8 ran—0 01110
Khong c6 s6 tran (hay sb tran =0) 1 ddu hiéu cta két qua 4m (hodc =0) va ta phai liy
bu 1, thém dau trir dé doc két qua cudi cung: (01110), = - 10001
Thi du 4: Tinh 10110 - 10110
A=10110vaB=10110 = (B); = 01001

2 = 10110

* |
(B), = 01001
e e —

2 fran— g 11111
bt 1 clakg -+ 00000

Trong phép cong dau tién khong co sd tran, két qua xem nhu s6 4m (hodc =0) lay bu 1
cua két qua ta duge A-B=00000.
b/- A>B
Két qua A-B 1a s6 duwong, phép tinh duoc thyc hién theo qui tic sau:
Cong A vo6i (B); roi thém 1 va khong quan tAm t6i s6 nhé cudi cing
Thi du 5: Tinh 110101 - 100110 dung s6 bu 1
A=110101 vaB=100110 = (B); =011001

A = 5110101
+

(B, = 011001

——

11001110

|_.: + 1

ad fran —1 001111

Bo qua sb nh¢ cudi cing, ta duge két qua A-B=001111.
Trong hé thﬁp phan do 1a bai toan 5319 - 3810 = 1510.
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Trong phép tinh c6 s6 tran chimg to két qua 13 sé duong. S6 1 cong thém vao xem nhu
lay tir s6 nhé dem qua.

Tém lai, dé thuc hién bai toan trir, A-B, ta cong A voi bu 1 ctia B. Dya vao su c6 mat
hay khong cta sb tran ma c6 bién phap xir 1y két qua:

- Néu sb tran =0, két qua 1a sb am (hodc =0) , ta phai 1ay bu 1 cua két qua va thém dau
- dé doc.

- Néu sb tran =1, ta cong thém 1 vao dé c6 két qua cudi cung (b qua bit tran) 13 mot
s6 duong.

6.3 phép trir s6 nhi phan dung sé bu 2:

Phép toan dung s6 bu 1 ¢c6 mot bat tién 1a ta phai thém bai toan cong 1 vao, dé tranh
viéc nay ta dung phép toan véi sé bu 2
Cho hai s6 duong A va B ¢ n bit
a/ - A<B
Tinh A-B:
A-B = A-B+2"-2"
=A+2"-B )-2"
= A+(B )2 - 2n
—- (2" [A+(B )] }
=-[A+(B )] , o ,
Viay A-B c6 duoc bang cach cong so bu 2 cua B vao A roi lay bu 2 cua tong va thém
dau trir. Nhu vay ta da chuyén phép tinh trir thanh phép cong
Thi du 6: Tinh 1001 - 11010 dung s6 bu 2
Tacéd A=01001 (thém sb 0 vao dé c6 5 bit nhu s6 B)
B=11010 = (N2), = 00110
A-B=-[A+(B),]» =-(01001+00110) =- (01111),
=-(10001)
Ta duoc lai két qua trén
bpé théy déu trir dugce nhan ra nhu thé nao, ta viét lai phép toan:
A= 01001
! (Biz = 00110

28 ram—0 | 01111

) Khong co sO tran 13 ddu hiéu cta két qua 4m va ta phai lay bu 2, thém dau trir dé doc
két qua cudi cung: (01111), =- 10001

b/ - A>B
Két qua A-B 1a 0 hodc s6 duong, phép tinh dugc thuc hién theo qui tic sau:
Cong A véi (B), va khong quan tAm téi sb nhd 6 vi tri 2"
Thi du 7 : Tinh 110101 - 100110 dung s6 bu 2
A=110101 vaB=100110 = (B),=011010

A= 110101
+
(B), = 011010

ad tran— 1) 001111

. Go s tran, két qua 1a s6 duong. B6 qua sb tran va doc ngay két qua ma khong phai
bién d6i: 001111 = 159
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Thi du 8 : Tinh 10110 - 10110
A=10110vaB=10110= (B),=01010

. = 10110
! |
B = d1o10
2 T

ad; tran — 1, 00000
Bo qua sb tran ta duoc A-B=00000.

6.4 Phép toan véi so c6 dau

Cho t61 gio ching ta thue hién cac phép toan voi s6 khong dau va doi khi xuat hi¢n

dau trir trong két qua. Trong may tinh, diéu nay c6 thé khic phuc dugc bang cach dung sé co
dau.

Véi qui udc s6 duong ¢6 bit dau 1a 0 va s6 am c¢6 dau la 1

Thidu9: +10,0=01010 +15;0=01111 +23,,=010111
-1010=10110 - 15;0=10001 -23,,=101001
C06 thé thay rang s6 am cua mot s6 1a sé bu 2 cua no ké ca bit dau.
V6i cach biéu dién s6 c6 diu, phép toan trir tro thanh phép toan cong:
A-B=A+(-B)

Thi du 10: Tinh A-B=01110-01001; B=01001 =+9;,0= - 9;0= 10111

1 Qoo

é- [ dau
2

Bit diu =0 chi két qua duong, bo bit tran C’,.

Vé,y A-B=00101 [(+1410 )-(+910)] =459

Néu A hoic B déu duong hodc am , két qua cb thé can thém mot bit do tran sb. Trong
truong hop nay bit tran du tién thudc két qua va C’, 1a bit ddu

Thi dy 11: Tinh A+B v6i A= 01110 (+1419) va B= 01001 (+91o)
Két qua 1 010111 = +230 v6i C’, = 0 1a bit du

50y
l l =20 nhd

—
l I.'.I 1110
0: 1001
a 1o

L

e
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Thi du 12: Tinh A-B v6i A=10010 (-14,0) va B=01001 (+9;0)

27

g

J' a0 nhd
0

1

1 +——

— s 4— 2

0010
10111
1 0r1am

L

Gy déu
Mot 1an nita C’; chi bit ddu. Két qua 12 101001 = -23,, (010111 = 23,¢)

Tir céc két qua trén, ta rit ra qui tic sau day:
Néu C; = C; thi C’; 1a bit tran, bé di va néu C;# C, thi C’; 1a bit dau.

Thi du 13: Tinh A-B v6i A=011101 (+29,0) v B=0110 (+610)
B=000110=+6,0 = - 6;0= 111010

Co Oy
l l a5 nhd

—

l D|111D1
11D1D

D 0111
2 T
bl dau
Ghi chu: - Trong tit ca trudng hop, ta ludn ludn thuc hién phép cong do do cé thé bo
qua phép tru
- Khi cong hai s0 hang cung dau thi c6 thé xay ra hién tugng tran, luc do bit
dau doi vé bén trai mot bit. Trong cac truong hop khac thi dau ctua két qua & cung vi tri voi
dau cua cac so hang
- Ngoai ra két qua con dugce xur Iy tuy vao két qua so sanh sy khac nhau cia
hai s6 nhé C; va C; (nho mét cong EX-OR).

6.5 Mach cong nhij phan:

6.5.1 Mach cong ban phan (Half adder, HA):

La mach cong hai s6 1 bit

Yvao ra
a bfs ¢ 2 —t 5
0 ollo o b— —a &—
o 11 o H.A
==1::] 1 I
1+ ol o > _a b s b o
1 1o 1 =3k
Bang sy that  két qua Mach Ky hiéu
(H6.3)
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6.5.2 Mach cong toan phan (Full adder,FA) :
La mach cdng hai bit ¢ cung vi tri trong hai sb nhi phan nhiéu bit, néi cach khac, déy
1a mach cdng hai bit , gia st thir n, va bit nhé cé dugce tir phép cong hai bit thtr n-1 cua hai s6
nhi phan do6. Ta c6 bang su that

Cor [ A [ S, T G
0 0 0 0 0
0 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 1

Dung bang Karnaugh ta xac dinh duogc S, va C, nhu sau:

Sn :Cn—l@(An @Bn)
C,=A B, +C,, (A, ®B,)

c
-1 ——5n  Cpy T ———— T =
A s ———— a9
S } - A | HAZ i
BI'I_L H.A : Cn
Cn ; 4“[; .

' L o e e

So dd mach K higu
o [(HO6D ‘ :
Co thé thay mdt mach cong toan phan géom hai mach cong ban phan va mot cong OR

6.6 Cong hai s6 nhi phan nhiéu bit:

6.6.1 Cong noi tiep
Trong cach cong ndi tiép, nguoi ta ding cac ghi dich dé chuyén céac bit vao mot mach
cong toan phan duy nhat, so nhé tir nga ra C, dugc lam tré¢ mot bit nho FF D va dua vao nga
vao Cp.;. Nhu vy toc do cua phép cong tuy thude vao tan s6 xung Ck va so bit phai thuc hién.

S
& L an S,
5 _'BHF.;E'«
" Cn-1 Cn:|
o D
G i

(H6.5)
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6.6.2 Cong song song

Trong cach cong song song, cac bit duoc dua déng thoi vao cac mach cong toan phin
va s0 nh¢ cua két qua ¢ bit thap duoc dua 1én bit cao hon (H 6.6).

Byt By Aq Bo Ao By Ay
| | e ([
[ ] [ ] [ ]
FA 4 FAZ FAZ FAA
L I L
Ca Ca Cy
(H6.6)

Chinh vi phai chd s6 nhd ma toc do cong con han ché. Muon nang toc dd cong Ién,
nguoi ta thue hién phép cdng song song dinh trude s6 nho.

6.6.3 Mach cong song song dinh truéc sé nhé

b¢ tang téc do cua mach cOng song song, nguoi ta tao trudc cac s6 nhd dé dua dong
thoi vao mach cong
Tt bi€u thirc xac dinh s6 nho

C.=AB +G (A ©B))
Pit P,=AB, vi G,=A,®B,

Ta xac dinh dugc C,, C,, Cs .... nhu sau:

F. c
G - |
1
I:I:I
+—F +—
ty ts
Co=Pyr CyGy Pz Gz
Cp=ParPG2+ C 6,6y 1
04 Ga
G, —
1"
g
—F —F
ty ts
Co= Pyt P c
a=FyvGp G, 3 3
= + + Po |
C3= Pt F'ngfF'.IGng N
e H
:
T 06,526, B
G=0
o —F —F
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(H6.7)

Nhan thay thoi gian tinh s6 nhd giéng nhau & cac tang va bang t;+t; . t; 1a thoi gian

truyén dong thoi qua cac cong AND va t; 1a thoi gian truyen qua cong OR.

So d6 kh6i mach cong song song dinh trudc s6 nhé:

kiéu dinh trudc so nhd.

6.6.4 Cong hai s6 BCD

PPPPITIT T
Tinh Gp & Fy,
GylFy [CalF: B[P [G1]R
Thh =d nhd
bydy '33'3'333 B35 040484
PLTTELPELT] L e
Tih t8ng

l

Sy 5
(H6.8)
Trén thi truong hién c6 IC 7483 (tuong duong 4008 cua CMOS) 1a IC cong 4 bit theo

Sz

5

i

Trén thi trudng cd cac IC cong s6 nhi phan, trong lac trén thyc t& nhiéu khi ching ta
can cong cac s6 BCD dé cho két qua 1a s BCD.
Chung ta tim cach dung IC 7483 (4008) dé cong hai s6 BCD
Hai s6 BCD ¢6 tri tir 09 dén 9, khi cong lai cho két qua tu 0y dén 18,,. Dé doc duoc

két qua dang BCD ta phai hiéu chinh két qua c6 dugc tir mach cong nhi phan.

Duéi day 1a két qua twong duong gitra 3 loai ma: thap phan, nhi phan va BCD

Phén B C BCD dgc
Nhi D
TP | s=C. I s°, |S=Cs] Si | S; | S, | S |theo NP
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 1 1
2 0 0 0 1 0 0 0 0 1 0 2
3 0 0 0 1 1 0 0 0 1 1 3
4 0 0 1 0 0 0 0 1 0 0 4
5 0 0 1 0 1 0 0 1 0 1 5
6 0 0 1 1 0 0 0 1 1 0 6
7 0 0 1 1 1 0 0 1 1 1 7
8 0 1 0 0 0 0 | 0 0 0 8
9 0 1 0 0 1 0 | 0 0 1 9
10 0 1 0 1 0 1 0 0 0 0 16
11 0 1 0 1 1 1 0 0 0 1 17
12 0 1 1 0 0 1 0 0 1 0 18
13 0 1 1 0 1 1 0 0 1 1 19
14 0 1 1 1 0 1 0 1 0 0 20
15 0 1 1 1 1 1 0 1 0 1 21
16 1 0 0 0 0 1 0 1 1 0 22
17 1 0 0 0 1 1 0 1 1 1 23
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Il 8 [ 1 [ ol o | 1 1 o 1 i 1} o} o | o | 24

Nhan thiy:

- Khi két qua <10 ma nhj phan va BCD hoan toan giéng nhau

- Khi két qua >10 dé c6 dwoc ma BCD ta phai cong thém 6 cho ma nhj phan

Dé giai quyét van dé hiéu chinh nay trude tién ta s& thuc hién mot mach phat hién két
qua trung gian ctiia mach cong hai sé nhi phan 4 bit. Mach nay nhan vao két qua trung gian
ctia phép cong 2 sd nhij phan 4 bit va cho ¢ nga ra Y = 1 khi két qua nay >10, nguoc lai, Y=0.

Bang su that

0-1 0 0 0 0 0
2-3 0 0 0 1 0
4-5 0 0 1 0 0
6-7 0 0 1 1 0
8-9 0 1 0 0 0
10-11 0 1 0 1 1
12-13 0 1 1 0 1
14-15 0 1 1 1 1
16-17 1 0 0 0 1
18 1 0 0 1 1

Ta khong ding ngi vao S’; vi timg cip tri c6 C’4S’4 S’3 S, gidng nhau thi S, =0 va
S’] = 1
Dung bang Karnaugh xac dinh dugc Y

) Y=C4+S4(S5 +S%) .
Va mach cong hai s6 BCD dugc thuc hién theo so do6 (H 6.9)

G L_chuc

| s 50—
A, —n s 4008 [ Do vi
e _}A 5 “ (@ s
a7 — 4008 5
5| @ ‘
S ]
B1— CCI

(H 6.9)

Van hanh:
- IC thir nhét cho két qua trung gian ctia phép cong hai sé nhi phan.
- IC thir hai dung hiéu chinh dé c6 két qua 1a s6 BCD:
- Khi két qua < 10, IC 2 nh@n ¢ ngd vao B s6 0000 (do Y=0) nén két qua khong thay
dbi.
- Khi két qua trung gian > 10, IC 2 nhan & ngd vao B s6 0110, = 6,9 (do Y=1) va két
qua dugc hi¢u chinh nhu da néi trén.

6.6.5 Mach cong luu s6 nhé

Nhic lai, mét mach cong toan phan (FA) nhan 3-bit ¢ ngd vao vacho 2 ngéra:
- Mot 1a tong cua cdc bit c6 cung trong s6 voi cac bit 6 ngd vao
- Mot 1a s6 nhd c6 trong sb gip doi trong sé cua cac bit & ngd vao
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B¢ cong mot chudi so, nhieu mach cong toan phan sé dugc sir dung, sé6 nhd dugce luu
lai dé dua vao mach cong bit cao hon.

Thidu 14 : Véi 3 $6 3-bit X (X53X2X1), Y(Y3Y2Y)), Z (Z3Z,2Z,1) mach cong c6 dang

RETS Vol Ty ¥y
e e L
Fa, FA, Fa,
I I— LT ] gz
Zs Tz

, I 1 4
Fa Fa Fai Fa
I I

S G4 Sa 82 51

(H 6.10)
Ngu(‘)i ta dung mach cong loai Qéy dé thuc hién bai toan nhan.
beé co ket qua nhanh hon, c6 thé dung mach (H 6.11)

T I
F, F i, Fa,
I I ]
FA, FA F i,
[ | ¢ | l
5554 52 B2 51
(H6.11)
6.7 Mach trir nhi phan:
6.7.1 Mach trir ban phan
La mach trir hai s6 1 bit (H 6.12)
ab|D R b }D
oojlo o D= a®h 3
SN R R=3kh
101 o : D—H
1 o 0 -
Bng = that 5a dd mach
(H6.12)
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6.7.2 Mach trir ¢6 s6 nhé (mach trir toan phan)

La mach trir 2 bit c6 quan tAm t6i s6 nhd mang tir bit trude

Rn 1 Bn Dn Rn
0 0 0 0 0
0 0 1 1 1
0 1 0 1 0
0 1 1 0 0
1 0 0 1 1
1 0 1 0 1
1 1 0 0 0
1 1 1 1 1

Bang sy that

Dung bang Karnaugh xé4c dinh dugc cac ham D, va R,
Dn = Rn—l @(An @ Bn)
R,=AnB, +R, (A, ®B,)

Va mach (H 6.13)

An —
HI‘I E Dn
n— SUEB
ED ] [ R

Sd dd mach K higu

(H6.13)

Nhan théy ciu tao mach trur giéng nhu mach cong, chi khac & mach tao s6 nhG

6.7.3 Trir so nhiéu bit

Ta c6 mach trir s6 nhiéu bit bang cach mic song song cac mach trir 1 bit (H 6.14)

Bgtiy By Aq Bo Ao By Ay
| e
[ ] [ ] [ ]
SUB4 sUBS SUB 2 SUBH
| L] L
Ry Ro Ry
Ry Dy Dy D3 D4
(H6.14)

6.7.4 Cong va trir sé nhiéu bit trong mdt mach

Nhic lai dé thuc hién phép toan trir, nguoi ta cong véi s6 bu 1 va cong thém 1 (hodc
cong voi s6 bu 2), nhu vay dé thuc hién phép trir A - B ta tinh A + (B); + 1 . Mach (H 6.6)
duoc sira d6i dé co thuc hién phép cong va trir tly vao ngi diéu khién C (H 6.15)

- Khi C=0, ta ¢6 mach cong

- Khi C =1, ta c6 mach trur
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| | | C
— Y= Y e Y
FA 4 FAZ FAZ FaA
| |
Ca Ca Cy
(H 6.15)

Ta cling c6 thé thyuc hién mach cong trur theo kiéu mic ndi tiép (H6.16)

tao =d
b 2

— [ [ [ [ [ [ ]
G=1Cdng
C=0Tri
o
S5/
A
(o N N N N N N D N L, O
(u]
Cn ' j
g

(H 6.16)

Néu hai sd A, B 1a s6 8 bit, co dau, két qua duoc xtr 1y boi mach do sé tran, thiét ké
dua vao bjéu thac: OV=C; @ Cg . Khi OV =1 nghia 1a c6 so tran (tirc C7;:&Cg)2 thi so tran Cg
s& 12 bit ddu, Sg 1a mot bit cua két qua va khi OV = 0 (tirc C;=Cy), thi Sg 1a bit dau.

6.8 Mach nhan

Lay thi du bai toan nhan 2 s 4 bit
Ys Ys Y, Y, Sobinhin
X, X3 X, X; Sénhan
P14 P13 P12 P11 Tich tl‘l'ng phﬁn
Py Py Py Py
Pyy P33 Py Py
Py Py Py Py )
Sg S7 86 S5 S4 S3 Sz Sl Két ql,lél

6.8.1. Mach nhan co ban
Viée thue hién bai toan nhan c6 thé xem nhu gém hai budc:
- Tinh cac tich timg phén: thyc hién boi cac cong AND
- Tinh tong cuda cac tich tirng phan: Ap dung bai toan tong chuoi so6 (H 6.17)
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=4 bi nhdn =i nhan
Ty Ty Mz Y|1 Ko Xy ¥z Xy

: |
] For Fa Pz Pz Pz Fi1
T |

i3
FA||FA||FA|

F P“l—'%l mull

|FA||FA|

H 121 Hvl -

IF*”* s |

| ﬁ‘—LM ‘—Lm

Sa 57 Sa Sz 5y

(H6.17)
Dung IC cong 4 bit (7483 hoac 4008) mach nhan hai so 4 bit c6 dang (H 6.18)

by by
9| ay|dz| a1 [ay]a, 32£1

L (# T
a4 ds gz | & B4 Bg Bz B'l .lﬂ'.4 -’&3 Az By
(# Gy B 52 Sz 5 Co

| [ ] ] A

84| 3g( 3z 34 By B:x B2 By A4AG Ao Sy

Gy 5y 52 525 Ca

HEE A

By B: Bo By Ay Ao Ao By

Cy 5y Sz 525y Ca

B P B R Ry Py R

(H6.18)

iy

6.8.2. Mach nhén ndi tiép - song song don gian (H 6.19)

b

_—1'\" I

bz_",lll

o :

by Ct
8,8.3-39 | T ||
42 }D D Output
1110 b Adder

13—[:—[:-—0 5

(H6.19)

Chuong 6

Trong mach ndy, mot trong hai sé dugc dua ndi tiép vao mach (trong truong hop nay

1a s6 bi nhan) va s6 con lai dua song song vao mach.

- S6 nhan (bsbsb,b) dua song song vao mach qua cac cong AND dong thoi kiém soat
cac cong nay: ung véi bit 1 s6 bi nhan qua mach dé t6i mach cong (cong 2 va 4); ing véi bit 0

nga ra cong AND bang khong (cong 1 va 3)
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- S bi nhan dua ndi tiép vao mach theo thtr tu tir bit LSB. Cac FF D ¢6 tac dung dich
két qua ctia phép nhan (1a cac tich timg phan) trudc khi dwa vao mach cong dé cong cac tich
ting phan nay.

Thi du 15 : Xem bai toan nhan 10x14. S6 nhan 12 1010 (10,) va sé bi nhan 1a 1110
(1410). Qua trinh nhan giai thich nhu sau:

Ps P, Ps Ps Py, P3 P, Py

A 0 0 0 0 0 0 0 0

B 0 0 0 1 1 1 0 0

C 0 0 0 0 0 0 0 0

D 0 1 I 1 0 0 0 0
Output 1 0 0 0 1 1 0 0

10001100, = 1404

C6 thé thay rang nga ra A ludn ludn bang 0 vi bit LSB ctia s6 nhan = 0. Ngi ra B ¢
gia trj ctia s6 bi nhan duoc 1am tré 1 bit (1 xung dong hd). Ngi ra C duoc lam tré 2 bit va ludn
bang 0 (Giéng nhu A). Ngi ra D gidng nhu B nhung tré 3 bit. Didu ndy c6 thé so sanh véi bai
toan trén gidy

S6 bi nhan

S nhan

A

B

C

D 11
Tich 1 0 0

OO O oo O

—_—O O = Of= =
—o O = OO0 -
SO O OO -

O— O =

Mudn khéng str dung mach cong s6 nhiéu bit, ngudi ta dung mach (H 6.20)

KR

R R s e

A E o
(H 6.20)
Mach (H 6.20) can (n-1) mach cong va mach tré (FF D) cho s6 nhan n bit. Cac cong
AND cho phép cac bit cua s6 bi nhan di qua khi s6 nhan 1 1, s6 bi nhan (véi sb bit bat ky)
dugc cho vao mach nbi tiép véi bit LSB vao dau tién.
Ngi ra cng 4 sau 4 xung Clock 1a 1110. Ngi ra céng 3 ludn ludn bang 0.
Mach cong A cong s6 nga ra 3 va nga ra 4 bi tré 1 bit:

111a

1 1 1 0
0 0
1 0 0 0 1 1 0

—_
—_
—_
=
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va mach cong C

Luu y 1a & mach (H 6.20) két qua cho & nga ra mach cong C véi bit LSB ra dau tién,
tuy nhién mach nay chua quan tam t61 so nho.
Mach (H 6.21) cho két qua vi s nhé .

111EI_ _ _ _

b b DF b

14 EIE ; |:|1
[ f [ T | T [t

Ty s o o1 Co

(H621)
Va (H 6.22) la mot mach thyc t€ dung ghi dich 4 bit c6 ngd vao/ra song song, mot
mach cong 4 bit va mot chip 4 cong AND 2 nga vao dé thyc hi¢n bai toan nhan.

Cutput

1110

tl4 u} 3 b b1
i 0| 1f Dcl_
S R P A ir)
1
Cy —= 2 ' Outout
Fas Fa | | Fa Fa, 2
] ] 1
S r 83 3 82 3 L
4 _'3.;.=U
D — D — D — D
Clock T T I Y
(H 6.22)

6.9 Mach chia

Nguyén tic ctia phép chia s6 nhi phan 1a thuc hién phép so sanh mot phan cua s bi
chia (sb bit ddu tién bang vdi sb bit cta sb chia) v6i s6 chia, néu sb bi chia 16n hon s6 chia thi
thuong sb6 =1, thuc hién phép trur, nguoc lai thi thuong s6 =0, sau d6 dich trai phén con lai cua
s6 bi chia mot bit (hodc dich phai sé chia 1 bit) rdi tiép tuc thuc hién bai toan so sanh giéng
nhu trén. Cong viéc duoc 1ap lai cho dén khi chdm dut.

So d6 (H 6.23) tom tat giai thuat thyc hién bai toan chia
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Yes No

S6 chia < S6 bi
chia ?

Thuong sb = 1, Thuong sb =0,
Trur sO bi chia Khong trur
cho so chia

Chia xong ?

Yes No

A

v

Két thic

(H 6.23)

6.9.1 Phép chia cé phuc hoi sd bi chia

Thay vi phai thuc hién viéc so sanh, nguoi ta 1am phép tinh trir mot phan sb bi chia
cho s chia, néu két qua duong, thuong s6 1a 1, néu két qua am, thuong s6 1 0, trong truong
hop nay phai phuc hdi lai s6 bi chia bang cach cong sé bi chia cho sb chia trude khi dich s bi
chia sang trai 1 bit (hodc s6 chia sang phai) dé tiép tuc lap lai bai toan cho dén khi két thuc.

(H 6.24) 1a so @6 giai thuat thuc hién phép chia c6 phuc hdi s6 bi chia.
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Dich

A 4

sO bi chia - sO chia

Yes

!

Thuong s6 =1

!

Thuong s6 =0

A 4

s0 bi chia + so chia

Yes

No

Chia xong?

!

Két thic

A 4

(H 6.24)
Pé thuc hién phép chia theo so dd trén, ngoai cac thanh ghi dé chira céc s bi chia, s6

chia , s6 thuong ngudi ta phai dung thanh ghi chtra sb bi chia dugc phuc hoi.

6.9.2 Phép chia khong phuc hoi so bi chia

Hé¢ thé,ng s& don gian hon néu chiing ta dung phép chia khong can phuc hoi sé bi chia
theo nguyén tac nhu dudi day. ,
Quan sat gian do (H 6.24) ta thay c6 2 truong hop:
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¢ S6 chia 16m hon s6 bi chia (nhanh bén phai)

Luu ¥ 12 dich sb chia vé& bén phai 1 bit twong duong véi chia s6 d6 cho 2
Nhanh bén phai ctia so dd trén gdm 2 bai toan:

- Cong sb bi chia véi sb chia.

- Trir s6 bi chia cho 1/2 s6 chia (trir bi chia cho sd chia di dich phai)

Hai budc nay c6 thé gom lai thanh mot budc duy nhét nhu sau:
- Cong so bi chia vdi s0 chia da dich phai.

¢ S0 chia nhé hon s bi chia (nhanh bén trai)

Sau khi 1iy két qua =1, 1énh ké tiép thuc hién 1a trir s6 chia da dich phai.

Tir cac két qua nhan xét trén co thé thay so dd (H 6.24) boi so do giai thuat thuc hién
phép chia khong can phuc hdi s6 bi chia (H 6.25)

)

sO bi chia - sO chia

Yes

Thuong s6 =1 Thuong

Dich Dich

0 bi chia + so chia

sO bi chia - sO chia

Chia xong? Nao

\ 4

Két thic

(H 6.25)

Duya vao so dd (H 6.25), cac bude thyc hién bai toan chia nhu sau:

Nguyén Trung Lap KY THUAT SO



Chuong 6

Mach lam toan VI - 20

- S6 chia (SC) 1on hon s6 bi chia (SBC) (SBC - SC < 0), thuong s6 13 0, dich phai sd
chia 1 bit (thue té ta mang thém 1 bit ctia s6 bi chia xudng), thuc hién bai toan cong sb chia va
s6 bi chia

- S6 chia nhé hon s6 bi chia (SBC - SC > 0), thuong s6 1a 1, dich phai s6 chia 1 bit,
thuc hign bai toan trur (cong s6 bu 2) s6 bi chia cho s6 chia

Dé don gian, gia sir s6 chia va bi chia déu duong (MSB = 0), s6 bi chia gdm 6 bit va
s6 chia gém 4 bit.

Thi du 1: Thyc hién bai toan chia 21,0 =010101;, cho 7,0 =0111,.

S6bu2cna01111a(0111),=1001

D111 o101 o 1
1001 l
——— @11 1af 0
T (1)
011 1
Moo 11
T1Du 1] {12
Moo o 0
r ———
01 ’ =0 du
——
Thidng

Ghi cha:

(1) S6 1 trén miii tén chi rang két qua phép toan trir 1a s6 am, bude ké tiép 1a doi va
cong s chia

(2)S6 0 trén mui tén chi rang két qua phép toan trir 1a s6 duong, bude ké tiép 1a doi va
trir s chia (cong so bu 2)

Thuong s6 ¢o duoc tir cac sd tran ma trén phep tinh ta ghi trong vong tron.

Két qua: thuong 14 011(=3) va sé du 1a 0000(=0)

Bai toan trén cho két qua voi 3 bude cong/trir. Tuy nhién néu ta chia 21 cho 1 thi can
t6i 6 bude cong trir dé ¢ thuong sd 6 bit. Mot cach tong quat sd bude cua bai toan bang voi
s6 bit cua sb bi chia.

Ta c6 thé 1am lai bai toan v6i 6 budc cong/trir ((thém 3 bit 0 cho s bi chia)
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o111 |ooooelt o1 01
1001
@1)001 1
Tlo1 11

kétqud:0D0D 11
S6dy 0000 (1|0 0 00O

Thi du 2 va 3 dudi day 1a bai toan 6 buée
Thi du 2 : Chia 21 cho 6 dugc két qua 3 va s6 du la 3

01140 Qooap o1 01

1010

@lo104

TI.'.I11I.'.I

kétquaooooi1
Sddu: 001 1 (1|0

) Thi dy 3 : Chia 21 cho 5, dugc két qua 4 va s6 du la 1. Tuy nhién trén phép toan ta
thay phép cong véi s6 chia cudi cung cho két qua am (s6 1100) nén dé diéu chinh so6 du ta
phai cdng s0 chia vao va bo qua so tran.
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D1D1| goooQt o 1 @1

1011

@10111

Tlo 104

kétqud: 0o0100 @11 00
Sadu: 0001 M—lo1 0 1
1000 1

(1) Cong sb chia vao dé diéu chinh s6 du

Mach thuc hi¢n cac bai toan nay cho ¢ (H 6.26).

Trong (H 6.26) budc dau tién duge thuc hién boi cac cong EX-OR trén cing ¢ ngi
diéu khién = 1 dé thyc hién bai toan trir. Sau budc thir nhat, bit thir tur ciia mach cong (S4) s&
quyét dinh phép toan sau do la cong (S4=1) hay trir (S4=0) s6 bi chia voi s6 chia. S6 nhé cua
bai toan cudi cung (budc 6) la bit LSB cua thuong s6. Va mach cong cubi cung duoc thiét ké
két hop voi cac cong AND dé xir Iy ket qua cua so du nhu trong hai thi du 2 va 3. Neu két qua
cua bai toan & budc 6 c6 S; =1 thi cong AND mé dé thuc hién bai toan cong voi sb chia dé
diéu chinh sé du.
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CHUONG 7: BO NHO BAN DAN

‘ ¢ THUAT NGU

4 PAI CUONG VE VAN HANH CUA BQ NHO
® Céc tac vu va cac nhom chan cua IC nhé

* Giao tiép véi CPU

4 CAC LOAI BQ NHO BAN DAN
* ROM

* PLD

* RAM

4 MO RONG BQ NHO

® Mo rong do dai tir

® M6 rong vi tri nh&

® Mo rong dung lugng nhé

Tinh wu viét chu yéu ctia cac hé thdng sé so voi hé théng twong tu 1a kha ning lwu triv
mot luong 16n thong tin s6 va dir liéu trong nhitng khoang thoi gian nhat dinh. Kha ning nhé
nay 1a diéu 1am cho hé thong sb tro thanh da ning va c6 thé thich hop véi nhiéu tinh hudng.
Thi du trong mot may tinh sd, bd nhé trong chira nhimg 1énh ma theo d6 may tinh c6 thé hoan
tat cong viéc ctia minh véi su tham gia it nhat ctia con nguoi.

B6 nhé ban dan duge sir dung 1am b nhé chinh trong cc mdy tinh nhe vao kha ning
thoa man toc do truy xuat dit liéu ctia b xir Iy trung tam (CPU).

Ching ta da qua quen thudc véi Fliflop, mdt linh kién dién tir c6 tinh nhg. Chung ta
cling dd thdy mot nhom cac FF hop thanh thanh ghi dé luu trir va dich chuyén thong tin nhu
thé nao. Cac FF chinh 1a cac phén ttr nhd tée do cao duge dung rat nhiéu trong vi¢c diéu hanh
bén trong mdy tinh, noi ma dir liéu dich chuyén lién tuc tir noi nay dén noi khac.

Tién bd trong cong nghé ché tao LSI va VLSI cho phép két hop mot lugng 16n FF
trong mdt chip tao thanh cac bd nhé véi cac dang khac nhau. Nhiing bd nhé ban dan véi cong
nghé ché tao transistor ludng cuc (BIT) va MOS la nhitng b nhé nhanh nhét va gia thanh coa
no lién tyc giam khi cac cong ngh¢ LSI va VLSI ngay cang duoc cai tién.

Dt ligu so ciing ¢o thé duoc luu trit dudi dang dién tich cua tu dién, va mot loai phan
tir nhG ban dan rat quan trong da dung nguyén tac nay dé luu trir dit liéu voi mat do cao nhung
tiéu thu mot ngudn dién nang rat thip.

Bo6 nhé ban dan duoc dung nhu 1a bd nhé trong chinh clia may tinh, noi ma viéc van
hanh nhanh dugc xem nhu vu tién hang dau va ciing 1a noi ma tat ca dir liéu ciia chuong trinh
Iuu chuyén lién tuc trong qua trinh thyuc hién mot tdc vu do CPU yéu cau.

Mic di bo nhd ban din c6 tde d6 1am viée cao, rat phi hop cho b nhé trong, nhung
gi4 thanh tinh trén mdi bit lwu trir cao khién cho né khong thé 1a loai thiét bi co tinh chat luu
trir khdi (mass storage), 1a loai thiét bi c6 kha ning luu trit hang ti bit ma khong can cung cap
nang lugng va duoc dung nhu 13 bd nhé ngoai (dia tir, bang tir, CD ROM . . ). Tc do xtr Iy
di li€u ¢ bo nhd ngoai tuong ddi cham nén khi may tinh lam viéc thi dit li€u tr by nhd ngoai
duoc chuyén vao bo nhé trong.

Bing tir va dia tir 1 cac thiét bi luu trir khéi ma gia thanh tinh trén mdi bit trong ddi
thap. Mot loai bd nhd khdi méi hon 13 bo nhé bet tir (magnetic bubble memory, MBM) 1a
bd nh¢ dién tr dwa trén nguyén tac tir c6 kha ning luu trir hang triéu bit trong mot chip. Véi
tdc do tuong d6i cham né khong dugc dung nhu bd nh¢ trong.

Chuong nay nghién ciru cau tao va t6 chirc ciia cac bd nhé ban din.
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7.1 Thuat ngir lién quan dén bd nho

Pé tim hiéu cau tao, hoat dong ctia bd nhé chung ta bat dau vi mot sé thuat ngir lién
quan dén bo nho

- T¢ bao nhé: 13 linh kién hay mot mach dién tir dung dé luu trit mot bit don (0 hay
1). Thi du cua mdt té bao nhé bao g@)m: mach FF, tu duoc tich dién, mot diém trén bang tur
hay dia tu. . ..

- Tir nhé : 13 mot nhom céc bit (té bao) trong bd nhé dung biéu dién cac 1énh hay dit
liéu dudi dang mot s6 nhi phan. Thi du mot thanh ghi 8 FF 13 mot phan tir nhé luu trit tir 8 bit.
Kich thudc cua tir nhé trong cac may tinh hién dai c6 chiéu dai tir 4 dén 64 bit.

- Byte : tir 8 bit, day 1a kich thudc thuong dung cua tir nhé trong cac may vi tinh.

- Dung lwong : chi sé luong bit ¢6 thé luu trit trong bd nhd. Thi du b nhd co kha
nang luu trir 4.096 tir nhé 20 bit, dung luong cua no 1a 4096 x 20, mdi 1024 (=2'") tir nhé
duoc goi 1a “1K”, nhu vay 4096 x 20 = 4K x 20. Véi dung lugng 16n hon ta dung “1M” hay
Imeg dé chi 2°° = 1.048.576 tir nho.

- Pia chi : 13 s nhi phan dung xac dinh vi tri cta tir nhé trong bo nhé. Mdi tir nhd
dugc luu trong bd nhé tai mot dia chi duy nhét. Dia chi ludn luén dugc biéu didn boi sé nhi
phan, tuy nhién dé thuan tién nguoi ta c6 thé dung sb hex hay thap phan, bat phan

- Tac vu doc : (Read, con goi la fetch ), mot tir nhé tai mot vi tri nao do trong bo nhd
duoc truy xuét va chuyén sang mot thiét bi khéc.

- Tac vu viét : (ghi, Write, con goi 1a store ), mot tir mdi dugc dat vao mot vi tri trong
b nhé, khi mot tir méi duge viét vao thi tir cii mat di.

- Thoi gian truy xuit (access time) : s6 do téc do hoat dong cua bd nho, ky hi€u tacc
D6 1a thoi gian can dé hoan tat mot tac vu doc. Chinh xac d6 1a thoi gian tir khi bd nhé nhan
mot dia chi méi cho téi luc dir li¢u kha dung ¢ nga ra bd nho

- B4 nhé khong vinh ciru (volatile) : B6 nhd cAn ngudn dién dé luu tri thong tin. Khi
ngét dién, thong tin luu trit bi mat. Hau hét bd nhd ban dan 1a loai khong vinh ciru, trong khi
bd nhd tir 1a loai vinh citu (nonvolatile).

- B nhé truy xuit ngiu nhién (Random-Access Memory, RAM) : Khi can truy xuit
mot dia chi ta téi ngay dia chi d6. Vay thoi gian doc hay viét dit liéu vao cac vi tri nhd khac
nhau trong b nhé khong tuy thudc vao vi tri nhd. Noéi cach khac, thoi gian truy xuét nhu
nhau ddi v6i moi vi tri nhé. Hau hét bd nhd ban dan va nhin tir (b0 nh¢ trong cia may tinh
trude khi bd nhé ban dan ra doi) 1a loai truy xuét ngdu nhién.

- B6 nhé truy xuit tudn tw (Sequential-Access Memory, SAM) : Khi cin truy xuét
mot dia chi ta phai ludt qua céc dia chi trudc nd. Nhu vay thoi gian doc va viét dit lidu &
nhitng vi tri khac nhau thi khac nhau. Nhiing thi du ctia bd nhé nay la bang tu, dia tu. Tbc do
lam viéc cua loai b nhé nay thuong cham so véi bd nho truy Xuét ngﬁu nhién.

- B nhé doc/viét (Read/Write Memory, RWM) : Bo nhé c6 thé viét vao va doc ra.

- B nhé chi doc (Read-Only Memory, ROM): 1a by nhd ma ti 1€ tac vu doc trén tac
vu ghi rat 1on. Vé mat ky thuat, mot ROM cé thé duoc ghi chi mdt 14n & noi san xuét va sau
d6 thong tin chi c6 thé duoc doc ra tir bd nhd. C6 loai ROM cé thé duge ghi nhiéu 1an nhung
tac vu ghi kha phuc tap hon 1a tac vu doc. ROM thudc loai bo nhé vinh ctru va dir liéu dugc
luu gitr khi da cit ngudn dién.

- B0 nh¢ tinh (Static Memory Devices) : 1a bo nho ban dan trong d6 dit liéu da luu trix
dugc duy tri cho dén khi nao con ngudn nudi.

- Bo nhé dong (Dynamic Memory Devices) : 1a bd nh¢ ban dan trong d6 dit liu da
lru trir mudn ton tai phai dugc ghi lai theo chu ky. Tac vu ghi lai duoc goi 1 1am twoi
(refresh).

- B0 nhé trong (Internal Memory) : Chi b nhd chinh cua may tinh. N6 luu trit cac
Iénh va dir liéu ma CPU dung thuong xuyén khi hoat dong.
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- By nhé khéi (Mass Memory): Con goi 1a by nh¢ phy, n6é chira mot lugng thong tin
rat 1én & bén ngoai may tinh. Téc do truy xuat trén by nhd nay thuong cham va no6 thudc loai
vinh ciru.

7.2 Pai cwong vé vin hanh cia b nhé

7.2.1 Cac tac vu va cac nhom chan cua mot IC nh¢

Mic du mdi loai bo nhd ¢6 hoat dong bén trong khac nhau, nhung chiing c6 chung
mot s6 nguyén tic van hanh ma chiing ta c6 thé tim hiéu so Iuoc trude khi di vao nghién ciu
tung loai bg nhd.

MOi hé théng nhd ludn cé mot sd yéu cau & cac ngd vao va ra dé hoan thanh mot sb
tac vu:

- Chon dia chi trong bd nhd dé truy xuat (doc hodc viét)

- Chon tac vu doc hodc viét dé thuc hién

- Cung cap dit liéu dé Iuu vao bd nhé trong tac vu viét

- Guri dir 1iéu ra tir b nhé trong tac vu doc

- Cho phép (Enable) (hay Khong, Disable) bd nhd dap ung (hay khong) ddi voi 1énh
doc/ghi & dia chi di goi dén.

Tir cac tac vu ké trén, ta c6 thé hinh dung mdi IC nhd c6 mét s6 ngd vao ra nhu sau:

- Nga vao dia chi : mdi vi tri nhd xac dinh bdi mét dia chi duy nhét, khi can doc dit
liéu ra hodc ghi dir liéu vao ta phai tac dong vao chan dia chi cuia vi tri nhd d6. Mot IC cé n
chan dia chi s& ¢6 2" vi tri nhé. Ky hiéu cac chan dia chi 1a A, dén A,.; Mot IC ¢6 10 chan dia
chi s€ ¢6 1024 (1K) vi tri nho.

- Nga vao/ra dir liéu: Céac chan dir liéu 1a cac ngad vao/ra, nghia 1a dir li¢u ludn duoc
xtr 1y theo hai chiéu. Thuong thi dit liéu vao/ra chung trén mot chan nén cac ngi nay thudc
loai nga ra 3 trang thai. S6 chan dija chi va dit liéu cua mot IC xéac dinh dung lugng nhé cua IC
d6. Thi du mot IC nhé c6 10 chan dia chi va 8 chan dit li¢u thi dung luwong nhé cia IC do 1a
1Kx8 (8K bit hoac 1K Byte).

- Cac nga vao diéu khién: Mdi khi IC nh¢ duoc chon hodc ¢6 yéu cau xudt nhap dir
lidu cac chan tuong tmg s& duoc tac dong. Ta c6 thé ké ra mot sb ngd vao didu khién:

* CS: Chip select - Chon chip - Khi chan nay xudng thap IC duoc chon

* CE: Chip Enable - Cho phép chip - Chirc nang nhu chan CS

* OE: Output Enable - Cho phép xuét - Dung khi doc dit liéu

* R/W : Read/Write - Poc/Viét - Cho phép Poc dir liéu ra khi & muic cao va Ghi dit
lidu vao khi & mirc thap

* CAS : Column Address Strobe - Chét dia chi cot

*RAS: Row Address Strobe - Chét dia chi hang.

Trong truong hop chip nhé c6 dung luong 16n, dé giam kich thudc ciia mach giai ma
dia chi bén trong IC, ngudi ta chia s6 chan ra 1am 2: dija chi hang va dia chi cgt. Nhu vay phai
dung 2 mach giai ma dia chi nhung méi mach nhé hon rat nhiéu. Thi du véi 10 chan dja chi,
thay vi dung 1 mach gidi ma 10 duong sang 1024 duong, nguoi ta dung 2 mach giai ma 5
duong sang 32 duong, hai mach nay rzit don gian so v6i mot mach kia. Mot vi tri nho bay gio
6 2 dia chi : hang va c6t, di nhién mudn truy xuat mot vi tri nhé phai ¢6 du 2 dia chi nho 2
tin hiéu RAS va CAS.

(H 7.1) cho thiy cach v& cac nhém chan cua IC nhd (m chan dia chi va n chéan di
ligu). (H 7.1b) va (H 7.1c) v& cac chan dia chi va dir liéu dudi dang cac Bus. (H 7.1b) duge
dung trong cac so do chi tiét va (H 7.1c) duoc ding trong cac so dd khbi.
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(H7.1)

A

7.2.2 Giao tiép giira IC nhé va bd xir 1y trung tim (CPU)

Trong hé¢ thong moi hoat dong cé lién quan dén IC nh6 déu do bd xir Iy trung tam
(Central Processing Unit, CPU) quan ly. Giao ti¢p gitra IC nhé va CPU mo6 ta ¢ (H 7.2)

Bus dia chi .
* r—— - =
CPU IC nha IC nha
Busdl_r IE““ r 3 1 , r 3 rF 3 l
' : /A I
Bus di&u khiEn

(H7.2)
Mot tac vu c6 lién quan dén bd nhé duge CPU thuc hién theo cac bude:
- bat dia chi quan hé 1én bus dia chi.
- Dit tin hidu diéu khién 1én bus diéu khién.
- Dit liéu kha dung xudt hién trén bus dit liéu, sin sang dé ghi vao hoic doc ra.
Dé hoat dong cua IC ddng bd, cac budc trén phai tuan thu gian do thoi gian cua ting
IC nhé (s& dé cap dén khi xét cac loai bo nhé)

7.3 Cac loai bd nhé ban dan

C6 3 loai bo nhé ban dan :

- Bo nhé ban dan chi doc : (Read Only Memory, ROM)

- BO nhé truy xudt ngau nhién : (Random Access Memory, RAM)

That ra ROM va RAM déu 1a loai bo nh¢ truy xuit ngau nhién, nhung RAM duoc giir
tén goi nay. Dé phan biét chinh xac ROM va RAM ta c6 thé goi ROM 1a bd nhé chét
(nonvolatile, vinh citu) va RAM 1a b nhé song (volatile, khong vinh ciru) hodc néu coi
ROM 14 bd nhé chi doc thi RAM 13 b nhé doc dwoc - viét dwoc (Read-Write Memory)

- Thiét bi logic 1ap trinh duoc : (Programmable Logic Devices, PLD) ¢6 thé néi diém
khac biét gitta PLD vé1 ROM va RAM Ia qui mo6 tich hop cta PLD thuong khong 16n nhu
ROM va RAM va cic tac vu caa PLD thi c6 phan han ché.

7.3.1 ROM (Read Only Memory)

Maic du co tén goi nhu thé nhung chung ta phai hiéu 14 khi st dung ROM, téc vu doc
dugc thyc hién rat nhiéu 1an so véi tac vu ghi. Tham chi c6 loai ROM chi ghi mét lan khi xudt
xuong.

Céc té bao nhé hodc tir nhd trong ROM sép xep theo dang ma tran ma mdi phan tir
chiém mot vi tri xac dinh bai mot dia chi cu thé va nbi v6i ngd ra mot mach giai ma dia chi
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bén trong IC. Néu mdi vi tri chira mot t& bao nhé ta ndi ROM c6 té chire bit va mdi vi tri 1a
mot tir nhd ta ¢6 to chire tir.

Ngoai ra, dé giam mirc d6 cong kénh ctia mach giai ma, mdi vi tri nhd c6 thé duoc xac
dinh boi 2 duong dia chi : duong dia chi hang va dudng dia chi cit va trong bd nhéd cd 2 mach
giai ma nhung mdi mach ¢ s ngd vao bang 1/2 s6 duong dia chi cta ca bd nhé.

7.3.1.1 ROM mat na (Mask Programmed ROM, MROM)

bay la loai ROM duoc ché tao dé thuc hién mot cong vi¢c cu thé nhu céc bang tinh,
bang luong giac , bang logarit . . . . ngay sau khi xuat xuong. No6i cach khac, cac té bao nhé
trong ma trdn nhé d3 duoc tao ra theo mot chuong trinh di xac dinh trudc bang phuong phap
mit na: dua vao cac linh kién dién tir ndi tir dwong tir qua duwdng bit dé tao ra mot gia tri bit
va dé tréng cho gia tri bit nguoc lai.

- (H 7.3) 1a m6 hinh cia mgt MROM trong d6 cac 6 vudng la noi chira (hay khong)
mot linh kién (diod, transistor BJT hay MOSFET) dé tao bit. Mdi ngi ra ctia mach giai ma
dia chi goi 1a duong tir va dudng ndi t& bao nhé ra ngoai goi 1a duong bit. Khi dudng tir 1én
muc cao thi té bao nhé hodc tir nhé duge chon.

Dudng i

M M
A Zadi o Duding T Dutng U
Dia i
chi dia M M
An : T . Duing bit Duing bit
=l ~TE bao nhd nat o
Logic O Logic 1
+¥pp
D udng|bit ER é
M
oE - — Duding t
ol |E‘K_ 1051c|—>| Eémrngd ra | e 1_|_£I Y
l l l Tng 0
o B ng bit {Dudng bit
u] n-1 I g ]
DI ligu 2 s

(H7.3)

Néu té bao nhé 13 Diod hodc BJT thi su hién dién cta linh kién twong Gmg véi bit 1
(lac nay duong tir 1én cao, Transsisstor hodc diod dan, dong dién qua dién tro tao dién thé cao
& hai dau dién tré) con vi tri nhé trong twong tmg vai bit 0.

Péi v6i loai linh kien MOSFET thi nguoc lai, nghia 14 sy hién dién cua linh kién
tuong tng v4i bit 0 con vi tri nhé trong twong g voi bit 1 (mudn c6 két qua nhu loai BJT thi
thém & ngi ra cac cong dao).

(H 7.4) 1a mo6t thi du bd nhd MROM c6 dung luong 16x1 véi cac mach gidi ma hang
va cot (cac mach giai ma 2 duong sang 4 dudng clia hang va cot déu ding Transistor MOS va
c6 cuing cau truc).
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e Sidi ma cat

3idi m&3 hang
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(H 7.4)

Trong thuc té, dé don gian cho viéc thuc hién, & mdi vi tri nhé nguoi ta déu cho vao
mot transistor MOS. Nhung ¢ nhiing vi tri rng véi bit 1 céc transistor MOS  dugc ché tao voi
16p SiO, day hon lam ting dién thé ngudng cua no 1én, két qua 1a transistor MOS nay ludn
luon khong dan dién (H 7.5), Cac transistor khac dan dién binh thuong.

1 Yoo 1 Yoo T Yoo T oo
H \_‘ H H -
— — — H—
- - F [
Budng ti
1 1 1L 1
o, e, e,

D ung bit Bxdng bit Dudng bit Dudng bit
o 1 1 0

(H7.5)

7.3.1.2 ROM lap trinh duwgc (Programmable ROM, PROM)

C6 céu tao gidong MROM nhung ¢ mdi vi tri nhd déu cé linh kién ndi voi cau chi.
Nhu vay khi xuit xuéng cac ROM nay déu chira ciing mét loai bit (goi 1a ROM trang), lac sir
dung ngudi 1ap trinh thay d6i cac bit mong mudn bang cach pha v ciu chi ¢ cac vi tri twong
g véi bit d6. Mot khi cau chi da bi pha v& thi khong thé ndi lai duge do d6 loai ROM nay
cho phép lap trinh mét 1an duy nhat dé sir dung, néu bi 16i khong thé sira chita duoc (H 7.6).

T oo
-
R (o R
Buing ti Bdng ti
1
T
C&u chi
LS Pueing bit
(H 7.6)

Nguoi ta co thé dung 2 diod mic ngugc chi’éu phau, mach kh6r~1g dan dién, dé tao bit
0, khi 1ap trinh thi mot diod bi pha hong tao mach noi tat, diod con lai dan dién cho bit 1
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7.3.1.3 ROM lap trinh dwgc, x6a dwgc bang tia U.V. (Ultra Violet Erasable
Programmable ROM, U.V. EPROM)

Pay 1a loai ROM rét tién cho ngudi st dung vi ¢6 thé dung dugc nhiéu lan bang cach

x6a va nap lai. CAu tao cua té bao nhé ciia U.V. EPROM dya vao mdt transistor MOS c6 céu
tao dac bi¢t goi 1a FAMOS (Floating Gate Avalanche Injection MOS)

ET Céng ndi Si TD

GUc nén

(H7.7)
Trén nén chét ban dan N pha lodng, tao 2 ving P pha dam (P") ndi ra ngoai cho 2 cuc
S (Source) va D (Drain). Trong 16p céach di¢n SlOz g1u’a 2 cuc ngu’(n ta cho vao mot thoi
Silicon khong ndi voi bén ngoai va duoc goi 1a cong ndi. Khi nguén Vpp, phan cuc nguoc
gilta cuyc nén va Drain con nhd, transistor khong dan, nhung néu tang Vpp du 16n, hién tugng
thac db (avalanche) xay ra, electron du ning luong chui ‘qua 16p cach dién t61 bam vao cong
n6i. Do hién tuong cam ng, mot dién 1o P hinh thanh nbi hai ving ban dan P* , transistor tro
nén dan dién. Khi cit nguon, transistor tiép tuc dan dién vi electron khong the tro vé dé tai
hop vai 15 tréng.
Pé x6a EPROM, nguoi ta chiéu tia U.V. vao cac té bao trong mot khoang thoi gian
xéc dinh dé electron trén cong n6i nhan du nang lugng vuot qua 16p cach dién tré vé ving nén
tai hop voi 16 tréng xo6a dién 16 P va transistor tro vé trang thai khong dan ban dau.

T VYoo

I_T
H—
—

Buing tid  [Trans. chon

_T_I_ Pt nhd
%LL_E

Duwing bit  FAMOS

(H7.8)

MGdi té bao nhé EPROM gdm mot transistor FAMOS nbi tiép v6i mot transistor MOS
khéc ma ta goi la transistor chon, nhu vy vai trd cua FAMOS giéng nhu 12 mét cau chi
nhung c6 thé phuc hdi duoc.

Dé loai bo transistor chon nguoi ta ding transistor SAMOS (Stacked Gate Avalanche
Injection MOS) ¢ ciu tao twong ty transistor MOS nhung c6 dén 2 céng nim chong 1én
nhau, mot duge ndi ra cuc Gate va mot dé ndi. Khi céng ndi tich dién s& 1am gia tang dién thé
thém khién transistor trd nén khé dan dién hon. Nhu vay néu ta chon dién thé V. & khoang
gitta VT, va VT, 1a 2 gia tri dién thé thém tuwong tng voi 2 trang thai cia transistor
(VT |<V.<VT,) thi cac transistor khong duoc lap trinh (khong c6 16p electron & cong ndi) s&
dan con cac transistor dugc 1ap trinh s& khong dan.
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. SAMDS
W1 b Wz VGE ing bit

(H7.9)

Diém bt tién cua U.V EPROM la can thiét bi x6a dic biét phat tia U.V. va mdi lan
x0a tat ca té bao nhd trong mot IC nhd déu bi x6a. Nhu vay ngudi st dung phai nap lai toan
bd chuong trinh

7.3.1.4 ROM lap trinh dwoc va xéa dwoc bing xung dién (Electrically
Erasable PROM, EEPROM hay Electrically Alterable PROM, EAPROM)

i bay la loai ROM lap trinh dugc va xéa dugc nho xung di¢n va dac bi¢t 1a co thé xoa
de stra trén tung byte. Cac t€ bao nhd EEPROM st dung transistor MNOS (Metal Nitride
Oxide Semiconductor) c6 cau tao nhu (H 7.10).

(H 7.10)

Giira 16p kim loai ndi ra cac cuc va 16p SiO; 13 mot 16p mong chat Nitrua Silic (SisNy)
- tr 40nm dén 650nm - Dit lidu duogc nap bfmg cach ap mot dién thé duong gitta cuc G va S
(khoang 20 dén 25V trong 100ms). Do sy khac biét vé d6 dan dién, electron tich trén bé mit
giita 2 16p SiO, va SisNy , cac electron nay ton tai khi da ngit ngudn va lam thay doi trang
thai dan dién cta transistor. Bay gio néu ap mot dién thé am gitra cyc G va S ta s€ dugc mot
16p dién tich trai ddu véi truong hop trude. Nhu vy hai trang thai khac nhau ciia Transistor
c6 thé thiét 1ap duogc boi hai dién thé ngugc chidu nhau va nhu vay cac té bao nhd dugc ghi va
x6a v&i 2 xung dién trai dau nhau.

7.3.1.5 FLASH ROM

EPROM la loai nonvolatile, c6 téc do truy xuit nhanh (khoang 120ns), mat do tich
hop cao, gia thanh ré tuy nhién dé x6a va nap lai phai ding thiét bi dic biét va iy ra khoi
mach.

EEPROM ciing nonvolatile, ciing c6 tbc do truy xuat nhanh, cho phép x6a va nap lai
ngay trong mach trén timg byte nhung c6 mat do tich hop thap va gia thanh cao hon EPROM.

B6 nhé FLASH ROM tan dung dugc cac uu diém cua hai loai ROM ndi trén, nghia la
c6 tdc do truy xudt nhanh, c6 mat do tich hop cao nhung gia thanh thap.

Hau hét cac FLASH ROM sir dung cach xé6a dong thoi ca khdi dir liéu nhung rat
nhanh (hang trim ms so véi 20 min ciia U.V. EPROM). Nhitng FLASH ROM thé hé méi cho
phép xoa timg sector (512 byte) tham chi timg vi tri nhé ma khong can lay IC ra khoi mach.
FLASH ROM c6 thoi gian ghi khoang 10us/byte so véi 100 ps ddi voi EPROM va 5 ms d6i
véi EEPROM
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7.3.1.6 Gian d6 thoi gian cia ROM

Ngoai trit MROM chi dung & ché d6 doc, cac loai ROM khac déu sir dung & hai ché
dd doc va nap chuong trinh.

Nhu vay ta c6 hai loai gian dd thoi gian: Gian d6 thoi gian doc va gian d6 thoi gian
nap trinh.

(H 7.11) 1a gian d6 thoi gian tiéu biéu cho mot chu ky doc ciia ROM.

Céc gia tri dia chi, cac tin hi¢u R/ W va CS dugc cép tir CPU khi can thuc hién tac vu
doc dir li¢u tai mot dia chi nao d6. Thoi gian dé thuc hién mét tac vu doc goi la chu ky doc
tre. Trong mot chu ky doc c6 thé ké mot s6 thoi gian sau:

o
Dia chi 0 fia chicd gid fri

— i ——

Dala Oul

- tacc: Address Access time: Thoi gian truy xudt dja chi: Thoi gian t6i da tir lac CPU
dit dia chi 1én bus dia chi dén luc dir liéu c6 gia tri trén bus dir liéu. Doi véi ROM dung BIT
thoi gian nay khoang tir 30 ns dén 90 ns, con loai MOS thi tir 200 ns dén 900 ns.

- tacs (tace): Chip select (enable) access time: Thoi gian tham nhap chon chip: Thoi
gian tbi da tir lic tin hiéu CS duogc dit 1én bus diéu khién dén lac dit liu co gia tri trén bus
dir liéu. ROM BJT khoang 20 ns , MOS 100 ns

- tg (Hold time): Thoi gian dir liéu con ton tai trén bus dir liéu ké tur luc tin hiéu CS
hét higu luc

(H 7.12) 1a gian d6 thoi gian cia mot chu ky nap dit 1iéu cho EPROM. Mot chu ky nap
lidu bao gdm thoi gian nap (Programmed) va thoi gian kiém tra két qua (Verify)

4 Kigm fra
i TE =1 TE =0
Bia chi ><
D0 ligu —Z ¢ Dy g u:n>—<Du ligu ra ! -2
CEFGM / J’

(H7.12)

7.3.2 Thiét bi logic 1ap trinh dwoc (Programmable logic devices, PLD)

La tén goi chung céc thiét bi co tinh chat nhé va co thé lap trinh dé thyc hién mot cong
viéc cu thé nao do

Trong cong viéc thiét ké cac hé thong, d6i khi nguoi ta cin mot sé mach to hop dé
thyc hién mét ham logic nao do6. Viée str dung mach nay c6 thé 1ap lai thudng xuyén va su
thay d6i mot tham s ctia ham 6 thé phai duoc thuc hién dé thoa mén yéu cau cua viéc thiét
ké. Néu phai thiét ké tir cac cong logic co ban thi mach s& rt cong kénh, ton kém mach in,
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day nbi nhleu két qua la do tin ciy khong cao. Nhu vay, s& rat tién loi néu cac mach nay duoc
ché tao sin va nguoi st dung c6 thé chi tac dong vao dé 1am thay d6i mot phan nao chuc nang
ctia mach bang cach 1ap trinh. D6 13 ¥ tuong co s cho sy ra doi cia thiét bi logic 1ap trinh
dugc. Cac thiét bj nay c6 thé dugc xép loai nhu bd nhd va gdm cac loai: PROM, PAL
(Programmable Array Logic) va PLA (Programmable Logic Array).

Trude nhat, chung ta xét qua mot s6 ' qui udc trong cach biéu dién céc phan tir ciia PLD

Mot bién trong cac ham thuong xuat hién ¢ dang nguyén va ddo ctia n6 nén chiing ta
dung ky hi€u dém va dao chung trong mot cong c6 2 ngi ra.

Mot n01 chet con goi la n01 cwng (khong thay d6i duoc) duoc vé boi mot chdm dam
(.) va mot ndi séng, con goi 12 ndi mém (dung 1ap trinh) béi mot dau (x). N6i séng thuc chit
12 mot cau chi, khi 14p trinh thi dugc pha bo.

Mot cong nhiéu ngi vao thay thé boi mot ngd vao duy nhat v6i nhiéu mdi nbi (H

—P— -
T 1 >

(H7.13)

7.13).

Chung ta chi lay thi du v6i mach twong d6i don gian dé thdy duoc ciu tao cia céac
PLD, d6 1a cac PLD chi thyc hién dugc 4 ham moi ham gdém 4 bién, nhu vdy mach gém 4
nga vao va 4 nga ra. Trén thyuc t€ s6 ham va bién cua mot PLD rat 16n.

7.3.2.1 PROM

(H7.14) 1a cé'tu tao PROM c6 4 ngd vao va 4 ngd ra.
Co tat ca 16 cong AND c6 4 nga vao du’oc noi chét voi cac nga ra ddo va khong dao
cua cac bién vao, nga ra cac cong AND la 16 t6 hop cua 4 bién (Gm la duong tich)
Cac cong OR ¢6 16 nga vao duogc ndi song de thuc hién ham tong (duong tong) Nhu vay véi
PROM viéc 1ap trinh thyc hién & cac duong tong
Thi du dung PROM nay dé tao cac ham sau:
0, ~A +DB+DC O, -~ DCBA + DCBA O0,=CBA O0,=BA+DC
Ta phéi chuan hoa cac hém chua chuan
O, =DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA
O, = CBA =DCBA + DCBA
O, =BA +DC=DCBA + DCBA + DCBA + DCBA + DCBA + DCBA + DCBA
Mach cho 6 (H 7.14b)
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(H7.14)

7.3.2.2 PAL

Mach tuong tir v6i IC PROM, PAL c6 cac cong AND 8 ngi vao duoc ndi song va 4
cong OR mdi cong cb 4 ngd vao ndi chét véi 4 dudng tich. Nhu vay viéc 1ap trinh duge thuc
hién trén cac duong tich

(H 7.15b) 1a IC PAL da duogc lap trinh dé thuc hién cac ham trong thi du trén:

,=DCBA+DCBA 0,=CBA 0,=BA+DC

C C B A

OOV

(a) (b)
(H7.15)
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7.3.2.3 PLA

_PLA ¢ ,céu, tao tuong ty PROM va PAL, nhung céc nga vao cua céng AND va cong
OR déu dugc noi song (H 7.16). Nhu vy kha nang lap trinh cua PLA bao gom ca hai cach 1ap
trinh cta 2 loai IC ké trén.

Oy O 060y
(H7.16)

7.3.3 RAM (Random Acess Memory)

Co hai loai RAM : RAM tinh va RAM ddng

RAM tinh ciu tao boi cac té bao nhd 1a cac FF, RAM dong loi dung cac dién dung ky
sinh gifra cac cuc cua transistor MOS, trang thai tich dién hay khong cta tu twong g vai hai
bit 1 va 0. Do RAM ddng c6 mat do tich hop cao, dung luong bd nhé thuong rat 1én nén dé
dinh vi cac phan tir nhé nguoi ta dung phuong phép da hop dia chi, mdi tir nhé duoc chon khi
c6 di hai dja chi hang va cot dugc 1an lugt tac dong. Phuong phap niy cho phép n duong dja
chi truy xuét duge 27" vi tri nhd. Nhu vy gian d thoi gian cia RAM dong thuong khéac vai
gian do thoi gian cia RAM tinh va ROM.

7.3.3.1 RAM tinh (Static RAM, SRAM)
MGdi té bao RAM tinh 1a mot mach FlipFlop dung Transistor BJT hay MOS (H 7.17)
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Hang

oVoo

Hang

cat

Th F__;:><ii__4 Tg
Ty T

Duding bit Pxing bit

bit it

(a) (H7.17) (b)

(H 7.17a) 1a mot té bao nhd RAM tinh dung transistor BJT v&i 2 duong dia chi hang
va cot.

Khi mot trong hai duong dia chi hang hodc cot & mirc thip cac té bao khong duoc
chon vi cuc E ¢6 dién thé thép hai Transistor déu din, mach khong hoat dong nhu mot FF.
Khi ca hai dia chi hang va cot 1én cao, mach hoat dong nhu FF, hai trang thai 1 va 0 cta té
bao nhé dugc dac trung boi hai trang thai khac nhau cua 2 duong bit va bit .

Gia st khi T, dan thi T» ngung, duong bit c6 dong dién chay qua, tao dién thé cao & R;
trong khi d6 duong bit khong c6 dong chay qua nén & Ry c6 dién thé thap. Néu ta qui udc
trang thai ndy twong ing v6i bit 1 thi trang thai nguoc lai, 1a trang thai T, ngung va T, dan,
hiéu thé ¢ dién tro R thip va & Ry cao, sé& 1a bit 0. R; va R4 ¢6 tac dung bién d6i dong dién ra
dién thé.

Déi v6i té bao nhd dung MOS, hai duong tir ndi véi Ts, Tg va Ty, T nén khi mot trong
hai duong tr & muc thép T, va T, bi c6 1ap khoi mach, té bao nhG khong dugc chon. Khi ca
hai 1&én cao mach hoat dong tuong tuy nhu trén. Trong mach nay R; va R, thay boi T; va T4 va
khong cin R; va Ry nhu mach dung BJT.

(H 7.18) 1a mach diéu khién chon chip va thuc hién tac vu doc/viét vao té bao nhd.

(H7.18)

OPAMP giir vai tr6 mach so sanh dién thé hai duong bit Vé,ﬁ cho ¢ nga ra mirc cao
hodc thap tuy két qua so sdnh nay (tuwong trng véi 2 trang thai cua t€ bao nhd) va dir licu dugce
doc ra khi cong dém thir 2 mé (R/ W lén cao).

Khi cdng dém thr nhdt mo (R/ W xudng thép) dir liéu duoc ghi vao t& bao nhé qua
cong dém 1. Cong 3 tao ra hai tin hiéu ngugc pha tir dit liéu vao. Néu hai tin hi¢u ndy cling
trang thai voi hai duong bit va bit cua mach trudc d6, mach s& khong d6i trang thai nghia 1a

Nguyén Trung Lap

KY THUAT SO



Chuong 7

B0 nhd ban dan v - 14

né:u té bao nh¢ dang luu bit gidng nhu bit mubn ghi vao thi mach khong thay d6i. Bay gio,
néu dir licu can ghi khac voi dir liéu dang luu trit thi mach FF sé& thay doi trang thai cho phu
hop véi 2 tin hi€u ngugc pha dugc tao ra tir dir liéu. Bit méi da dugce ghi vao.

- Chu ky doc cia SRAM ‘
Gian do thoi gian mét chu ky doc cia SRAM tuong tu nhu gidn do thoi gian mét chu

ky doc cia ROM (H 7.11) thém diéu kién tin hiéu R/W 1én mtc cao.

- Chu ky viét cia SRAM ,

(H 7.19) 1a gian do6 thoi gian mot chu ky viét cia SRAM

Mot chu ky viét twc bao gom: i i

- tas (Address Setup time): Thoi gian thict 1ap dia chi : Thoi gian dé gia tri dia chi 6n
dinh trén bus dia chi cho téi luc tin hiéu CS tac dong.

- tw (Write time): Thoi gian tir luc tin hi¢u CS tac dong dén lac dix lidu co gia tri trén
bus dir liéu. i i

- tps va tpp: Khodng thoi gian dir liéu ton tai trén bus dir liéu bao gém thoi gian trude
(tps) va sau (tpy) khi tin hiéu CSkhong con tac dong

- tan (Address Hold time): Thoi gian gilt dia chi: tr lac tin hiéu CSkhoéng con tac
dong dén luc xuat hién dia chi méi.

1

1 * e
Dia chi . Bia chicd gid i
d.ﬂ\E" “_IAH_'
_ —ly—
AN 1 —
cs 1 —
o
Hi-Z
Data in —ssieiiz s DI
15 141, l; 14

(H7.19)

7.3.3.2 RAM dong (Dynamic RAM, DRAM)
(H 7.20a) 1a mot té bao nhé cia DRAM

T o

s T I ..-._ -
3 Sz S DATAOUT
T I

(a) (H 7.20) (b)

VREF

(H 7.20b) 1a mot cach biéu dién té bao nhd DRAM trong d6 don gian mét sb chi tiét
duoc dung d€ mo ta céc tac vu viét va doc té bao nhd nay.

Cac khoa tir S; dén S4 1a cac transistor MOS duogc diéu khién badi cac tin hiéu ra tur
mach giai ma dia chi va tin hiéu R/W .
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Dé ghi dir lidu vao té bao, cac khoéa S; va S, dong trong khi S; va S; mé. Bit 1 thuc
hién viéc nap di¢én cho tu C va bit 0 [am tu C phdong dién. Sau do6 cac khoa s€ md dé co lap C
v6i phan mach con lai. Mot cach 1y tuong thi C sé duy tri trang thai ctia né vinh vién nhung
thuc t& ludn ludn c6 sy ri dién qua cac khoa ngay ca khi ching mé do do C bi mét dan dién
tich .

bé doc dit liéu cac khoa S,, S3, Sa dong va S; mé, tu C ndi v&i mot mach so sanh véi
mot dién thé tham chiéu dé xéac dinh trang thai logic cia no. PBién thé ra mach so sanh chinh 1a
dir liéu dugc doc ra. Do S; va S4 dong, dir 1i€u ra duoc ndi nguoc lai tu C dé 1am tuoi no. Noi
cach khac, bit dir liéu trong té bao nhd dugc lam tuoi mbi khi n6 duoc doc.

Str dung DRAM, dugc mot thuan 1gi 1a dung luong nhé kha 16n nhung phai c6 mot )
mach phu trg:

- Mach da hop dia chi vi DRAM luén sur dung dia chi hang va cot

- Mach lam tuoi dé phuc hdi dit liéu c6 thé bj mat sau mot khoang thoi gian ngén nao
do.

a. Da hop dia chi

Nhu d3 néi trén, do dung luong ciia DRAM rat 16n nén phai dung phuong phap da
hop dé chon mot vi tri nhé trong DRAM. MJi vi tri nhé s& duge chon boi 2 dia chi hang va
ot 1an luot xudt hién & nga vao dia chi.

Thi du véi DRAM c6 dung lugng 16Kx1, thay vi phai dung 14 duong dia chi ta chi
can ding 7 duong va mach da hop 14 — 7 (7 da hop 2—1) dé chon 7 trong 14 dudng dia chi
ra tir CPU (H 7.21). B4 nhé c6 ciu triic 1a mot ma tran 128x128 té bao nhd, sip xép thanh 128
hang va 128 cdt, c6 mot ngd vao va mot nga ra dir li€u, mot ngd vao R/ W . Hai mach chdt
dia chi (hang va cot) 1a cac thanh ghi 7 bit ¢6 ngd vao ndi v6i ngd ra mach da hop va nga ra
nbi v6i cac mach giai ma hang va cot. Cac tin hiéu RAS va CAS dung lam xung dong hd
cho mach chét va tin hiéu Enable cho mach gidi ma. Nhu vay 14 bit dia chi tor CPU s& lan
luot duge chét vao cac thanh ghi hang va cot boi cac tin hiéu RAS va CAS rdi dugc giai ma
dé chon té bao nhd. Véan hanh ctia hé thong s& duoc thay rd hon khi xét cac gian d6 thoi gian
cua DRAM.

]
CAS > Thanh ghi7 bil
RS
|| Ay Pz
- EMGidima col
|| pa [Pofa7 Ao EN |
ﬁ | hop Th“h: Gidi| Ma fran
v - ghi [ | = 128x128
1 14-7 T —hang| : Té bao nha
] bil [ .|
| Aﬁfﬁqg Ag I I l
— RAR DATA DATH
4 IN - OouT
(H7.21)

b. Gian d6 thoi gian ciia DRAM
(H 7.22) 1a gign d6 thoi gian doc va viét tiéu biéu cia DRAM (Hai gian d6 nay chi
khéc nhau vé thoi lugng nhung c6 chung mdt dang nén ta chi vé mot)
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to bty 1y ts 5
(H722)
Gian dd cho thay tac dong ciia tin hieu MUX va cac tin hiéu RAS va CAS. Khi

MU X & mic thip mach da hop cho ra dia chi hang (Ag . . . Ag) va duoc chdt vao thanh ghi
khi tin hiéu RAS xubng thip. Khi MU X & mirc cao mach da hop cho ra dja chi cot (A7 . . .

A13) va duoc chdt vao thanh ghi khi tin hiéu CAS xudng thap. Khi ca dia chi hang va cot da
duoc giai ma, dir liu tai dia chi d6 xuat hién trén bus dit liéu dé doc ra hodc ghi vao ( kha
dung)

c. Lam twoi DRAM

DRAM phai dugc lam tuoi v6i chu ky khoang 2ms dé duy tri dit liéu.

Trong phém trude ta da thdy t& bao nhé DRAM dugc lam tuoi ngay khi tac vu doc
dugc thyc hién. Lay thi du v6i DRAM c¢6 dung luong 16Kx1 (16.384 té bao) noi trén, chu ky
lam tuoi 1a 2 ms cho 16.384 te bao nhé nén thoi gian doc m01 té bao nhé phai 1a 2 ms/16.384
= 122 ns. Pay 1a thoi gian rat nho khong du dé doc mot té bao nhé trong diéu kién _van hanh
binh thuong. Vi Iy do nay cac hang che tao da thlet ké cac chip DRAM sao cho méi khi tac
vu doc dwoc thye hién ddi voi mot té bao nhg, tat ca cac té bao nhé trén cung mot hang
s€ dwoc lam twoi. biéu nay lam gidm mot luong rat 16m tac vu doc phai thuc hi¢n dé 1am tuoi
té bao nhd. Tré lai thi du trén, tac vu doc dé 1am twoi phai thuc hién cho 128 hang trong 2 ms.
Tuy nhién dé vira van hanh trong diéu kién binh thuong vira phai thuc hién chirc ning lam
tuoi ngudi ta phai diung thém mach phu tro, goi 14 diéu khién DRAM (DRAM controller)

IC 3242 ciia hang Intel thiét ké dé sir dung cho DRAM 16K (H 7.23)

Ngi ra 3242 1a dia chi 7 bit dd dugc da hop va ndi vao nga vao dia chi cia DRAM.
Mot mach dém 7 bit kich boi xung ddng ho riéng dé cap dia chi hang cho DRAM trong sudt
thoi gian lam tuoi. 3242 ciing 1y dia chi 14 bit tir CPU da hop n6 véi dia chi hang va cot da
dugc dung khi CPU thyc hién tac vu doc hay viét. Mirc logic 4p dung cho cac ngd REFRESH
ENABLE va ROW ENABLE xac dinh 7 bit ndo cua dia chi xudt hién ¢ ngd ra mach
controller cho bdi bang

REFRESH ROW Controller

ENABLE ENABLE output

HIGH X Refresh address (tir mach dém)
LOW HIGH Dia chi hang (A . . . Ag tut CPU)
LOW LOW Dia chi ¢t (A7 . . .Ay; tu CPU)
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(H 7.23)

7.4 MO RONG BQ NHO

Cac IC nh¢ thuong duge ché tao voi dung luong nhé c6 gidi han, trong nhiéu truong
hop khong thé thoa man yéu ciu ciia ngudi thiét ké. Do d6 mo rong b nhé 1a mot viec lam
can thiét. C6 3 truong hop phai mé rong bd nhd.

7.4.1. Mé rong do dai tir

Pay 1a trudng hop sb vi tri nh dit cho yéu cau nhung dir liéu cho mdi vi tri nhd thi
khong du. C6 thé hiéu duge cach md rong do dai tir qua mot thi du

Thi du: Mé rong bd nhé tir 1Kx1 [én 1Kx8 :

Chung ta phai dung 8 IC nhd 1Kx1, cac IC nhé nay sé duge ndi chung bus dia chi va
cac duong tin higu diéu khién va mdi IC quan 1y mot dudng bit. 8 IC s& van hanh cing luc dé
cho mot tir nhé 8 bit (H 7.24).

Ap
A
& | | ! ! | | | | | |

LA

[#42] [#42] L] cS C5 CS [#42]

o

FAR
D

rR’WD

(R’""’D

(R’""’D

Fuhh

R
o) r o

1
1

b+ U%

(H 7.24)

7.4.2 Mé rong vi tri nhé

S bit cho mdi vi tri nhé du theo yéu cau nhung s6 vi tri nhd khong dua

Thi du: C6 IC nhé dung lugng 1Kx8. M6 rong 1én 4Kx8. Can 4 IC. Dé chon 1 trong 4
IC nhé can mot mach giai ma 2 dudng sang 4 dudng, ngd ra ctia mach giai ma lan lugt nbi
vao cac ngd CS cua céc IC nhd, nhu vay dia chi ctia cac IC nhé s€ khac nhau (H 7.25). Trong
thi du nay IC1 chiém dia chi tir 000H dén 3FFH, IC2 tir 400H dén 7FFH, IC3 tir 800H dén
BFFH va IC4 tir COOH dén FFFH
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(H 7.25)

7.4.3 M6 rong dung lugng nho
Ca vi tri nh¢ va d6 dai tir cua cac IC déu khong du dé thiét ké. Bé mo rong dung lugng
nhd ta phai két hop ca hai cach néi trén ‘ ’ N
Thi du: M& rong bo nhd tir 4Kx4 1én 24Kx8. Can 6 cap IC mac song song, moi cdp IC cod

chung dia chi va dugc chon boi mot mach giai ma 3 sang 8 duong (H 7.26). Ta chi dung 6
nga ratr Yo dén Ys cua mach gidi ma
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1000H - 1FFFH, IC (5&6): 2000H -

- Pia chi IC (1&2): 0000H - OFFFH, IC (3&4) :

2FFFH va IC (7&8) : 3000H - 3FFFH IC (9&10): 4000H - 4FFFH va IC (11&12) :

5000H - SFFFH
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BAI TAP

1. Dung IC PROM 4 ngi vao va 4 nga ra thiét ké mach chuyén ma tir Gray sang nhi phan cua
56 4 bit.

2. Dung IC PAL 4 ngi vao va 4 nga ra thiét ké mach chuyén tir ma Excess-3 sang ma Aiken
ctia cac so tir 0 dén 9.

Dud¢i day la 2 bang ma
Excess-3 Aiken
N A D A D
0 0 0 1 1 0 0 0 0
1 0 1 0 0 0 0 0 1
2 0 1 0 1 0 0 1 0
3 0 1 1 0 0 0 1 1
4 0 1 1 1 0 1 0 0
5 1 0 0 0 1 0 1 1
6 1 0 0 1 1 1 0 0
7 1 0 1 0 1 1 0 1
8 1 0 1 1 1 1 1 0
9 1 1 0 0 1 1 1 1

3. Thiét ké mach dé mé rong bo nhé tir 2Kx4 1én 2Kx8

4. Thiét ké mach dé mé rong bd nhé tir 1Kx4 1én 8Kx4.
Cho biét dia chi cu thé cua céac IC

5. Thiét ké mach dé mo rong b nhé tir 2Kx4 1én 16Kx8.
Cho biét dia chi cu thé cua cac IC
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# CHUONGS8: BIENDOIAD & DA

4 BEN POI SO - TUONG TU (DAC)

¢ DAC dung mang dién trd c6 trong lugng khac nhau
¢ DAC dung mang dién tr¢ hinh thang

¢ DAC ding ngudn dong c6 trong lugng khac nhau
¢ Dic tinh k¥ thuat cua DAC

<% BIEN POI TUONG TU - SO (ADC)
¢ Mach lay miu va giit

¢ Nguyén tac mach ADC

¢ ADC dung dién thé tham chiéu nic thang

¢ ADC gan ding ké tiép

¢ ADC dbc don

¢ ADC tich phan

¢ ADC ludng cuc

¢ ADC song song

C6 thé ndi su bién doi qua lai giita cac tin hiéu tir dang twong tu sang dang s6 1a can
thiét vi:

- Heé théng sb xtr 1y tin hiéu s6 ma tin hiéu trong ty nhién 14 tin hiéu tuong tu: can thiét
c6 mach d6i tuong ty sang s6.

- Két qua tir cac hé thdng sb 1a cac dai lwong sb: can thiét phai doi thanh tin hiéu twong
tu dé co thé tac dong vao cac hé théng vat 1y va thé hién ra bén ngoai (thi du tai tao &m thanh
hay hinh anh) hay dung vao viéc diéu khién sau d6 (thi du dung dién thé twong tu dé diéu
khién van téc dong co)

8.1. Bién doi so0 - twong tw (digital to analog converter,
ADC)

8.1.1 Mach bién d6i DAC dung mang dién tré cé trong lwong khac nhau
(Weighted resistor network)

by LSB b4 b b, M5B

L|Z8R  hk|Z,p L[z M[ZR . RE
T
b o
(H8.1)
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Trong mach trén, néu thay OP-AMP boi mot dién tro tai, ta co tin hiéu ra la dong dién.
Nhu vay OP-AMP giir vai tro bién dong dién ra thanh di¢n thé ra, d@)ng thoi noé la mot
mach cong
Ta co Vo = —RFI = —(23]33 + 22b2 + 2b1+b0)VI’.RF/23R
= (2" byt + 2™ bpg + e +2b; + bo)VI.RE 2™ R
Néu Ry =R thi:
Vo =-(2"" b1 + 2" bpg + ..o +2b; + bo)Vr. /2™,

Thi du:
1/ Khi s6 nhi phan 1a 0000 thi vy =0
1111 thi vo =-15Vr/8
2/ Véi Vr=5V ; R =Rg = 1kQ

Ta c6 két qua chuyén doi nhu sau:

by b, b by Vo (V)
0 0 0 0 0

0 0 0 1 -0,625 «— LSB
0 0 1 0 -1,250

0 0 1 1 -1,875

0 1 0 0 -2.500

0 1 0 1 -3,125

0 1 1 0 -3,750

0 1 1 1 -4,375

1 0 0 0 -5,000

1 0 0 1 -5,625

1 0 1 0 -6,250

1 0 1 1 -6,875

1 1 0 0 -7,500

1 1 0 1 -8,125

1 1 1 0 -8,750

1 1 1 1 -9,375 « Full Scale (Vgs)

Mach ¢6 mot sO han ché:
- Su chinh x4c tuy thudc vao dién tr¢ va mirc d6 6n dinh ctia ngudn tham chiéu Vr
- V6i s0 nhi phan nhiéu bit thi can cac dién tro co6 gia tri rat 16m, khé thuc hién.

8.1.2 Mach déi DAC dung mang dién tré hinh thang

b, LSB by b, b, MSB

2R
N My Ay S iy =
‘ R Ni R N; R N .
Ezn + K
—
(H8.2)

Cho Ry = 2R va lan luot
Cho b3 =1 cac bit khac = 0, ta dugc: vy = -8(Vr /24)
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Cho b, = 1 cac bit khac = 0, ta duoc: vy = -4(Vr /24)
Cho b; =1 céc bit khac = 0, ta dugc: vo =-2(Vr /24)

Cho by =1 cac bit khac = 0, ta duoc: vo =- (Vr /24)
Ta thiy v ti 18 voi gia tri B ctia to hop bit B= (b3 by b1 by )2 = vo =-B(Vr /24)

8.1.3 Mach d6i DAC dung ngudn dong cé trong lwong khac nhau

by

(H823)
8.1.4 Pic tinh k§y thuit ciia mach d6i DAC

8.1.4.1. Bit ¢6 y nghia thip nhit (LSB) va bit c6 y nghia cao nhat (MSB)

Qua cac mach bién ddi DAC ké trén ta théy vi tri khac nhau cta céc bit trong s6 nhi
phan cho gia tri bién ddi khac nhau, noi cach khac trj bién ddi cua mot bit tuy thudc vao trong
luong cua bit do.

Néu ta goi tri toan giai 1a Vs thi bit LSB ¢6 gia tri la: LSB =Vgs/(2"- 1)

va bit MSB = Vg 2™/ (2" - 1)

Diéu nay dugc thé hién trong két qua cta thi du 2 & trén.

(H 8.4) 1a dic tuyén chuyén d6i cia mot sb nhi phan 3 bit

tuong tu ra tuong tu ra
P L R ———— ~—  7LSBIFS
(1] 2 = ] S el 6LSB
L] ] = ] R = bLSHE
ALSB-rrvrrerrsrrssess s EEEN ALSB
6111 EER o B B I 3LSB
PJI1 | S o 2198 ~
=< | A nsel-—= | i1 i
T 00 ! nhi phan A 5 ' nh| phan
000 ul]1 u1uu111nu1n111n 111¥30  gop ool 010011100101110 111 ¥a©
(a) (b)
(H8.4)

(H 8.4a) la dac tuyén ly tudng, tuy nhién, trong thuc té dé duong trung binh cua dic
tinh chuyen d6i di qua diém 0 dién thé tuong ty ra dugc lam 1€ch (1/2)LSB (H 8.4b). Nhu vay
dién thé twong ty ra dugc xem nhu thay doi ¢ ngay giita hai ma s6 nhi phan vao ké nhau. Thi
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dy khi ma s6 nhi phan vao 1a 000 thi dién thé twong tur ra 1a 0 va dién thé tuong tu ra s& lén
nac ké 000+(1/2)LSB roi nac ke tiép 6 001+(1/2)LSB.v.v....Tri twong tu ra ing voi 001 goi tat
la 1LSB va tri toan giai Vgs= 7LSB tuong ung voi s6 111

8.1.4.2 Sai s0 nguyén lugng héa (quantization error)

Trong su bién doi, ta thdy Ung vi mot gia tri nhi phan vao, ta c6 mot khoang dién thé
tuong ty ra. Nhu vdy c6 mot sai sd trong bién ddi goi 13 sai s6 nguyén lugng héa va
=(1/2)LSB

8.1.4.3. D¢ phan giai (resolution)

Do phan giai dugc hiéu 1a gia tri thay d6i nho nhét cua tin hiéu twong ty ra c6 thé co
khi sb nhj phan vao thay doi. Do phan giai con dugc goi 1a tri bude (step size) va bang trong
luong bit LSB.

S6 nhi phan n bit c6 2" gia trj va 2" - 1 budc

Hiéu thé twong tu ra xac dinh bai vo = k.(B),

Trong d6 k chinh 1a d6 phan giai va (B), 1a s6 nhi phan

Ngudi ta thuong tinh phan trim phan giai:

%res = (k / Vgs)100 %

V6i s6 nhi phan n bit
%res =[1/(2" - 1)]100 %
Cac nha san xuat thuong dung sé bit cta s6 nhi phan co thé dugc bién doi dé chi do
phan gidi. SO bit cang 16n thi d§ phan gidi cang cao (finer resolution)
8.1.4.4. Pj tuyén tinh (linearity)

Khi dién thé tuong tu ra thay ddi déu voi sb nhi phan vao ta n6i mach bién ddi co tinh
tuyén tinh

8.1.4.5. P§ ding (accuracy)

b6 dung (con goi la d6 chinh xac) tuyét doi ciia ‘mét DAC la hiéu 5O gitta dién thé
tuong tu ra va dién thé ra ly thuyét tuong img voi ma sb nhi phan vao. Hai s6 nhi phan ke
nhau phéi cho ra hai dién thé tuong tu khac nhau ding 1LSB, néu khong mach c6 thé tuyén
tinh nhung khong dung (H 8.5)

tuong tu ra tuong tu ra
7LSB '
6LSE JLsplFS sa|1LSB¥
5LSB et
ALSE 5LSB
1LSE ALSB
3LSB
2LSB e

1LSB}-- i 1S8Bt-—< | i 1 i i
P P nh| phan P nh| phan
unu 001 u1uu111uu1u111u111 Y30 00 001010011100101110 111 vao _

a/ Tuyén tinh b/ Tuyén tinh nhung khong ding
(H8.5)
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8.2. Bién doi twong tu - s6 (analog to digital converter, ADC)

8.2.1 Mach lé"ly mau va gitr (sample anh hold)

Dé bién d6i mot tin hiéu tuong tu sang tin hi¢u $0, nguoi ta khong thé bién ddi moi gia
tri cua tin hi€u tuong tu ma chi co thé bién ddi mot sb gia tri cu thé bﬁng cach lz"iy méu tin
hi¢u do theo mot chu ky xdc dinh nhd mot tin hiéu c6 dang xung. Ngoai ra, mach bién d6i can
mot khoang thoi gian cu thé (khoang 1ps - 1ms) do d6 can giit mirc tin hiéu bién d6i trong
khoang thoi gian nay dé mach c6 thé thyc hién viéc bién doi chinh xac. P6 1a nhiém vu cia
mach liy mau va gitr.

(H 8.6) 1a dang mach 1y mau va giit co ban: Pién thé twong tu can bién do6i duoc lay
mau trong thoi gian rat ngan do tu nap dién nhanh qua tong trd ra thip cia OP-AMP khi cac
transistor dan va giir gia tri nay trong khoang thoi gian transistor ngung (tu phong rat cham
qua tong trd vao rat 1on ciia OP-AMP)

(H 8.6)

8.2.2 Nguyén tic mach bién d6i ADC

Mach bién d6i ADC gf‘)m bd phan trung tdm la mot mach so sanh (H 8.7). Dién thé
tuong tu chua biét v, ap vao mot nga vao cia mach so sadnh, con nga vao kia ndi dén mot dién
thé tham chiéu thay doi theo thoi gian Vr(t). Khi chuyén doi dién thé tham chiéu ting theo
thoi gian cho dén khi bang hodc gan bang voi dién thé twong tu (voi mot sai sé nguyén luong
hoéa). Luc d6 mach tao ma s6 ra ¢ gia tri ung voi dién thé vao chua biét. Vay nhiém vu cia
mach tao ma sd 13 thir mot bo s nhi phan sao cho hi¢u $6 gitra v, va tri nguyén luong hoéa sau
cung nho hon 1/2 LSB

Va- (Vs /2"- 1)(B), | < 1/2 LSB

Dien the "~ L
tuong tu S T Ma
o sanh ao ma s0
Dien the — + ra
tham chieu
(H8.7)
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8.2.3 Mach d6i dung dién thé tham chiéu nic thang

Staﬂﬂ
a Startﬂ
1
Vpac=Yr I T T TITTT
5 R A
_ P vy
a_a LSBT | | i
l 2LSB
Ma EOC 1LSB
1] | h
ra 1'.i'3é:LSI3—T
Mach dem n-bit Cx (i) “I’C To—s
1
EOC
(a) (H8.8) (b)

M(f)‘g cach don gian dé tao dién thé thgm chiéu co dang néc thang 1,'21 d1:1ng mot mach
DAC ma s0 nhi phan vao dugc lay tir mach dém 1én (H 8.8). Khi c6 xung bat dau FlipFlop va
mach dém dugc dat vé 0 nén nga ra 6 cua FF 1én 1, mo céng AND cho xung Ckx vao mach
dém. Ngi ra mach dém ting dan theo dang nic thang (Vpac), ddy chinh 1a dién thé tham
chiéu, khi Vr con nho hon v,, ngd ra mach so sanh con & mic thap va 6 van tiép tuc ¢ mirc
cao, nhung khi Vr viia vugt v, ngi ra mach so sanh 1én cao khién 6 xudng thap, dong cong
AND khong cho xung Ck qua va mach dém ngung. Dong thoi ngd ra Q 1én cao bao két thiic
su chuyén doi. S6 dém 6 mach dém chinh la s6 nhi phan tuong tng voi dién the vao. i
i Got thoi gian chuyén doi 1a t.. Thoi gian chuyén doi tuy thude dién theé can chuyén
doi. Thoi gian 1au nhat ung voi dién thé vao bang tri toan giai:

t{(max) = 2™/ fex=2" .Tck

Mach doi nay co tdc do cham. Mot cach cai tién 1a thay mach dém 1én béi mot mach
dém 1én/xudng (H 8.9). Néu nga ra mach so sanh cho thiy Vr nhé hon v,, mach Logic s& diéu
khién dém 1én va nguoc lai thi mach s& dém xubng. Néu v, khong d6i Vr s& dao dong quanh
tri V, v6i hai tri sb khac nhau 1 LSB

Ua
Vr

DAC n -bit

Dem + =
lenf<uong |, Logic

G ()
(H 8.9)
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8.2.4 Mach d6i lay gan ding ké tiép (sucessive approximation converter)

an Start ] _
1
6] 1111]
DAC n -bit af 190 o 35y
Ma 3 [oT1
S0 < {%} SAR | 2 010
ra

£ Cx (fc)
Slartﬂ_

(H 8.10)

Mach déi lay gan dung ké tiép dung cach tao dién thé tham chiéu mot cach co hi¢u
qua hon khién viéc chuyén ddi ra mi sb n bit chi tén n chu ky xung Cx. Mach nay bao gom:
mot mach so sanh, mot mach ghi dich dac biét (SAR) va mét mach DAC (H 8.11).

U3 Limléch1,/21SE
Vi
! Mach DAL 4 bit
- +
¢ ] NEE
[ ¢
. ]
| 4 | 3 | 2 | 1¢% N LEE
Gy 0y Gy Gy W
s gr| |sor| |sur SCIR
| | | |
(4Y | {3) @ :
| |
A E c D E F
o oo o o o e oo o ol
GK GK G}'C G]C GK Gh
| | | | | | 1l
CK

(H8.11)

Mach SAR (H 8.11) la mach ghi dich c6 ket hop diéu khién 'Logic. Mach gom 6 FF D
mic thanh chudi, ngd ra FF cudi (F) hdi tiép vé FF dau (A) , khéi diéu khién gém 4 cong
AND va 4 FF RS c6 nga vao tac dong muc cao, cac nga ra Q cua cac FF RS duogc dua vao
mach DAC dé tao dién thé tuong tu Vr (dung so sanh voi dién thé ra tir mach léy mau va gitr
V,), dong théi déy ciing 1a ma s ra khi su bién d6i da két thuc.
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Van hanh: Luc c6 xung bt dau, mach SAR duogc dit vé 0. Ngi ra DAC duogc 1am
léch 1/2 LSB dé tao dic tinh chuyén d6i nhu di noi trong phan trude, ké ¢6 SAR dua bit MSB
1én cao (bang cach preset FF A), cac bit khac bang 0, s6 nay duoc dwa vao mach DAC dé tao
dién thé tham chiéu Vr dé so sanh vdi v,. Tly theo két qua so sanh, neu Vr > v, thi ngé ra
mach so sanh & mirc cao khién SAR bo di bit MSB khi cé xung Cx ké tiép xuat hién, con néu
Vr <V, thi ngd ra mach so sanh & mic thap, khién SAR giit bit MSB lai (FF RS 4 giir
nguyén trang thai) dong thoi dua bit co nghia ké tiép 1én cao (do FF 3 duoc set tir gid tri 1 &
ngd ra FF B, tri 1 nay dugc chuyén tir FF A sang). Mach so sanh tiép tuc lam viéc va két qua
s& duoc quyét dinh theo cung cach thire nhu dbi véi bit MSB.... Tiép tuc nhu vdy cho dén bit
cudi cliing ctia SAR, ltc d6 v, gan Vr nhét va ta dugc két qua chuyén doi trong thoi gian t6i da
1a n chu ky xung dong h6. Mach chuyén d6i cham dut khi nga ra FF F 1én mirc cao cho phép
mé cac dém dé cho ma sb ra.

8.2.5 Mach d6i dung tin hiéu doc don (single ramp converter)

Dién thé chuan tung néac tao béi mach DAC c6 thé dugc thay thé boi dién thé tham
chi€u c6 doc 1én lién tuc tao bai mach tao tin hi¢u doc 1én (thuong la mach tich phan).

i | Vet
a S0 C
. = 5 Q—EOQC
LI
LI
—
So Ve2 Ma so ra
- L —
il —, —
¢, [f) W Mach dem n-bit
Mach tao i
tin hieu
doc len Startﬂ_T

(H8.12)

Xung bit dau dat mach dém n bit vé& 0 va khoi dong mach tao dbc 1én dé tao Vr, tir
mot tri hoi 4m, khi Vr cét truc 0 ngad ra mach so sanh 2 1én cao md cong AND cho xung Cx
vao mach dém. Khi duong dbc dat tri sb bfmg tri tuong tu can bién ddi nga ra mach so sanh 1
1én cao dua ngd ra Q ctia FF xudng thap, cong AND dong va két thuc su chuyén déi. S6 dém
duoc & mach dém ty 1¢ voi dién thé tuong tu vao. Mach co khuyét diém 1a d6 ddc cua Vr tuy
thudc thong sé RC ciia mach tich phan nén khong chinh xac.
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[IT111]

8.2.6 Mach d6i lay tich phan (Integrating Converter)

prT i
E Sy
X
s C
| =
L % U Vi S
a s
Vr 5 s !
—1 Mach DK |— Start]]
EQC Ll:lgi[:

Mach dem n-bit {

Dem nga ra

1

Ma so ra
(H 8.14)

Cx. [fc)

Mach nay giai quyét duoc khuyét diém cta mach bién dbi dung tin hiéu dbc don,
nghia 1a d¢ chinh x4c khong tuy thude RC.

Xung bat diu dua mach dém vé 0, mach diéu khién m& khoa S; ciia mach tich phan,
dong khoa S dé dua tin hiéu tuong tu v, (gia sir &m) vao mach tich phan dbng thoi mé khoa
Sz. Ngé ra mach tich phan c6 tri @am nho ban dau. Tin hiéu tuong tu vao duoc iy tich phén, do
ddc -v, /RC. Khi ngi ra mach tich phan vuot truc 0, nga ra mach so sanh 1én cao mo cong
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AND dua xung Cx vao mach dém. Khong ké luong léch am ban dau, hiéu thé ngi ra mach
tich phan la:

Vi) = | _I\?/_Z:dt

Gia sir v, khong doi trong thoi gian chuyén doi
Vi(t) = -(Va.t /RC)

Néu v, 4m thi ngd ra mach tich phan la duong dbc 1én déu.

Khi mach dém tran (t&c dém hét dung luong va ty dong quay vé 0) mach Logic didu
khién mo khéa S; va dong khoa S, dua dién thé tham chleu Vr (duong) dén mach lay tich
phan. Ngi ra mach tich phan bay gi¢ 1a duong déc xudng véi do doc 1a -Vr /RC. Khi V;
xubng 0, mach so sanh xudng thap dong cong AND va két thuc qua trinh bién doi. S6 dém sau
cung cua mach dém ty 1€ voi dién thé tuong tu vao.

Gia sir RC khong d6i trong qué trinh bién doi, tich phan trong thoi gian t; bang tich
phan trong thoi gian t, nén ta co:

|Va| t; = Vrt
t; 1a thoi gian dém tir 0 cho dén khi tran nén
t1 = 2n/ fCK
vaty, =N/ fck.
N 14 s6 dém sau cung.
Tom lai ta théy s6 dém duoc khong phu thudc RC

0 "-ﬁ 3] b4 tz—rg —
Ve : i
EOC Tc
(H 8.15)

8.2.7 Mach doi lwéng cuc

Mot cach don gian dé thuc hién chuyéq ddi mot tin hiéu tuong tu lu’(jmg cuc la dung
mot mach ddo tuong ty va mot mach so sanh dé xac dinh v, am hay duong dé¢ dao hay khong
trude khi dua vao mach ADC don cuc (H 8.16)
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T
R G
R Ak ADC don cuc
R A - I
I
_Suh Dieu khien
san + -
S
J: ' &5
(H 8.16)

8.2.8 Mach doi song song (parallel hay flash conversion)

Chuong 8. Bién d6i AD & DA

bay 1a mach ddi co toe do chuyén ddi rat nhanh, c6 thé dat vai triéu lan trong mot
gidy, ap dung vao vi¢c chuyén doi tin hiéu hinh trong k¥ thuat video. Thi du dé c6 mach doi 3
bit, nguoi ta dung 7 mach so sdnh ¢ nga vao va mdot mach ma hoa uu tién dé tao ma so nhi

phén ¢ nga ra (H 8.17).

- Khi v, < Vr /10, cac nga ra mach so sanh déu 1én cao khién mﬁ $6 ra la OOO’
- Khi Vr /10 <v, < 2Vr /10, nga ra mach so sanh 1 xuong thap khién ma so ra 1a 001

- Khi 2Vr /10 <v, <3Vr/10, ngé ra mach so sanh 2 xubng thap khién ma sd ra1la 010
Ctr nhu thé, ta thdy ma sd ra ty 1¢ v6i dién thé tuong tu vao

ol

10

a

R=

S0

:CMa

— B so

ra

Cy

17
Cg

Ig
c Ma
3 Ig hoa
c uu
4 |4tiﬂl‘l
C3 |

3
C
C
(H8.17)
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