Chuwong 1. Hé thong sb dém va khai niém vé ma Trang 1

Chwong 1
HE THONG SO PEM VA KHAI NIEM VE MA

1.1. HE THONG SO PEM

1.1.1. Hé dém

1. Khai niém

Hé d¢ém latap hop céc phuong phdp goi va biéu dién cac con sd bang céc ki higu co giatri s
lwong xé&c dinh goi 1a c&c chit SH.

2. Phan loai

Co thé chia cac hé dém |am hai loai: hé dém theo vi tri va hé dém khong theo vi tri.

a. Hé @émtheo vi tri:

Hé dém theo vj tri [ahé ¢ém matrong d6 giatri sb luong caa chir sd con phy thudc vao vi tri caa
nd dtng trong con sd cu thé.
Vidy: Hé thap phan lamot hé dém theo vi tri. S5 1991 trong hé thap phan duoc biéu dién bang

7
A

2 chir s6 “1” va“9”, nhung do vi tri ding ciia céc chir sb ndy trong con sb 1a khéc nhau nén s8 mang

céc giatri sd luong khéc nhau, chang han chir s6 “1” & vi tri hang don vi biéu dién cho gia tri sb
lwgng 14 1 song chir s “1” & vi tri hang nghin lai biéu dién cho giatri sb lugng 12 1000, hay chir sd
“9” khi ¢ hang chyc biéu dién giatri 1290 con khi & hang tram lai biéu dign cho gia tri 12 900.

b. Hé @ém khong theo vi tri:

Hé dém khong theo vi tri 1ahé dém matrong d6 giatri sd luong cua chix s khéng phu thudc vao
vi tri ciand dung trong con s5.

Hé d¢ém La Ma la mot hé dém khong theo vi tri. Hé dém ndy sir dung cac ky tu “17, “V”, “X”...
dé biéu dién cac con s, trong d6 “1” biéu dién cho giatri sb lugng 1, “V” bidu dién cho gia tri s6
luong 5, “X” biéu dién cho giatri s lwong 10... ma khdng phu thudc vao vi tri cac chir sd nay dimng
trong con sb cu thé.

Céc hé dém khong theo vi tri s khdng dugc dé cap dén trong gido trinh nay.

1.1.2. Corsé ciia hé dém
Mot sd A bat ky c6 thé biéu dign bang day sau:
A= an18n2.....8081......a1
Trong d6 & lacac chit sb, (i =- n, m- 1);ilacic hang sb, i nho: hang tré, i 1on: hang gia
Giatri sb lugng ciia c&c chir sb & S8 nhan mot gia tri ndo d6 sao cho thoa man bat dang thirc sau:
Of£a £N-1 (anguyén)

N dwoc goi |a co sb cia hé dém. Co sb cia mét hé dém 1a sb lwong ky tw phan biét duwgc sir
dung trong mét h¢ aém. Cac hé thdng sd dém duoc phan biét véi nhau bang mot co sb N caa hé
dém d6. Mdi ky tu biéu dién mot chir sb.
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Bai giang KY THUAT SO Trang 2

Trong doi sdng hang ngdy ching ta quen sir dung hé dém thap phan (decimal) véi N=10. Trong
hé thong sb con sir dung nhitng hé dém khéc 1ahé dém nhj phan (binary) véi N=2, hé¢ ¢ém bét phan
(octal) voi N=8 vahg dém thap luc phan (hexadecimal) véi N=16.

- Hé nhi phan : N=2 pb a=0,1.
- H¢ thap phéan : N=10 b &8=0,1,2,3,4,5,6,7,8,09.
- Hé bét phan : N=8 b 5=0,1,2,3,4,5,6,7.

- Héthaplucphan: N=16 b 5=0,1,2,...8,9,A,B,CD,E, F.
Khi d¢& xuat hién co sb N, taco thé biéu dién sd A dudi dang mot da thirc theo co s N, dugc ky
hiéu laAw, :

Apy = anaN™ + ana N™ 4+ ao.N° + ap N+ . +a,N"

Hay:
_ml o

A = a N (L.1)
Voi N=10 (hé thap phan):

A@o) = 8n1.10™ + 8,2.10™2 + .+ 2.10° +..+ @, 10"

1999,95910) =1.10% + 9.10% + 9.10" + 9.10°+ 9.10™ + 5.10° + 9.10°
Véi N=2 (hé nhj phan):

AR Zan1.2™ + an2. 2™+t 2.2° . +an2”

1101 = 1.2° +1.2%+ 0.2' + 1.2° = 139
V61 N=16 (hé thap luc phan):

Age) = 8n1.16™ + an2.16™2 +.. + 3.16° + a,16™ + ... + a,16™

3FF(6) = 3.16° + 15.16" + 15.16° = 102310
V6i N=8 (hé bat phan):

Ag = an1.8™ + an2.8™ +..+ @.8° + a8 + ...+ a,8"

3765 = 3.8%+ 7.8" + 6.8° = 2541

Nhu vay, biéu thic (1.1) cho phép doi cac sb & bét ky hé ndo sang hé thap phan (hé 10).
1.1.3. Péi co sb

1. Péi tir co sb d sang co' sb 10

Dé chuyén d6i mot sb o hé dém co sb d sang hé dém co sd 10 nguai takhai trién con sd trong co
s6 d dudi dang dathic theo co s6 cuand (theo biéu thic 1.3).

Vidul1l  Déi sd 1101 ¢ hé nhi phan sang hé thap phan nhu sau:
10112 = 1.2 + 0.2+ 1.2' + 1.2° = 1149

2. Pdi tir co sb 10 sang co sb d

Dé chuyén doi mot sb tir co s6 10 sang co s6 d (d = 2, 8, 16) nguoi taldy con sb trong co sd 10
chia lién tiép cho d dén khi thuong sb bang khong thi dirng lai. Két qua chuyén ddi co dugc trong
hé dém co sd d latap hop céc sd du cua phép chia dugc viét theo thir ty nguoc lai, nghiia la sb du
dau tién co trong sd nho nhat. (xem vi du 1.2)

http://tieulun.hopto.org



Chuwong 1. Hé thong sb dém va khai niém vé ma Trang 3

Vidu 1.2:
13| 2
1 6 |2 1023 |16
0 3 ]2 15 63 |16
1 1 2 15 3 |16
1 0 3 0
A(10)213 ® A(g):llol A(lO):1023 ® A(15)23FFH

Két luan: Goi di, dy, ..,d, 1an luot 1a du s cua phép chia sb thap phan cho co s6 d ¢ lantha 1, 2,
3, 4, .., nthi két qua chuyén doi mot s tir hé dém co sb 10 (thap phan) sang hé dém co s d & 1
dndn-ldn-z---dl,
nghia 1a du sd sau cling caa phép chia la bit ¢ trong sd cao nhat (MSB), con du sb dau tién 1a bit
c6 trong sd nho nhat (LSB).
Trong céc vi du trén, co s cua hé dém duoc ghi & dang chi sb bén dudi. Ngoai ra ciing co thé ky
ti chir dé phan biét nhu sau:
B - Hé nhi phan (Binary) O - Hé bét phéan (Octal)
D - H¢ thap phan (Decmal) H - Hé thap luc phan (Hexadecimal)
Vi du: 1010B c6 nghiala 1010,
37FH  c6 nghiala 37F 6

& Quy tic chuyén doi gisra cac hé démco s 2, 8, 16 ?

1.2. HE DPEM NH] PHAN VA KHAI NIEM VE MA
1.2.1. Hé dém nhij phan
1. Khai niém
Hé dém nhi phan, con goi 1ahé dém co sd 2, lahé dém trong d6 nguoi ta chi sir dung hai ki hiéu
0 val dé biéu dién tat ca c&c 5. Hai ky hiéu d6 goi chung la bit hozc digit, n6 dic trung cho mach
dién tir 00 hai trang théi 6n dinh hay con goi 1a 2 trang théi bén caa FLIP- FLOP (ky hiéu la FF).
Trong hé ¢ém nhi phan nguoi ta quy wéc nhu sau:
- Mot nhdém 4 bit goi a1 nibble.
- Mot nhdém 8 bit goi [a 1 byte.
- Nhém nhiéu bytes goi 1a tir (word), cd thé co tir 2 bytes (16 bit), tir 4 bytes (32 bit), ...
Dé hiéu rd hon mot sb khéi niém, taxét sb nhi phan 4 bit: asaaya. Biéu dién dudi dang da thirc
theo co sd caand la

BeBodan (o) = 80.2° + 3.2° + .2  + 3. 2°

Trong do:
23,22, 2% 2° (hay 8, 4, 2, 1) duoc goi 1a céc trong Sb.

- & duoc goi la bit ¢o trong s nho nhat, hay con goi bit ¢ y nghia nho nhat (LSB - Least
Significant Bit), con goi la bit tré nhat.
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Bai giang KY THUAT SO Trang 4

- @ duoc goi 1a bit ¢ trong sd 1on nhat, hay con goi 1a bit ¢6 y nghia Ién nhat (MSB - Most
Significant Bit), con goi la bit gia nhat.

Nhu vay, véi sb nhi phan 4 bit agapaya trong d6 mdi chir sd & (i tir 0 dén 3) chi nhan dugc ha
giatri {0,1} taco 2* = 16 t6 hop nhi phan phan biét.

Bang sau day liét ké céc t6 hop ma nhi phan 4 bit cling céc giatri sd thap phan, sb bat phan va sb
thap luc phén tuong tng.

& T bang nay hay cho biét méi quan hé giira cac s6 trong hé nhj phan véi cac 6 trong hé
bat phan (N=8) va hé thap luc phan (N=16)? Tz @6 suy ra phicong phép chuyén déi nhanh giiza cac
hé nay?

S6 thap phan apamd | SO béat phan | Sb thap luc phan
0 0000 00 0
1 0001 01 1
2 0010 02 2
3 0011 03 3
4 0100 04 4
5 0101 05 5
6 0110 06 6
7 0111 07 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F

Bang 1.1. Cac té hgp mé nh; phan 4 bit

Sy chuyén d6i giira céc hé thdng s dém khéc nhau giir vai trd quan trong trong may tinh sb.
Chiing ta biét rang 2° = 8 va 2* = 16, tir bang ma trén c6 thé nhan thdy mdi chir sb trong hé bét phan
twong duong véi mot nhém ba chir 6 (3 bit) trong hé nhi phan, mdi chir s trong hé thap luc phan
twong duong véi mot nhém bén chir sb (4 bit) trong hé nhi phan. Do d6, khi biéu didn sb nhi phan
nhiéu bit trén may tinh dé tranh sai st nguoi ta thuong biéu dién théng qua sb thap phan hoac thap
luc phéan hoac bat phan.

Vidu 1.3: Xét viéc biéu didn sd nhi phan 1011111011111110,.

1 3 7 3 7 6

— A N - N N - N - N

101111101111 1110
B E ¥ E

Vay, ¢6 thé biéu dién : 137376 theo h¢ béat phan
hoic : BEFEw) theo hé thap luc phan.
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Chuwong 1. Hé thong sb dém va khai niém vé ma

Trang 5

& i nhi phan n bit c6 bao nhiéu té hop nh; phan khac nhau? Xét truong hop so nh;

phan 8 bit (n=8) asasasasazara;ag co bao nhiéu té hop nhi phan (tr ma nh; phan) khac nhau?

2. Céc phép tinh trén sb nhi phan

a. Phép cong
Dé cong hai sd nhi phan, ngudi ta dya trén qui tic cong nhu sau:
0+0=0 nhé O
0+1=1 nhé O
1+0=1 nh6 O
1+1=0 nh6 1
Vidu 1.4:
.3 ® 4 0011
2 ® 0010
5 ® 0101 = 1.2° + 1.2° = 54

b. Pheép trir
0-0=0 muon O
0-1=1 muonl
1-0=1 muon O
1-1=0 muon O
Vidu 1.5:
-7 ® - 0111
5 ® 0101
2 ® 0010=0.2°+0.2%+ 1.2'+ 0.2° = 24
c. Phép nhan
0.0=0
0.1=0
1.0=0
1.1=1
Vidu 1.6:
o7 ® o1
5 ® 0101
35 0111
0000
0111
0000
0100011 =1.2° + 1.2'+ 1.2°= 35,
d. Phép chia
0:1=0
1:1=1

Luwuy: Khi chiasé chia phai khac 0
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Bai giang KY THUAT SO Trang 6

Vidu 1.7: 10| 5 ® 1010, 101
101 10 = 200
00
0
Ung dung thanh ghi dich thwc hié¢n phép toan nhan hai, chia hai:
0 ‘L/o Thanh ghi sau khi dich tréi 1 bit
Dichtra 1 bit « nhan 2

\ﬁ&\\\\\

N Thanh ghi ban dau

r\\\\\\\\\\\\mmmmmmmwn

0 0 Dich phai 1 bit « chia?2

Hinh 1.1. Ung dung thanh ghi dich thiec hién phép toan nhan va chia 2

1.2.2. Khéai niém vé ma

1. Pai cwong

Trong doi sdbng hang ngdy, con ngudi giao tiép véi nhau thong qua mot hé théng ngdn ngir qui
wdc, nhung trong may tinh va céc hé théng sb chi xir Iy céc dir liéu nhi phan. Do dé, mot van dé dat
ra lalam thé ndo tao ra mot giao dién dé dang gitta nguoi va méy tinh, nghia la méay tinh thic hign
dugc nhirng bl toan do con nguoi dat ra

V1 c&c méy tinh s hién nay chi hiéu c&c s 0 va s 1, nén bét ky thong tin ndo dudi dang céc chix
s6, chir cd  hoic céc ky tu phai duoc bién dbi thanh dang sd nhi phan trudc khi nd co thé dugc xir
ly bang c&c mach sb.

Pé thyc hién diéu d6, nguoi ta dat ra van dé vé ma hoa dir lisu. Nhu vy, ma héa |a qué trinh
bién d6i nhitng ky hiéu quen thuoc caa con ngudi sang nhitng ky hiéu quen thugc véi may tinh.
Nhitng sb liéu ¢4 ma hda ndy dugc nhap vao may tinh, méy tinh tinh toén xir Iy va sau d¢6 méy tinh
thuc hién qué trinh nguoc lai 1a giai m& dé chuyén doi céc bit théng tin nhi phan thanh céc ky hiéu
quen thudc VGi con ngudi ma con nguoi cd thé hiéu dugc.

Céc linh virc ma hda bao gom:

- M&hbasb thap phan

- Mahoaky tu

- Mahdbatap lénh

- M&hdatiéng noi

- M&hodahinhanh ..v..v..

Phén tiép theo chiing ta khao s& linh vuc ma hda don gian nhat 1a ma héa s thap phan bang
céch sir dung céc tir ma nhi phan. Viéc mahoaky tu, tap [énh, tiéng ndi, hinh anh... déu dua trén co
s& mé hda sb thap phan.
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Chuwong 1. Hé thong sb dém va khai niém vé ma Trang 7

2. M& héa sb thap phan

a. Khai ni¢m
Trong thuc té ¢é ma hda sb thap phan nguoi ta sir dung c&c sb nhi phan 4 bit (aa.a:80) theo quy
tic sau:
0 ® 0000 ; 5 ® 0101
1® 0001; 6 ® 0110
2 ® 0010; 7 ® 0101
3 ® 0011 ; 8 ® 1000
4 ® 0100; 9 ® 1001
Céc s6 nhi phan ding ¢é méa hoa cac s thap phan duoc goi la c&c sb BCD (Binary Coded
Decimal: S6 thap phan dugc méa héabang sd nhi phan).
b. Phan logi
Khi st dung sb nhi phan 4 bit dé méa hoa cac sb thap phan tuong wng véi 2° = 16 t6 hop manhi
phén phan biét.
Do viéc chon 10 t6 hop trong 16 t6 hop dé mé hda céc ky hiéu thap phan tir 0 dén 9 ma trong
thuc té xuét hién nhiéu loai ma BCD khéc nhau.
Mic du ton tai nhiéu loai ma BCD khéc nhau, nhung c6 thé chialam hai loai chinh: M& BCD c6
trong s6 vama BCD khdng co trong 6.

b1l. M& BCD c6 trong sb laloai mé cho phép phan tich thanh da thic theo trong s ciand. Ma
BCD c6 trong sd dugc chialam 2 loai 1& maBCD tu nhién vamaBCD sb hoc.

M& BCD tw nhién laloai ma ma trong d6 céc trong sb thuong duoc sip xép theo thir ty tang
dan. Vi du: MABCD 8421, BCD 5421.
M& BCD s6 hoc laloai mamatrong d6 cé tong céc trong sd ludn ludn bang 9.Vi du: BCD
2421, BCD 5121, BCD8 4-2-1
Pic treng cia ma BCD sb hoc 1a ¢d tinh chat déi xing qua mét dwang trung gian. Do
vay, dé tim tr ma BCD caa mot b thap phan ndo d6 taldy bl (dao) tir maBCD ciasd bl 9
tuong tng.
Vi du xé ma BCD 2421. Pay lama BCD sb hoc (tong céc trong sd bang 9), trong d6 s6 3
(thap phan) c6 tir m&120011, sb 6 (thap phan) 1abu 9 cua 3. Do vay, co thé suy ratir mécia 6
bang céach lay b tir ma cua 3, nghia laliy bu 0011, ta s3 ¢6 tir mé cua 6 14 1100.

b2. M& BCD khéng co trong sb laloai ma khong cho phép phan tich thanh da thirc theo trong
sd ciand. Cac ma BCD khong ¢6 trong sb 1& M& Gray, Ma Gray thira 3.

Dic trung cia ma Gray labo matrong d6 hai tir ma nhi phan dung ké tiép nhau bao gio ciing chi
khéc nhau 1 bit.

Vidy: MaGray: 2 ® 0011 Con véi maBCD 8421
3 ® 0010 3 ® 0011
4 ® 0110 4 ® 0100

Céc bang dudi day trinh bay mot sd loai méthéng dung.
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Bai giang KY THUAT SO

Cac ma BCD ty nhién.

Bang 1.2:
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Cac mé BCD s hoc

Bang 1.3:
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0 1
1

0
0

00 O

0O 0|0

BCD ty nhién va ma Gray.

Bang 1.4
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Chuwong 1. Hé thong sb dém va khai niém vé ma Trang 9

Chay: M& Gray dwoc suy ra tir ma BCD 8421 bing cach: céc bit 0,1 dung sau bit 0 (6 ma
BCD 8421) khi chuyén sang ma Gray duoc giit nguyén, con céc bit 0,1 dung sau bit 1 (¢ maBCD
8421) khi chuyén sang mé Gray thi dao bit, nghialatir bit 1 thanh bit 0 va bit 0 thanh bit 1.

3. Mach nhan dang sb BCD 8421:

o]

Mach nhan dang Yy
% s6 BCD 8421 >
a1

Mach nhan dang sb BCD 8421 nhan tin hiéu vao |a c4c bit as, &, & caa s nhi phan 4 bit

a1y, dau ray duogc quy dinh nhu sau:
- Néuy = 1 thiasaaa, khong phai s BCD 8421
- Néuy = 0 thiasaaa 1a s BCD 8421
Nhu vay, néu mot sb nhi phan 4 bit khdng phai 1a mot sb BCD 8421 thi ngd ray = 1. Tur bang
1.1 ta thdy mot sb nhi phan 4 bit khong phai 1a.sd BCD 8421 khi bit ag luén ludn bang 1 va (bit a;
bang 1 hogc bit a, bang 1).
Suy ra phuong trinh logic ciangd ray: y=ag(a + &) = &ay + &
So db logic:
A

a1 ]
) y
) - .|
y
& J—» &2 ___

Ciing do viéc xuat hién sd BCD nén c6 hai cach nhap dit liéu vao méy tinh: nhap sd nhi phan,

nhap biang m& BCD.
Dé nhap sb BCD thap phan hai chir sb thi may tinh chia sb thip phan thanh cac décac va méi
décéc duge biéu didn bang sd BCD tuong ting. Chang han: 1110y ¢ thé dugc nhap vao méy tinh

theo 2 céch:
- Sbnhiphan :1011
- MaBCD : 0001 0001

4. Céc phép tinh trén s6 BCD

a. Phép cong
Do sd BCD chi ¢6 tir 0 dén 9 nén déi vai nhitng sd thap phan 16n hon s& chia s thap phan thanh
nhiéu décéc, mdi décéc duoc biéu didn bang so BCD tuong tng.

Vidu 1.8 Cong 2 sd BCD mét décac:

. 5 ®, 0101 L7 ® L, o111
3 ® _0011 5 ® 0101
8 1000 12 +1100
0110 «—— S hiéu chinh
0001 0010
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Bai giang KY THUAT SO Trang 10

C6 hai trwong hep phai hiéu chinh két qua cia phép cong 2 s6 BCD 8421:

- Khi két qua ciia phép cong la mét sé khdng phdi 1a s6 BCD 8421

- Khi két qua ciia phép cong la mét sé BCD 8421 nhung lgi xudt hién so nhé bang 1.
Viéc hiéu chinh dwgc thuc hién bang cach cong két qua véi sé hiéu chinh 126 (0110,).

O vi du 1.8 @& xem xét truong hop hiéu chinh khi két qua khong phai la mot so BCD 8421.
Trudng hop hiéu chinh khi két qua lamot sd BCD 8421 nhung phép cong lai xuét hién sb nhé bang
1 dugc xem xét trong vi du sau day:

Vidu 1.9 Hiéu chinh két qua cong 2 sb BCD mat décée khi xuat hién sb nha bang 1:

., 8® . 1000 Két qua lasd BCD 8421 nhung
_9® _1001 lai xUAt hign s nh¢ bang 1
17 C_ooo
oo UHD 86 hiéu chinh (6
0001 0111 0 hiéu chinh (6)
Két qua sau khi higu chinh 1217
b. Phép tru
Phép toan trir 2 s BCD dugc thyc hién theo quy tic sau day:
A-B=A+B

Trong d6 B lasd bu 2 cuaB.

Vidu 1.10  Thuc hiéntrir 2 s BCD mot décéc:

.7 ® _0111 , 0111 \
5 ® 0101 1010 «—— Bulcuas
2 0010 )@ 0001
B6 di % g * 1 «——Cong1LSB dé cobu2cuas

0010e—__ ¢4 qua cudi ciing

Luuy:
- BU 1 ciia mgt s6 nhi phan 1a ldy ddo tdt ca cac bit ciia sé @6 (bit 0 thanh 1, bit 1 thanh 0).
- BU 2 ciia mét s6 nhj phan bang so b 1 céng thém 1 vao bit LSB.

Xét cac trirong hgp ma rgng sau day:

1. Thyc hi¢n trir 2 s6 BCD 1 décac ma s6 by trir nhé hon 6 trar ?
2. Mé réng cho céng va trir 2 s BCD nhiéu décéc ?
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Chuwong 2. Pai sb BOOLE Trang 11

Chwong 2
PAI SO BOOLE

2.1. CAC TIEN BE VA PINH LY PAI SO BOOLE

Trong c&c mach sb, c&c tin hiéu thuong dugc cho ¢ 2 mic dién &p, vi du: OV va5V. Nhing linh
kién dién tir ding trong mach sb 1am viéc & mot trong hai trang théi, vi du Transistor ludng cuc
(BJT) lam viéc ¢ hai ché do latat hoac dan b&o hoa... Do vy, dé md ta cac mach sb nguoi ta ding
hé nhi phan (binary), hai trang thd cia céc linh kién trong mach sd duwoc mé hoa twong ung 1a 0
hoac 1.

Mot bo mén dai sb phét trién tir cudi thé ky 19 mang tén nguoi sang lap rand: dai sd Boole, con
duoc goi ladai s logic, thich hgp cho viéc mé ta mach sb. Pai s6 Boole la cdng cu toan hoc quan
trong dé phan tich vathiét ké cac mach sd, duoc dung |am chia khoa dé di su vao moi linh vuc lién
quan dén k¥ thuat sd.

2.1.1. Céac tién dé cua dai sé Boole

Cho mét tap hop B hiru han trong d6 ta trang bi cac phép toan + (cong logic), x (nhén logic), -
(bt logic/nghich dao logic) vaha phanter 0 val lap thanh mot ciu tric dai sb Boole (doc |a Bun).

" xyl Bthi: x+yl B,x*y1 B vathoaman 5 tién dé sau:

1. Tién d@é giao hoan

"xyl B:  Xx+y=y+x
2. Tién dé phéi hop
"Xy,z1 B: (X+Yy)+Z = x+(y+2) = X+y+z
(x.y).z =x.(y.z) =xy.z
3. Tién dé phan phoi
"Xy, z1 B: x(y+z)=xy+xz
X+(y.2) =(x+y).(x+2)

4. Tién dé vé phan tir trung hoa

Trong tap B ton tai hai phan tir trung hdala phan tir don vi va phan tir khdng. Phan tir don vi
ky hiéu 1a 1, phan tir khéng ky hiéu 120.

"x1 B: x+1=1
X.1l=Xx
X+0=x
x.0=0

5. Tién dé vé phan tir bu
"x1 B, baogio ciing ton tai phan tir bl trong tng, ky hiéu X, sao cho ludn théa man:
Xx+Xx=1va xXx =0
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Néu B = B* ={0,1} (B* chi gdm 2 phan tir 0 va 1) vathoaman 5 tién dé trén thi ciing 1ap thanh
ciu tric dai sd Boole nhung 1a cu tric dai sb Boole nho nhit.

2.1.2. C4c dinh ly co ban cuia dai sé Boole

1. Van dé déi ngiu trong dai sb Boole

Hai ménh dé (hai biéu thirc, hai dinh 1y) duoc goi la d6i ngiu vai nhau néu trong ménh dé nay
ngudi ta thay phép toan cong thanh phép toan nhan va nguoc lai, thay 0 bang 1 va nguoc lai, thi s
suy radugc ménh dé kia

Khi ha ménh dé d6i ngau véi nhau, néu 1 trong 2 ménh dé duoc ching minh 1a dang thi ménh
dé con lai 1addng. Duéi ddy 1avi du vé cac cap ménh dé ddi ngau voi nhau.

Vidu 2.1: X.(y+2z) = (xy) + (x.2) Hai ménh @é nay |a dsi ngau
X+ (y.2) = (x+y).(x+2)
Vidu 2.2: X+x =1

_ :) Hai ménh dé nay 1a d@éi ngau
x.x =0

2. Cécdinh ly

a. binh |i 1 (Pinh |y vé phan tiz_bu 1a duy nhdt)

"x,yl B,taco:
X+y:1"-:]
x.y:O%

Phan tir bu cia mot phan tir bat ky 1a duy nhét.

P y=X laduy nhit (x vay |a2 phan tx bl ciia nhau)

b. Pinh li 2 (Ply Vé st dong nhdt cia phép céng va phép nhan logic)

"x1 B,taco:

c. Dinh Iy 3 (Pinh |y vé phy dinh hai lan)

"x1 B,taco: x =x

d. Pinhli 4 (Binh ly De Morgan)

"x,y,z1 B,taco:

X+y+z=xy.z

XYZ=X+y+z

Héqua: " x,y,z1 B, taco:

X+y+z=X+y+zZ=XYy.zZ

X.Y.Z= XY.Z =X+y+2Z

e. binh 1i 5 (Dinh ly dan)

x,y|l B,taco:

X. (X +y)= Xy
x+(§.y): X+y
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f. Pinh 1i 6 (Pinh |y nuét)

x,yT B, taco:
X+ X y=X
X.(X+Yy)=Xx

9. Pinh 1i 7 (Quy tdc tinh ddi véi hang)

véio 11 B, taco:
0=1
1=0

2.2. HAM BOOLE VA CAC PHUONG PHAP BIEU DIEN

2.2.1. Ham Boole
1. Pinh nghia

Ham Boole 1a mot anh xa tir dai s6 Boole vao chinh nd. Nghiala " x, yT B duoc goi la cac
bién Boole thi ham Boole, ky hiéu laf, duoc hinh thanh trén co so lién két c&c bién Boole bing cac
phép toan + (cong logic), x / . (nhén logic), nghich dao logic (-).

Ham Boole don gian nhét 1a ham Boole theo 1 bién Boole, duoc cho nhu sau:

f(x) = x, f(x) = x, f(x)=a (alahingsd)

Trong truong hop tong quét, ta cd ham Boole theo n bién Boole duoc ky hiéu nhu sau:

f(X1, X2, «eeey Xn)

2. Céac tinh chit ciaa ham Boole

Néu (X1, X2, ...., Xn) |amot ham Boole thi:

- a.f(x, Xz, ...., Xp) cling lamét ham Boole.
- f_(xl, X2, ...y Xn) ClNGg lamot ham Boole.
Néu f1(X1, X2, «ooy Xn) VA T2(Xq, X2, ...., Xn) la nhitng ham Boole thi:
- fi(xq, X2, oory Xn) + f2(X1, X2, ..., Xn)  cUNg lamot ham Boole.
- f1(X1, X2, weery Xn) F2(X1, X2, «evey Xn) ciing lamot ham Boole.

Vay, mgt ham Boole f ciing dwec hinh thanh trén co sb lién két cac ham Boole bang cac

phép toan + (cong logic), x (.) (nhan logic) hoac nghich dao logic (-).

3. Giatri cia ham Boole

Gia sir f(Xq, X2, ..., Xn) lamot ham Boole theo n bién Boole.

Trong f ngudi ta thay cac bién x, bing céc giatri cu thé a; (1 = ﬁ) thi giatri f (as, a, ..., an)
duoc goi lagiatri caa ham Boole theo n bién.
Vidu 2.3

Xét ham f(xg, X2 ) = X3 + X2
Xét trong tap B = B* ={0,1, ta cd c&c truong hop sau (luu y déy 1a phép cong logic hay con goi
phép todan HOAC / phép OR):
-x1=0,x2=0 ® f(0,00=0+0=0
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-Xx1=0,x=1 ®f(01)=0+1=1 X1 | Xz f(X1, X2) = X1+ X2
-x1=1,x=0 ® f(1,00=1+0=1 0 0 0
x=lx=1 ®@fLl)=1+1=1 0|1 1
Talap duoc bang giatri cia ham trén. 110 1
1 1 1

Vidu 2.4:

Xét ham cho boi biéu thirc sau: f(Xa, X2, X3) = X1 + X2.Xa
Xét tap B = B* = {0,1}. Hoan toan tuong tu talap dugc bang gia tri caa ham:

x
X
&

f (X1, X2, X3) = X1 + X2.X3

PP PFP P OOOO
PP OORFRPFR OO
R OFr OPr Oor o
P PR PP OOO

2.2.2. Cac phwong phap biéu dién ham Boole

1. Phwong phép biéu dién ham bing bang gia tri

Day |a phuong phép thuong ding dé biéu dién ham sb ndi chung va ciing duoc s dung dé bicu
dién cac ham logic. Phuong phép ndy gom mot bang dugc chialam hai phan:
- Mot phin danh cho bién dé ghi céc t6 hop giatri co thé c6 cuabién vao.
- Mot phin danh cho ham dé ghi c&c giatri cia ham ratwong tng véi céc to hop bién vao.
Bang gia tri con dugc goi 1a bang chén tri hay bang chén ly (TRUE TABLE). Nhu vay véi mot
ham Boole n bién bang chan ly s& co:
- (n+1) ¢dt: n oot twong ang vai n bién vao, 1 cot twong tng véi gidtri ra caa ham.
- 2" hang: 2" giatri khéc nhau caaté hop n bién.

Vidu 2.5: Ham 3 bién f(xy, X2, X3) ¢6 thé dugc cho bang bang gia tri nhu sau:

X1 | X2 | X3 f (X1, X2, X3)
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

Trong cé&c vi du 2.3 va 2.4 ching ta ciing d& quen thugc véi phuong phép biéu dién ham bing
bang gia tri.
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2. Phwong phép giai tich

Pay |a phuong phép biéu dién ham logic bang cac biéu thic dai sb. Phuong phép ndy ¢6 2 dang:
t6ng cua céc tich sd hoic tich cia céc tong 0.

Dang téng cua c&c tich sd goi la dang chinh tac thir nhit (Dang chinh tic 1).

Dang tich ciia céc tong sd goi la dang chinh tac thir hai (Dang chinh tic 2).

Hai dang chinh tic nay 1a ddi ngau nhau.

Dang tong céc tich sb con goi la dang chudn tic tuyén (CTT), dang tich cac tong sd con goi la
dang chudn tac hgi (CTH).

a. Dang chinh tdc 1(Dang téng cia cac tich ss)

Xét cac ham Boole mot bién don gian: f(x) = x, f(x) = x, f(X) = a (a lahing sb).

Day la nhitng truong hop o thé cd d6i véi ham Boole 1 bién.

Chiing ta s8 di chirng minh biéu thirc tong quéat cia ham logic 1 bién sb ddi véi dang chinh tic 1.
Sau d6 &p dung biéu thic tong quét caa ham 1 bién dé tim biéu thirc tong quét caa ham 2 bién véi
viéc xem 1 bién lahang sb. Cudi cling, ching ta suy ra biéu thirc tong quét cia ham logic n bién cho
truang hop dang chinh tic 1 (tong céc tich ).

Xé f(x) = x:

Taco: X =0.X + 1.X
mat khac:

Suyra f(x) = x cd thé biéu dién:
f(x) =x = f(0).x + f (1)
trong do: f (0), f (1) dwoc goi la céc giatri caa ham Boole theo mét bién.

Xé f(X) =X
Taco: X =1. X +0.X
Mit khac:

(()=xp ‘i:%:"

Suyra f(x) =x co thé bidu didn:
f(x) = x = f(0).x + f(1).x
Xé f(x) = a (a lahing ):
Tacé: a=a.l=a.(x+x)=a.x +ax
Mit khac:
if)=a
11(0)=a
Suy raf(x) = a c6 thé biéu dién:
f(x) =a = f(0).x + f(1).x

f(x)=ab

Két lugn: DUf(X) = x, f(X) =x hay f(x) = a, tadéu c6 biéu thic tdng quét cia hdm mot bién viét
theo dang chinh tic thir nhat nhu sau:
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f(x) = f(0). X + f(1).x

Vay f(x) = f(O).i +f(1).X, trong d6 f(0), f(1) lagiatri caaham Boole theo mot bién, dugc goi la
biéu thirc tong quét cua ham 1 bién viét & dang chinh tdc thir nhdt (dang tong ciia cac tich).

Biéu thirc tong quét ciia ham hai bién f(x1, X2):
Biéu thirc tong quét caa ham 2 bién viét theo dang chinh tic thir nhat ciing hoan toan dya trén
céch biéu dién ciia dang chinh tic thir nhat cia ham 1 bién, trong ¢6 xem mat bién 1a hang sd.

Cu thé 1& néu xem x; lahang b, x; 1abién sd vadp dung biéu thic tong quét caa dang chinh tic
tha nhit cho ham 1 bién, ta co:
f(X0,%2) = F(0,%0). X 1 + f(1,X2).X1
Bay gio, cac ham f(0,x2) vaf(1,x) tré thanh cac ham 1 bién s theo xo. Tiép tuc &p dung biéu
thirc tong quét caa dang chinh tic thar nhat cho ham 1 bién, ta co:
f(0,x2) = (0,0). X2 + f(0,1).%2
f(1,x2) = f(1,0). X + f(1,1).%2
Suy ra

f(x1,X2) = £(0,0). X 1 X 2 + f(0,1). X 1Xz + f(1,0) X1 X 2 + f(1,1) .XaX2

Day chinh labiéu thic tong quét cia dang chinh tic thir nhat (dang téng cua céc tich sb) viét cho
ham Boole hai bién s f(x1,X2).
Biéu thirc tong quét ndy co thé biéu dién bang cong thic sau:
221 o a2
e=0

Trong d6 elash thap phan twong ang véi ma nhi phan (a,a) va:
X1 néu a;=1

Xalz — ,
1 X1 héu a;=0
Xo Nnéu a=1

x %2 = — ,
2 X2 héu a=0

Biéu thirc tdng quéat cho ham Boole n bién:
Tur biéu thie tong quét viét & dang chinh tic thir nhat cia ham Boole 2 bién, ta co thé tong quét
hoa cho ham Boole n bién f(X1,X2, ..,Xn) Nhu saU:

2"-1
foaxo ) = @ F(01g, 0 ey O )X, 11X, 72X
e=0

On
n

trong d6 e lasb thap phan teong tng voi ma nhi phan (a1,az, ...,an):;
va: Xi néuaj=1
i Xi néuai=0 (wWii=1,2 3,...n)
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Vidu 2.6:
Viét biéu thirc cia ham 3 bién theo dang chinh tic 1:
231
f(xpXoXs) = @ T (an,a2a3) XX %%
e=0
Bang dudi day cho ta giatri cia s thip phan e vaté hop mé nhi phan (ay,a,,a3) twong ang:
e ail as as
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

Biéu thirc cua ham 3 bién viét theo dang tong céc tich nhur sau:
f(Xq, X2, X3) = £(0,0,0) X 1X2X 3+ f(0,0,1) X1 X 2 X3
+1£(0,1,0) X 1x2 X3 + f(0,1,1) X1 Xp X3 + £(1,0,0) X1 X 2X 3
+f(1,0,1)x1 X2 X3 + f(1,1,0) X1 Xo X3 + f(1,1,1) X1 X2 X3
Vay dang chinh tac thiz nhdt 1a dang tong cia cac tich so matrong méi tichso chira day
i cac bién Boole duéi dang thdt hogc dgng bul (nghich dao).

b. Dang chinh tdc 2 (tich ciia cAc téng S6):

Dang chinh tic 2 la dang d6i ngiu ciia dang chinh tic 1 nén biéu thac téng quat cia dang
chinh tic 2 cho n bién dugc viét nhu sau:
N1
f(Xe, X2, oo Xn) = O [f(@naza3) + X2+ X222+ ..+ x,2N)]
e=0
trong d6 e la sb thap phan tuong tng véi mé nhi phén (ay,ay, ...,an);
va
Xi néua=0 (vii=1,23,..,n)
Vi du 2.7: Biéu thuc cia ham Boole 2 bién ¢ dang tich c&c tong sb (dang chinh tic 2) dugc viét
nhu sau:
f(X1,X2)=[(0,0)+X1+X2] [F(0,1)+Xa+ X 2] [f(1,0)+ X 1+X2] [f(L, 1)+ X 1+ X 7]

Vidu 2.8:  Biéu thirc ciaham Boole 3 bién ¢ dang chinh tic 2:

f(X1,X2,X3) = [f(0,0,0)+x1+ x2+x3].[f(0,0,1)+x1+x2+§3].
[£(0,1,0)+X1+ X 2+X3].[f(0,1,1)+X3+ X 2+ X 5] .
[£(1,0,0)+ X 1+Xo+Xa].[f(1,0,1)+ X 1+Xo+ X 3.
[£(1,1,0)+ X 1+ X 2+Xa] [f(L,1,1)+ X 1+ X 2+ X 3]
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Vay, dang chinh tac thiz hai 1a dang tich ciza cac tong sé ma trong d6 méi tong sé nay
chira day di cac bién Boole dirdi dang thdt hogc dang bu.

Vidu 2.9:
Hay viét biéu thirc biéu dién cho ham Boole 2 bién f(x1,x,) ¢ dang chinh tic 1, véi bang gia tri
cuaham duoc cho nhu sau:

X1 Xo f(X1,X2)
0 0 0
0 1 1
1 0 1
1 1 1

Viét dudi dang chinh tic 1 ta co:

f(x,X2) = f(0,0).X1X2+ f(0,1).X 1.X2 + f(1,0).X1. X 2 + f(1,1).X1.X2
= O.i&z + 1.?1.x2 + 1.x1.§2 + 1.X1. %2
= X1Xo+ X1. X2+ X1.X2
Nhan xét:

Dang chinh tac thiz nhat, tong ciia cac tich so, 1a dang liét ké tat cd cac té hop nhi
phan céc bién vao sao cho twong iing Véi nhirng té hop do6 gia tri cia hamra bang 1
® chi can liét ké nhizng té hop bién lam cho gia trj hamra bang 1.

Khi liét ké néu bién tiong iing bang 1 dwoc viét ¢ dang thdt (x;), néu bién twong ing
bang 0 dwoc viét ¢ dang bl (x;).

Vi du 2.10:

Viét biéu thirc biéu didn ham f(x1,X2,x3) & dang chinh tic 2 voi bang gia tri cia ham ra duoc cho
nhu sau:

X
)
X
N
X
il

f(X1,X2X3)
0

Rl R R R olololo
Rl R ol olr|l oo

ROl Ol Ol O

RPlR R R R OlO

Viét dugi dang chinh tic 2 (tich céc tong sb):
f(X1,X2,X3) = (O+Xp+Xo+X3).(0+X1+Xo+ X 3).(0+x+ X 2+X3).
(14X1+ X 2+ X 3). (14 X 14X+ Xg) . (1+ X 14X+ X 3).

(1+ X 1+ X 2#X3).(1+ X 1+ X o+ X 3)
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Ap dung tién dé vé phan tu trung hda 0 va 1 ta co:
Xx+1=1, X.1l=X
X+ 0= X, Xx.0=0
nén suy rabiéu thirc trén co thé viét gon lai:
f(X1XaXa) = (X1FXo*Xa).(Xo+Xo+ X 3).(Xa+ X 2+X3)
Nhan xét:
Dang chinh tic thiz hai 1a dang liét ké tdt ca cac té hop nhi phan cac bién vao sao cho
fwrong 1rng véi nhieng té hop d6 gia tri cuahamrabang 0 ® chi can liét ké nhing té
hop bién lam cho gia tri hamra bang 0.
Khi liét k& néu bién twrong iing bang 0 duwroc Viét ¢ dang thdt (), néu bién tirong g
bang 1 duoc viét ¢ dang bu (x).
Vi du don gian sau gitip SV hiéu rd hon vé céch thanh Iap bang gia tri cia ham, tim ham mach
vathiét k& mach.
Vidu 2.11
Hay thiét ké mach dién sao cho khi cong tic 1 dong thi dén do, khi cong tic 2 dong dén do, khi
ca hai cong tic déng dén do ?

Loi giai:
Dau tién, taqui dinh trang tha cia céc cong tic vabong deén:
- Congticho : 0 Péntit : 0
- Céongtic doéng: 1 béndo :1
Bang trang thai mé ta hoat dong cua mach nhu sau:
Cong tic 1 cong tac 2 Trang théi dén
X1 X2 f(X1,X2)
0 0 0
0 1 1
1 0 1
1 1 1

Tir bang trang thai ¢6 thé viét biéu thire ciia ham f(x1,x2) theo dang chinh tic 1 hoac chinh tic 2.
- Theo dang chinh tic 1 ta co:

f(X1, X2) = X1.X2 + X1. X2 + X1.X2

X 1.X2 + xl(iz + X2)
= XXz + X1
= X1t X
- Theo dang chinh tic 2 ta co:
f(X1, X2) = (0+X1+X2) = X1 + X2
Tir biéu thirc md ta trang théi do/tat cua dén f(xq,x2) thdy rang co thé thuc hién mach bang phan
tir logic HOAC ¢6 2 ngd vao (cong OR 2 ngd vao).

Bai tap ap dung: Mgt hgi dong giamkhdo gom 3 thanh vién. Méi thanh vién co thé lira chon PONG
Y hogc KHONG PONG Y. Két qua goi 1a PAT khi da o cac thanh vién trong hgi dong gidm khdo
PONG Y, nguroc lai 1a KHONG PAT. Hay thiét ké mgch gidi quyét bai toan trén,
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3. Biéu dién ham bing bang K ar naugh (bia K ar naugh)

Day |a cach biéu dién lai cia phuong phdp bang dudi dang bang gom céc
0 vubng nhu hinh bén.

Trén bang ndy nguoi ta b tri c&c bién vao theo hang hoic theo cot cua
bang. Trong trudng hop sb lwong bién vao 1a chan, nguoi ta bd tri s lugng
bién vao theo hang ngang bang s lwong bién vao theo cot doc ciia bang.
Trong truong hop sd luong bién vao 1alé, nguai ta b tri sb lugng bién vao
theo hang ngang nhiéu hon sd lwong bién vao theo cot doc 1 bién hoac nguoc lai.

Céc t6 hop giatri caa bién vao theo hang ngang hoic theo cot doc cia bang duoc bb tri sao cho
khi ta di tr mot & sang mot 6 18n can véi né chi lam thay d6i mot gid tri caa bién, nhu vay thir tu
b tri hay sip xép céc to hop gia tri cia bién vao theo hang ngang hodc theo cot doc ciia bang
Karnaugh hoan toan tuén tha theo ma Gray.

Giatri ghi trong mdi 6 vudng ndy chinh la giatri cia ham ratwong ang véi céc té hop giatri cia
bién vao. O nhitng 6 ma giatri ham lakhéng xé&c dinh (co thé bang 0 hay bang 1), c6 nghiala giatri
cuaham latdy y (hay tiy dinh), nguoi taki higu bang chir X.

Néu ham c¢6 n bién vao s& c6 2" 6 vudng.

Phuong phép biéu didn ham bing bang Karnaugh chi thich hgp cho ham co ti da 6 bién, néu
vuot qua viéc biéu dién s rat ric rbi.

Duéi day |abang Karnaugh cho céc trudng hop ham 2 bién, 3 bién, 4 biénva s bién:

f(Xl,Xz) X1 X1X2
X2 01 X3\ 00011110
0 0
1 1
f X1:0 X1:1
X1Xo XoX3
X3X4 \ 00011110 XaX5\ 0001111010110100
00 00
01 01
11 11
10 10

2.3. TOI THIEU HOA HAM BOOLE

2.3.1. Pai cwong

Trong thiét bi may tinh nguoi ta thuong thiét ké gom nhidu modul (khau) va méi modul nay
duoc dic trung bang mat phuong trinh logic. Trong d¢6, mic ¢ phuc tap cia so d6 tly thudc vao
phuong trinh logic biéu dién ching. Viéc dat dugc d6 6n dinh cao hay khong Ia tiy thuoc vao
phuong trinh logic biéu dién chiing & dang téi thiéu héa hay chua. Bé thuc hign dugc diéu d6, khi
thiét ké mach sb nguoi ta dat ra van dé toi thiéu hoa cac ham logic. Diéu d6 c6 nghia la phuong
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trinh logic biéu dién sao cho thuc s gon nhét (sd lwong céc phép tinh va s lugng céc sd duoc biéu
dién dudi dang that hoac bu la it nhat).

Céc ky thuat dé dat duoc su thyc hién ham Boole mot céch don gian nhat phy thuoc vao nhidu
yéu t6 ma chiing ta can can nhac:

Mt 1a s6 lwong cac phép tinh va s6 lirong cac s (sH lwong literal) duoc biéu dign dugi dang that
hozc bl & it nhat, diéu ndy ¢dng nghiia véi viéc s luong day ndi vasd lwong dau vao caa mach la it
nhat.

Hai 1a so lirong cong can thiét dé thuc hién mach phai it nhat, chinh s lwong cong xé&c dinh kich
thuéc ciaa mach. Mot thiét ké don gian nhat phai tng véi s5 lwong cong it nhat chir khéng phai s
lugng literal it nhat.

Ba la so murc logic ciia c&c cong. Giam sd mirc logic S8 giam tré tong cong ciia mach vi tin hiéu
s& qua it cong hon. Tuy nhién néu chu trong dén van dé giam tré s& phai tra gid sb lugng cong tang
|én.

Boi vay trong thyc té khdng phai lc ndo ciing dat duoc 10i giai t6i wu cho bai todn téi thiéu hoa.
2.3.2. Cac bwérc tién hanh téi thiéu hoa

Dung céc phép thi thiéu dé tdi thiéu hda cac ham sb logic.
RUt ra nhitng thira s chung nham muc dich t6i thiéu héa thém mot budc nita cac phuong
trinh logic.
2.3.3. Cac phwong phap téi thiéu hoa
C6 nhiéu phwong phép thyc hién tdi thiéu hoa ham Boole va cé thé dua vé 2 nhom 1a bién dai
dai s6 vading thugt toan. Phuong phép bién doi dai sd (phuong phép giai tich) duavao céc tién dé,
dinh ly, tinh chit cua ham Boole dé thuc hién ti thiéu hoa
O nhém thugt toan co 2 phuong phédp thuong dugc ding 1&: phuong phdp bang Karnaugh (con
goi |a bia Karnaugh — bia K) dung cho céc ham ¢ tir 6 bién tré xudng, va phuong phdp Quine-
Mc.Cluskey c6 thé sir dung cho ham c6 sd bién bat ky ciing nhur cho phép thuc hién tu dong theo
chwong trinh dugc viét trén may tinh.
Trong phan ndy chi gidi thiéu 2 phuong phép dai dién cho 2 nhom:
Phuong phép bién déi dai s (nhém bién d6i dai $5).
Phuong phép bang Karnaugh (nhém thuat toan).
1. Phwong phép bién doi dai sb
Day la phuong phép tbi thiéu hda ham Boole (phuong trinh logic) dya vao céc tién d¢, dinh 1y,
tinh chat caadai sb Boole.
Vi du 2.12 T6i thiéu hod hdm f(X1,%2) = X 1X2 + X1 X 2 + X1Xz
f(X1,x2) = ;1X2 + Xliz + X1X2
= (;1 + X1).X2 + Xliz
=X+ Xliz
= Xo+ X1

Vi du 2.13 Téi thiéu hoa ham 3 bién sau

f(X1,X2,X3) = X 1XoX3+ X1 X2X3+ X1 X 2X3 + X1X2 X 3 + X1XoX3
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X 1X2X3 + X1 X 2X 3+ X1 X 2X3 + X1X2 (X 3 + X3)

X 1X2X3 + X1 X 2( X3 + X3) + X1X2

§1X2X3 + Xl(zz + X2)

= X1XoX3 + X1
= X1+ X2 X3

Vi du 2.14 R0t gon biéu thuc: f = AB+C+ AC +B
Ap dung dinh ly De Morgan ta co:
f = ABC+AC+B

= (A+B)C+AC+B
= AC+BC+AC+B
= AC+AC+B+C
= (A+1)C+AC+B
= C+CA+B
= A+B+C

Vay, dé thie hién mach ndy ¢ thé ding cong OR 3 ngd vao.

2. Phwong phép bang Karnaugh

Dé tbi thiéu hda ham Boole bang phuong phép bang Karnaugh phai tuan thi theo qui tic vé 6 ké
can: “Hai 6 dwoc goi 1a ké can nhau 1a hai  makhi tatir 6 nay sang 6 kia chi lam thay
déi giatri ciia 1 bién.”

Quy tic chung cia phuong phédp rit gon biang bang Karnaugh 1a gom (két hop) céc 6 ké can lai
vai nhau.

Khi gom 2 6 ké can s loai duoc 1 bién (2=2" loai 1 bién).

Khi gom 4 6 ké can vong tron sz loai duoc 2 bién (4=2° loai 2 bién).

Khi gom 8 & ké can vong tron sz loai duoc 3 bién (8=2° loai 3 bién).

Tong quét, khi gom 2" 6 ké c@n vong tron sé logi dwec n bién. Nhing bién bi logi 1a
nhing bién khi ta di vong qua cac 6 ké cgn ma gia tri ciia ching thay déi.

Nhirng diéu can luu y:

Vong gom duoc goi 1ahop 1¢ khi trong vong gom d6 ¢6 it nhat 1 6 chua thugc vong gom nao.
Céc 6 ké can mudn gom duoc phai 1a ké can vong tron nghia 1a 6 ké can cudi ciing 14 6 ké can
dau tién.
Viéc két hop nhitng 6 ké can véi nhau con tdy thudc vao phuong phép biéu dién ham Boole theo
dang chinh tic 1 hodc chinh tic 2, cy thé |a:
Néu biéu dién ham theo dgng chinh tac 1 (téng cac tich s4) ta chi quan tam nhiing 6 ké
can c6 gia tri bang 1 va thy dinh. Két qua mdi vong gom lic ndy s 1a mot tich rit gon.
Két qua cua ham biéu dién theo dang chinh tic 1 s3 1a tong tat ca céc tich sd rdt gon caa
tat ca c&c vong gom.
Néu biéu dién ham theo dang chinh tac 2 (tich cac téng sd) ta chi quan tam nhitng 6 ké
can c6 gia tri bang 0 va tly dinh. Két qua mdi vong gom ldc ndy s& 1a mot tong rt gon.
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Két qua cua ham biéu dién theo dang chinh tic 2 s3 la tich tit ca céc tong sd rdt gon cua
tat ca cac vong gom.

Ta quan tAm nhitng 6 tly dinh (X) sao cho nhitng 6 ndy két hop véi nhitng 6 ¢6 giatri bang 1
(néu biéu dién theo dang chinh tic 1) hodc bang 0 (néu biéu dién theo dang chinh tic 2) lam cho sb
lwgng 6 ké can 1a 2" Ién nhat. Luu y céc 6 ty dinh (X) chi 1a nhiing 6 thém vao vong gom dé rit
gon hon céc bién mathoi.

Céc vong gom bit budc phai pha hét tat ca cac 6 cd giatri bang 1 c6 trong bang (néu téi thiéu
theo dang chinh tic 1), twong tu c&c vong gom bit budc phai pha hét tat ca cac 6 c6 giatri bang 0
c6 trong bang (néu téi thiéu theo dang chinh tic 2) thi két qua téi thiéu hod mai hop lé.

Céc trwong hep dac biét:

Néu tat ca céc 6 cia bang Karnaugh déu bang 1 va tuy dinh (X) nghia la tit ca cac 6 déu ké can
® giatri ciaham bang 1.

Néu tat ca céc 6 cia bang Karnaugh déu bang 0 va tuy dinh (X) nghia la tit ca cac 6 déu ké can
® giatri ciaham bang O.

Vidu 2.15:  Ti thiéu héa ham sau

f(X1,%2) X,
X2 0 1 ’ 7 ’
0:0%] 1 Toi thieu hoatheo chinh tac 2:
1 | 1. 1 f(X1,X2) = X1+ X2
e
Vide216: e
f(X1,X2,X . \ |
(X1,X2,X3) X1,X2 / » Vonggom 1l: Xz
00 01 11 :10
0 0 1,k 1 \
. K Vong gom 2. X2.X3
1 O l: :\“/l \|s 1 '

Téi thiéu theo chinh téc 1: Ta chi quan tdm dén nhitng 6 c6 gia tri bang 1 va tiy dinh (X), nhu
vay S8 6 2 vong gom dé pha hét cac 6 co giatri bang 1: vong gom 1 gom 4 6 ké can, vavong gom
2 gom 2 & ké can (hinh vg).

Péi voi vong gom 1: C6 4 6 = 2% nén loai dugc 2 bién. Khi di vong qua 4 6 ké can trong vong
gom chi ¢c6 giatri cuabién x; khdng ddi (Iludn bang 1), con giatri caa bién x, thay di (tir 1® 0) va
gia tri caa bién x3 thay d6i (tir 0® 1) nén céc bién x, va xs bi loai, chi con lai bién x; trong két qua
ciia vong gom 1. Vi x;=1 nén két qua caa vong gom 1 theo dang chinh tic 1 s3 ¢6 x; viét & dang
that: x;

Déi v6i vong gom 2: C6 2 6 = 2 nén s3 loai duoc 1 bién. Khi di vong qua2 6 ké can trong vong
gom giatri cuabién x, vaxs khong doi, con giatri caa bién x; thay doi (tir 0® 1) nén céc bién x, va
X3 duoc giit lai, chi co bién x; bi loai. Vi x,=1 va xs=1 nén két qua caa vong gom 2 theo dang chinh
tac 1 S8 ¢O X, VA X3 Viét & dang that: Xo.Xs

Két hop 2 vong gom ta co két qua téi gian theo chinh tic 1:

f(X1,X2,X3) = X1 + X2.X3
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Téi thiéu theo chinh téc 2:  Taquan tdm dén nhitng 6 ¢6 gia tri bang 0 va ty dinh (X), nhu vay
ciing ¢ 2 vong gom (hinh v&), mdi vong gom déu gdm 2 6 ké can.

Déi vé6i vong gom 1: C6 2 6 = 2* nén loai duoc 1 bién, bién bi loai lax (vi c6 giatri thay ddi tir
0® 1). Vi x;=0 va x3=0 nén két qua cia vong gom 1 theo dang chinh tic 2 s3 ¢ x; vaxs & dang
that: X1+ Xa.

Déi v6i vong gom 2: C6 2 6 = 2* nén loai duoc 1 bién, bién bi loai laxz (vi ¢6 giatri thay doi tir
0® 1). Vi x;=0 va x,=0 nén két qua cua vong gom 2 theo dang chinh tic 2 s3 ¢ x; vax, & dang
that: Xy +xo.

f(X1,X2,X \
G x2x3) X1,X2 e TTTTTTT T » Vong gom 1: X3+ X3
X3 00 01 11 10

110111 __V/ONg QoM 2: X1 + X

Két hop 2 vong gom c6 két qua caaham f viét theo dang chinh tic 2 nhu sau:
f (X1,X2,X3) = (X1+X3).(X1+X2)

= X1.X1 + X1.X2 + X1.X3 + X2.X3

= X1+ X1.Xo + X1.X3 + X2.X3
X1(1+ Xz + X3) + X2.X3

= X1+ Xo.X3

Nhan xét: Trong vi du ndy, ham raviét theo dang chinh tic 1 va ham raviét theo dang chinh tic 2
la gidng nhau. Tuy nhién co trudong hop ham ra caa hai dang chinh tic 1 va 2 1a khéac nhau, nhung
giatri cia ham raang voi mot té hop bién dau vao la duy nhit trong ca 2 dang chinh tac.

Chu y: Nguoi ta thuong cho ham Boole dudi dang biéu thire rdt gon. Vi ¢6 2 céch biéu dién ham
Boole theo dang chinh tic 1 hoic 2 nén s3 ¢6 2 céch cho gia tri cuia ham Boole wng véi 2 dang
chinh tic do:

Dang chinh tgc 1: Tong cac tich sd.
f(xe,X2:X3) = S(3,4,7) + d(5,6)
Trong do ky hiéu d chi giatri cac 6 ndy latuy dinh (d: Don’t care)
f(X1,X2,X3) X1, Xz
X3 00 01 11 10
0] 0|0 ]| X |1

1] 0 1 1

L (c d6 bang Karnaugh s& dugc cho nhur hinh trén. T biéu thic rit gon cia ham ta thy tai cac 6
g véi t6 hop nhi phan céc bién vao c6 giatri 1a 3, 4, 7 ham ra co gia tri bang 1; tai c&c 6 Gng Voi
t6 hop nhi phan céc bién vao co giatri 1a5, 6 ham raco giatri latdy dinh; ham ra cé gia tri bang 0
& nhitng 6 con lai ang vai t6 hop céc bién vao co giatri 120, 1, 2.

Dang chinh tgc 2:  Tich c&c tong so.

Phuong trinh trén cing teong duong véi cach cho ham nhu sau:

f(xu,X2,x3) = P (0,1, 2) + d(5, 6)
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Vide 2.17:  Téi thiéu hda ham 4 bién cho dudi dang biéu thuc sau:
f(X1,X2,Xa,Xa) = S(2,6,10,11,12,13) + d(0,1,4,7,8,9,14,15)
f(xl,xz,x3,x4)X4X3 f(xl,xz,x3,x4)X4X3
00 01 11 10 XX 00 01 11 10
00| X | X | 1]X 00 \X | X_|[T [ Xt
01| X | 0 |1 |X — 01| X [0 [1]X
110 | X [ X | 1 1100 | X X | 1l
1001 (1 ]X]|1 01T JITX ]
\
Vong gom 1 .4
Vong gom 2

Thyc hién tdi thiéu hda theo dang chinh tic 1: tir ban d6 Karnaugh ta co 2 vong gom, vong gom 1
g0m 8 & ké can vavong gom 2 gom 8 & ké can. Két qua tdi thiéu hda nhu sau:

Vonggom 1 X;

Vong gom 2: x4

Vay:  f(X1,X2XaXa) = X1+ Xq
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Chwong 3
CAC PHAN TU’ LOGIC CO BAN

3.1. KHAI NIEM VE MACH SO

3.1.1. Mach twong tw
Mach tuong ty (con goi 1a mach Analog) 1a mach dung dé xu ly céc tin hiéu tuong ty. Tin hiéu
trong ty latin hiéu co bién do bién thién lién tuc theo thoi gian.
Viéc xur ly bao gdm cac van dé: Chinh luu, khuéch dai, diéu ché, tach song. ..
Nhugc diém caa mach tuong tu:
- Kha nang chdng nhiu thip (nhidu d& xam nhap).
- Viéc phan tich thiét ké mach phuc tap.
Dé khic phyc nhirng nhuoc diém ndy ngudi tasir dung mach sb.

3.1.2. Mach sé
Mach sd (con goi 1a mach Digital) 1a mach ding dé xir ly tin hiéu s5. Tin hiéu s latin hiéu c6
bién do bién thién khéng lién tuc theo thoi gian hay con goi la tin hiéu gidn doan, dugc biéu dién
duéi dang sdng xung vai 2 mirc dién thé cao va thip ma tuong tng voi hai mic dién thé ndy 1a hai
mirc logic 1 va 0 cua mach 5.
Viéc xir ly trong mach s bao gdm céc van dé nhur:
- Locsd.
- Piéu ché sb / Giai diéu ché sb.
- Méahéa/ Giaima...
Uu diém ciamach s so voi mach tuong tu
- Do chdng nhidu cao (nhidu khd xam nhap).
- Phan tich thiét ké mach sd twong ddi don gian.
Vi vay, hién nay mach sd duogc sir dung kha phé bién trong tat ca céc linh viee nhu: Do ludng s,
truyén hinh s, diéu khién sb. . .

3.1.3. Ho logic dworng/am

Trang théi logic ciamach s ¢ thé biéu dién bang mach dién don gian nhur trén hinh 3.1:
Hoat dong cia mach dién nay nhu sau:

- KMé : DeénTit K
- Kboéng: ben Sang ®D
Trang thd Pong/M & caa khda K hoic trang thdl Sang/Tat caa Vi

dén b ciing dugc dac trung cho hai trang thé logic caamach s5.

Hinh 3.1
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Ciing co thé thay khda K bing khéa dién tir ding BJT nhur sau (hinh 3.2):

+Vce -Vce

% Re Q

Vo RCcVj
—
Rs
Vi RB Q Vi

A\~ W 0

a) b)

Hinh 3.2. Biéu dién trgng théi logic ciia mgch so bang khoa dién tir dung BJT

Giai thich c&c so @b mach:

Hinh 3.2a:

- KhiV; =0:BJTtit® Vo =+Vcc

- Khi V;>a:BJT dinbd hoa® Vo= Vees= 0,2 (V) » 0 (V).

Hinh 3.2b:

- Khivi=0: BJTtit® Vo=-Vcc

- KhiVi<-a BJT dinbdo hoa® Vo= Vees=-Ves=-0,2 (V) » 0 (V).

Vay, trong ca 2 so d6 muc dién thé vao/ra cia khod dién tir dung BJT ciing twong &ng véi 2
trang thé logic cia mach sd.

Nguoi ta phén biét raha ho logic tuy thugc veo mirc dién ép:

- Néuchon : Viogc1> Viegeco ® ho logic duong

- Néuchon : Viogc1 < Viegco ® ho logic &m

Logic duong va logic &m la nhirng ho logic to, ngoad ra con co ho logic mo (Fuzzy Logic) hién
dang duoc trng dung khé phd bién trong cac thiét bi dién tir va cac hé thdng diéu khién tu dong.

3.2. CONG LOGIC (LOGIC GATE)

3.2.1. Khai niém
Cong logic 1a mat trong c&c thanh phan co ban dé xay dung mach s6. Cong logic duoc ché tao
trén co sd céc linh kién ban dan nhu Diode, BJT, FET dé hoat dong theo bang trang théi cho trudc.
3.2.2 Phan loai
C6 ba céch phan loai cong logic:
- Phan loai cong theo chirc nang.
- Phan loai cong theo phuong phdp ché tao.
- Phan loai cong theo ngd ra.

1. Phan loai cong logic theo chirc niing
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a. Cong PEM (BUFFER)
Cong dém (BUFFER) hay con goi 1a cong khdng dao 1a cong c6 mot ngd vao va mot ngd ra voi
ky hiéu va bang trang thai hoat ¢ong nhu hinh vé.

Phurong trinh logic mé ta hoat dong ciacéng dém: 'y = X

Bang trang théi

Hinh 3.3. Ky hiéu va bdng trgng théi ciia cong dém

Trong do:
- xlangd vao co tro khéng vao Zv vé ciing lon® do d6 dong vao cia cong dém rat nho.
- ylangd raco tro khang ra Zranho ® cong dém cé kha ning cung cip dong ngd ralsn.

Chinh vi vay ngudi ta sir dung cong dém theo 2 y nghia sau:

- Dung dé phdi hop tre khang.

- Dung dé céch ly vanang dong cho tai.
Vé phuong dién mach dién c6 thé xem cong dém (cong khdng dao) gidng nhu mach khuyéch dai C
chung (dong pha).

b.Cong PAO (NOT)
Cong PAO (con goi 1a cong NOT) la cong logic ¢6 1 ngd vao va 1 ngd ra, vai ky hiéu va bang
trang thd hoat dong nhu hinh ve:

Bang trang thai:
X y = y
110

Hinh 3.4. Ky hiéu va bang trang thai hoat déng ciia cong dao

Phuong trinh logic md ta hoat dong caacéng DAO: y = x

Cong dao gitr chire nang nhu mot cdng dém, nhung nguoi ta goi 1a dém dao vi tin hidu ngd ra
ngugc muc logic (nguoc pha) vai tin hi¢u ngd vao.

Trong thyc té ta c6 thé ghép hai cdng DAO ndi ting véi nhau dé thie hign chirc nang cua cong
DEM (cong khong dao) (hinh 3.5):

X X

Hinh 3.5. Sz dung 2 cong PAO tao ra cong PEM
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Vé phuong dién mach dién, cong BAO giéng nhu tang khuyéch dai E chung.

c. Cong VA (AND)
Cong AND la cong logic thic hién chirc nang caa phép todn nhan logic céc tin hiéu vao. Cong
AND 2 ngd vao c6 2 ngd vao 1 ngd raky hiéu nhu hinh ve:

Phuong trinh logic md ta hoat dong caacong AND: X1
Y = X1.X2 y
Bang trang théi hoat ¢ong caa cong AND 2 ngd vao: X2 |

X X | Y Hinh 3.6. C6ng AND
o] o] o
0 1| 0
1] oo
1 1 [ 1

Tir bang trang théi ndy c6 nhan xét: Ngd ray chi bang 1 (mirc logic 1) khi ca 2 ngd vao déu bang
1, ngd ray bang 0 (muc logic 0) khi c6 mot ngd vao bét ky (X, hoac x2) bang 0.
X ét truong hop tong quét cho cong AND ¢6 N ngd Va0 X1, X ... Xn:

0 %$x =0 X1
YanD=
1 1

"X, =1 (i=1n) e
Xn

Viy, dac diém ciia cong AND 1a: ngd ray chi bang 1
khi tdt cd cac ngd vao déu bang 1, ngd ra'y bang 0 khi  Hinh 3.7. Céng AND Véi n ngd vao
c6 it nhdt mét ngd vao bang 0.

— — —

Sir dung cong AND dé déng mé tin hiéu:
Cho céng AND c06 hai ngd vao x; vax,. Tachon:
- X; d6ng vai tro ngd vao diéu khién (control).
- X dong vai tro ngd vao dir liéu (data).
Xét céc truong hop cu thé sau day:
- Khi x;= 0: y = 0 bét chap trang thédi ciiax,, tandi cong AND khoa lai khéng cho dit liéu dua
vao ngd vao x, quacong AND dén ngd ra.
iIX,=0P y=0
- Khixg=1! 2
5 =1b y=1

T X
Tanbi céng AND mé cho dit liéu dua vao ngd vao x, quacong AND dén ngd ra.
Vay, c0 thé sir dung mot ngd vao bt ky caa cong AND déng vai tro tin higu diéu khién cho phép
hozc khong cho phép ludng dit liéu di quacong AND.

p y=x2

Sw_dung cong AND dé tao ra cong logic khac:
Néu sir dung 2 t6 hop dau va cudi trong bang gia tri caa cdng AND va ndi cong AND theo so d6
nhu hinh 3.8 thi ¢6 thé sir dung cong AND dé tao ra cong dém.

Trong thyc té, c6 thé tan dung hét cac cong chua dung trong IC dé thyc hién chirc nang ciia cac
cong logic khéc.
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X1

HX=1-X=X=1->y=1 Hy=X

y X=0—->X=%=0—->y=0
X2 }

Hinh 3.8. Sir dung cong AND tgo ra cong dém.

d. Cong HOAC (OR)

Cdng OR la cong thyc hign chirc nang cua phép toan cong logic cac tin higu vao. Trén hinh vé |a
ky hiéu cia cong OR 2 ngd vao:

Phuong trinh logic cng OR 2 ngd vao: Yy = X1 + X»

X1 X
] y
X2
Ky hiéu Chau Au Ky hiéu theo M, Nhat, Uc

Hinh 3.9a Céng OR 2 ngd vao
Bang trang thai m6 ta hoat dong:

X1 X2 Y = X1tXo
0 0 0
0 1 1
1 0 1
1 1 1

Xét truong hop tong quét déi véi cdng OR ¢ n ngd vao.
Phuong trinh logic:

_il
YRZ10 "x =0 (i=1n)

Hinh 3.9b Cong OR n ngd vao

Dic diém ciia céng OR 1&: Tin higu ngd ra chi bang 0 khi va chi khi tdt ca cac ngd vao déu
bang 0, ngwoec lai tin higu ngd rabang 1 khi chi can co it nhdt mgt ngd vao bang 1.

Sw dung céng OR dé déng mé tin hiéu:
Xé cong OR ¢6 2 ngd vao X1, X2. Néu chon x; langd vao diéu khién (control), x, ngd vao dit liéu
(data), ta co cac truong hop cu thé sau day:

- x;=1:y=1,yludn bing 1 bat chiap x, ® Tandi cong OR khoa khdng cho dit liéu di qua.
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=0pP y=0
=1b y=1

1X
- X=0: } 2
%2

cong dén ngd ray.

P y= X2® Tandi céng OR mé cho dir liéu tir ngd vao x, qua

S dung cong OR dé thuc hién chirc niing céng logic khac: St dung hai to hop gia tri dau va
cudi cia bang trang théi cua cong OR va ndi mach cong OR nhu so ¢ hinh 3.10:

- X=0,x1=%=0pP y=0
- Xx=1,x=%=1b y=1J b y=x:cong OR doéng vai trd nhu cong dém.

X1

X2

Hinh 3.10. Siz dung cong OR 1am cong dém

e. Cong NAND
Pay la cong thuc hién phép toan nhan dao, vé so db logic cong NAND gom 1 cdng AND mic
ndi tang vai 1 cong NOT, ky hiéu va bang trang tha cong NAND duoc cho nhu hinh 3.11:

X1

T b y X1 X y
Xz | 0 0 1
ﬁ 0 1 1

X1 1 0 1
X2 y 1 1 0

Hinh 3.11. Céng NAND: Ky hiéu, so d6 logic tiwong dirong va bang trang théi

Phurong trinh logic mé ta hoat dong ciaa cdng NAND 2 ngd vao:

Y = XX,
Xét truong hop tong quét: Cong NAND ¢6 n ngd vao. X1 y
— >O
I ”
Ynano = 20 "x =1 (i=1n) Hinh 3.12.Cong NAND n ngd vao

Vay, dic diém ciia cong NAND |a: tin higu ngd ra chi bang 0 khi tét cd cac ngd vao déu bang
1, va tin higu ngd ra ¢ bang 1 khi chi can it nhdt mgt ngd vao bang 0.
Sir dung cong NAND dé déng mé tin hiéu:
Xé cong NAND c6 hai ngd vao. Chon x, 1angd véo diéu khién (control), x, 1a ngd vao di ligu
(data), lan luot Xxét cac truong hop sau: .

- x=0:y=1(yludn bang 1 bat chap giatri caaxy) tandi cang NAND khoa.
iIXo=0P y=1 .
- x= 10 2 P y=Xx

5=1P y= 0 2

T X
ngd radong thoi dao mirc tin hiéu ngd vao x,, 1tc nay cong NAND déng vai tro 1a cong DAO.

® Céng NAND mé cho dir liéu vao ngd vao x. dén
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Sir dung cong NAND dé tao cac cong logic khac:
- dung cong NAND tao cng NOT:

X X1
O_
X2

y= xlxz—xl+x2—x

Hinh 3.13a.Dung cong NAND tgzo cong NOT

- dung cong NAND tao cong BUFFER (cong dém):

X X1 X
y X y
O D—a >

y=X=X

Hinh 3.13b.Duing cong NAND tgzo cong PEM (BUFFER)

- dung cong NAND tao cong AND:

X1 _ X1 IZ|
XX T Y= X% = XX, ﬁ }
X2 X2

Hinh 3.13c. Siz dung cong NAND tzo cong AND

- dung cong NAND tao cong OR:
X1

<:> y

X2 — X2

XX, = X + X, = X X,
Hinh 3. 13d. Dung cong NAND tgo cong OR
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f. Cong NOR

Cong NOR, con goi la cdng Hoac-Khdng, 1a cong thuc hién chirc nang caa phép todn cong dao
logic, 1a cong 6 hai ngd vao vamot ngd ra co ky hiéu nhu hinh vé:

Phurong trinh logic mé ta hoat dong cia cong :

y= X +X,
X1
y . y
X2 v
Ky hiéu theo Chau Au Ky hiéu theo M, Nhat

Hinh 3.14. Ky hiéu cong NOR
Bang trang thai mé ta hoat dong ciaa cong NOR :

X1 Xo

Ol OOl r I

Rk O O

ROk O

X ét truong hop tong quét cho cong NOR ¢6 n ngd vao.
i0 $x, =1

YNOR= | -
i1 "x,=0 (i=1,n)

Viy dac diém ciia cong NOR 1a: Tin higu ngd ra chi
bang 1 khi tdt ca cac ngd vao déu bang 0, tin higu ngd
ra s¢ bang 0 khi ¢6 it nhat mgt ngd vao bang 1.

Sir dung cong NOR dé déng mé tin hiéu:
Xé cdng NOR ¢6 2 ngd vao, chon x; langd vao diéu khién, x, 1angd vao dit liéu. Ta co:
- %= 1:y =0 (y ludn bang 0 bat chip x,), tandi cong NOR khda khong cho dit liéu di qua.

Hinh 3.15. Céng NOR n ngd vao

ix2 =0p y=1 L )
- X=0: % P y=X, ® tandi cdng NOR m¢ cho dit liéu tir ngd vao x, qua
iX~,=1P y=0 2
t72
c6ng NOR dén ngd ra dong thoi dao muc tin higu ngd vao X», lic ndy cong NOR déng vai trd
lacong PAO.

St dung coéng NOR dé thwc hién chirc niing cbéng logic k hac:
- Dung cong NOR lam cong NOT:

X X y

-

Y= X + X, = XX, =X

Hinh 3.16a. S dung cong NORtzo cong NOT
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- Dung cong NOR lam ¢ong OR :

X1 + X, y X1
o %

Y= X X =X X,

Hinh 3.16b. Si» dung cong NOR tgzo cong OR

X2

- Dung cong NOR lam cong BUFFER :

X X1

X y <:> X y

X2

y= X =X
Hinh 3.16¢. Sir dung cong NOR tgo cong BUFFER

- Dung cong NOR lam cong AND :

e
y ) % DL

Xo —
X,
Y= X X, = XX, = XX,

Hinh 3.16d. S dung cong NOR [am cong AND

- Dung cong NOR lam cong NAND:

X1 ‘j :
X, Vi y X1 y
~ 0
Xo —
X,
y= )_/-I-:Z+X_2:;1+;2: XX,

Hinh 3.16e. Sir dung cong NOR lam cong NAND
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g. Cong XOR (EX - OR)

Pay la cong logic thyc hién chirc nang caa mach cong modulo 2 (cong khéng nhg), 1a cong co
hai ngd vao vamot ngd ra co ky hiéu va bang trang thai nhu hinh ve.

Phurong trinh logic mé ta hoat dong cia cong XOR :

YXOR = X1 X, + X, X2 = XA X2

—D

Hinh 3.17. Cong XOR

PR OlolX
= O = O
ol - R O

Cong XOR dugc ding dé so sanh hai tin higu véo:
- Néu hai tin hi¢u vao |a bang nhau thi tin hiéu ngd ra bang 0
- Néu hai tin hiéu vao lakhéc nhau thi tin hiéu ngd ra bang 1.

Céc tinh chat caa phép toan XOR:
1 XA xo=xA x4
2. X1 A %2 A x3= (xiA x2) A x3 = %A (X2 A X3)
3. X1.(X2 A x3) = (X1.X2) A (X3.X1)

Chizng minh:
VEtrd = X. (X2 A Xa) = Xa(Xa. X3+ X 2.X3) = XaXoX 3+ X1 X2 X3 + X1 X 1.X3 + X1 X 1.X2

= XX X3+ X1X2 X3+ X1 X 1.X3 + X1 X 1.X2 = X1X2( X3 +X1) + X1 X3(X 2+ X1)

= XXa X X5 + XX, XaiXa = (Xax2)A (xaxa) = V& phai (dpem).
4, x1 A (x2. x3) = (x1Ax3).(x1A%2)

5 xA0=x
xA1=x , .
<A x=0 Mé rong tinh chat 5: Néu x;Ax, = X3 thi x;Axa=x,
xA x=1

h. Cong XNOR (EX — NOR)
Pay la cong logic thuc hién chirc nang ciia mach cong dao modulo 2 (cong khdng nhé), 1a cong
cd hai ngd vao vamot ngd ra co ky hiéu va bang trang thd nhu trén hinh 3.19.

Phuong trinh logic m6 ta hoat dong cuacéng: y = X, X, +X,X, =X, A X,

X1 X2

e

Hinh 3.19. Céng XNOR

RO ORI

R O O

ROl = O
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Tinh chit caa cong XNOR:
1 (A X)X A X,) =0 A X))+ (X, A x,)
2. (%, Ax,)+(x; A x,)=(x, A x,)(x; A x,)
3 x, Ax,=x,Ax,=x,Ax,
4. x, Ax,=x,Ax,
5.x, A%, =%, 0 %, A x; =x,

Cau héi: Hay thir chiing minh cac tinh chat tir 1 @én 5 ?

2. Phan loai céng logic theo phwong phéap ché tao

a. Cénq logic diing Diode

a) b)
x1 D1 VCC
o—P——
R
w D2 «1 D1
o—P—4—o
y y

%R
x2 D2

Hinh 3.20. So' @6 mach céng logic dung diode
a.Cong OR - b.Cong AND

Xét so d6 mach don gian trén hinh 3.20

So db hinh a: X1 | %,

- Vx1=Vx,=0V  ® Dy, D, tit: Vy=Vg=0V ® y=0 0 0 g
- Vx1 =0V, Vx;= 5V ® Djtat, D, dan: Vy=Vg=5V ® y=1 0 1 1
- Vx;=5V,Vx,=0V ® D;dan, Dytat: Vy=Vg=5V ® y=1 1 0 1
- Vxi= Vx,=5V ® D,, D, dan: Vy=Vg=5V ® y=1 1 1 1

Day chinh |a cong OR duoc ché tao trén co so diode va dién tré hay con goi 1a ho DRL (Diode
Resistor Logic) hoac DL (Diode logic).

So do hinh b:

X Xo | Xo | Y
- VXl:VXZZOV ® D4, D> dan; Vy:VRZOV ® y:0 0 0 0
- Vxy =0V, Vx=5V ® Dydan, Dy tit: Vy=Vg=0V ® y=0 ol 110
- Vx1 =5V, Vx=0V ® D;tit,Dodin: Vy=Vg=0V ® y=0 11010
- Vxg = VX=5V ® Dy, D, tit: Vy=Vr=5V ® y=1 1 1 1 1

Day chinh [amach thyc hién chic ning cua cong AND duoc ché tao trén co so diode va dién tro
(ho DRL hoac DL).
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b. Céng logic dung BJT

. . . vce
Ho RTL (Resistor Transstor L ogic) 3)
Cong NOT (hinh 3.21a) Rc y
- x=0® BJT tit ® Vy=Ve=5V® y=1 x Rb
- x=1® BJT dinb&o hoa® V, = Vee» OV® y=0 QL

Day la cong NOT ho RTL (Resistor Transistor Logic).

Cong NOR (hinh 3.21b)

- X3 =% =0 ® BJT tit
b Vy=Ve=5VPh y=1

- x1=0,%=1 ® BJT dianb&o hoa
P Vy=Ves»0V b y=0

- x=1,%=0 ® BJT dianb&o hoa
P Vy=Ves»0OV P y=0 L

- X1= %=1 ® BJT dan b&o hoa Hinh 3.21.(a,b)
P Vy=Ves»0VP y=0

Pay chinhlacong NOR ho RTL (Resistor Transistor Logic).

VCC
x1 X2
% Rc
y
R1 Q2

Q1

Hinh 3.21c. Cong NORduing 2 BJT

Tuy nhién mach ndy c6 nhuoc diém la sy anh huang gitta cac ngd vao x; vax, rat 16n dac biét 1a
khi hai ngd vao c6 muc dién &p (muc logic) nguoc nhau. Bé khic phuc nhuge diém ndy nguoi ta
cai tién mach bang céach sir dung 2 BJT ¢ 2 ngd vao doc lap véi nhau nhu so @ trén hinh 3.21c.

Hay gidi thich hogt déng ciia mach nay?

Ho DTL (Diode-Transistor-L ogic)
Trén hinh 3.22 laso d6 mach cong NAND ho DTL.

Hinh 3.22. Céng NAND he DTL
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- Khi x; = X2 = 0: céc diode D1, D, duoc phan cyc thuan nén Dy, D, din ® Va= Vg= 0,7V
(diode ghim dién &p). Madiéu kién dé céc diode D3, D, vaBJT Q dan |a:
Va 2 2Vgp +Vger=2.0,7+ 0,6 =2 (V)
® Khi Dy, D2ddn ® D3, D, tit ® BJT tit® ngdray = 1.
- Khi x,= 0, xo= 1: Dy din, D, tit ® Va = 0,7V (diode D; ghim dién &p) ® Ds, Dy, BJT tit ®

ngd ray = 1.
- Khi x3= 1, xo= 0: Dy tit, D, din® Va = 0,7V (diode D2 ghim dién &p) ® Ds, Dy, BJT tit ®
ngd ray = 1.

- Khi X3 = x5 = 1: ca hai diode D1, D, d8utit ® Va » Ve, (thucté Vo = Ve - Vri) ® diéu kién
dé diode D3, D4 danthoa mé&n nén Ds, D4 dan® BJT dan b&o hda® ngd ray = 0.

Vay day chinh 1a so ¢5 mach thyc hién cong NAND ho DTL.

Nhiém vu cua céc linh kién:

Néu chi c6 mot diode Ds, gia S X1 = X2 = 0, ngd ray=1, lGc ndy D; va D, dan, taco Va = VgDs
=0,7(V). Néu c6 mét tin hiéu nhidu bén ngoai chi khoang 0,6V tac dong vao mach s lam dién &p
tai A tang lén thanh 1,3(V), va st 1am cho diode D3 va Q dan. Nhung néu mic ndi tiép thém D,
mach ¢6 thé ngan tin hi¢u nhidu |én dén 2Vg= 1,2(V). Vay, D3 va D, c6 téc dung nang cao kha nang
chéng nhiéu cia mach.

Ngoai ra, R, lam tang téc d6 chuyén doi trang théi caa Q, vi Iic dau khi Q din s8 c6 dong db qua
R, tao mot phan 4p cho tiép gidp Je cia Q d&é phan cuc thuan 1am cho Q nhanh chéng dan, vakhi Q
tat thi lugng dién tich s3 x& qua R, nén BJT nhanh chong tit.

Ho TTL (Transistor - Transistor -L ogic)

VCC

b) x1 X2 c

" Hinh 3.23. Céng NAND he TTL
a. So' d6 mach, b.Transistor 2 tiép giap va so do twong durong

Transistor Q; duoc sir dung gom 2 tiép gidp BE,, BE, va mot tiép gidp BC. Tiép gidp BE;, BE>
ctuia Q; thay thé cho Ds, D, vatiép gidp BC thay thé cho D trong so 6 mach cong NAND ho DTR
(hinh 3.22).

Gidi thich hogt déng cua mach (hinh 3.23):

- X1 = X2 = 0 cé&c tiép gidp BE1, BE> & dugc mé 1am cho dién &p cuc néncia Qy : Ve = Vg=
0,6V. Ma diéu kién dé cho tiép gidp BC, diode D va Q, dan thi dién thé & cuc nén cua Q,
phai bang:

Vg = Vch + VngEl +VgBE2 =06+0,7+0,6=1,9V
Chirng to khi céc tiép gidp BE;, BE, mo thi tiép gidp BC, diode D vaBJT Q,tit® y = 1.
- X1=0, X2 = 1 cac tiép gidp BE1 md, BE tit thi tiép gidp BC, diode D vaBJT Q, tit® y = 1.
- X1=1, x2 = 0 céc tiép gidp BE; tit, BE; ma thi tiép gigp BC, diode D vaBJT Q tit ® y = 1.
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- X1=Xp =1 céctiép gidp BE1, BE; tit thi tiép gidp BC, diode D dan va BJT Q, dan b&o hoa
®y=0
Vay, day chinh lamach thuc hién cong NAND theo cong nghé TTL.

Dé nang cao kha nang tai cia cong, nguoi ta thudng mic thém ¢ ngd ra mot tang khuéch dai kiéu
C chung (CC) nhu so ¢6 mach trén hinh 3.24:

»
VCC
R NN R5
1 R4 T Jl/ >E =
. L 1Qa

L j}‘(_/
e
X1 0 I Q D y
1 NI
Xy :' |/|>E
Rz R3 Qs
77
Hinh 3.24

Dé nang cao tan sb |am viéc caa cong, nguoi ta cho cac BJT 1am viéc ¢ ché do khuéch dai, diéu
d6 co6 nghia la nguoi ta khdng ché dé sao cho céc tiép xic Je caa BJIT bao gio ciing ¢ trang thé
phan cuc nguoc. Bang cach mic song song Véi tiép gidp Je caa BJT mot diode Schottky. Dic diém
cua diode Schottky la tiép xuc caa nd gom mot chat ban dan véi mot kim loai, nén nd khang tich
lily dién tich trong trang tha phan cuc thuan nghia 1a thoi gian chuyén tir phan cuc thuan sang phan
cuc nguoc nhanh hon, nGi céch khéc BJT s& chuyén ddi trang thé nhanh hon.

Luu y: Nguoi ta ciing khong ding diode Zener boi vi tiép xtc cia diode Zener 1a chdt ban dan
nén sé tich triz dién tich du.

So dd mach cai tién co diode Schottky trén s3 vé twong duong nhu sau (hinh 3.25):

»
R VCC
R1 s

D
X1
Q Q2 y
X R * Rs ()\A 3
17777

Hinh 3.25. Cong logic ho TTL diing diode Shottky
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Ho ECL (Emitter-Coupled-L ogic)

vee =ov
Q

R7

I3

x Rl o1 Q2 n
) K 3V o4
cx>2—fw» J—‘ &
R2 § R5 R6
? RE
3

-VEE

Hinh 3.26. Cong logic ho ECL (Emitter Coupled Logic)

Logic ghép emitter chung (ECL) 1a ho logic c6 toc do hoat dong rat cao va thuong dugc ding
trong cac ung dung doi hoi toc do cao. Toc do cao dat dugc lanhd vao cée transigtor duoc thiét ké
dé hoat ¢ong trong ché do khuyéch dai, vi vay chiing khdng bao gio roi vao trang théi bao hoavado
d6 thoi gian tich luy hoan toan bi loai bo. Ho ECL dat dugc thoi gian tré lan truyén nho hon 1ns
trén mdi cong.

Nhuoc diém caa ho ECL: Ngd ra c6 dién thé am nén nd khdng twong thich vé mic logic véi cac
ho logic khéc.

Gidi thich hoat déng ciia mach (hinh 3.26):

- Khi x; = X2 = 0: Q1, Q. dan nén dién thé tai cuc nén (2), (3) cia Qs, Qs cang am (do 1 val
an)nén Qs Qutat® y; = 1,y, = 1.

- Khi x3= 0, Xo=1: Q; dan, Q, tit nén dién thé tai cuc nén (2) caa Q; duong, dién thé tai cuc nén
(3) cia Q4 cang &m nén Q; dan, Q4 tit ® y1 =0, y, = 1.

- Khi x3=1, x,=0: Q; tit, Q, din nén dién thé tai cuc nén (2) caa Qs am, dién thé tai cuc nén (3)
cua Q4 cang duong nén Q3 dan, Q4 tit ® y; = 1,y, = 0.

- Khi x; = x2 =1: Qi, Q2 tit nén dién thé tai cuc nén (2), (3) cia Qs, Q4 cang duong nén Qs, Qq
din® y;1=0,y,=0.
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c. Cong logic dung MOSFET

MOSFET (Metal Oxyt Semiconductor Field Effect Transistor), con goi la IGFET (lsolated Gate
FET - Transistor trudng c6 cuc cong céch ly).

MOSFET c0 hai loai: Loai ¢ kénh dit sin valoai ¢ kénh cam ung.

D D

B
NMOS G J PMOS G J
S

(0]

a. MOSFET kénh dat sin

D

D
wmos 6 |8 PMOS G J':"B
s s
b. MOSFET kénh cam #ng

Hinh 3.27. Ky hiéu cac logi MOSFET khac nhau

DU 1aMOSFET c6 kénh dat sin hay kénh cam (g déu c6 thé phan chia lam hai loai:

- MOSFET kénh N goi IANMOS

- MOSFET kénh P goi 1a PMOS.

Dic diém cua 2 loai ndy khac nhau nhu sau:

- PMOS: Tiéu thy cong suét thap, tdc do chuyén doi trang tha cham.

- NMOS: Tiéu thy cdng suit 16n hon, téc do chuyén doi trang thé nhanh hon.

Trén hinh 3.27 laky hiéu cua cac loai MOSFET khac nhau.

Chi y: MOSFET kénh dit sin c6 thé 1am viéc ¢ hai ché do giau kénh va nghéo kénh trong khi
MOSFET kénh cam ¢ng chi 1am viéc & ché do giau kénh.

Dung NMOS kénh cam itng ché tao cac céng logic
Xét céc cong logic loai NMOS trén hinh 3.28.
Piéu kién d@é congNMOS dan: Vp>Vs, Ve> Ve
Trong tat ca hinh vé taco :

Q} Roscony = 200KW 0..0 1| Rosony =1KW
lf Rosior) = ; 3T Rosior) =10"KW
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Hinh 3.28a (cng NOT)

VDD VDD VDD

QL

¥ Je—

B

|
l_
'

y

X2 B [ ¢—r

) f =

a) Cong NOT b) Cong NOR ¢) Cong NAND
Hinh 3.28 Cac cong logic ché tao bang NMOS

Theo diéu kién d¢ congNMOS dan: Vp>Vs, Ve> Vg

Tathdy Q; c6 B ndi mass thoa man diéu kién nén: Q, luén ludn dén.

- Khi x=0: Q dan, Q, tat (vi Va2 = Vi = 0 nén khéng hinh thanh dién truong gitaG vaB ®
khéng hit dugc céc e- 1a hat dan thiéu sb ¢ ving dé B ® khong hinh thanh duoc kénh din).
Ldc ndy, theo so d6 twong duong (hinh 3.29a) ta co:

Rp
S(OFF)IQ2 vV
DD

Vy =
RDS(ON)/Ql + RDS(OFF)/QZ
_ 10K Vv
200K +10'K ~*°
P Vy»Vppb y=1
- Khi x = 1: 1Gc ndy Veige > Veige ® hinh thanh mot dién truong huéng tir G dén B, dién
truong ndy hat céc dién tir & c&c hat dan thiéu sb trong viing dé B di chuyén theo chiéu nguoc
lai vé mat d6i dién, hinh thanh kénh dan ndi lién gitta G va B va co dong dién ip di tir D qua
® Q. dan. Nhu vay Qy, Q. déu din, tasé co so do twong duong (hinh 3.29b). Theo so d6 nay
ta co:

Rp
_ S(ON)/Q2
Vy = Voo

RDS(ON)/Ql + RDS(ON)/QZ
1K
= e V/
200K +1K °°

b V= Z—éovDD:o,ozsv by=0
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Vay mach ¢ hinh 3.28ala mach thuc hién cong NOT.

VDD VDD
I Rbsonyo1 IRDS(ON)/Ql
y y
S —
I RbsoFr) g2 I Rbsoonyg2
b) x=1
a) x=0
Vi//4 ) /4

Hinh 3.29 Sv d6 twong dwrong mach hinh 3.28a

Hinh 3.28¢ (c6ng NAND)
- Khi x1 = %2 = 0 (hinh 3.30a): Q; ludn din, Q, va Qs déu tit, lic d6 theo so do twong duong ta

CO.
Vy - RDS(OFF)/QZ + RDS(OFF)/Q3 Vs
RDS(ON)/Ql + RDS(OFF)/QZ + RDS(OFF)/QB
10K +10°K
= Y, b V,=~Vppb y=1.
200K +107K +107K  ™° y= Voo Py

VDD

VDD VDD

Rbsionyo1 Rbsonyot

Rbsonyo1
y

Rosorrio2

Rosionya2

Rbsonyio2

Rosorriqz Rosony/oz

Hinh 3.30c
77 (X=%=1)

Rosorrio3

Hinh 3.30b
//// (Xl: 1, Xo= 0)

Hinh 3.30a.
(X1=%2=0)

- Khi x3= 1, x,=0 (hinh 3.30b): Q., Q. dan va Qj tit lc d6 theo so dd twong dwong ta co:
— Rosionyo2 T Rosorry o3 V. = 1K +10’K

’ RDS(ON)/Ql + RDS(ON)/QZ + RDS(OFF)/QB o 200K +1K + 107 K oo

b Vy=Vppb y=1

- Khi x;= 0, x,=1: Q,, Qs danvaQ, tit, giai thich tvongtue taco Vy= VDD ® y= 1.
- Khi x;=1, Xxo=1 (hinh 3.30c): Q1, Q, va Qs déu dan, ltic d6 theo so dd tuong duong ta co:
v, = Rpsonyoz T Rosonyas = 1 K+1K .
RDS(ON)/Ql + RDS(ON)/QZ + RDS(ON)/Q3 200K +1K +1K
P Vy,=0,05V b y=0.
Vay hinh 3.28¢ |a mach thyc hién cong NAND.
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Hinh 3.28b (cong NOR)
Talan luot xét céc truong hop sau: (so dd twong duong hinh 3.31)

Vb Vb
I Rbsonyo1 I Rbsonyo1
y y
Ros(orryo2 * ] Ros(OFF)/03 Ros(orryo2 * ] RosON)/Q3
Hinh 3.31a Hinh 3.31a
77 =x=0) 7y 00D

- Khi x; = %2 = 0 (hinh 3.31a) : Q; dan, Q, va Qs déu tit, ltc d6 theo so dd tuong duong ta co:

(Rosormio2 )/ (Rosormigs) V. = 10'K//10'K
a - DD
" R psonyar [ (Rosormioe )/ (Rosorrigs)] °P 200K +(10"K//10'K)

b VszDDp y:].

- Khi x;=0, X,=1 (hinh 3.31b): Q; va Qs din, Q. tit, ta co:

V = (R DS(OFF)/Q2 MI(R DS(ON)/Q3 ) V. = 10" K//11K
- - DD
"R psonyar T [(Rosormige)//(Rosionygs)] PP 200K + (10" K//1K)

b V= ﬁvm:o,oosv by=0

- Khi x;=1, X,=0: Q1 vaQ, dan, Qj tt, giai thich twong tu ta co:

1
Vy~ —=Vpp ~ 0,005V b y=0
YT o011 y

- Khi x3=x2=1 (hinh 3.31¢): Q1, Q,, Qs déu dan, ta co:

V = (RDS(ON)/QZ M (RDS(ON)/QB) Vo = 1K//1K
- - DD
’ RDS(ON)/Ql + [(RDS(ON)/QZ )//(RD5(0N)/Q3 )] ep 200K + (1K//1K)
0,5
P Vy: %VDD b y= 0.

Viy, so dd mach trén hinh 3.28b chinh |& mach thuc hién

. V
cdng NOR. ﬁ bo

Rbsionyo1

Rbsonyos3 Rbsonyq2

Hinh 3.31c
/7‘7 (X1:X2:l)
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Cac cbng logic ho CMOS (Complementation M OS)

Day laloai cong trong d6 céc transistor duoc s dung thudc loai MOSFET valudn b sir két hop
gitra PMOS va NMOS, vi vdy ma nguoi ta goi 1A CMOS. Nho ciu tric ndy mavi mach CMOS ¢
nhirng wu diém sau:

- Cong suit tiéu thy ¢ trang thé tinh rat nho.
- Tdc @6 chuyén doi trang théi cao.

- Kha nang chdng nhiéu tét.

- Kha nang tai cao.

Trén hinh 3.32 la céc cong logic ho CMOS, chiing ta s 1an luot giai thich hoat dong cia mdi so
d6 mach.

Hinh 3.32a (c6ng NOT)
VDD
Q {b — —4—11_'
I , T T
QQ ? :

a) Cong NOT

[

O<

b) Céong NAND

Hinh 3.32 Céac cong logic ho CMOS

Diéu kién dé cong PMOS dan : Vs>Vp, Ve< Vg
Diéu kién @é congNMOSdan : Vp>Vs, Ve> Vg

- Khi x =0 (hinh 3.33a): Q; dan, Q tit, tir so d6 twong duong ta co:
V. = Rpsormiee V. = 10'K
YR +R 1K +10'K PP
DS(ON)/QL DS(OFF)/Q2
b Vy ~Vpp P y= 1
- Khi x =1 (hinh 3.33b): Q; tit, Q, dan, ta co:
Vy = RDS(ON)/QZ Voo = 1K 7 Voo P Vy= %VDD
RDS(OFF)/Ql + RDS(ON)/QZ 1K +10°K 10
Vi rat nho so véi dién thé bao hoa cia CMOS ¢ mic logic0® y = 0.
Vay mach ¢ hinh 3.32ala mach thuc hién cong NOT theo cdng nghé CMOS. So db tuong duong
tuong tng va4i 2 treong hop x=0 vax=1 dugc cho trén hinh 3.33.
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Vbp Vop
I Rosonyo1 I RpsormiQu
y y
I Ros(ormiq2 I Rpsonyiq2
a) b)
77 77

Hinh 3.33.S0 d6 tirong dwong: a.Khi x=0 b.Khi x=1

Hinh 3.32b (cong NAND)
So d6 twong duong caamach cong NAND ho CMOS dugc cho trén hinh 3.34.

- Khi x;=x,= 0: Q, va Qs dan, Q, vaQ; tit, taco:
V = (RDS(OFF)/QZ M (RDS(OFF)/QJ_) 10'K//10'K

v TR R + Voo = 197ki107 /1K) o
DS(OFF)/QL DS(OFF)/Q2 [(RDS(ON)/Q4)// (RDS(ON)/QB)] 10°K//10°K + (1K//1K)
b Vy ~Vpp b y= 1

- Khixy=0, % =1: Q;vaQs dan, Q; vaQy tit, taco :

V = (Rosormio)(Rosonyoz) V.o = 10'K +1K
a - DD
" Rogormyar + Rosorior + [(Rosonyes)(Rosoryiea)] 107K +1K + (10°K//1K)

b Vy»VDDp y:].

- Khix;=1, % =0:Q3vaQ,dan, Q,vaQ,tat: Vy» Vpp P y=1
- Khix; =X = 1: Q, vaQ, dan, Qs va Q, tit, ta co:

V = (RDS(ON)/QJ_)/ / (RDS(ON)/QZ) Vo = 1K +1K Vv
’ Rosonyor T Rosonyee [(Rosormios)/(Rosormigs)] 1K +1K +(10'K//10'K) ™7

P Vy»0V P y=0P Day chinhlamach thuc hi¢n cong NAND.

VDD

Rosqs Rpsqa

y

—
Rps o1

Rpy o2

Hinh 3.34.
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3. Phan loai céng logic theo ngd ra

a. Ngo ra cot cham (Totem Pole Output)
Xét cdng logic ho TTL véi so d6 mach nhu hinh 3.35.

VCC
Q

R4 R5
R1 §

Q4

Q1

o
AN

Q2

N
Q
@

Hinh 3.35. Ngb ra cgt cham

- Khi x;=x=1: Tiép gidp BE1, BE, cia Q; phan cuc nguoc nén Q; tit. Pién thé tai cuc nén cua
Qi 1am cho tiép gidgp BC/Q; ma, cb dong dién chay qua tiép gidp BC/Q; d6 vao cuc nén cia Qz, Q»
duoc phan cyc thuan nén dan bdo hoa. Do Q, dan b&o hoa dan téi Qs dan b&o hoa

Khi Q2 dan b&o hoa thi dién thé tai cuc C/Q2

VC/QZZ VB/Q4 = VCGS/QZ + VbegQg =0,2+0,8=1V

Madiéu kién can cho Q4 dan |&

VC/QZZVB/Q4 = Vbe/Q4 + Vng + VC@/Qg =0,6+08+0,2=1,6V

Ta thay diéu kién ndy khdng thoa man khi Q2 dan b&o hoa, do d6 khi Q2 din bdo hoa® Q4 tit
® cit nguon Vee rakhoi mach. Lac ndy ta ndi rang cong s3 hit dong vao va dong tir ngodi qua tai
d6 vao ngd ra caacong di qua Qs, ngudi tandi Qs 1a noi nhan dong va dong d6 vao Qs goi la dong
ng® ra mac thap, ky hiéu loy.

Vé mit thiét ké mach: ta thiy rang dong tai It ciing chinh 1a dong ngd ra mirc thap lo. valadong
d6 tir ngodi vao qua Qs, dong nay phai nam trong gi¢i han chiu dung dong cia Qs dé Qs khdng bi
dénh thung thi mach sz lam viéc binh thuong.

Dong lov thay di thy thudc vao cong nghé ché tao:

+ TTL  : dong ngd ramic thap lo. 16n nhat 16mA.
+ TTL/LS: dong ngd ramirc thap lo. 16N nhat 8mA.

Day |a nhitng théng sb rat quan trong can chd y trong qué trinh thiét ké mach sd ho TTL dé dam
bao d6 an todn va dn dinh cia mach.

- Céc trudong hop con lai (x1=0,%=1; X1=1,%=0; X1=X2=0): Lc ndy Q va Qs tit con Q, din ®
y = 1. Tandi cong cap dong ra, dong ndy do6 tir nguon qua Q4 va diode D xudng cung cap cho tai,
nguoi ta goi 1a dong ngd ra mirc cao, ky hiéu lop.

bién 8p ngd ra Vy dugc tinh phu thudc vao dong tai lon:

Vy = Vlogicl =V lonRs - Ve - Vg’D

Théng thuong khi ¢6 tai Viggict max = (3,4V ® 3,6V )

lon ciing chinh |a dong qua tai It, néu oy cang tang thi Viegic1 cang giam va ngugc lai. Song
Viogic1 Chi dugc phép giam dén mot giatri cho phép Viogict min = 2,2V.
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Vé mat thiét ké mach: ta chon Viegica min = 2,4V dé bao dam cong cap dong rakhi & mac logic 1
khéng dugc nho hon Viegics min VA dam bao cong hdt dong vao khi & mirc logic 0 thi dong tai ¢ muc
logic 0 khéng dugc 16n hon dong o .

Nhuoc diém cia ngd ra cot cham: Khéng cho phép néi chung cac ngd ra lgi véi nhau c6 thé
lam héng céng.

b. Ngd ra cuc thu dé ho (Open Collector Output)

Vé phuong dién ciu tao gan gidng véi ngd ra cot cham nhung khéc véi ngd ra cot cham 1a khdng
c6 Qq, diode D, Rs va ltic ndy cuc thu (cyc C) cua Qs dé ho.

Do d6 dé cong lam viéc trong thuc té ta ndi ngd ra cua cong (cuc C caa Qs) 1én nguon V' cc
bang phan tir thy dong R. Nguon V' cc ¢ thé cling giatri voi Ve hoac khéc tly thugc vao muc dich
thiét ké.

Chuing talan luot phan tich cac truong hop hoat dong cia mach:

- Khi x;=x,=1: Tiép gidp BEi1, BE, phan cuc

nguoc, dién thé tai cuc nén caa Q; 1am cho tiép vee
gidp BC/Q; mé nén Q, dan bdo hoa, Q. dan b&o
hoa kéo theo Qs dan bd hoa® y = 0, do d6 s R4 vee
dién ép tai ngb ray: o i i
Vy  =Viegico =Vaige= Veesqs x1 ~ o2 y
O 8-
=0,2V » OV o o8
Lac ndy cong s hat dong vao va Q; 1a noi nhan -

dong, ta goi 1adong ngd ra mirc thap o, .

- Céc truong hop cc‘)p lai (x1:’0,x2:1; x1=1%=0,  Hinh 3.36. Ng6 ra cuc thu dé ho
X1=X=0): CO it nhat mét tiép giap BE/Q, m,
ghim dién thé tai cuc nén Q, 1am cho tiép gidp BC/Qy, Q,, Qs déu tit, lic ndy cong cap
dong ra do tir ngudn V'’ cc quadién tré R cap cho tai & mach ngodi ® y=1, ngudi tagoi la
dong ngd ra mirc cao | op.
Taco:
Vy = Vigger = Ve lon R

2 ~ , 2 VCC
Uu diém cia ngd ra cé cuc thu dé hé:

- Cho phép ndi chung céc ngd ra lai véi nhau. R

- Trong mot vai truong hop khi ndi chung c&c ngd ralai voi X1
nhau ¢6 thé tao thanh cong logic khéc.

Vi dy: Mach & hinh 3.37 sir dung cac cong NOT ¢6 ngd ra cuc
thu dé ho, khi ndi chung céc ngd ra lai voi nhau 6 thé tao thanh Hinh 3.37
cong NOR. (Hay giai thich hogt déng ciia mach nay?)

X2

c. Ngo ra batragng théi (Three States Output)

Vé mit cau tric va ciu tao hoadn toan gibng ngd ra cot cham, tuy nhién ¢ thém ngd vao tha 3
cho phép mach hoat dong ki hiéu 1a E (Enable).

- E=1: diode D; tat, mach Iam viéc hoan toan gibng cong NAND ngd ra cjt cham. Luc d6
mach ton tai mot trang thé y = 0 hozcy = 1 tly thudc vao céc trang thé logic caa 2 ngd vao Xy, Xo.
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- E=0: diode tiép gidp BEs ma, ghim &p trén cuc nén cia Qy l1am cho tiép gidp BC/Q; tit va Qs,
Qs ciing tat. Lac ndy diode D1 dan ghim dién thé & cuc C caa Qu:
Vcro2=Veoa=Vgb1 =07V b Q tit.
Nén cong khong cip dong ra va ciing khong hut
dong véo. Lac ndy, ngd ra y chi ndi véi cong vé R4 RS
phuong dién vat ly nhung lai cach ly vé phuong dién
dién, tuong duong vai trang tha tro khéng cao. Chinh J

Vi vay ma nguoi ta goi latrang théi thir ba la trang thai Q
téng tré cao. o
Trong truong hgp ndy ngd vao cho phép E tich cuc 2 @
murc cao (muc logic 1). Thyc té cac cong logic véi ngd
ra 3 trang thé c6 thé ¢ ngd vao diéu khién E tich cuc T
mirc cao (mirc 1) hoic tich cyc mac thip (muc 0). E -
Ching han mot cdng NAND véi ngd ra 3 trang théi co
thé dugc ky hiéu nhu trén hinh vé 3.39.

D2 y

Hinh 3.38. Ngb ra 3 trgng thai

a) b)
X1 y X1 y
X2 X2
E E
TE=1P y=xX, iE=1P y=27,,
%E:OD y=2Z, %E:OD y=XX,

Hinh 3.39. Cong NAND 3 trgng théi véi ngd vao E
a. E tich crc mirc cao - b. E tich cuc mrc thap

Ung dung ciia ngd ra 3 trgng théi:
- Sir dung ngd ra batrang théi dé ché tao racong dém 2 chiéu.
- Ché tao céc chip nho cua b vi xu ly.
Mot ang dung cia ngd ra ba trang tha trong mach xuat/nhap dix liéu 2 chiéu co thé cho trén so
d6 3.40. Hay thu gidi thich so' do nay ?

A

E )

Hinh 3.40. Ung dung ciia ngd ra 3 trgng théi
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- E=1: Cong dém 1 va 3 mo, 2 va4 treo lén tong tro cao: dit lidu di tir A® C, B® D. Vay dir
liéu duoc xuat ra.

- E=0: Cong dém 2 va 4 mo, 1 va 3 treo lén tong tro cao: dit lidu di tir C® A, D® B. Vay dir
lieu dugc nhap vao.

3.2.3. Cac théng s6 k¥ thuat cuaa céng logic

1. Cong suit tiéu tan Py

Mot phan tir logic khi 1am viéc phai trai qua céc giai doan sau:

- O trang théi tat.

- Chuyén tir trang théi tat sang trang théi dan.

- O trang théi dan.

- Chuyén tir trang théi dan sang tit.
O mdi giai doan, phan tir logic déu tiéu thy & nguon mot cong Suét.
Déi voi céc phan tir logic ho TTL: c&c phan tir TTL tiéu thy cdng suat cia ngudn cha yéu khi ¢

trang thé tinh (dang dan hozc dang tat).
- Néu goi P? lacong suit tiéu thy (ing voi ngd ra ciaa phan tir logic ton tai & mic logic 0.
- Néu goi P" la cong suat tiéu thy (g véi ngd ra caa phan tir logic ton tai & muc logic 1.
- Goi Placong suit tiéu tan trung binh thi:
P°+P*

P=

D4i vé6i ca vi mach (IC — Integrated Circuit) nguoi tatinh nhu sau:
- Goi I dong do ngudn cung cap khi ngd ra & mic logic 0.

- Goi Iy dong do ngudn cung cip khi ngd ra ¢ mic logic 1.

- Goli Ic ladong trung binh thi :

| = le + len
¢ 2
- Thi cdng suit tiéu tan cho ca vi mach dugc tinh:
Pt =1lc.Vce

D4i véi vi mach hp CMOS: chi tiéu thu cdng suat cha yéu trong trang théi dong (trong thoi gian

chuyén mach). Cong suit tiéu tan:
P’(t = CL' f VDZD

Trong do: C. ladién dung cuatai (d¢ién dung tai)

Nhu vay ta thdy dbi véi vi mach CMOS tan sd hoat dong (tan sb chuyén mach) cang 1on cong
suit tiéu tan cang tang.

2. Fanout (Hé s6 mic mach ngd ra)

Fanout 1 hé s mac mach ¢ ngd ra hay con goi lakha nang tai caa mot phan tir logic.

Goi N la Fanout cia mot phan tir logic, thi
né dugc dinh nghia nhu sau: S6 ngd vao logic

cuc dai duoc ndi dén mot ngd racuaphante |
logic cung ho ma mach van hoat dong binh -

_____ a1~ —_————
thuong (hinh 3.41). e

Hinh 3.41. Khai niémveé Fan

Y

o
c
=3
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Xét vi du d6i véi ho DTL: (Hinh 3.42)

- y=1: mach hoat déng binh thuong.

- y=0: BJT din b& hoa, dong bd hda gém hai
thanh phan:

lcs=lrzs+ NIy
(véi N 1asd phan tir tii mac ¢ ngd ra)

Mat khac: lg=lri-Iro= congt, ma I tang |én do cd
dong ghép d6 vao ® diéu kién dan bdo hoa khong thoa
man ® BJT rakhoi ché d¢6 dan b&o hoava di vao ché do
khuéch dai, IGc d6 Vy tang 1én nén ngd ra khong con dam Hinh 3.42
bao & muc logic 0 nira. Vay, diéu kién dé mach hoat dong
binh thuong la

b..lg- |
lrs + NIy < bminIB b N <M (*)
Iy
N: 85 l¢n nhét thoa mén diéu kién (*) duoc goi 1a Fanout ciia phan tir logic DTL.

3. Fanin (Hé sb mac mach ngd vao)

Goi M 1a Fanin cia 1 phan ta logic thi M duoc dinh nghia nhu sau: D6 chinh 12 “sb ngd vao
logic cuc dai cia mot phan tir logic” .

Déi voi céc phan tir logic thuc hign chirc nang cong logic, thi b lugng M 16N nhét 1a 4 ngd vao.
Déi v6i céc phan tir logic thyc hién chirc nang nhéan logic, thi sb lugng M 16n nhat 146 ngd vao.

Déi véi ho logic CMOS thi ¢6 M nhiéu hon nhung ciing khdng qué 8 ngd vao.

4. P chéng nhidu

Do 6n dinh nhidu la tiéu chuan danh gia do nhay cia mach logic ddi véi tap &m xung trén dau
vao. Do 6n dinh nhiéu (tinh) 1a gia tri dién &p nhidu t6i da trén dau vao khéng lam thay doi trang
thé logic caa mach, con goi 1& mixc 6n dinh nhiéu.

5. Tré truyén dat

Tré truyén dat 1a khoang thoi gian dé dau ra cia mach c6 dép tng ddi véi sy thay d¢6i mirc logic
ciiadau vao.

Tré truyén dat |a tiéu chuan dé dénh gia tbc do 1am viéc caa mach. Toc do 1am viéc caa mach
tuong wng VGi tan sb ma mach van con hoat dong ddng. Nhu vy, tré truyén dat cang nho cang tot
hay toc do lam viéc cang 16n cang tét.

Déi véi hau hét cac vi mach sb hién nay, tré truyén dat 1a rat nho, ¢ vai nano gidy (ns). Mot vai
loai mach logic c6 thoi gian tré 16n ¢& vai tram nano gidy.

Khi mic lién tiép nhiéu mach logic thi tré truyén dat cia toan mach s bang tong céc tré truyen
dat ciamdi tang.
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3.3. FLIP — FLOP (FF)

3.3.1. Khai niém
Flip-Flop (viét tat 1a FF) 1a mach dao dong da hd hai trang thé bén, duoc xay dung trén co so
céc cong logic va hoat dong theo mot bang trang théi cho truéc.
3.3.2. Phan loai
Co6 hai cach phéan loai:
- Phanloai theo tin hiéu diéu khién.
- Phén loai theo chic nang.
1. Phan loai FF theo tin hiéu diéu khién dong bd
Gom ¢ hai |oai:
- Khéng ¢ tin hidu diéu khién dong bo (FF khdng dong bo).
- Cé tin hiéu diéu khién ddng bo (FF d¢ong bo).
a. FF khong dong bé
Dang 1: RSFF khéng ddng b dung cong NOR (so' dd hinh 3.43)

Q S R

Rl oo
Rlo|lr|lo
><HoOo,o

Hinh 3.43. RSFF khong dong bg sir dung cong NOR va bang trgng thai

Dua vao bang chan tr; ciia cong NOR dé gidi thich hoat déng ciia so' do mach nay:
- S=0,R=1bP Q=0.Q=0hdi tiép vé& cong NOR 2 nén cong NOR 2 ¢6 hai ngd vao bing 0
bQ=1Vay,Q=0vaQ=1.
- S=1,R=0b Q=0. Q=0 hdi tiép vé cbng NOR 1 nén céng NOR 1 c6 hai ngd vao bing O
b Q=1.Vay,Q=1vaQ =0.
- Giasrbandau:S=0,R=1pb Q=0vaQ =1.
Néu tin hiéu ngd vao thay d6i thanh: S=0, R =0 (R chuyéntir 1 ® 0) taco:
+ S=0vaQ=0pb Q=1
+ R=0vaQ = 1b Q= 0 b RSFF giit nguyén trang thé cii truéc do.
- Giasrbandiu:S=1,R=0pb Q=1vaQ =0.
Néu tin hiéu ngd véo thay d6i thanh: R =0, S=0 (Schuyén tir 1 ® 0) taco:
+ R=0vaQ =0b Q=1
+ S=0vaQ=1P Q=0 b RSFF giit nguyén trang tha cii truéc do.
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Dang 2: RSFF khéng déng b dung cong NAND (so' dd hinh 3.44)

pul

| ololdJ
ool
Q) o| r| X|O

Hinh 3.44. RSFF khong dong bg sir dung cong NAND va bang trgng théi

Dya vao bang chan tri cia cong NAND:

_100 "=l
y_%l $x, =0

bang 1vay Q=0
- S=R =0 b Q=Q=1daylatrangtha cim.
- S =R=1:Giasirtrang thd tru6c d6c6 Q=1, Q =0 P hdi tiép v& cdng NAND 1 nén cong

NAND 1 c6 mot ngd vao bang 0 vay Q = 1 b RSFF giir nguyén trang théi cil.

Nhu vay goi 1a FF khdng d¢ong bo bai vi chi cin mot trong hai ngd vao S hay R thay doi thi ngd
ra ciing thay doi theo.
Vé mat ki hiéu, céc RSFF khdng ¢ong bo dugc ky hiéu nhu sau:

— S —
a) b)

ol »nl

Hinh 3.45. Ky hiéu céc FF khdng dong bé
a. R Stac dong mic 1 - b. R Stac dong mirc 0
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b. FF dong bé

Xét so d6 RSFF ddng bd voi so d6 mach, ky hiéu va bang trang thé hoat dong nhu hinh 3.46.
Trong d6: Ck latin hiéu diéu khién dong b hay tin hiéu dong hd (Clock). Khao sét hoat dong cia
mach:

S
Ck — S Q [
. |
—R _—
R Q

Hinh 3.46. RSFF dong bg: So do logic va ky hiéu

- Ck = 0: cdng NAND 3 va 4 khoa khong cho dir liéu dua vao. Vi cong NAND 3 va 4 déu cd it
nhit mot ngdvao Ck=0pb S=R=1b Q=Q°: RSFF giit nguyén trang thai ci.
- Ck=1:cong NAND 3 va4 ma. Ngd raQ s3 thay doi tly thuoc vao trang théi ciaSvaR.

+ S=0,R=0b S=1, R=1b Q=¢Q° SIR[Ck] Q
— — 0
+ S=0,R=1bP S=1, R=0p Q=0 X|X]10]0Q
oo = n S_ _ ool 1] Q
+ S=1,R=0p S=0,R=1b Q=1
_ — 0|11 0
+ S=1,R=1p S=0,R=0P Q=X ol 1 1
Trong truong hop ndy tin hiéu dong bo Ck tac dong mac 1. Trong 11111 X
truong hop Ck téc dong muc O thi ta mac thém cong dao nhu sau (hinh
3.47):
S
— S QL
- mis
4 — R QL
R Hinh 3.47

Tuy thudc vao mic tich cuc caatin hiéu dong bo Ck, ching ta cd céc loai tin hiu diéu khién:
- Ck diéu khién theo muc 1.
- Ck diéu khién theo muc O.
- Ck diéu khién theo swon 1én (suon trude).
- Ck diéu khién theo sron xudng (suon sau).

I e Y o N N A

a.Mirc 1 b. Mz O c. Seon lén d. Swon xuong
Hinh 3.48. Cac logi tin hiéu diéu khién Ck khac nhau
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Xé FF c6 Ck diéu khién theo swon 1&n (swon trwéc):

Suon 1én vamic logic 1 ¢6 méi quan hé véi nhau, vi vay mach tao sudn 18n la mach cai tién caa
mach tac dong theo muc logic 1.

Suon 1én thuc chat 1a mot xung duong co thoi gian ton tai rat ngan. Dé cai tién cac FF tac dong
theo mic logic 1 thanh FF tac dong theo sudn 18n ta mic vao truéc FF d6 mot mach tao suon 1én
nhu hinh 3.49.

Ck
Ck| Mach S i
— 1 taosuon
lén R 0
Xung sau khi qua v ‘| '| '| ¢
mach tao suon Ién 0

Hinh 3.49. So d6 khoi FF tac dgng theo siron |én va dang song
O mach tao sudn nguoi ta loi dung thoi gian tré caatin hiéu khi di qua phan tir logic. Do Voi
mach tao suon ngudi taloi dung thoi gian tré caatin higu khi di quacong NOT.

Ck
ck t
X2 t

0

1S I _X]_
Lk ! t

R y
Hinh 3.50 0_ | t

Xét so dd mach tao swdn lén va dang song nhu hinh 3.50 : Mach tao suon 1&n gdm mot cong
AND 2 ngd vao vamot cong NOT. Tin hiéu x1 tir cong NOT duogc duadén cong AND cling véi tin
higu x, di truc tiép (x2 = Ck). Do tinh chat tré caatin hiéu Ck khi di qua cong NOT nén x; bi tré mot
khoang thoi gian, vi vay tin hiéu ngd ra caa cdng AND c6 dang mot xung duong rat hep véi thoi
gian ton tai chinh bang thoi gian tré (tré truyén dat) caa cong NOT. Xung duong hep ndy dugc dua
dén ngd vao dong bo cua FF diéu khién theo mic logic 1. Tai céc thoi diém c6 seon 1én caa tin higu
xung nhip Ck s3 xuat hién mot xung duong tac dong vao ngd vao d¢ong bo caa FF diéu khién ngd ra
Q thay d6i trang tha theo céc ngd vao. So ¢6 mach FF ¢d tin hiéu Ck diéu khién theo sron l1én nhu
hinh 3.51.
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Ck

R

Hinh 3.51. FF c6 tin higu Ck diéu khién theo sron lén

Xé FF c6 Ck diéu khién theo swon xudng (swon sau):

Mach tao sxon xudng la mach cai tién tc dong muc logic 0. So dd mach va dang song duoc cho &
hinh 3.52. Trén hinh 3.53 1a ky hiéu trén so d6 mach va so do thic hién Flip-Flop tac dong theo

sudn xudng.

Ck X4

Hinh 3.52. Mach tgo siron xuéng
a. So'do mach
b. Dang song

Ck b)

t

X2

t

X1

Tt
)

y

[t

s o |
Ck
R Q

(Sinh vién tw gidi thich hogt dgng ciza cac mach nay).

a. So dé mgch thyc hién
b. Ky hiéu
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Y nghia ciia tin hi¢u dong bs Ck:

Déi véi cac FF ¢ong bo, céc ngd ra chi thay doi trang thai theo ngd vao DATA  khi xung CK ton tai
mirc 1 (d6i voi FF tac dong mirc 1), hodc xung Ck ton tai mirc O (d6i véi FF tac dong mic 0), hoic
xung Ck & suon Ién (d6i véi FF tac dong saon 1én), xung Ck & sudn xudng (ddi véi FF téc dong
sudn xudng), con tat ca cac truong hop khéc caa Ck thi ngd ra khong thay doi trang thé theo céc
ngd vao mic du Itc d6 cac ngd vao co thay doi trang théi.

Phwong phép diéu khién theo kiéu chi té (M aster - Slaver):

Déi véi phuong phap nay khi xung Ck ton tai mac logic 1 dir liéu s duogc nhap vao FF, con khi
Ck ton tai muc logic O thi dir lidu chira trong FF dugc xuat ra ngoai.

Vé mat cu tao bén trong gdm 2 FF: mot FF thuc hién chac nang chi (Master) vamot FF thuc
hién chirc nang t¢ (Slaver).

Hoat ¢ong cua FF diéu khién theo kiéu ch/ts: (hinh 3.54)
+ Ck = 1: FF2 mg, dir liéu duogc nhap vao FF2. Qua cong dao Ck = 0 ( FF1 khda nén giir nguyén
trang tha cii trudc do.
+ Ck = 0: FF2 khoa nén giir nguyén trang théi cii truéc d6. Quacong dao Ck = 1 ( FF1 mo, dir ligu
duoc Xuat ra ngoai.
Cha y: Tin higu Ck c6 thé duwgc tao ratir mach dao dgng da hai khong trgng thai bén.

Hinh 3.54. Phirong phép diéu khién theo kiéu chii té

3.3.2.2. Phén loai FF theo chirc ning

a. RSFF
b6 la FF ¢ céc ngd vao vangd raky hiéu nhu hinh vé.
__Is o | Trong do:
- S, R:cacngd veo dir liéu.
—bdck - Q, Q :cacngdra.
— IR O | - Ck:tinhiéuxung ddng bo
Goi S" vaR" latrang thd ngd vao Data & xung Ck thu n.

Hinh 3.55. Ky hicu RSFF Q" Q™! latrang tha ciangd raQ ¢ xung Ck thir nvathi (n+1).
Ldc d6 ta co bang trang thd md ta hoat dong cia RSFF:
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Sn Rn Qn+l
0 0 Q"
0 1 0
1 0 1
1 1 X

Luu y rang trang théi khi ca 2 ngd vao S= R =1 lic d6 ca 2 ngd ra cd cling mic logic, day 1a
trang tha cim cua RSFF (thuong duoc ky higu X).

Tiép theo chiing ta s8 di x&y dung bang dau vao kich cia RSFF. Bing dau vao kich gom 2
phan, phan bén trai ligt ké ra cac yéu cau can chuyén d6i cia FF, va phan bén phai 1a céc diéu
kién tin hiéu dau vao kich cin dam bao dé dat duoc céc s chuyén doi dy. Néu céc diéu kién dau
vao dugc dam bao thi FF s3 chuyén d6i theo ding yéu cau. Thuc chat bang dau vao kich caa FF 1a
su khai trién bang trang théi caa FF.

Taviét lai bang trang théi cia RSFF ¢ dang khai trién nhu sau:

SI"I Rn Qn QI’H‘l
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 X
1 1 1 X

n+1:

Trong bang ndy, tin hiéu ngd ra o trang tha tiép theo (Q
vao data (S, R) vatin hiéu ngd & ratrang tha hién tai (Q").
Tir bang khai trién trén taxdy dung dugc bang dau vao kich cho RSFF:

) & phu thuoc vao tin hiéu cac ngd

QI"I QI"H'l Sn RI"I
0 0 0 X
0 1 1 0
1 0 0 1
1 1 X 0

Ciing tir bang trang théi khai trién ta co thé tim dugc phuong trinh logic cia RSFF bang céach 1ap

so d6 Karnaugh nhur sau:
n+l

IR0 01 11 10

0 [0TO[XTT
11| o [x{u]

Tu bang Karnaugh nay ta c6 phuong trinh logic caa RSFF:
Qn +1_ Sn + ﬁ”Qn
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Vi diéu kién caa RSFF 1a S.R= 0 nén ta c6 phuong trinh logic caa RSFF dugc viét day da nhu

Sal:
Qn +1_ Sn + ﬁnQn
1%

Dang sdng minh hoa hoat dong ciia RSFF trén hinh 3.56:

Ck
1 2 3 4 5] !
! ! ! : : | | !
S I I : : : ! : :
! ! I I I ! I I
! ! I I I ' I I
f ! I 1 I ' 1 I t
' ' [ | | ! | [
() I I T N A L] !
RA L b :
' ' l | | ! | l
| | | 1 | ——
' ' [ | | | [ t
0 ’_‘ I . m ’_‘ | |
: I I I !
O] N | | | |
t
0
Hinh 3.56. Do th; thoi gian dang sdng RSFF
b. TFF
TFF 1aFF c6 ngd vao vangd raky hi¢u va bang trang tha hoat dong nhu hinh vé (hinh 3.57):
Trong do:

- T:ngd vao dir liéu
- Q,G: cacngdra
- Ck: tin hiéu xung dong bo.

Q
=]
+
[=

S I e N L
Ck 0
Q 1

fO|rC):

Hc¢nh 3.57. Kyi hidlu TFF val baing tralng thaii hoa(t
Goi T" latrang thdi caangd vao DATA T & xung Ck ther n.
Goi Q", Q™! latrang tha caangd ra ¢ xung Ck thir nva (n+1).
L Gic d6 ta co bang trang thé hoat dong khai trién cua TFF.
Tu bang trang théi nay ta cd nhan xét:
+ Khi T=0: mdi khi c6 xung Ck tac dong ngd ra Q giir nguyén trang thé cii trudc do.
+ Khi T=1: mdi khi c6 xung Ck téc dong ngd ra Q dao trang théi.
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-I—n Qn Qn+l
0 0 0
0 1 1
1 0 1
1 1 0

Tir bang trang thai khai trién caa TFF ta tim dugc bang dau vao kich caa TFF nhu sau:

Qn Qn+l Tn
0 0 0
0 1 1
1 0 1
1 1 0
Phuong trinh logic caa TFF:
Q™= FQ” + T”_a (dang chinh tic 1)

Hodc: Q™ =(T"+ Q”)(F +§) (dang chinh tic 2).
Viét gon hon:
Qn+l - Tn A Qn

(SV ¢6 thé lap Karnaugh va téi thiéu hda dé tim phuong trinh logic cia TFF).
Trén hinh 3.58 minh hoa db thi thoi gian dang song cia TFF.

- Tin hiéu ra Q dau tién ludn ludn ¢ mic logic 0

- Tin hiéu Ck(1) diéu khién theo sudn xubng nhin tin higu T dudi mirc logic 1. Theo bang trang
tha :T°=1vaQ’=0p Q'=Q° = 1.

- Tin hiéu Ck(2) diéu khién theo swdn xubng nhin tin higu T dudi mic logic 0. Theo bang trang
thdi : T'=0vaQ'=1b Q%= Q' =1 (Giir nguyén trang théi trugc do).

- Tin hi¢u Ck(3) diéu khién theo swon xubng nhin tin higu T dudi mirc logic 1. Theo bang trang
théi: T2=1vaQ?=1p Q*= @ =0.

Ck
()1 2 S !
n
. : :t

Hinh 3.58
Trwong hop ngd vao T ludn ludn bing 1 (ludn & mikc logic 1):

Ck
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Khi T=1 thi dang sng ngd ra Q duoc cho trén hinh v&. Ta cd nhan xét rang chu ky caa ngd ra Q
bang 2 lan chu ky tin hiéu xung Ck nén tan sd caangd rala:

f
fQ:&

Vay, khi T=1 thi TFF giir vai trd mach chiatan s xung vao Ck.

Téng quét: Ghép ndi tiép n TFF véi nhau sao cho ngd ra caa TFF trudc S8 ndi véi ngd vao cia
TFF dang sau (Cki+1 ndi v6i Qi) valdc bay gio tat ca cac ngd véo DATA T ¢ tit ca cac TFF déu
gitr mirc logic 1, lUc d6 tan sb tin hiéu ngd rass |

- fCK
Qn 2n

v6i Q, latin hiéu ngd ra caa TFF thar n; fox 1atan sd xung clock ¢ ngd vao dong bo TFF dau tién.
c. DFF
DFF la FF c6 ngd vao vangd raky hiéu nhu hinh 3.60.

Bang trang théi

o Qn+1
_ 0 0
Q — 1 1
Hinh 3.60. Ky hiéu DFF

1D Q[

—>Ck

Trong d6: D langd vao di liéu. Q, Q : c&c ngd ra. Ck: tin hiéu xung dong bg.
Goi D" latrang thaii cia ngd vao DATA D & xung Ck thir n.

Goi Q", Q™ latrang théi caangd rad xung Ck thir nva(n+1).

Khai trién bang trang thé caa DFF dé tim bang dau vao kich caa DFF, ta co:

Dn QI"I Qn+l
0 0 0
0 1 0
1 0 1
1 1 1
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Bang dau vao kich cia DFF:

Qn Qn+l Dn
0 0 0
0 1 1
1 0 0
1 1 1

Phuong trinh logic cia DFF:
Qn+l - Dn
Trén hinh 3.61 1ad thi thoi gian dang song caa DFF:

Ck

1 t
0 2 3 4 5
D ! | | i i

: i i i ot
o : | : :
Qp ! | | i i
i t

Hinh 3.61. Do th; thoi gian dang song ciia DFF

Giai thich dgng song cua tin hiéu trén hinh 3.61:

- Tin hiéu ra Q dau tién luén luén & mic logic 0, Q°=0

- Tin hiéu Ck(1) diéu khién theo suon xudng nhin tin hiéu D dudi muc logic 1. Theo bang trang
thdi taco: D°=1pb Q'=1

- Tin hidu Ck(2) diéu khién theo sudn xudng nhin tin hiéu D dudi muc logic 0. Theo bang trang
thdi taco:D*'=0b Q*=0

V..V
b Q [
DFF déng vai trd mach chia tan sb: Ck
Trén hinh 3.62 1a so ¢6 mach DFF thyc hién chic nang chia tan — 5
s6. 0 mach ndy ngd ra Q duoc ndi nguoc tré vé ngd vao D.
- Tin hiéu ra Q® dau tién luén & mic logic O:
Q=0p Q*=D'=1 Hinh 3.62.

- Tin higu Ck(1) diéu khién theo swon xudng nhin tin hiéu D*
duéi miclogic1. D'=1p Q'=1p Q'=D%*=0.

- Tin hiéu Ck(2) diéu khién theo sxon xubng nhin tin hiéu D? dusi muclogic0. D?’=0p Q*=
obp @Q*=D°=1

- Tin hiéu Ck(3) diéu khién theo suon xudng nhin tin hiéu D® dudi miclogicl. D*°=1b Q*=
1p Q*=D*=0.
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- Tin hiéu Ck(4) diéu khién theo sron xudng nhin tin hiéu D* dudi mic logic 0. b Q* =0
VLV

Ck

1 2 3 4 5 t

Hinh 3.63. o th; thoi gian dang sbng mgch hinh 3.62
Nhan xét vé tan sb ngd ra:
fo = f% b DFF giit vai trd nhu mach chiatan sb.

Ung dung cia DFF:

- Dung DFF dé chiatan s5. Do D Q Oo
- Dung DFF & luu tri dit liéu dé ché tao c&c bo nho K
va thanh ghi. o E
- Dung DFF dé chot di liéu.
Trén hinh 3.64 1a so dd mach ung dung DFF dé chét dix D1 D O O,
lieu. Hoat dong cua mach nhu sau:
- E=1: Op = Do, O; = D; nén tin hiéu duoc dwa dén L Ck

cac FF.
- E=0: Op = Do, 01 = D1 ® chét dit lidu tré lai.

Hinh 3.64. Chét di liéu dung DFF

d. JKFF
JKFF 1aFF c6 ngd vao vangd raky hi¢u nhu hinh veé :
Trong do: o ] 0
- J, K lacéacngd vao dir liéu. E— —
- Q, Q lac&cngdra O S
- Ck latin hi¢u xung dong bo. K Ql
Goi J', K"latrang tha ngd vao J,K & xung Ck thir n.
Goi @, Q™" latrang tha ngd raQ ¢ xung CK tha nva (n+1). Hinh 3.65. JKFF
Ldc @6 ta co bang trang thai mo ta hoat dong cua JKFF:
3 K Qn+l
0 0 Q"
0 1 0
1 0 1
1 1 6”
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Phuong trinh logic cua JKFF:
Qn+1 — Jnﬁ +F.Qn
Tir bang trang théi ta thiy JK FF khic phuc duogc trang thd cim caa RSFF, khi J=K=1 ngd ra ¢
trang thé ké tiép dao mirc logic so véi ngd ra ¢ trang théi hién tai.
Dé tim bang dau vao kich cua JKFF takhai trién bang trang thd nhu sau:

JI"I KI"I QI"I QI"H'l
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

Tir bang khai trién trén taxdy dung dugc bang dau vao kich cho JKFF nhu sau:

Qn Qn+l Sn Rn
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0
D6 thi thoi gian dang song cia JK FF:
Ck
1 2 3 4 5| °
0
[ [ I | | | | I
I :
[ [ I | | ' | I
' [ I | | ' | I
' ! ! T T ! | It
[ [ I | | ' | I
0 A R B L !
o0 N O O A I B
! ! ! ' !
[ [ I | | ' | I
’_:_‘ [ m | | ' | ot
0 I I I ! ! ! I I
: | | | |
Q I : l : :
T
0 | :

Hinh 3.66. Po th; thoi gian dang song JKFF

Nhén xét quan trong: JKFF 1a mach dién c6 chirc nang thiét 1ap trang théi 0, trang thai 1,
chuyén d6i trang thé va duy tri trang théi can ctr vao céc tin hiéu dau vao J, K va xung nhip dong
bd Ck. Nhu vay c6 thé ndi JKFF 1a mot FF rat van nang.
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Trong thyc té, chling ta c6 thé ding JKFF dé thuc hién chirc nang cua cac FF khéc: JKFF thay
thé cho RSFF, JKFF thyc hién chic nang caa TFF va DFF, céc so d6 thuc hién duoc trinh bay trén
hinh 3.67:

S 1y Q| T, 13 Q D J Q|
o Ck | dx — ek
R K Q K Q % K Q

Hinh 3.67. Dung JKFF thyc hién chizc nang cia RSFF, TFF, DFF

Trén co so khao sét vé 4 loai FF phan chia theo chirc nang, ching ta c6 thé xay dung mot bang
dau vao kich téng hop cho ca 4 loai FF nhu sau:

QI"I Qn+l Sn Rn Jn K n Tn Dn
0 0 0 X 0 X 0 0
0 1 1 0 1 X 1 1
1 0 0 1 X 1 1 0
1 1 X 0 X 0 0 1

3.3.3. Sw chuyén déi 1an nhau giira cac loai FF
Pa sd FF trén thi truong laloai JK, D trong khi ki thuat sd yéu cau tat ca c&c loai FF. Néu biét
céch chuyén doi giira c&c loai FF véi nhau thi ¢6 thé phé huy tac dung caaloai FF sin co.
Trén thuc té, co thé chuyén ddi qua lai giita céc loai FF khéc nhau. C6 2 phuong phép dé thuc
hién chuyén doi gitra céc loai FF:
- phwong phép bién doi truc tiép.
- phuong phdp diing bang dau vao kich va bang Karnaugh.
a. Phirong phép bién doi truc tiép:

Day |a phuong phép s dung céc dinh ly, tién dé cua dai sb Boole dé tim phuong trinh logic tin
hiéu kich thich dbi véi FF xuat phét. So dd khdi thie hién phuong phép nay nhu sau (hinh 3.68):

——»{ Logic FF Q
Pau vao chuyén doi| 9> xuit phat

)

Hinh 3.68

—Q

v
!

Ck

TEF chuyén déi thanh DFF, RSFF, JK FF:
- TFF® RSFF:
RSFF c6 pt: Q™l=g"+ RMTQ" (1)
S'R"=0 (diéu kién cia RSFF)
TFFcopt: Q™ =T"A Q" 2
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So sanh (1) va (2) taco:
S+ R'Q"=T"A Q"
Theo tinh chit ciia phép toan XOR, ta co:
T=Q"A S+ R"'Q)=Q" (s"+RQ" + Q" (s"+ R"Q")
=Q"SR"+5Q" =Q"S'R"+ Q" +'R"=Q"R" + S'Q"
vay: T'=Q'R" +5"Q"
So d6 mach thuc hién:

: T QL
T

Hinh 3.69. Chuyén doi TFF thanh RSFF

—aCk

- TFF® DFF:
DFF c6 phuong trinh logic: Q™t=p"
TFF ¢6 phuong trinh logic: Q™=1"A Q"
DPodng nhat 2 phuong trinh: D"=T"A Q"
Theo tinh chit caaphép XORtasuyra  T"=D"A Q"
So d6 mach thuc hién:

b ) >—T @ L

Q
Hinh 3.70. Chuyén dsi TFF thanh DFF

- TFF® DFF: Thyc hién bién doi hoan toan tuong ty (nhu truong hop chuyén doi tir TFF
sang RSFF) ta co logic chuyén doi:
T = KnQn+ \]nan
So @6 mach chuyén déi tir TFF sang JKFF

L

Ol

Hinh 3.71. Chuyén déi TFF thanh JKFF
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DFF chuyén déi thanh TFF, RSFF, JKFF:
- DFF® TFF:
DFF ¢c6 phuong trinh logic: ~ Q™!'=D"
TFF ¢6 phuong trinh logic: QM=T"A Q"
Pdng nhat 2 phuong trinhtacé: D"=T" A Q"
So @6 mach thyc hién chuyén doi (hinh 3.72):

T:) —— P QL

Q

Hinh 3.72. Chuyén doi DFF thanh TFF

- DFF® RSFF:
RSFF 6 phuong trinh logic: Q™= S"+ R™Q"
Ddng nhét véi phuong trinh ciaa DFF taco: D"= S+ RTQ"
So d6 mach thuc hién chuyén doi:

R D Q

S _ 4Ck
Q

Hinh 3.73. Chuyén doi tir DFF sang RSFF

- DFF® JKFF;
Hoan toan twong ty ta cd logic chuyén doi tir DFF sang JK FF:
D"=J Q"+ K"Q"
So d6 mach chuyén doi trén hinh 3.74:

— & Ck

Ol

Hinh 3.74. Chuyén déi DFF thanh JKFF

RSFF chuyén déi thanh TFF, DFF, JK FF:
RSFFcopt: [ Q™ ="+ R"Q"
S'"R"=0 (diéu kién cia RSFF)
Khi thyc hién chuyén doi tir RSFF sang cac FF khéc can kiém tra diéu kién rang bugc caa RSFF
déla R"S'=0.
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- RSFF® TFF;
TFF c6 phuong trinh logic: Q™*=T"A Q"
Dong nhat véi phuong trinh cia RSFF ta co:
RTQ"=T"A Q'=7"Q" + T"Q"
T biéu thirc ndy, néu taddng nhat:
{ s=1"q"
R'=T"
thi suy ra:
SR=T"Q".1T"=7"Q" 1 0
nén khong thoa man diéu kién caa RSFF.
Thuyc hién bién ddi tiép:
S+ RIQ=TQ"+ TQ"=7"Q" + T"Q"+ Q"
S+ RIQ = TQ" +(T" + QHQ'=1"Q" + TQ"Q"

DPong nhat 2 vé ta co:

s’ =1"qQ"
Rn - -I—n Qn T R Q
thoaman dieu kién: R'S'=0. — gy Ck
So d6 thuc hién: hinh 3.75. .
S Q

Hinh 3.75. Chuyén déi RSFF sang TFF

- RSFF® DFF: Q™=D"
Pdng nhat 2 phuong trinh:  S"+ R1Q"= D"
Thuc hién bién déi:
RIQ=D"=D"(Q"+ Q") =D"Q*+DQ" (3
Mt khéc biéu thirc caa RSFF ¢6 thé bién doi nhu sau:
RIQ=8Q+ QM)+ R'Q"=5Q" + Q"+ R"Q"
=S"Q"R"+ RN +5'Q"+ RTQ"
=S'"Q"R" +s"Q"+ R"Q"
=R1Q"(1+9) +5'Q"
= R'Q"+S"Q" (b)
Tu (a) va(b) taco:
D"Q"+D"Q" = R"Q"+ 5'Q"

DPong nhat 2 vé suy ra: D >0 R Q
S =D"
{ R' = D" —pCk
thoa man didu kien R'S = 0. S QL

So d6 thuc hién: hinh 3.76. Hinh 3.76. RSFF® DFF
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- RSFF® JKFF:
Dong nhat 2 phurong trinh logic caa RSFF va JKFF ta co:
Qn+l:Sn+§nQn :Jn_n_i_KnQn

=r Q"+ K"Q"+QQ" =y Q"+ (K"+QMQ =3 Q"+ K'Q"Q’

So sanh ta co: L
§=7q" K R Q
R'=K"Q" —}

thoa man diéu kién caa RSFF. ] —apCk

So d6 thuc hién: hinh 3.77. : s B

-

Hinh 3.77. RSFF® JKFF

JK FF chuyén dbi thanh TFF, DFF, RSFF:

Nhu d& trinh by ¢ trén, JKFF 1a mot FF van ning, c6 thé dung JKFF dé thay thé cho RSFF hoic
dung JKFF thuc hién chirc nang DFF, TFF. So d6 thuc hién c&c mach ndy nhu ¢ hinh 3.67. Phan
ndy tap trung chirng minh céc biéu thirc logic chuyén dbi tir IKFF sang céc FF khéc.

JKFF c6 phuong trinh logic:. Q™= QM+ KN Q"

- JKFF® TFF:

TFF ¢6 phuong trinh logic: Q™'=T"A Q"=1"Q" + T"Q"
So sénh vai phuong trinh cia JKFF ta suy ralogic chuyén doi:
{ J=1
K'=T"

- JKFF® DFF:

DFF c6 phuong trinh logic: Q'
Viét lai biéu thic ndy taco: Q™'=D"=D"(Q"+Q") = D"Q™+ D"Q"
So sénh vai biéu thie caa JKFF ta cd logic chuyén doi:

n+1 - Dn

J =D"
{K” =D"
- JKFF® RSFF:
Déi v6i RSFF ¢6 phuong trinh logic d& tim duoc & cdng thirc (b):
Q*="+RIQ=sQ"+R"Q" (0

So sénh vai phuong trinh logic cia JKFF ta cd logic chuyén doi:
J =g
n - Rn

b. Phuong phap dung bdng dau vao kich va bing Karnaugh:

Trong phuong phép ndy, cac dau vao dir liéu (data) caa FF ban dau 1a ham ra voi céc bién 1a
trang thd ngd ra Qn va c&c dau vao data cia FF can chuyén d6i. Bé thyc hién chuyén doi ta dwa vao
bang tin hiéu dau vao kich cua cac FF valap bang Karnaugh, thuc hién téi gian dé tim logic chuyén
d6i. Bang tin hidu dau vao kich tong hop nhu sau:
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Q" Q™| ¢ R" Jn K" T" D"
0 0 0 X 0 X 0 0
0 1 1 0 1 X 1 1
1 0 0 1 X 1 1 0
1 1 X 0 X 0 0 1
X ét céc truong hop cu thé:
- chuyénddi th IKFF® TFF @ J=f(T,Q") vaK =f (T,Q"
- chuyén doi tr IKFF® DFF  : J=f(D,Q") vaK =f(D,Q"
- chuyén di tr IKFF® RSFF @ J=f(SR,Q" vaK =f (SR,Q"
- chuyéndéi tr RSFF® TFF  : R=f(T,Q")vasS=f(T,Q"
- chuyén doi tr RSFF® DFF : R=f(D,Q"vas=f(D,Q"
- chuyén doi tr RSFF® JKFF : R=f(J K,Q")vas=f (JK,Q"
- chuyén ddi tr TFF® DFF . T=1(D,Q"
- chuyéndéite TFF® RSFF @ T=f(RSQ"
- chuyéndoi tr TFF® JKFF : T=f(JK,Q"
- chuyén doi tr DFF® TFF . D=1(T,Q"
- chuyén doi tr DFF® RSFF  : D=f(R,SQ"
- chuyén doi tr DFF® JKFF : D=f(JK,Q"
Vidul: Chuyéndoitir JKFF® DFF dung phuong phép bang.
Taco cac ham can tim:
J=f(D,Q) va K=f(D,Q"
Dya vao bang dau vao kich tong hop talap bang Karnaugh:
J b K b
Q" 0 1 Q" 0 1
0/ 0 m 0 fXj X
1] X XJ 11 o
J=D K=D
Téi gian theo dang chinhtic 1taco: J=DvaK =D.
Vidu2: Chuyénddi tir JKFF ® RSFF dung phuong phép bang.
Taco cac ham can tim:
J=f(SRQ"
K=f(SR,Q"
Dya vao bang dau vao kich tong hop 1ap bang Karnaugh (xem bang).
Téi gian theo dang chinhtic 1taco: J=SvaK =R.
J s K R
Q" 00 01 11 10 Q" 00 01 11 10
ojo|o0|X]|1 ol X [ X | X[ X
1) X [ X[ X | X 101X ]|oO
J=S K=R
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Chwong 4
HE TO HOP

4.1.KHAI NIEM CHUNG

Céc phan tir logic AND, OR, NOR, NAND la céc phan tir logic co ban con duoc goi lahé to hop
don gian. Nhu vay, hé t6 hop 1a hé c6 cac ngd ra la cac ham logic theo ngd vao, diéu ndy nghia la
khi mot trong céc ngd vao thay doi trang thé 1ap tac 1am cho ngd ra thay doi trang thai ngay ( néu
b6 quathoi gian tré cia cac phan tir logic) ma khong chiu anh huong caatrang thé ngd ra truéc do.

Xét mot hé to hop c6 n ngd vao vacod m ngd ra (hinh 4.1), ta co:

y1 = f(Xg, X2, «oey Xn)
Yo = f(X1, X2, vy Xn ) X1 - Y1
X2 Hé to V2
— hp

Hinh 4.1

Nhu vay, sy thay d6i cirangd ray; (j =1, m) theo cac biénvao xi (i =1, n) latuy thudc vao
bang trang thd mé ta hoat dong caa hé to hop.
bic diém co ban cua hé to hop latin hiéu ra tai mdi thoi diém chi phu thudc vao gia tri céc tin
hiéu vao ¢ thoi diém dé ma khdng phu thudc vao gia tri cac tin hiéu ngd ra o thoi diém trudc do.
Trinh tw dé thiét ké hé t6 hop theo cac buéc sau:
1. Tir yéu cau thyc té talap bang trang thai mé ta hoat dong ciia mach (hé t6 hop).
2. Dung céc phuong phép t6i thiéu dé t6i thiéu hoa cac ham logic.
3. Thanhlap so 6 logic (Dyavao phuong trinh logic dAti gian).
4. Thanhlap so db hé to hop.
Céc mach té hop thong dung:
- Mach mahoa- giai ma
- Mach chon kénh - phén duong
- Machsosanh

- Machsb hoc...v....v....

4.2. MACH MA HOA & MACH GIAI MA

4.2.1. Khai niém:

Mach ma hoa (ENCODER) la mach ¢6 nhiém vy bién d6i nhirng ky hiéu quen thugc véi con
ngudi sang nhirng ky hiéu khdng quen thuc con ngudi. Nguoc lai, mach giai ma (DECODER) la
mach [am nhiém vy bién d6i nhiing ky hiéu khéng quen thuéc vai con ngudi sang nhirng ky hiéu
quen thudc vai con nguoi.
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4.2.2. Mach ma hoa (Encoder)

1. Mach m& hoé nhi phan

Xét mach ma héa nhi phan tir 8 sang 3 (8 ngd vao va 3 ngd ra). So d6 khdi ciia mach duoc cho
trén hinh 4.2.

Xo
C
X2 .
_______ 8® 3 B
A
X7

Hinh 4.2 So d@6 khoi mgch ma hoa nhj phan tir 8 sang 3

Trong do:
- X0, X1,..., X7 128 dudng tin hiéu vao
-A,B,Cla3ngdra
Mach ma héa nhi phan thuc hién bién déi tin hiéu ngd vao thanh mot tir ma nhi phan twong ng
& ngd ra, cu thé nhu sau:
0® 000 3® 011 6 ® 100
1® 001 4® 100 7 ® 111
2® 010 5® 101
Chon mirc téc dong (tich cuc) ¢ ngd vao la mac logic 1, ta co bang trang thd mo ta hoat dong
cuamach :

X
o
X
i
X
N
X
w
X
IS
X
o
X
>
X
4

OO0 0000 Oo R
OO0 0O 00O Rr o
OO0 O0OO0OO0ORr OO0
OO0 O0OO0OFr OO0 O
OO OFr OO0 0O
OO0OFr OO0 OO0 O
OFr OO0 OO0 OoOOo
P OO O0OO0OO0OOoOOo
P PP P OOOOOND
P P OORPRFPR OO
P ORFRP ORFRP OFR OP

Giai thich bang trang thai: Khi mot ngb véo ¢ trang thé tich cyc (muc logic 1) va cac ngd vao
con lai khéng dugc tich cuc (mirc logic 0) thi ngd ra xuat hién tir ma twong tng. Cu thé & khi ngd
vao x0=1 va c&c ngd vao con lai bang O thi tir m& o ngd rala 000, khi ngd vao x1=1 va cac ngd vao
con lai bang O thi tir ma& nhj phan & ngd rala 001, ..v..v..

Phurong trinh logic thi gian:

A =X1+ X3+ X5+ X7
B=X,+ X3+ Xg + X7
C=X4+Xs + X + X7
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So dd logic thyc hién mach ma hda nhi phan tir 8 sang 3 (hinh 4.3):
Biéu dién bing cong logic ding Diode (hinh 4.4):

XL x2 x3_ x4 x5 x6 x7
0O O O 0 O O O

(@]

>

i

Hinh 4.3 Mach mé héa nh; phan tir 8 sang 3

X1
X2 I—M—
X3 Iy
, o I
o F .
v Dh H—
L I
DH S 9
>C B >~

ot

Hinh 4.4 Mach mé héa nh; phén tir 8 sang 3 sir dung diode

Néu chon muc téc dong tich cuc ¢ ngd vao la mac logic 0, bang trang thd mé ta hoat dong cua

mach lUc ndy nhu sau:

X
o
X
'
X
N
X
w
x
A
X
ol
X
(2]
X
4

I e e e N =
PR RPR R R PR OPR
P PR R R ORBR
P PR RPORRBR
P PP ORRRBR
P P ORRRRR
P ORRPRRRLRRR
ORRPRRPRRLRRLRRR
P PR P OOOOOD

P POORFR,PFPF OO

R OFRr ORFR OFrR OX

Phurong trinh logic tdi gian :
A=X1+ X3+ X5+ X75 X XXcX5

2t X3zt Xe+ X7= X,X3XeX5

B=x
C=Xs+ X5+ Xg+ X7= X,XcXgX5
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So dd mach thuc hién cho trén hinh 4.5

xL x2 x3_ x4 x5 x6_ x7
O 0 0 O 0 0O O

TTT

Hinh 4.5 Mach ma héa nh; phéan 8 sang 3 ngd vao tich cxc mirc 0

2. Mach ma hoa thap phéan

_______ 10® 4

W O O

A

X9
Hinh 4.6 So d6 khéi mgch ma hoa tir 10 sang 4

Bang trang thai mo ta hoat dong cua mach :

X
o
X
i\
X
N
X
w
x
A
X
(3}
X
(2]
X
4
X
(o)
X
©

OO0 000000 O R
OO0 O0OO0OO0OO0O0ORr o
OO0 O0OO0OO0OO0O0ORr OO0
OO0 O0OO0OO0OO0OFr OO0O0
OO0 O0OO0OO0OFr OO0 0O
OO0 O0OO0OFr,r OO0 OO0 O
OO O0OFr OO OO0 O0OOo
OO0OFrRPr OO0 O0OO0OOoOOo
OFRPr OO O0OO0OO0OO0OOoOOo
P OO O0OO0OO0OO0OO0OOoOOo
PP OOOOOOOO|D
OO R R EFRLRPFRPROOOOOD
OO0OFrRrPFrRrOOFrRPFRr OO
P OFRPROFR ORFR OLPRFR O|>

Phuong trinh logic da téi gian:
A =X1+ X3+ X5+ X7+ Xg
B=X,+ X3+ Xg + X7
C=X4+ X5 +Xg + X7
D = Xg + Xo

Biéu dién biang so d6 logic (hinh 4.7)
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XL x2 x3_ x4 x5 x6_ x7_ x8_  x9
0O 0 0 0 0O O 0 O O

Hinh 4.7 So d6 mgch mé héa thap phan tir 10 ® 4
Biéu dién so d6 ndy bang cong logic sir dung Diode dwoc cho trén hinh 4.8

X1

X2

X3

Xa

X5

X6

X7

T[T

il
T LT T

Xs

o ]
-

LA &

Hinh 4.8

-1

3. Mach ma hoa wu tién

Trong hai mach ma hod da xét ¢ trén, tin hiéu dau vao ton tai doc lap tuc |akhéng co tinh huéng
c6 2 tin higu tro 1én dong thoi tac dong & mic logic 1 (néu ta chon muc tich cuc & ngd vao la muc
logic 1), thyc té day |a tinh hudng hoan toan c6 thé xay ra, do d6 can phai dat ravan dé uu tién.

Van dé uu tién: Khi ¢ nhiéu tin hiéu vao dong thoi tac dong, tin hiéu nao c6 mic uu tién cao
hon & thoi diém dang xé s& duoc uu tién tac dong, tirc 1anéu ngd vao co do uu tién cao hon bang 1
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trong khi nhitng ngd vao c6 d6 uu tién thap hon néu bang 1 thi mach s3 tao ra tir m& nhi phan tng
v6i ngd vao cd do uu tién cao nhit.
Xé& machmahoduutién4 ® 2 (4 ngd vao, 2 ngd ra) (hinh 4.9).

Hinh 4.9

Bang tragng thai
Xo
—_— B
X1 Xo X1 X2 X3 | B A
Xo 4® 2 A 0 0
X3 0 1
1 0
1 1

X X X B
X X = O
X B OO
O O O

Tir bang trang thai ¢6 thé viét dugc phuong trinh logic céc ngd ra A va B:

A= xl.xz.x3 +x3:xl.x2 +Xg
B= X5 Xg+Xg =Xo +Xg

x1 X2 x3
[e) [e) o

VIV

>

Hinh 4.10 S d6 logic mgch mé héa wu tién 4 ® 2
So d6 logic: hinh 4.10.
Mot sd vi mach ma héa wu tién théng dung: 74LS147, 74L.S148.

4.2.3. Mach giai ma (Decoder)
1. Mach giai m& nhj phan

Xé mach giai ma nhi phan2 ® 4 (2 ngd vao, 4 ngd ra) nhu trén hinh 4.11
Chon muc tich cyc ¢ ngd ralamuac logic 1.
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Baing traling thaii mé tai hoalt

o
=
N
N

Yo
B i

Y3

R P O O W
R O R o>
O 0O 0O R
O O r oK%
O r O O%
R O O O%

Hinh 4.11 Mqgch giai md 2 sang 4

Phuong trinh logic téi gian va so do mach thyc hién
Yo=BA vy,=BA
y,=BA y,=AB

Biéu dién biang cong logic ding Diode.

Yo

| g "
_m_‘

+E.

Y2

Y3

_m_‘_m_‘
P

1 1 A
B B A
Hinh 4.13. Mach giai md@ 2 ® 4 dung diode

Truong hop chon muc tich cuc & ngd rala muc logic 0 (mic logic thip) ta cd so dd khdi mach
giai ma dugc cho trén hinh 4.14.

Yo Bang trgng théi
B o——
o—— n B AlYo Y1 Y2 V3
2B 4 Y2 0 0(0 I 1 1
A ° 0 1|1 0 1 1
o—— Y3 1 0|1 1 0 1
Hinh 4.14. Muzc tich ciec ngd ra la mirc thap 1 111 1 1 O

Phuong trinh logic:
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So dd mach thuc hién:

yl

2

<

el

YTy

Hinh 4.15. Mgach gidi ma 2 ® 4 véi ngd ra mic tich cuc thap

2. Mach giai mathap phéan
a. Gigi ma den NIXIE
beéen NIXIE laloai dén dién tir loai Katod lanh (Katod khéng dugc nung nong bai tim den), cd

c4u tao gom mot Anod va 10 Katod mang hinh cé&c sb tir 0 dén 9.
So d6 khai trién ciadén dugc cho trén hinh 4.16:
| | |

Anod
[ 0
|
| |

Hinh 4.16. So @6 khai trién ciia dén NIXIE

—

— 1 =

234567809
[ | | |
R

So db khdi cia mach giai ma den NIXIE

D . Yo

C Y1
— | 4® 10F

B I

A o— Yo

Hinh 4.17. So do khoi mach gigi mé dén NIXIE

Chon murc tich cyc ¢ ngb ralamuc logic 1, 1Uc d6 bang trang tha hoat dong cia mach nhu sau:
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O
5
<
<
<
N
<
w
<
D
<
ol
<
[«2)
<
S

PP OOOOOOOO|U
OO R RPRRRELROOOO
OO0ORrRrRPFRPOORRFR OO
P OFRPORFRP OFR OPRFR O >
OO0 000000 O R
OO0 000000 LRr O
OO0 O0OO0OO0OO0ORr OO0
OO0 O0OO0OO0OO0OFrR OO0O
OO0 O0OO0OO0OFr OO0 OO
OO0 O0OO0OFrR OO0 O OO
OO0 O0OFr OO0 OO0 0O
OO0OFrRr OO0OO0O0OO0OoOOo
Or OO0 O OO0 o0 o of
P OO O0OO0OO0OOoOOoOOoO o

Phuong trinh logic:

yo=DCBA y,=DCBA y,=DCBA y,=DCBA
y,=DCBA y.=DCBA y,=DCBA y,=DCBA

T
VIVIV Y

<
S)

<
=

<
N

<
@

<
Iy

<
=)

<
<

<
@

TITITITITY

<
=)

Hinh 4.18. So d6 thiec hién bang cong logic
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Vee

HNEEEEEENN
D rKH K
o< K ik ok ok oK ke K
C < < < r<E
C_ i< KA < K < <
8 nafus < KA
B K KH < < < <5
A < < < <H <
yritn xS xS e N e S e

Yo Y2 Y3 Ya Y5 Ye Y7 ¥Ys Yo

Hinh 4.19. So d6 thuec hién ding diode

b. Gigi ma dén LED 7 doan

DPén LED 7 doan c6 ciu tao gom 7 doan, mdi doan 1a 1 dén LED. Tuy theo cach ndi cac Kathode
(Catét) hoic cac Anode (Andt) cia céc LED trong dén, manguoi ta phan thanh hai loai:

LED 7 doan loai Anode chung:

A

a b ¢ d e f g

Hinh 4.20. LED 7 doan loai Anode chung

LED 7 doan loai Kathode chung :

a b ¢ de f g

K

Hinh 4.21. LED 7 doan logi Kathode chung
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Ung véi mdi loai LED khéc nhau ta c6 mat mach giai ma riéng. So @6 khdi cia mach giai ma
LED 7 doan nhu sau:

I a
A — |
Mach b
B — | giaima [ ;
LED
c 7 doan f
D | 4®7)
— d

Hinh 4.22. So d6 khoi mach gigi ma LED 7dogn

Giai ma LED 7 doan loai Anode chung:

Dbi voi LED bay doan loai anode chung, vi c&c anode cia céc doan led duoc ndi chung véi nhau
va dua lén mac logic 1 (5V), nén mudn doan led ndo tit ta ndi kathode tuong wng 1én mic logic 1
(5V) vanguoc lai mudn doan led ndo sang tandi kathode tuong tring xuéng mass (muc logic 0).

Vi dy: Bé hién thi s6 0 tandi kathode caa dén g 1én mic logic 1 dé dén g tit, vandi céc kathode
cuadéna b, ¢, d, e f xudng mass nén tathiy sb 0.

Ldc d6 bang trang thd md ta hoat dong cua mach giai ma LED bay doan loai Anode chung nhu
Ssau:

D B C A|la b ¢ d e f g S6 hién thi
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 1 0 0 1 1 1 1 1
0 0 1 0 0 0 1 0 0 1 0 2
0 0 1 1 0 0 0 0 1 1 0 3
0 1 0 0 1 0 0 1 1 0 0 4
0 1 0 1 0 1 0 0 1 0 0 5
0 1 1 0 0 1 0 0 0 0 0 6
0 1 1 1 0 0 0 1 1 1 1 7
1 0 0 0 0 0 0 0 0 0 0 8
1 0 0 1 0 0 0 0 1 0 0 9
1 0 1 0 X X X X X X X X
1 0 1 1 X X X X X X X X
1 1 0 0 X X X X X X X X
1 1 0 1 X X X X X X X X
1 1 1 0 X X X X X X X X
1 1 1 1 X X X X X X X X

Dung bang Karnaugh dé téi thiéu héa mach trén. Phuong trinh téi thiéu hda cé thé viét & dang
chinh tic 1 (tong caa céc tich sb) hoac dang chinh tic 2 (tich cia céc tong sO):
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Phuong trinh logic cnangd raa

, a
Dang chinh tac 2: B DC
a= B.D.(C+A)(C+A)=BCDA +BDCA ’OO/ 01 /zll— —'—1—0\\
Dang chinh tic 1: 82 2 ,’%— —z“. \gT
— JE— I [ |
a= CBA+DCBA o TR NES -—)Z\I:
Luuy: Trén bang Karnaugh ching ta ¢ thuc hi¢n toi thiéu hda theo 10 :-\0 = 0T x ~
, \ Vi |
dang chinh tac 2. OO EUSE NSO A !
Phuong trinh logic ciiangd rab: b pC
Dang chinh tac 2: B 0 ol 11 10
b= .C(A+B)(A+B)=C(AB+AB) 0T os 0l 5{_‘_‘,@}‘ -
= C(AAB) 01/ 01| 1| x |10
Dang chinh tac 1: 11 ,’_o_i___o"_S(""})_(_)l
_ _ Spuiyy SR S
b= CBA+CBA = C(AAB) 100 0)] 1 | x |Ix
Phuong trinh logic ciangd ra c: ¢ DC
Dang chinh td’C 2 B 00 01 11 10
c= BAC 000 0 TXY 0
Dang chinh tic 1: 01 {00 "X [0y
c= DCBA 11000 | 0 | x || x
10/ 1 [0 | x i x
Phuong trinh logic caangd rad:
Dang chinh tdc 2: g DC 0 0l 11 10
d=D(A+B+C)(B+C+D)(A+B)(A+C) 00 o/ 1 [ <
- — - | |
=ABCD+ABCD+ABCD oy ‘
o 01| 1 |0 RS 0 !
Dang chinh tac 1: 101 |ix | x!
d= CBA +DCBA +CBA A
1071 '?;Ql_t&__;%j

Phuong trinh logic cua ngd ra e:

Dang chinh tdc 2: BeA bC 00 01 11 10
e= .(B+A)(C+A) ' |

vt 0] o] 1] x |'Q
ang chinh tac 1 o1 11 x| 1
e= CB+A

111 1 | 1 | x | X

1076 0 [ x |, xt

AN B AT
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Phuong trinh logic cua ngo ra f:
Dang chinh tac 2:

- f
f=(A+B)B+C)(A+B+C)D eac® 00 01 11 10
= ABD+ACD +BCD 00[ 0 [0 [[x1 O
Dang chinh tdc 1: 01 _1“{_(_)_?_)2_:“()_5
f= BA+DCA +D0B 111 x [ x
N |
100110 [ix} x

Phuong trinh logic cua ngd ra g:
Dang chinh tdc 2: g bC 00 01 11 10
g=D(A +B)(C+B)(B+C) 00 1[0 x] 0
= BCD + DCBA oL 1 0 [ix] 0l
Dang chinh tdc 1: 10| 1 1:x X 1]
— - | |
g= DCBA+DCB 10 [0 -0-fix—fixy]

Xé& mach giai ma deén led 7 doan loai Kathode chung:

Chon miic tich cyc & ngd ra la mic logic 1. Vi Kathode cia cac doan led dugc néi chung va
dugc ndi xudng muc logic 0 (0V-mass) nén mubn doan led ndo tit ta dua Anode tuong ang xuéng
muc logic 0 (OV-mass).

Vi dy: Bé hién thi sb 0 tandi Anode caa doan led g xubng mic logic 0 dé doan g tat, dong thoi
céc kathode ciadoan a, b, ¢, d, e, f dugc ndi 1én nguon nén cac doan ndy s& sang do d6 tathdy s 0.

Luc d6 bang trang thai mé ta hoat dong cua mach nhu sau:

P P RPRPRRPRRRPRRPLOOOOOOOOND
P RPOORPRROORRFROORERLROOOND
P ORFrRORFROPOROROROLRrODP
XXXXXXIPPRPPPPOPRFRPPFROPRDD
X XXX XXIPPRPPOOPRFRPRFRPRPRPRPRDT
X XXX XXPrPRPrPRPPRPPRPRPRPPOPREPRDO
XX XX XXIPPRPORFRPPFPOPFRPROPRQ
XXX XX XoroOoOPr ooor or o
XX XXX XIPPrPORFRPPFPPFPOOOEPR —
XXX XX XRPPRPOPFRPFPRPFRPRPROO®Q

P RPRPPOOOORFRRFRPEFRPPFPLPOOOOW®

Tuong ty nhu truedng hop trén, ta ciing ding bang Karnaugh dé t6i thiéu hda ham mach vadi tim
phuong trinh logic tdi gian c&c ngd ra cua cac doan led: (Luu y trong nhitng bang ¢6 Karnaugh sau
ta thiec hién toi thiéu héa theo dang chinh tac 1)
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Phuwong trinh logic cia ngd ra a:
. c . a DC
Dang chinh tac 1: B

_ 00 01 11 10
a=D+B+AC+AC ! ==

D i ez 00 ] 0 [ x [~
ang chinh tac 2: SR S—
g - 01| O [T x3] 1.
a=(A+B+C+D)A+B+C) 11 71T T x| X
— (Sl A I
=AD+B+AC+AC 10:\\11\ 1 i\x XU
Phuong trinh logic cua ngd ra b:
Dang chinh tic 1 Ig DC 0 0L 11 10
b=C+BA+BA=C+AAB Ol T T T X T°1
; |
Dang chinh tac 2: o1 ‘]::“‘O‘“;("‘,‘i‘
— —_ — |
b=(C+B+A )( C+B+A) i ('1*5"'1“7":32‘.
=C+AB+AB=C+AAB oMo T oy
l\—_
Phuong trinh logic cua ngd ra c: c
Dang chinh tac 1: B DC 0 ol 11 10
=B rATC 00 [T 7T X7 1)
Dang chinh tac 2: o1 :(_ __:_1___7(_:__1\:
c=C+B+A 1T [T | 1 x|
i P R 9
100 0 |11 | x| X
Phuong trinh logic cua ngd ra d: q
Dang chinh tdc 1: B bC 00. 01 11: 10
— JEE— — — I \
d=D+BA +CA+BC+ABC * ===
, 7] 0 |Ix L
Dang chinh tac 2: 001 —— 1
i R 01 0 [{1 [ix)[ 1]
=(A+B+C)(A+B+C)(A+B+C+D) 1T T 0 ['x it
_ . _ |
“(C+AB+ AR +0+C10)
=(C+AAB)(A+B+C+D) '
Phuong trinh logic cua ngd ra e: o
Dang chinh tac 1: B DC 0 oL 11: 10
/ \

e=AB+CA
Dang chinh tac 2:
e=A(C+B)=AC+A.B

00| X | 0| x |

- ~4

01| 0| 0| x| O
111 O | O | x | X

10 (I\ 1 X /'X7i

i) SR A 2

1 [
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Phuong trinh logic cua ngd ra f:
Dang chinh tac 1:
f=D+CB +BA +CA

f DC
B 00 01 11,6 10

TR

Dang chinh tac 2: 0011 -\L:I::::—z("lfl‘ “:L’I:
s o o] 0 ['1 x| 11
f=(B+A)(D+C+A)(C+B) === i
_D+BC+AC+AB PO O X X

= 100 0 [/T7iXy] x)

| |
Phuong trinh logic cua ngd ra g: d DC

Dang chinh tac 1: 00 01 11 10
g=D+CB+BA +BC 00 0 [T [[x) 11
Dang chinh tic 2; 1 x| 1.
ang chinh tac 2 01 E) Ao x ) % !
g=(C+B+A)(B+C+D) 11 137 0 |ix | x !
1001 T N x|

4.3. MACH CHON KENH - PHAN PUONG

4.3.1. Pai cwong

Mach chon kénh con goi & mach hop kénh (ghép kénh) 1a mach c6 chirc nang chon lan luot 1
trong N kénh vao dé dua dén ngd ra duy nhat (ngd ra duy nhat d¢6 goi |a duong truyén chung). Do
d6, mach chon kénh con goi 1& mach chuyén dit liéu song song & ngd vao thanh dir lidu ndi tiép &
ngd ra, duoc goi laMultiplex (viét tit 1a MUX).

Mach chon kénh thuc hién chirc ning & dau phét con mach phan duong thuc hién chic nang ¢
dau thu. Mach phan duong con goi 1a mach tach kénh (phan kénh, giai da hop), mach ndy c6 nhiém
vu tach N nguon dit liéu khéc nhau ¢ cuing mot dau vao dé ré ra N ngd ra khéc nhau. Do d6, mach
phan dudng con goi 1a mach chuyén dir lidu ndi tiép & ngd vao thanh dir liéu song song & ngd ra,
duoc goi 1a Demultiplex (viét tit 1a DEMUX).

4.3.2. Mach chgn kénh

X1

X2
X3

X4

4® 1

Ci ‘

C

Xét mach chon kénh don gian c6 4 ngd vao va 1 ngd ra nhu
hinh 4.23a.
Trong dé:
+ X1, X2, X3, X4 . C&c kénh dix liéu vao.
+Ngbray :Buong truyén chung.
+cl, c2 : Céc ngd vao diéu khién
Vay mach ndy gidng nhur 1 chuyén mach (hinh 4.23b):

Hinh 4.23a. Mach chon kénh

X1

—e

X2 . y

X3
X4

—e
—o

Hinh 4.23b
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Dé thay doi 1an luot tir x; ® x4 phai c6 diéu khién do d6 ddi véi mach chon kénh dé chon lan
luot tir 1 trong 4 kénh vao can c6 cac ngd vao diéu khién ¢y, c,. Néu cd N kénh vao thi can co n ngd
vao diéu khién thoa man quan hé: N=2". NGi céch khéc: S6 t6 hop ngd vao diéu khién bang so
lugng cac kénh vao.

Viéc chon dir ligu tir 1 trong 4 ngd vao dé dua dén duong truyén chung l1a tly thudc vao t6 hop
tin hiéu diéu khién téc dong dén hai ngd vao diéu khién cy, c,.

+0=06=0®y=x (xiduocnditéi ngdray).
+0=06=1®y=X (X duocnditéi ngdray).
+ 0 =1,6=0®y=x3 (xsduocnditdi ngd ray).
+ 0 =16=1®y=Xs (Xsduocnditéi ngdray).

Vay tin hiéu diéu khién phai lién tuc dé dir liéu tir céc kénh duoc G| |y
lién tuc dua dén ngd ra. Tir d6 talap duoc bang trang thd md ta hoat 0 0 X1
dong ctia mach chon kénh.

0 1 C2

Phuong trinh logic md ta hoat dong caa mach : 1 0 Cs

Y= C, C,. X1+ C, CoXp + C1C, X3+ C1.C2.X4 T 1 o

So d6 logic caa mach:

C1 Co

v |

X1

X3

Hinh 4.24. So d6 logic mach chon kénh tir 4® 1

Bay gio, xé mach chon kénh ¢ 4 ngd vao va 1 ngd ra, nhung lai ¢o 4 ngd diéu khién. Lic nay,
ta khdng dya vao t6 hop tin hiéu tac dong Ién ngd vao diéu khién, ma chi xé dén muc tich cuc ¢
ngd vao diéu khién. Tass chon mot trong hai mirc logic 1 hozc mirc logic 0 lam mic tich cyc, néu 1
ngd vao trong sd 4 ngd vao diéu khién ton tai mic logic tich cyc (mtc 1 hodc mic 0) thi kénh dir
liéu vao c6 cling chi sd véi ngd vao diéu khién d6 s& dugc két ndi voi ngd ra. Trén hinh 4.25 biéu
didn mach chon kénh vai sb lwong ngd vao diéu khién bang sb luong kénh vao.
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Néu chon mirc tich cuc cia cac ngd vao diéu khién 1a mic logic 1, ta cd bang trang thai mo ta
hoat dong ciia mach nhu sau:

X1

Xo y
Xs 401 |7

X4

Cl‘ iz L3 ‘ Ca

Hinh 4.25. Mach chon kénh véi so lirong ngd vao diéu khién bang so kénh vao

C1 C2 C3 C4 y
1 0 0 0 X1
0 1 0 0 X2
0 0 1 0 X3
0 0 0 1 X4

Phuong trinh logic:
Y=C1. X3+ Co. Xo+ C3. X3 + Cs4. X4
Y nghiiatrong thyc té caa mach:
+C1, Cz, C3, G4 CO thé hiéu lacéc dia chi (ngudn va dich).
+ X1, X2, X3, X4 :  Thong tin can truyén di.

4.3.3. Mach phéan dwong

Xé mach phéan duong don gian ¢6 1 ngd vao va 4 ngd raky hiéu nhu sau :

| »n Y1

.—
X 1® 4 _3y23 X ,__3;/2
| Ya yi

.—

Co ‘ ll

Hinh 4.26. Mach phan dwong don giantr 1 ® 4
Trong do:
+ X lakénhdir liéu vao.
+ yl, y2,y3, y4 cac ngd radir liéu; c1, c2 céc ngd vao diéu khién.
Ta co thé thiy mach nay thuc hién chizc nang nhu 1 chuyén mach (hinh vé 4.26).
Tuy thudc vao td hop tin hiéu diéu khién tac dung vao mach malan luot tin hidu tir ngd vao x s
chuyén dén ngé rayl, y2, y3, y4 mot cach twong ang.
LUc d6 bang trang thai mé ta hoat dong cua mach :
C1 C2 Y1

=)
B O R O
o o o X
o o X olF
o x o o
X o o o|F
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Phuong trinh logic cac ngo ra:

Y1= G €, X
Yo = C_lCZ.X
Y3 =C1C, X
Y4 = C1 C2.X

So dd logic dugc cho trén hinh 4.27:

C1 C2

VoV

Hinh 4.27. So d6 logic thyec hién mach phan dirong

y

.
L
Py
=/
P
|/

4

i

Néu x = 1 va hoan d6i ngd vao diéu khién thanh ngd vao dir liéu thi mach phan duong chuyén
thanh mach giai ma nhi phan. Vi vay, nha san xuat d& ché tao IC dam bao ca hai chic nang: giai ma
va giai da hgp (Decode/Demultilex). Vi du: céc IC 74138, 74139, 74154: giai ma va phan duong

tdy thudc vao cach ni chan.

Trong trwong hep téng quat, mach phan dwong co 1 ngd vao va 2" ngd ra: dé tach N=2"
ngudn dir liéu khac nhau can c6 n ngd vao diéu khién, 1lc d6 sb t6 hop ngd vao diéu khién bang sb

lugng ngd ra.

Tuy nhién trong thuc té, ta con gip mach phan duong co sb
lwong ngd vao diéu khién bang sb ngd ra (hinh 4.28). Luc d6 chi
xét dén muac tich cuyc ¢ ngd vao diéu khién, nguoi ta chon mot
trong hai mtc logic 1 hoac mac logic O lam muc tich cuc. Gia s
chon mirc logic 1 la mirc tich cyc: néu 1 ngd vao trong sd 4 ngd
vao diéu khién ton tai mic logic 1 (mic tich cuc), thi ngd ra dir
liéu twong rng ¢6 cuing chi s véi ngd vao diéu khién d6 s5 duoc
ndi véi ngd vao dir liéu chung x.

Vi du:
a=1® x=y; =1® x=Yy,
CG=1® X=Yy; C1=1® X=Vq

Y1
_ lie4
Ya
Cs C3 C L1
Hinh 4.28
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LUc d6 bang trang thai hoat dong ciia mach:

CC C CG C|Y1 |V

O OO
= O O O

X |0
0 X
0|0
010

oo o R
oo r o
O X © o
X © O oL

Phuong trinh logic va so d6 logic dugc cho trén hinh 4.29:
Yi1=C1 X Y2=C2X
Y3 =C3 X Y4 = Cq X
Giai thich hoat ¢6ng cia mach:
+ Khi ¢1=1, ;= 3= ¢4 = 0 chi ¢6 cdng AND(1) thng cho dit liéu tir x ndi dén dau ray;.
+ Khi =1, 6= ¢3 = ¢4 = 0 chi 6 cdng AND(2) théng cho dit liéu tir x ndi dén dau rays.
+ Khi cz=1, ¢, = ¢;= ¢4 = 0 chi 6 cdng AND(3) théng cho dit liéu tir x ndi dén dau rays.
+ Khi ¢4=1, ¢;= c3 = ;= 0 chi c6 cdng AND(4) théng cho dit liéu tir x ndi dén dau rays.
Vi mach chon kénh dugc thuc hién ¢ dau phét va mach phan duong duoc thyc hién ¢ dau thu
nén dé dam bao dir liéu dugc chuyén ddng kénh thi mach chon kénh vamach phan duong phai dong
bd véi nhau.

C1 Co C3 (o

1

:

2

x
N
<<

3

I

7

i

Hinh 4.29. Mach phan duwong s lireng ngd vao diéu khién bang so ngd ra

4.4. MACH SO SANH

4.4.1. Pai cwong
- Mach so sanh diing dé so sanh cac sb nhi phan vé mat do 16n.
Vidu: Sosanhavab:a=0,b=1(a<bh.
- C6 ha mach so sanh:
+ So sénh hai sH nhi phén 1 bit.
+ So sanh hai s6 nhj phan nhiéu bit.
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4.4.2. Mach so sanh 1 bit
Lamach thuc hién chic nang so sanh hai b nhi phan 1 bit.
Xét hai sb nhi phan 1 bit avab. C6 céc truong hop sau day:
+a=0,b=0pb a=h.
+a=1,b=1pb a=h.
+a=0,b=1pb a<h.
+a=1,b=0pb a>h.
Vé phuong dién mach dién, mach so sanh 1 bit ¢4 2 ngd vao va 3 ngd ra. Cac ngd vao a, b lacéc
bit can so sanh; c&c ngd ra thé hién két qua so sanh: y1 (a< b), y2 (a=b) vay3 (a> b). So d6 khbi
mach so sanh trén hinh 4.30.

Bang trang thai

a b |y1 | Y2 | ¥

a (a<b) =y T o T T
2®3 | (a=b)y =y,

— 0 1 1 0 0
(@a>b)=ys

1 0 0 0 1

Hinh 4.30. Mach so sanh 1 bit 1 1 0 1 0

Chon murc tich cyc ¢ ngd ra la muc logic 1. Ta lap dugc bang trang thdi md ta hoat dong caa
mach. Tu bang trang théi, ta c6 phuong trinh logic:

yi=a.b _d}ﬁ(fK b)

Yo = 5.64' ab= aZ{b
_ a 1\

2

] s (ab)

Hinh 4.31. So d6 mach so sanh 1 bit

;

o | (A<B)=Y:
8®3 | (A=B)=Y;
b1 —— (A>B)=Y3

Hinh 4.32. So do khoi mach so sanh nhiéu bit

4.4.3. Mach so sanh nhiéu bit

Mach c6 8 ngd vao va 3 ngd ra, thuc hién so sanh 2 sb nhi phan 4 bit A (asaaia)) va B
(bsbzbibo). C6 hai phwong phép thuc hién mach so sanh nhiéu bit:
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- Thuyc hién tryc tiép.
- Thuc hién mach so sénh nhiéu bit trén co s& mach so sénh 1 bit.
Chuing talan luot xét tirng phuong phép.
1. Phwong phép tructiép
Taco bang trang thai hoat dong caiamach
INPUT OUTPUT
a vabs a vab, a vab, avab <B A=B >B
< X X X 1 0 0
> X X X 0 0 1
= < X X 1 0 0
= > X X 0 0 1
= = < X 1 0 0
= = > X 0 0 1
= = = < 1 0 0
= = = > 0 0 1
= = = = 0 1 0

Phuong trinh logic caa mach:
Y:=(A<B)
=(a<bs)+(a=bs)(@<by)+(a=bs)(@="Db)(a<hy)

+ (8 = b3z )(a = b2 )(aw = b1)(a0 < bo)

Y2=(A=B)
=(@=bs)(@=bz) (a=b1)(@=ho)
Ys=(A >B)
=(a>bs) + (a=bs)(a>b2) + (a = bs)(az = b2 )(as > by)

So dd mach thuc hién trén hinh 4.33.

+ (8 =3 )(a = b2 )(as = b1) (20 > bo ).
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a3h3 a2<h2 ah2 al-hl a&al<kb0 al>ho
a3<P3 a3h3 a2 aldbl al>bl a0

1
2
5
3
4
1
3
2
1
3
2
1
2 Y
5
3
N

Hinh 4.33. Thuc hién mach so sanh nhiéu bit theo cach truc tiép
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2. Phwong phép xay dung trén co so- mach so sanh 1 bit

a L (a<b)=y;
2® 3 (a=b)=w

b L (a>b)=
& ¢ G ( )=VYs

ab a=b a<b

Hinh 4.34. Mach so sanh 1 bit cdi tién
Dé mach so sanh hai sb nhi phan 1 bit c6 thé thuc hién cdng viéc xay dung mach so sanh hai sb
nhi phan nhiéu bit ta cai tién lai mach so sanh 1 bit nhu sau: ngodi c&c ngd vao va ngd ra gibng nhur
mach so sanh 1 bit ta d& khao sét ¢ trén, con cd céc ngd vao diéu khién a< b, a b, a= b, véi so d6
mach nhu sau :
Bang trang thai mé ta hoat dong ciia mach so sanh nhi phan 1 bit day da nhu sau:

Ngd vao dieu khién Ngb6 veo DATA Ngo ra
b | ab a>b a b (a<b) | (a=b) | (e>Db)

1 0 0 X X 1 0 0
0 0 1 X X 0 0 1
0 1 0 0 0 0 1 0
0 1 0 0 1 1 0 0
0 1 0 1 0 0 0 1
0 1 0 1 1 0 1 0

Phuong trinh logic:
y1 = (a<b) = ¢; + cx(ab).
y> = (a=b) = c,(aA b).
y3 = (a>b) = c3 + cx(ab).
Dya va0 vi mach so sanh day da ndy, nguoi ta thuc hién mach so sanh hai s nhi phan 4 bit bang
céch s dung cac vi mach so sénh 1 bit déy du nay gira ag Vi bs, a Véi by, & voi by, ay vai by Vi
céch ndi theo so dd nhu trén hinh 4.35.

Luu y déi véi mach trén hinh 4.35: mach ¢6 3 ngd vao diéu khién (A>B), (A=B), (A<B) nén dé
mach lam viéc duwoc thi bdt bugc cho ngd vao diéu khién (A=B) = 1 (tizc 1a xem nhur as, a4 tré vé
triéc bang nhau, néu as > a, thi ngd ra A>B).
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bs

b,

b,

bo

(A<B)
(A=B)
(A>B)

Hinh 4.35. Mgach so sanh nhiéu bit

45.MACH SO HQC

4.5.1. Pai cwong

Mach s hoc 1& mach c6 chic niang thyc hién céc phép todn sd hoc +, -, X, / c&c sd nhi phan. Pay
la co so dé xay dung don vi luan ly va sb hoc (ALU) trong np (micro Processor) hoic CPU (Centre

Processing Unit).

4.5.2. B$ cong (Adder)

1. B$ ban téng (HA-Half Adder)

B6 ban téng thuc hién cong 2 sd nhi phan mot bit.

Quy tic cong nhur sau:

0+ 0= 0
0+ 1= 1
1+0=1
1+1=0
@ (d

nhé
nhé
nhé
nhé

= O O O

(©)

HA
C

Hinh 4.36. Mach céna 1 bit
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Trong d6 a, b 1asb cong, slatdéng, clasd nhé.
Bang trang thai m6 ta hoat dong cia mach va phuong trinh logic:

szab+ab=alAb
c=ab

Mach cong ndy chi cho phép cong hai sb nhi phan 1 bit ma
khéng thuc hién cong hai sé nhi phan nhiéu bit.

a 1\
2

b

= = O O|Y
m O L O|T
O, = O Ww
R O O O|O

Hinh 4.37. So d6 mach céng béan phan

2.Bj tong (Bo cong toan phan - FA: Full Adder)
Vé phuong dién mach cé so 6 khéi nhu sau:

Trong do:
2 S
by FA
Cn
Cn1

Hinh 4.38. B¢ cona toan phan
+Cnhy1: SO nhé cualan cong trudc do.

+C, : S nhé caalan cong hién tai.
+S, : Tonghiéntai.

QD
5
O
S
@]
S
iR
@]
]

P OO FrPFrR OO
O r Ok OFr O
P OO R ORrRPErRr oy

P PP PR OO O O

P P P Ok OO O

Tir bang trang thd mé ta hoat dong ciia mach ta viét duoc phuong trinh logic:

S’] = f (any bn1 Cn-l )
Ch=f (3n, bn, Cha )
Lap bang Karnaugh vatbi thiéu hoa, ta co:

S _aby
A 00 01 11 10
n-1

Olol1]|0]1

1l'1{o|1]o0

S, =a,bC,,+abC,,+

n™~n>n-1

abC ,+a,b,C

n-n-—’n-1

S,=a,Ab AC,,

anbn
c 00 01 11 10
n-1

C = anCn 1 + ann—l + anbn

Cn = anbn +Cn—l(an +bn)
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C0 thé thuc hién truc tiép (so dd 4.39) hoic sir dung HA dé thyuc hién FA (so d6 4.40):

& b, Cr1

by

2 o) D

Cn1

Sh

Hinh 4.40. Thuc hién mach céng toan phan tir bé ban téng

4.5.3. By trwr (Subtractor)

1. B ban trir (B trir ban phan - HS: Half subtractor)

B ban trir thuc hién trir 2 s6 nhi phén 1 bit.

Quy tac trir nhur sau:

0 -
0 -
1 -
1 -
@

0=
1=
0=
1=
(b)

muon
muon
muon
muon

(D)

O rFr = O

o O O

(B)

b

HS

D

B

Trong d6 alash bi trir, b1ash trir, D 1ahiéu, B 1asd mugn.
Bang trang thai mo ta hoat dong :

P kO O|Y

= O Fr O|T

O r rr OO0

O O Fr O W

Phuong trinh logic :
D= ab+ab=aAb

B= a.b

o3}

Hinh 4.41 Mach trir ban phén

1\ D

3
ZD
/z

1 B
3
2
—2

Hinh 4.42. So do logic
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Mach trir ndy chi cho phép trir hai sb nhi phan 1 bit ma khong thyc hién viéc trir hai sb nhi phan
nhiéu bit.

2. Bd trir toan phan (FS - Full Subtractor)

Mach ¢ so d6 khdi va bang trang théi md ta hoat dong nhu sau:
Trongdd: Bn-1: Sb6 muon caalantrir truge do.

Bn : S6muon caalan trir hién tai.

Dn : Hiéusb hién tai.
an bn Bn-l Dn Bn a Dn
0 0 0 0 0
o 1 o0 |1 1 by FS
1 0 0|1 O Bn
1 1 0 0 0 Bn1
T L =
0 1 1 0 1 Hinh 4.43. Mach trir toan phdan
1 0 1 0 0
1 1 1 1 1

Lap bang Karnaugh vatdi thiéu hoa, ta co:

Dn anbn
B 00 01 11 10 Bn _ab,
"-10 B 00 01 11 10
0|l 1|01 1

1l1lol1]o0

D, =abB  +ab B, +

n*~n=n-1 n~n =n-1 — —
"R B, =4a,B,,+b,B,, +a,b

a, bn Bn—l + anbn Bn—l n n =n-1 n~n-1 n™n
Dn =anAbnA Bn-l B” =anbn +Bn—l(an +bn)

C6 2 céch thyuc hién bo trir toan phin theo biéu thirc logic da tim dwgc: hoic thyc hién truc tiép
(hinh 4.44) hozc sir dung HS dé thyc hién FS (hinh 4.45).
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On bn Bn—l

Y .

bn

Bn-1

Hinh 4.45. Thyc hién FStrén co s HS

Tir b cong toan phan, ta xdy dung mach cong hai 5 nhi phan nhidu bit bing 2 phuong phép:
N&i tiép va Song Song.
Phwong phép néi tiép:

Thanh ghi A Thanh ghi S
B| o A @ S [ (S S
Ck
[ T T ] FA Ll [
Thanh ghi B
bs| by B bg Cs Cs
N Pr
L1 ] l l
DFF
Tclr

|
Hinh 4.46. Mach céng 2 s6 nhi phan nhiéu bit theo theo kiéu nai tiép
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Thanh ghi A chirasd A : &, &, a, &

Thanh ghi B chras B : bs, by, b, bo

Thanh ghi S chtasd S: s, 2, S1, S0

Nhuoc diém cua phuong phép ndy 1a thoi gian thyc hién [au.

Phwong phép song song:

Dé khic phyc nhurge diém d6, nguoi ta diing phuong phdp cong song song (hinh 4.47).

Do tin hiéu diéu khién Ck (diéu khién cong) dong thoi nén thoi gian thuc hién phép cong nhanh
hon phuong phép néi tiép, song do sb nhé van phai chuyén ndi tiép nén anh hudng téc do xir 1y.

b: & b, & by & by @

L] 1] || ||

FAs FA. FA1 FAo

A et s Ay A s

Hinh 4.47. Mach céng song sond, sé6 nhé chuyén néi tiép

Mach céng nhé nhanh - Mach céng véi s6 nhé nhin thay trwéc:
Nguoi ta cai tién mach trén thanh mach cong song song voi sb nhé nhin thiy trudc con goi 1a
mach cong nhé nhanh (Fast Carry, Carry Look Ahead). Bang cach dya vao sy phan tich mach cong
toan phan nhu sau:
Taco:
Sn:(anA bn)A Cha
Ch=an. b+ (anA bn)Cn-l
Taaalt:
Pn= an A bn
Gn = an. bn
Suy ra:
S = PnA Cha
Cn = Gn + Pn -Cn-l
Khi n=0 (LSB):
So=PoA C,4
Co=Gy+Py.C1
Khi n=1:
S = PlA Co= PlA (G0+ Po .C.l)
Ci=G1+P1.Co=G1+ P, .(Go + Py .C.l)
Khi n=2:
S =P,A Ci=P,A[G1+P1.(Go+ Py.C1)]
C=G+P,.Ci=G,+ P, [Gl + Pl.(Go +Py.Ca )]
Khi n=3:
Sg = PgA Cg =Ps A {G2 + P, [Gl + Pl.(Go + Py .C_l )]}
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C3=G3+P;.C,=G3+P; { G, + Pz.[Gl + Pl.(Go + Po .C.l) ] }

Pay chinh laco so tinh todn dé tao rasd nhg C1, C2, C3 va S3 tly thudc vao an, bn. So dd khdi

mach cjng song song 4 bit nhg nhanh dugc cho trén hinh 4.48

Bs BoB1 Bo Az Ay A1 Ag

YYvYY vy

Tao cac Py va G;

G3/G2|G1|Go

Ps [P |P1 | Po
vV V VY A 4

Tao cactin hiéu nhg C;

Ca

Co|C11|Co
I

Tao két qud tong S <

I

Hinh 4.48. So d6 mach céng song song 4 bit nhé nhanh

Trén thuc té nguoi tada ché tao ra c&c vi mach cong nhd nhanh, vi du: 1C 7483.

— [ —
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Chwong 5
HE TUAN TU

5.1. KHAI NIEM CHUNG

Mach sb dugc chiathanh hai loai chinh : Hé to hop vahé tuan ty.

Dbi v6i hé to hop: tin hiéu ngd ra ¢ trang théi ké tiép chi phu thudc véo trang théi hién tai caa
ngd vao, ma bat chap trang tha hién tai caangd ra. Nhu vay, khi cac ngd vao thay doi trang théi (b6
quathoi gian tré caatin hiéu di qua phan tir logic) thi lap tic ngd rathay doi trang théi.

Dbi voi hé tuan ty: Cac ngd rad trang tha ké tiép vira phu thudc vao trang tha hién tai cua ngd
vao, dong thoi con phu thudc trang théi hién tai caangd ra.

Do d6, van dé thiét ké hé tuan tu s3 khéc so v6i hé té hop vaco so thiét ké hé tuan ty |adyatrén
céc Flip - Flop (trong khi viéc thiét ké hé t6 hop duatrén cac cong logic).

Maidc khéc, d6i voi hé tuan tu, khi cac ngd vao thay doi trang tha thi cac ngd ra khong thay doi
trang thai ngay ma cho dén cho dén khi c6 mot xung diéu khién (goi 1a xung dong hd Ck) thi luc d6
céc ngd ramai thay ddi trang thai theo cac ngd vao. Nhu vay hé tuan tu con co tinh ¢dng bo vatinh
nhd (co kha nang luu trix théng tin, lueu trir dit liéu), nén hé tuan tu 1 co so dé thiét ké cac bo nho.

5.2. BO PEM

5.2.1. Pai cwong
Bo dém duoc xay dung trén co so cac Flip - Flop (FF) ghép véi nhau sao cho hoat dong theo
mot bang trang tha (qui luat) cho trudc.
S6 lugng FF st dung lasd hang cuabo dém.
Bo dém con duogc s dung dé tao ra mot ddy dia chi caa lénh didu kién, dém sd chu trinh thuc
hién phép tinh, hoic c6 thé dung trong van dé thu va phéat ma
C6 thé phan loai bo dém theo nhiéu cach:
- Phan loai theo co so cac hé dém: By dém thap phan, bo dém nhi phan.
Trong d6 bo ¢ém nhi phan duoc chialam hai loai:
+ B0 dém véi dung lugng dém 2n.
+ BoO dém véi dung lugng dém khéc 2n (¢ém modulo M).
- Phan loai theo huwéng dém gom: Mach dém lén (dém tién), mach dém xudng (d¢ém 10i),
mach dém vong.
- Phan loai mach dém theo tin hiéu chuyén: b dém néi tiép, bd dém song song, bo dém
hdn hop.
- Phan loai dwa vao chirc niang diéu khién:
+ Bo dém dong bo: Sy thay d6i ngd ra phu thudc vao tin higu dicu kién Ck.
+ Bo dém khong dong bo.
Mic du ¢6 rat nhiéu cach phan loai nhung chi c6 ba loai chinh: B§ dém néi tiép (khdng dong
bo), Bd dém song song (d¢6ng bo), Bo dém hdn hep.
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5.2.2. B§ dém noi tiép

1. Khai niém

Bo dém ndi tiép labo d¢ém trong d6 cac TFF hoac JKFF gitr chirc nang cia TFF duoc ghép ni
tiép v6i nhau va hoat dong theo mot loai ma duy nhat 1a BCD 8421. Péi voi loai bo dém ndy, céc
ngd rathay do6i trang thé khong dong thoi vai tin higu diéu khién Ck (tirc khdng chiu sir diéu khién
cuatin higu diéu khién Ck) do d6 mach dém ndi tiép con goi 1a mach dém khéng dong bo.

2. Phan loai

- Pémleén.
- Dém xudng.
- Pém lén /xuéng.
- Pém Modulo M.
a. bémlén
DPay labo dém cb noi dung tang dan. Nguyén tic ghép ndi cac TFF (hoic JKFF thuc hién chic
nang TFF) d¢é tao thanh bo dém néi tiép con phu thusc vao tin hiéu ddng bo Ck. C6 2 trudng hop
khéc nhau:
- Tin hiéu Ck tac dong theo suon xudng: TFF hodc JKFF dugc ghép ndi véi nhau theo qui

luat sau:
Cki+1 = Qi
- Ténhiéu Ck téc dong theo swon |én: TFF hoiac JKFF duoc ghép ndi véi nhau theo qui luat
sau:
Ckix1 = Qi
Trong &6 T ludn ludn gitr & mic logic 1 (T = 1) vangd ra caa TFF ding trudc ndi voi ngd vao
Ck cua TFF dung sau.

Dé minh hoa ching taxé vi du vé mot mach dém nbi tiép, dém 4, dém Ién, dung TFF.
S6 lwong TFF cin dung: 4 = 2°® dung 2 TFF.

Truong hop Ck tAc déng theo siwon xuong (hinh 5.1a):

Ck \ / Q: Q

Sk Bk

Ckl CkZ

o] I

Hinh 5.1a
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Trurong hop Ck téc déng theo swon 1én (hinh 5.1b):

o fL

@ Q
iy E:
Ckl CkZ
Ck Q
Clr T T
H 5.1b

Trong cé&c so dd mach nay Clr (Clear) 14 ngd vao x6a cia TFF. Ngd vao Clr téc dong muc thip,
khi CIr = 0 thi ngd raQ cua FF bi x6avé 0 (Q=0).
Gian d6 thoi gian cia mach ¢ hinh 5.1a:

1 2 3 4 5 7 8
= S 20 2 2 2 B
Q. 0 T 0 T 0 T 0 T
Qz 0 0 1 1 0 0 T I

Hinh 5.2a. Gian d6 thoi gian mgch hinh 5.1a

Bang trang thai hoat d¢ong ciia mach hinh 5.1a:

Xung vao Trang tha hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 0 0 0 1
2 0 1 1 0
3 1 0 1 1
4 1 1 0 0
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Gian d6 thoi gian mach hinh 5.1b :
2 3 4 5 7 8

I B B B B B S N

6 0 T T 0 T 0 T 0 N
1
Q2 0 1 1 0 0 T 1 0

Hinh 5.2b. Gidn do thoi gian mach hinh 5.1b

Bang trang thai hoat ¢ong ciia mach hinh 5.1b :

Xung vao Trang tha hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 0 0 0 1
2 0 1 1 0
3 1 0 1 1
4 1 1 0 0
b. Pém xusng

Pay labo dém co noi dung dém giam dan. Nguyén tic ghép céc FF ciing phu thugc vao tin hiéu
diéu khién Ck:
- Tin hi¢u Ck tac dong suon xudng: TFF hoac JKFF dugc nghép nbi voi nhau theo qui luat

sau:
Ckix1 = al
- Tin hiéu Ck téc dong sxon xudng: TFF hoic JKFF duoc nghép ndi vai nhau theo qui luat
sau:
Ckis1 = Qi

Trong @6 T Iudn ludn gitr & mic logic 1 (T = 1) vangd ra cua TFF ding trudc ndi voi ngd vao
Ck cua TFF dung sau.
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Vidu: Xét mot mach dém 4, dém xudng, dém ndi tiép dung TFF.

S6 luong TFF cAndung:  4=2°p ding 2 TFF.

So d6 mach thuc hién khi sir dung Ck tac dong suon xudng va Ck tac dong sudn 1én lan luot
duoc cho trén hinh 5.3avab.3b :

Ck n Q. %

T 1_T

1
Ckl CkZ
ek Q
1

o] |

Hinh 5.3a

Q1 O
1 17
| ok | ke
e
Clr T T
H 5.3b
1 2 3 4 5 7 8
ok v o] v v ] e Y
@ o[ 1 0 1 0 1 0 0
Q, U v
Q O 1 1 | 0 0 t t | 0 0

Hinh 5.4a. Gian do thoi gian mgch H 5.3a
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Bang trang tha hoat dong caa mach hinh 5.3a:

Xung vao Trang théi hién tai Trang théi ké tiép

Ck Q2 Q1 Q2 Q1

1 0 0 1 1

2 1 1 1 0

3 1 0 0 1

4 0 1 0 0

Gian 6 thoi gian ciia mach hinh 5.3b:
1 5

o 1| | i) | (N
Qo 1 0 1 1
Q ¢ 1 1 1

Hinh 5.4b. Gidn do thoi gian mach hinh 5.3b

Bang trang thai hoat ¢ong ctia mach hinh 5.3b :

Xung vao Trang tha hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 1 1 1 0
2 1 0 0 1
3 0 1 0 0
4 0 0 1 1

c. Pém lén/xusng:

Goi X latin hiéu diéu khién chiéu dém, ta quy uéc:
+ Néu X = 0 thi mach ¢ém Ién.
+ Néu X =1 thi ¢ém xudng.

Taxét 2 truong hop cuatin hiéu Ck:
- Xé tin higu Ck tac dong swon xudng:
Ldc d6 taco phuong trinh logic:
Ck,, =X.Q +XQ, =X A Q,
- Xé tin hiéu Ck tac dong swon Ién:
Ldc @6 taco phuong trinh logic:
Ckiy =XQ +X.Q =XAQ,
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d. Pém modulo M:

Day labo dém ndi tiép, theo ma BCD 8421, ¢6 dung lwong dém khéc 2".

Vi du: Xét mach d&ém 5, dém |én, dém ndi tiép.

S6 lwong TFF cAndung: Vi2°=4<5<8=2%b duing 3 TFF.

Vay b dém ndy s3 ¢6 3 dau ra (cha y: S6 luong FF tuong Gng véi sd dau ra).
Bang trang thai hoat d¢ong ciia mach:

Xung véo Trang tha hién tai Trang théi ké tiép
Ck Qs Q2 Q1 Qs Q2 Q1
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 1/0 0 1/0

Néu dung 3 FF thi mach c6 thé ¢ém duoc 8 trang thai phan biét (000 ® 111 twong tng 0® 7).
Do d6, dé sir dung mach nay thyc hién &ém 5, dém |én, thi sau xung Ck thi 5 tatim céch duatd hop
101 vé 000 c6 nghia |a mach thyc hién viéc dém lai tir to hop ban dau. Nhu vay, bo dém s3 dém tur
000 ® 100 vaquay vé 000 tro lai, ndi céch khéc tada dém duoc 5 trang thai phan biét.

Pé x6abo dém vé 000 ta phan tich: Do t6 hgp 101 ¢ 2 ngd ra Qy, Qs dong thoi bang 1 (khéc véi
céc t6 hop truge d6) (day chinh la diu hiéu nhan biét dé diéu khién x6a bo dém. Vi vay dé xda bo
dém vé 000:

- Ddi voi FF c6 ngd vao Clr téc dong mirc O thi ta diing cong NAND 2 ngd véo.
- Ddi voi FF c6 ngd véo Clr téc dong mirc 1 thi tading cong AND ¢6 2 ngd vao.

Nhu vay so d6 mach ¢ém 5 la so do cai tién tir mach dém 8 bang cach mic thém phén tir cong
NAND (hoic cong AND) c6 hai ngd vao (tly thuoc vao chan Clr tac dong mic logic O hay mirc
logic 1) duoc ndi dén ngd ra Q; va Qs, vangd ra cia cong NAND (hoic AND) s& duoc ndi dén ngd
vao Clr ciabd dém (ciing chinh langd vao Clr cia cac FF).

Trong truong hop Clr tac dong mic thip so d6 mach thyc hién dém 5 nhu trén hinh 5.5 :

Ql Qz Q3 /[\
. j—DD*
T T

1
q Ckl ] d Ckz i _q Ck3

ar ] T i

Hinh 5.5. Mach @ém 5, démlén
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2 3 4

8 9 10

< IR V2 2 I BV BV B IR R R R

o 91 ] 0

o O 071 O
0 0 T 1 ©
0

Hinh 5.6. Gidn do thoi gian mach dém5, démlén

Chuay:

Do trang thé cua ngd ralakhéng biét trugc nén dé mach 6 thé dém tir trang théi ban dau 12000
ta phai dung thém mach xda ty dong ban dau dé x6a bo dém vé 0 (con goi |a mach RESET ban
dau). Phuong phép thyuc hién la dung hai phan tir thu ¢ong R va C.

Trén hinh 5.7 1& mach Reset mirc 0 (t&c dong mirc 0). Mach hoat dong nhu sau: Do tinh chat
dién &p trén tu C khdng dot bién dugc nén ban dau méi cap nguon Vee thi Ve =0 (ngdraClr =0
va mach c6 téc dong Reset xda bo dém, sau d6 tu C dugc nap dién tir ngudn qua dién tro R véi thoi
hang nap lat = RC nén dién 4p trén ty ting dan, cho dén khi tu C nap day thi dién &p trén ty xap xi

bang Vec b ngd ra Clr = 1, mach khdng con tac dung reset.

VCC

Chuy khi thiét ké:  V&i mot FF, ta biét duoc thoi gian x6a (co trong v
Datasheet do nhasan xuat cung cip), do d6 ta phai tinh toan sao cho thoi 15 o
gian tu C nap dién tir gia tri ban dau dén gia tri dién &p ngudng phai 16n ?
hon thoi gian x6a cho phép thi mai dam bao x6a dugc céc FF. —=c1

Mach cho phép x6abo dém tu ¢ong (H 5.8) vabingtay (H 5.9): 1],

Qs

Q2

Hinh 5.7. Mach
Reset murc O

QB/I\

[
py)
-

Q
—(

¢ ok —PCh |

Ck,

Cks

-

[
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Q: Q2 Qs /I\

ye© Ck | Ck | Ck
C?( 'Cﬁ 1 I 2 _q 3

— C1

[

Y

1 ' , §
li Hinh 5.9. Mach cho phép x6a bg demtir dong va bang tay

Uu diém caabo dém nbi tiép:  Pon gian, dé thiét ké.

Nhuoc diém: Vai dung luong dém Ion, sd lwong FF sir dung cang nhiéu thi thoi gian tré tich liy
kha Ion. Néu thoi gian tré tich iy 16n hon mot chu ky tin hiéu xung kich thi 1ac bay gio két qua
dém s3 sai. Do d6, dé khic phuc nhugc diém ndy, nguoi ta s dung b dém song song.

5.2.3. B$ dém song song

1. Khai niém

Bo dém song song labo dém trong d6 cac FF méc song song véi nhau va céc ngd ra sé thay doi
trang thé dudi sy diéu khién caa tin hiéu Ck. Chinh vi vady ma nguoi ta con goi bd dém song song
labo dém dong bo.

Mach dém song song dugc sir dung véi bat ky FF loai ndo va co thé d¢ém theo qui luat bat ky
cho trugc. Vi vay, dé thiét ké bo dém dong bo (song song) nguoi ta dya vao céc bang dau vao kich
cua FF.

2. Mach thyc hién

Dbi v6i bo dém song song di ¢ém 1én hay ¢ém xudng, hoic 1a ¢ém Modulo M (d¢ém lén/dém
xudng) déu co céach thiét ké chung va khdng phu thudc vao tin hi¢u Ck tac dong suon Ién, suon
xudng, mirc 0 hay muc 1.

Céac budc thyc hién:

- Tir yéu ciu thyc té x&y dung bang trang tha hoat dong caabo dém.
- Dua vao bang du vao kich cua FF tuong ung dé xdy dung cac bang ham gia tri cua cac
ngd véo di liéu (DATA) theo ngb ra.
- Dung céc phuong phép thi thiéu dé tdi thiéu hda cac ham logic trén.
- Thanhlap so d6 logic.
Vi du:
Thiét ké mach dém dong bo, dém 5, dém Ién theo ma BCD 8421 duing JKFF.

Trudc hét xéc dinh sd JKFF can dung: Vi 22=4<5<8=2%pb diung3JKFF b c63ngdraqQ,

Q2, Qs.

Tacd bang trang thd mo ta hoat dong cua bo dém nhu sau:

http://tieulun.hopto.org



Bai giang KY THUAT SO

Trang 110

Xung vao Trang théi hién tai Trang théi ké tiép
Ck Qs Q2 Q1 Q3 Q2 Q1
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 0 0 0

O chuong 3 ching ta d& xay dung duoc bang dau vao kich cho céc FF va da co duoc bang dau

vao kich téng hop nhu sau:
Qn Qn+l Sn Rn Jn K n Tn Dn
0 0 0 X 0 X 0 0
0 1 1 0 1 X 1 1
1 0 0 1 X 1 1 0
1 1 X 0 X 0 0 1

Tur d6 ta suy rabang ham giatri ciia cac ngd vao data theo cac ngd ra nhu sau :

Xung [Trangthéai hién tai | Trang thai ké tiép

vao | Qs Q2 Q1 | Q3 Q2 Qi [Jz Kz|J2 K| Jd1 Ky
1 0 0 0 0 0 1 0 X 0 X 1 X
2 0 0 1 0 1 0 0 X 1 X X 1
3 0 1 0 0 1 1 0 X X 0 1 X
4 0 1 1 1 0 0 1 X X 1 X 1
5 1 0 0 0 0 0 X 1 0 X 0 X
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Lap bang Karnaugh dé téi thiéu hoataduoc:

J1\ Q:Q:
00 01 11 10
0 1 1 X 0
1| x X X X
h=Q
J2\ Q:Q2
On 00 01 11 10
Ol o X X 0
1{ 1 X X X
b=
Ja\ Q:Q2
00 01 11 10
0 o 0 X X
1 0 1 X X
L =Q:1Q2

K1\ QsQ2
On 00 01 11 10
O x | x | X | x
1] 1 1 X X
Ki=1=Q
K2\ Q:Q2
On 00 01 11 10
0| x 0 X |0
1| x 1 X X
K2=Q:
Ka\Q:Q:2
00 01 11 10
0 x 0 X 0
1] x 1 X X

K3:1:Q3261:Q_2

Luwu y: Khi thiét ké tinh toan ta diing cac phuong phép tdi thiéu dé dua vé phuong trinh logic toi
gian. Nhung trong thyc té thi déi Iuc khéng phai nhu vay. Vi du: Kz =1, Ks= Qs hayKzs= Q ,

d&u dang, nhung khi 14p rép thyc té tachon K3= Q , dé tranh day ndi dai gay nhidu cho mach.

So db logic: Hinh 5.10
Ql \ Q2 T Q3
A Q 2 Q 4|’D1 B Qs
Cky . Ck, ~ NCka
C - - - —
‘ K1 Q K2 Q, Ks Qs Q
Clr

Hinh 5.10. So' d6 mach démén @ém’5, dém song song
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Giai thich hoat déng cia by dém:
- Bandau dingmachRCx6avé 0b Q;=Q,=Q;=0.
J=Ki=1;%b=K,=Q;=0;%=0,Ks=1.
- Khi Cki— TCac trang théi ngd ra déu thay dbi theo trang thé ngd vao DATA trudc dé.
h=Ki=1 b Q=Q°=1.
L=Ky=1 b Q=Q%=0.
Jk=0,Kz=1P Qs=1bétchap trang théd trusc do.
(Hoic k=0,Ks=0P Q= Q2=0) b QyQQ; =001
Lac d6: h= Ki= Q, = 1; 1=K, = Q= 1; 1:=Q,.Q1= 0, K5 = 1.
(Hoac K3 = Q3 =0).
- KhiCke £
h=Ki=1 b Q=Q'=0.
L=Ky=1 b Q=0Q.=1.
%=0,Kz=1b Q3=0.
(Hoic k=0,Ks=0bP Qs=Q.=0) b Qs Q. Q,=010.
LOcd6: h=Ki= Q,=1;%b=K,=Q=0;%=0,Ks= 1.
(Hoic K3 = Q, = 0).
- KhiCks £
h=Ki=1 b Q=0Q*=1.
L=K;=0 b Q=Q%=1
J3=0,Kz=1 P Q;=0 bit chip trang tha trudc do.
(Hoick=0,Kz=0b Q;=Q2=0) b Q;Q, Q; =011
Lacd6: h=Ki=Q,=1; =K = Q1= 1; = Q.Qi= 1, K3 = 0.
(Hoac K3 =1).
- KhiCke AT
h=Ki=1 b Q=Q=0.
L=K;=1 b Q=0Q=0.
J=0,Ks=1 P Qz;=1 bit chip trang tha trudc do.
(Hoic k=0,Ks=0P Q3=Q%=0) b Qs Q; Q= 100.
Lac d6: k= Ki= Q, = 1; = Ko= Q1= 0; Js= Q2.Q1 = 0, K3 = 1.
(Hoac Kz = Q3 =0).

- KhiCks £

J=K;=1 DleQfZO.
L=Kz=1 b Q=Qi=0.
Jk=0,Kz=1P Qs=0 bat chip trang thé trudc dé.
P Q3Q2Q1=000.
Lacdo: h=Ki=Q,=1; = K= Q= 0; 3= Q.Q; = 0, K5 = 1.
Mach tré vé trang théi ban dau.
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5.2.4. Pém thuan nghich
Dé thiét ké mach cho phép vira dém 1én vira ¢ém xudng, ta thuc hién nhur sau:
- Céch1l: Lap ham Jan, Juéng Kien, Kxuéng (Qia Sr ta dung JKFF).
Goi X latin hiéu diéu khién. Xét 2 truong hop:
+ Néu quy uéc X = 0: @ém lén; X = 1: &ém xudng.
Ldc @6 ta co phuong trinh logic:
J = X.Jmn + X, Juéng
K = X. Kign + X. Kxiéng
+ Néu quy uéc X = 1: démlén; X = 0: dém xudng.
Ldc @6 ta co phuong trinh logic:
J =X Jen+ X . Jng
K = X. Kign + X Kxuéng

- Céch2:  Lap bang trang théi tong hop cho ca dém lén vadém xudng.

Xungvao | X | Trangthdi h.tai | Trangthdi ké | Jz Kz | J» Ko | Ji K;
1
2

Sau d6 thyc hién cac budc gidng nhu bd dém dong bo.

5.2.5. Pém hén hop

Bo dém hdn hop 1a bo dém ma trong d6 bao gdm ca dém nbi tiép va dém song song. Pay labo
dém ché tao kha nhiéu trong thuc té va kha nang ung dung caa b dém hdn hop khé Ién so vai bo
dém song song.

Vi du: B§ dém 7490 bén trong bao gom 2 by dém d6 1abd dém 2 ndi tiép va bs dém 5 song
song. Hai bo ¢ém nay tach roi nhau. Do d6, tly thudc vao viéc ghép hai bo dém ndy lai véi nhau ma
mach ¢d thé thuc hién dugc viéc dém thap phan hoic chiatan sb.

Trwong hep 1: 2 ndi tiép, 5 song song (hinh 5.11).

Q Q@ & Q
L 3 Bo aém Bs dém 5
Ck 2 ndi Song song
Gl “ygp| —dpChe

ar | i

Hinh 5.11. B¢ dém 2 néi tiép ghép véi bg dém 5 song song
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Qi ciabg dém 2 giir vai trd xung Ck cho bo ¢ém 5 song song.
Gian d6 thoi gian ciaa 2 ndi tiép 5 song song (hinh 5.12) :

i1 2 3 4 5 6 7 8 9 10

0 o T 1T 0 0 1 T 10 0
Q.

Qs 0 0 0 0 1 T T T 0 0

Q 0 0 o O 0000’—\11

Hinh 5.12. Gian do thoi gian 2 néi tiép ghép véi 5 song song
Nhan xét: Céch ghép ndy ding dé dém thap phan, nhung khong ding dé chiatan sb.
Bang trang thai mé ta hoat dong cuaa mach:

Xung vao Trang tha hién tai Trang théi ké tiép
Ck QG QB Q@ QU |Q QG Q Q
1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 1 0
3 0 0 1 0 0 0 1 1
4 0 0 1 1 0 1 0 0
5 0 1 0 0 0 1 0 1
6 0 1 0 1 0 1 1 0
7 0 1 1 0 0 1 1 1
8 0 1 1 1 1 0 0 0
9 1 0 0 0 1 0 0 1
10 1 0 0 1 0 0 0 0
Truong hop 2: 5 song song, 2 ndi tiép.

A Q@ Q Qs

/IL /(Lm 5 J Bodem 2]

song song ndi tiép

ek_q Cky L NCka
K

O
Clr T

Hinh 5.13. Bé dém 5 song song ghép véi 2 nai tiép

Qs caabd ¢ém 5 song song gitr vai trd xung Ck cho b dém 2.

http://tieulun.hopto.org



Chuwong 5. Hé tuan ty Trang 115

Gian 6 thoi gian ciia 5 song song noi tiép 2.
1 2 3 4 5 6 7 8 9 10

ck | Y

Sl B A A I A

(@)
E

[ 3
e

Q 0 O 0 0 1 0 0 0 T 0

Q2 0 o0 o O 0|1111

F

Hinh 5.14. Gidn do thoi gian dém 5 song song ghép 2 nai tiép

Nhan xé: Céch ghép ndy khong duoc dung dé dém thap phan, nhung lai thich hop cho viéc
chiatan s5.
Bang trang thai mé ta hoat dong cua mach :

Xung vao Trang thai hién tai Trang théi ké tiép
Ck Qe Qs Q2 Q1| Qs Qs Q Q
1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 1 0
3 0 0 1 0 0 0 1 1
4 0 0 1 1 0 1 0 0
5 0 1 0 0 0 1 0 1
6 1 0 0 0 1 0 0 1
7 1 0 0 1 1 0 1 0
8 1 0 1 0 1 0 1 1
9 1 0 1 1 1 1 0 0
10 1 1 0 1 0 0 0 0

5.3. THANH GHI DICH CHUYEN VA BQ NHO

5.3.1. Khai niém

Thanh ghi dich va b nhé déu dugc tng dung trong luu trir dir lidu, trong d6 thanh ghi do kha
nang luu trir caa nd cd han nén chi duoc sir dung nhu bo nhé tam thoi (luu két qua céc phép tinh).
Con bo nhé ¢ kha nang luu trir c&c bit dir liéu kha lon, vé mic ciu tao bo nhé dugc xay dyng trén
co s& c&c thanh ghi (Nhiéu thanh ghi hop thanh bo nhé)

5.3.2. Thanh ghi dich chuyén
1. Khai niém

Thanh ghi dugc x&y dung trén co so c&c DFF (hoac cac FF khéc thuc hién chiac nang caa DFF)
vatrong d6 moi DFF s2 luu trit 1 bit dit liéu.
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Dé tao thanh ghi nhiéu bit, nguoi ta ghép nhiéu DFF lai v6i nhau theo qui luat nhu sau:
- Ng6 ra caa DFF ding truéc duoc ndi voi ngd vao DATA caa DFF sau (Di+1 = Q) ( thanh
ghi c6 kha nang dich phai.
- Hoic ngd ra caa DFF dung sau duoc néi voi ngd vao DATA ciua DFF dung truge (D; =
Qi+1) (thanh ghi c6 kha nang dich tréi.

2. Phan loai

Phan loai theo sb bit dir lidu luu trix: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit. i véi thanh ghi [on 8 bit,
nguoi ta khdng dung ho TTL madung ho CMOS.
Phan loai theo hudng dich chuyén dix liéu trong thanh ghi:
- Thanh ghi dich trai.
- Thanh ghi dich phai.
- Thanh ghi vira doi phai vira doi trai.
Phén loai theo ngd vao di liéu:
- Ng8 vao dit liéu ndi tiép.
- Ngd vao dir liéu song song: Song song khdng dong bg, song song dong bo.
Phan loai theo ngo ra:
- Ng@ ranbi tiép.
- Ngb ra song song.
- Ng@ ravirani tiép vira song song.

3. Nhap dir liéu vao FF

Nhap dit liéu vao FF bang chan Preset (Pr): (xem hinh 5.15)
- Khi Load = 0: Cong NAND 3 va2 khéa® ngd vao Pr=Clr=1
® FFtedo® dirlieu A khéng nhap vao duoc FF.
- Khi Load =1 : Céng NAND 2va3mé, tacod: Pr= A, Clr = A.
NéUA=0® Pr=1,ClIr=0® Q=A=0.
NéUA=1® Pr=0,ClIr=1® Q=A=1. Load
Vay Q = A® dir liéu A dugc nhap vao FF. 1
Tuy nhién, cach ndy phai dung nhiéu cong logic khdng kinh té va phai
diing chan Clr 14 chan xda nén phai thiét ké x6adong bo.

Pr Clr

Hinh 5.15
Pé khic phyc nhirng nhuoc diém d6 ding mach nhu trén hinh 5.16
- Chan ClIr dé tréng tuong duong véi mic logic 1.
- Khi Load = 0 : cong NAND khéa® Pr = Clr =1 ® FF tu do. Dix
liéu khdng duogc nhap vao FF.
- KhiLoad=1:cbngNAND Mo ® Pr= A. Pr Clr
Gia sir ban dau : Q = 0.
NéuA=0® Pr=1,Clr=1b Q=Q°=0. T
NéuUA=1® Pr=0,Clr=1b Q=1. L oad
Vay Q = A ® Dit liéu A duoc nhap vao FF. A
Chly: Phuong phép ndy doi hoi trude khi nhap phai x6a FF vé 0.

Hinh 5.16
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Vidu: Xé& mot thanh 4 bit c6 kha nang doi phai (hinh 5.17).
A | B | C D
Load 1
Q Q2 Qs Qs
E{ oI W mr o>y I M - o T 7o, L
Cky Ck; Cks Cky
T | v |
K1 Q K2 Q, Ks Q; Ka Q,

[0) C
Clr W

Hinh 5.17. Thanh ghi dich phdi

Trong do:
- DSR (Data Shift Right): Ngd vao Data ndi tiép (ngd vao dich phai).
- Q1, Q2,Q3, Q4 : cac ngd ra song song.
Dé giai thich hoat dong cia mach, ta dya vao bang trang thé caa DFF.
Gia sir ban dau: Ngd vao nhap Load =1 ® A, B, C, D dugc nhap vao thanh ghi dich:
Qi=A,Q=B,Q=C Q=D.
Hoat dong dich phai cua thanh ghi:
- Xé& FFi: D= DSRl, Ql =A.
NéuDSR;=0® Q=0;néuDSR;=1® Q=1.
Két luan:  Sau mot xung Ck téc dong suon xudng thi Q; = DSR;.
- Ldcdo FFz, FFg,FF4 . Qz = A, Qg = B, Q4 =C.

Tuc 1a sau khi Ck téc dong swon xudng thi ndi dung trong thanh ghi duogc doi sang phai 1 bit.
Sau 4 xung, dir liéu trong thanh ghi duoc xuit ra ngoai va noi dung DFF duoc thay thé bang céc dir
ligu tir ngd vao DATA ndi tiép DSR;, DSR,, DSR3, DSR,.

Taco bang trang thd hoat dong caa mach:

Xung Trang thai hién tai Trang théi ké
vao Q1 Q. Qs Qa4 Q: Q> Qs Qa4
1 A B C D DSR; A B C
2 DSR; A B C DSR, | DSR; A B
3 DSR; | DSR; A B DSR; | DSR; | DSR; A
4 DSR; | DSR, | DSR; A DSR; | DSR; | DSR, | DSR;

Truong hop ngd ra Q dugc ndi véi ngd vao dir liéu ndi tiép DSR (hinh 5.18).
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Pr Pr Pr Pr
N L L l
{Z oo £ Q B Qs b Ul
Cky Cko Cks Cky
Cx 9 _ “%’ | T _ _‘# _
K1 Q Kz Q, Ks Q; Ka Q,
[©] C C \‘
Clr '
Hinh 5.18.
Taco bang trang tha hoat dong cia mach hinh 5.18:
Xung Trang thai hién tai Trang théi ké
vao Q1 Q2 Qs Q4 Q1 Q2 Qs Q4
1 0 0 0 0 1 0 0 0
2 1 0 0 0 1 1 0 0
3 1 1 0 0 1 1 1 0
4 1 1 1 0 1 1 1 1
5 1 1 1 1 0 1 1 1
6 0 1 1 1 0 0 1 1
7 0 0 1 1 0 0 0 1
8 0 0 0 1 0 0 0 0

Day la mach dugc tng dung nhiéu trong thyc té.
5.3.3. By nho
1. Cac khéi niégm
- Té bao nhé (Memory cell)
D6 lathiét bi hay mach dién tir dung dé luu trix 1 bit.
Vi dy: FF dé luu trix 1 bit, tu dién khi nap dién thi luu trix 1 bit, hoic mot diém trén bang ti.
- Tw nhé (Memory word )
Lanhom céc bit & trong mot bo nha.
Vi du: Mot thanh ghi gdm 8 DFF ¢6 thé luu trit tir nho 1a 8 bit.
Trong thyc té, kich thuéc caatir nhd o6 thé thay doi trong céc loai méy tinh tir 4 (64 bit.
- Byte
Mot nhdm tir nhé 8 bit.
- Dung lwgng bg nhé
Chi kha nang luu trir cia by nhé.
Vidyu: 1K =21 2K =2 4K =2%% ;1M =2%.
- Piachi
Duing dé x&c dinh c&c viing cia céc tir trong bo nhé.
Xét bo nhé gdm 16 ngan nhé tuong duong 16 tir, ta cin dung 4 duong diachi (2° = 16 ® ¢6 4
duong diachi). Nhu vay c6 méi quan hé giira dia chi va dung luong bo nho.
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Vi du : Bé quan Iy dugc bo nhé ¢6 dung lugng 148 Kbytes thi can 13 duong dia chi.
- Hoat dong doc (READ)
Doc laxuat dir liéu tir bd nhé rangoai.
Dé doc ndi dung mot 6 nhé can thuc hién:
+ Duadia chi tuong trng vao cac duong dia chi A.
+ Khi tin higu diéu khién doc tac dong thi 1Gc bay gio dit liéu chira trong céc ngian nhé tuong
{rng v6i ving dia chi xéc dinh & trén s3 duoc XUt rangoai.
- Hoat dgng viét (WRITE)
Viét 1aghi dir liéu tir bén ngodi vao bén trong by nho.
Mubn viét phai thuc hién:
+ Dbat céc dia chi twong tng 1én c&c duong dia chi.
+ Pit dir liéu can viét vao bo nho 1én cac duong dir liéu.
+ Tich cuc tin hiéu diéu khién ghi.
Khi ghi dir liéu tir bén ngodi vao bén trong bo nhé thi dir liéu cii s mét di va dugc thay thé bang
dix liéu méi.
- Bo nhé khong bay hoi
Chi loai bd nhé madit liéu khdng mét di khi mat ngudn dién.
- B0 nhé bay hoi
Chi loai bd nhé luu trit dit lidu khi cdn ngudn dién va khi mat ngudn dién thi dit liéu s bi mat.
- RAM (Random Access M emory)
Boii nh¢ truy xuat ngau nhién, doc viét tly y, con duoc goi 1a RWM (Read/Write Memory). Bay
la loai bo nhé cho phép doc dir liéu chira bén trong ra ngod va cho phép nhap dir liéu tr bén
ngoai vao trong.
- ROM (Read Only M emory)
Bo nhd chi doc. Chi cho phép doc dir liéu trong ROM ra ngod ma khéng cho phép di li¢u ghi
dix liéu tir bén ngoai vao trong bo nho.
- SM (Static Memory)
Bo nhé tinh & loai bo nhé luu trix dir lieu cho dén khi mat dién &p cung cip ma khdng can lam
tuoi dir liéu bén trong. Vi du: SRAM.
- DM (Dynamic Memory)
Bo nhé dong 1aloai bo nhé cd thé mat di liéu khi dién &p cung cip chua bj mét, vi vay can c6 co
ché 1am twoi dir liéu. Uu diém caaloai bo nho ndy 1atdc do truy xuat nhanh, giathanh ha. Vi dy:
DRAM.
- B nhé tuan ty
Vidu: Diamém, diacing, bang tir.

2.ROM (Read Only Memory)

- MROM (Mask ROM): Pugc lp trinh béi nha sin xuit.
Uu va nhugc diém: Chi ¢6 tinh kinh t& khi san xuat hang loat nhung lai khéng phuc hoi duoc khi
chuong trinh bi sai hong.

- PROM (Programmable ROM): Pay la loai ROM cho phép lap trinh boi nha san xuat. Nhuoc
diém: Néu hong khéng phuc hoi duoc.

- EPROM (Erasable PROM): D6 la loai PROM c¢6 thé x6a va lap trinh lai. C6 hai loai
EPROM: EPROM dugc x6a bing tia cyc tim (Ultralviolet EPROM) va EPROM xda bang xung
dién (Electrical EPROM). Tudi tho cia EPROM phu thugc vao thoi gian x6a.
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Ung dung ciza ROM: Chta chuong trinh diéu khién vao ra cia méy tinh, PC, nP, nC, ROM BIOS
(ROM Basic Input/Output System). Dung dé chira ky tu: ROM ky ty. Dung dé chira c&c bién doi
ham.

Al D0
A, Bl
Az ROM D 2
Ag 16 x 8 Dj
CS Ds
- 9 Ds
D~

Hinh 5.19. So' @6 khdi ciia ROM 16x8 = 128 it

3.RAM (Random Access M emory)

DRAM: RAM dong, lam viéc theo hai pha. M6t pha chon dia chi hang, mét pha chon dia chi cot.
Do d6, sb chan diachi thuc hién trén |C nho hon mat nita so véi RAM hoic ROM.

SRAM : RAM tinh, c6 toc do truy xuit nhanh hon DRAM, do d6 giathanh ché tao dat hon.

4.T6 chirc bd nhé

I —
o113 13 13 13
g 9 9 9 n
8 1?/: 8 1?/: 8 1?/; 8 1?/;
7 7 a 1 I " 7
ROM RAM, RAM; RAM3
13 8 13 8 13 g| |13 8
e L / / / / L /
/ ! 7 7 7 T 7 !
RAM, RAM; RAMg RAM-

Hinh 5.20. Té chizc bé nhé

Gia sir CPU hay P c6 16 duong dia chi va 8 duong dir ligu. Néu ding dé quan ly bo nho thi
quan ly dugc dung luong bo nhé t6i dala 64 K Bytes (2'° = 64K).

Gia sir 64 KBytes phan thanh cac loai sau: 1 ROM 8K, va7 RAM 8K.

Dé chon lan luot tirng bo nhé dé xuat dix liéu vavi con thira 3 dudng dia chi 12 A1z, A1s, Ags Nén
ta dung mach giai mate 3® 8.

Trén hinh 5.21 la so ¢6 mach giai ma dia chi ding 1C 74138.
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Chuwong 5. Hé tuan ty

Yo (CS/ROM )

. Y,(CS/RAM; )

Y, (CS / RAM, )

Y3 (CS / RAM3 )

b Y4(CS/RAMy)

b Ys5(CS/RAMs )

L Ye(CS/RAMg)

Y, (CS / RAM; )

IC 74138

3® 8

Az

A15

Hinh 5.21. Mqach gidi ma dia chi

Ban do bo nhé caa hé thong:

ROM

Py
>
<

RAM2

RAM3

RAM4

RAMs

Py
>
<

Py
>
<

DPia chi Hex

Az Aa Az|An A1n Ao Ag Ag A7 As As Ay Az A A Ao

0 0 0[00O0OOOGO OO OO OGO OTOO|[0 0 O OH
0001111111111 1111 FF FH
0 0 1/0 000 00ODOOGOT OT OGO OTGO|[2000H

o 6012721111111 111 13 F FFH

1 0/00000O0O0O OGO OGO 0T OT OGO O[400OH
10/1 1111111111115 FFFH
1 1/0 000 00O0O0OGOGOT OT OGO 0|6 0O0O0OH
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