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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 didn cac con sd bang céc ki higu co giatri s
lwong xé&c dinh goi 1a c&c chit SH.

2. Phan loai

C0 thé chia cac hé ¢ém |am hai loai: hé dém theo vi tri vaghé dém khong theo vi tri.

a. Hé @émtheo vi tri:

Hé dém theo vj tri [ahé ¢ém matrong d6 giatri §6,luong ciié chir sd con phu thudc vao vi tri caa
nd dtng trong con sd cu thé.
Vidyu: Hé thap phan lamot hé dém thealVi trigS6 1991 trong hé thap phan duoc biéu dién bang

7
A

2 chir s6 “1” va“9”, nhung do vi tri ding'cia 6&€ chitgb nay trong con sb 1a khéac nhau nén s8 mang

céc giatri sd luong khéc nhau, chang hah.chir so 2" & vi tri hang don vi biéu dién cho gia tri sb
lwgng 1a 1 song chir sd “1” & vi tif’hang nghila lai biéu dign cho giatri sb lugng 12 1000, hay chir sd
“9” khi ¢ hang chyc biéu diéngia tri J&90 con khi & hang tram lai biéu di&n cho giatri 12 900.

b. Hé d@ém khodng theo vistri:

Hé dém khong thed vitila he dém matrong d6 giatri sd luong cua chir s khéng phu thudc vao
vi tri ciand dung trang|con o

Hé d¢ém La Ma la'motthésdemikhong theo vi tri. Hé dém ndy sir dung céc ky tu “17, “V”, “X”...
dé biéu dién cac con S0 reng’do “1” biéu dién cho giatri sb lugng 1, “V” bidu dién cho giatri s6
lugng 5, “X” biéu dién cho giatri s lwong 10... ma khéng 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); i lacac hang sb, i nho: hang tré, i lon: 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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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, :
A = antN™ +anN™2+ + 8N+ a;. N1+ . +a,N"

Hay:
ol

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

A@o) = 8n1.10™ + 8,2.10™2 + .+ 2.10° +...+ 2, 107

1999,95910) =1.10% + 9.10% + 9.10" + 9.10° #9.10¢. + 5@ + 9.10°
Véi N=2 (hé nhj phan):

AR Zan1.2™ + ana. 2™+ + 20.2° . Fan2"

1101 = 1.2° +1.2°+ 0.2' + 1.2° =@3 1)
V61 N=16 (hé thap luc phan):

Age) = 8m1.16™ + a0 16" 4 216" ¥a,16™ + ... + a,16™

3FF(6) = 3.16° + 15.16'415.16° =023,
V6i N=8 (hé bat phan):

A = an1.8™ + an,.8W+ ..+ @8° + a,1.81 + ... + a,.8"

3765 = 3.8° #7.8. + 6,8° 32541

Nhu vay, biéu thag (1.1) cho phép doi cac sb & bat ky hé ndo sang hé thap phan (hé 10).
1.1.3. Péi cor 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 dathuic theo co s6 cuand (theo biéu thic 1.3).

Vidu1l1l  D6i s6 1101 ¢ hé nhi phan sang hé thap phan nhu sau:
1011 = 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 duy 1.2)
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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(lO):]-B ® 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)sing hé dém co s d & 1a:
dndn-ldn-z---dl,
nghia 1a du sd sau cling caa phép chia la bit ¢ trong sd cao nhity(M SB),eon du sb dau tién 1a bit
c6 trong sd nho nhat (LSB).
Trong céc vi du trén, co s6 cua hé dém duoc ghi & dang chiysd bén dirsi. Ngoai ra ciing co thé ky
ti chir dé phan biét nhu sau:
B - Hé nhi phan (Binary) O - H¢ bét'phan (Octal)
D - H¢ thap phan (Decmal) H - Hgthap lueypham’(Hexadecimal)
Vi du: 1010B c6 nghiala 1010,
37FH  co nghiala 37F )

& Quy tic chuyén doi gizaf€ac hé demco 6 2, 8, 16 ?

1.2. HE DPEM NHLRHAN VA'KHAI NIEM VE MA
1.2.1. Hé dém nhighan
1. Khai niém
Hé dém nhi phan, con goi lahé dém co sd 2, lahé dém trong d6 nguoi ta chi sir dung hai ki hiéu
0 val dé biéu dién tat ca cac 5. Hai ky hiéu d6 goi chung la bit hozc digit, nd dic trung cho mach
dién tir 06 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), c6 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.




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 o 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 adpmd | SO bat phan | S thapduc phan
0 0000 00 0
1 0001 01 I
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 41001 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

Ban@ 1.1. Cac té hgp mé nh; phan 4 bit

Sy chuyén d6i giita 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 ngudi 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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& 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
O0+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° =5y,

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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Vidu 1.7: 10| 5 ® 1010, 101
101 10 = 200
00
0
Ung dung thanh ghi dich thuc hig¢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 toaninhan va chia 2

1.2.2. Khéai niém vé ma

1. Pai cwong

Trong doi sdng hang ngdy, con ngudi. giao tiép, véil nhau thong qua mot hé théng ngdn ngir qui
wdc, nhung trong may tinh va céc hethéngisd chi xir Iy céc dir liéu nhi phan. Do dd, mot van dé dat
ra lalam thé ndo tao ra mot giad dién dé dang giita nguoi va méy tinh, nghia la méay tinh thic hién
dugc nhirng bai toan do con rguoi dat ra

Vi c&c méy tinh s higasnay, chithiéuéc s 0 vasd 1, nén bét ky thong tin ndo dudi dang céc chix
s6, chit cd  hoic cac Ky tulphailduot bién ddi thanh dang sd nhi phan trudc khi nd co thé dugc xir
ly bang c&c mach .

Dé thuc hién diéuldoinguoi ta dit ra van d& vé ma hda dir liéu. Nhu vay, ma hda 1a qua trinh
bién d6i nhitng ky hiéihgueasthuoc caa con nguoi sang nhitng ky hiéu quen thugc véi méy 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 sé& 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 duatrén co
s& mé hda sb thap phan.
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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 tugng ungWei 2° = 16 t6 hop manhi
phén phan biét.
Do viéc chon 10 t6 hop trong 16 t6 hop dé mé hda cac'ky hicu 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, nhirng c6 thé chialam hai loai chinh: M& BCD c6
trong s6 vama BCD khdng co trong 6.

b1l. M& BCD c6 trong sb laloai méeho phép phandich thanh da thic theo trong s ciand. Ma
BCD c6 trong sd dugc chialam 2 loaid@ma BCDytufhhién vamaBCD sb hoc.

M& BCD tw nhién |aloai m& ma trofg,dé céc trong sb thuong duoc sip xép theo thir ty tang
dan. Vi du: MaBCD 8424, BCD 5421.
M& BCD s6 hoc laloai mamé trongdo cé tong céc trong sd ludn ludn bang 9.Vi du: BCD
2421, BCD 5121, BCD8§,4-2-1
Pic trung caalmaBED '$6 hoc 1a co tinh chit déi xitng qua mdt dwong trung gian. Do
vay, dé tim tir maBCDeia mot sd thap phan ndo d6 taldy bl (dao) tir maBCD ciasd bl 9
tuong tng.
Vi du xé ma BCD"2421. bay 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.

Vidu: 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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Cac ma BCD ty nhién.

Bang 1.2:

Q
£ &
= ®lo 4w < 0 0
o O
N
S|ld o d — O —
M olHio o — O —
No]
=2
T §loidid — O o
(@)
O o
m S|loio o o id —
S|loid o o o -
n1/__hm‘001 o o —
B
Sloioio — O o
(@)
O o
n Sloio o o id —
Slo 4 0o o i o
%..&OOl o o o
<
(0o}
f oo o — i o
(@)
(@)
m §loio o o o —

Cac mé BCD s hoc
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BCD ty nhién va ma Gray.

Bang 1.4:

S thap

phan

Gray qua 3

B O

Qo

01

0

1

0 O

Ma Gray
G,

Go

G1

0

0

BCD qua3

Co | Gs

C1

C

1

0O 0 O

1

BCD 8421
B e &

d | C3

0O 0 0 0j0O0 O
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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 sO BCD¥8421 thithgd ray = 1. Tur bang
1.1 ta thdy mot sb nhi phan 4 bit khong phai 1a.sd BCD 842@ykhi bit agluén ludn bang 1 va (bit a;
bang 1 hogc bit a, bang 1).
Suy ra phuong trinh logic ciangd ray: Yy = ag(aft &) = &a + asa
So db logic: )

a1 v ]
) y
) - £ |
y
a J—=—>» % _ |

Ciing do viéc xuat higmséaBCDLNEA co hai cach nhap dit liéu vao méy tinh: nhap sd nhi phan,

nhap biang m& BCD.
Dé nhap sb BCD|thip phaadhai chir sb thi may tinh chia sb thip phan thanh cac décac va méi
décée duge biéu dignbangsd’BCD tuong ting. Chang han: 1110y ¢ thé dugc nhap vao may tinh

theo 2 céch:
- S nhiphan :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 ® , 0111
3 ® _0011 5 ® 0101
8 1000 12 1100

0110 «—— S6 hiéu chinh
0001 0010
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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 s6 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.
Truong 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 sbghho bing 1
17 C_ooo
oo UHD 86 hiéu chify(6
0001 0111 0 hiu chiffy(6
Két quia sa™khi hiéu chinh 1217
b. Phép tru
Phép toan trir 2 s BCD dugc thyc hién theo quy tic saur day:
A-B=A+B

Trong d6 B lasd bu 2 cuaB.

Vidu 1.10  Thuc hiéntrir 266 BED mot décéc:

7 ® _01l fo111 \
5 ® ofoL 1010 «—— Bulcuas
2 0010 )@ 0001
Ny * 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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Chwong 2
PAI SO BOOLE

2.1. CAC TIEN BPE VA BINH LY PAI SO BOOLE

Trong c&c mach sb, cé&c tin hiéu thuong duoc cho & 2 mac dién &p, vi du: OV va5V. Nhitng 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 latit hodc dan bdo hoa... Do vay, dé md ta c&c mach sb nguoi ta diing
hé nhi phan (binary), hai trang thé cua céc linh kién trong mach sb duoc méa hoé tuong rng 14 0
hoac 1.

Mot bo mon dai sb phét trién tir cudi thé ky 19 mang tén nguoi séng 1ap rand: dai sd Boole, con
duoc goi la dai sd logic, thich hop cho viéc md ta mach sb. Daigsd Boole,la cong cu todn hoc quan
trong dé phan tich vathiét ké cac mach sb, duoc dung 1am chiakheé.dé di sAu vao moi linh vuc lién
quan dén k¥ thuat sb.

2.1.1. CAc tién deé cua dai s6 Boole

Cho mét tap hop B htu han trong d6 ta trang’bi cae, phép toan + (cong logic), x (nhén logic), -
(bl logic/nghich dao logic) vahai phan tir 0gfa 1 1ag thankfmot cu tric dai sd Boole (doc 1a Bun).

"xyl Bthi: x+yl B,x*yl B véthoaman 5dién dé sau:

1. Tién dé giao hoan

"xyl B x+y =g+x
2. Tién aé phéi hop
"x,¥,z1 B: f(x#Y)Hz = x+(y+2) = X+y+z
(XY).z |=X.(y.2) =X.y.Z
3. Tién dé phan phai
"xy,z1 B: x(y+z)=Xxy+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 hoa la phan tie don vi va phan tie khdng. Phan tir don vi
ky hiéu 1a 1, phan tir khong ky hiéu 1a0.

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

5. Tién dé vé phan tir bu
"x1 B, bao gio cling tdn tai phan tir bl twong wng, ky hidu X, sao cho ludn thoa man:

X+x=1va xX =0



Trang 12

Néu B = B* ={0,1} (B* chi gbm 2 phan tir 0 va 1) vathoaman 5 tién dé trén thi ciing 1ap thanh
cau trc dai s Boole nhung 1a ciu tric dai sb Boole nho nhit.

2.1.2. C4c dinh ly cor ban cua dai sé Boole

1. Vén dé ddi ngiu trong dai sb Boole

Hai ménh dé (hai biéu thuc, hai dinh ly) dugc goi & dbi ngau véi nhau néu trong ménh dé nay
nguoi ta thay phép todn cong thanh phép todn nhan va nguoc lai, thay 0 bang 1 va nguoc lai, thi s3
suy raduoc ménh dé kia

Khi hai ménh dé d6i ngiu vai nhau, néu 1 trong 2 ménh dé duoc chirng minh 1a dang thi ménh
dé con lai ladung. Dudi day lavi du vé cac cap ménh dé dbi ngau véi nhau.

Vidu 2.1: X.(y+2) = (x.y) + (x.2) Hai ménh dé nay |a doi ngdu
X+ (y.2) = (X+y).(x+2)
Vi du 2.2: X+x =1 _ N
- _ Hai m¢énh deé nay la doi ngau
x.x =0
2. Cacdinh ly

a. Pinhli 1 (Pinh ly vé phan tiz bl la duy nhdt)

"x,yl B,taco:
X +y =1 — , ,
y lyb Y =X laduy nhaty(x vayfa 2 phan ti bl caa nhau)
x.y=0 Z

Phan tir bl cia mot phan tir bat ky |a@uy nhat:

b. Pinh li 2 (Ply vé su dong nhat’ciia phémcsng va phép nhan logic)

"x1 B,taco:

c. binh ly 3 (Dinh 1§ vé\phu dinh’hai an)

"x1 B,tacd: x =%

d. Pinhli 4 (Dinh ly De Morgan)

"X, Vy,z1 B,taco:

X+y+z=Xxy.z

XY.Z=X+y+2Z

Hé qua: " x,y,z1 B, taco:

X+y+zZ=X+y+z=Xyz

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

e. Pinh li 5 (Pinh ly dan)

~

x,yl B,taco:

X. (§ +y)= Xy
x+(§.y)= X+y
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f. Pinh Ii 6 (Pinh ly nust)

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

0. Pinh i 7 (Quy tdc tinh doi véi hang)

Vé6i0, 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 mt &nh xa tir dai sb Boole vao chinh nd. Nghiala" xpy | B duoc goi la cac
bién Boole thi ham Boole, ky hiéu 1a f, dugc hinh thanh tréfyco so liéh két c&c bién Boole bing céc
phép toan + (cong logic), x / . (nhan logic), nghich dae¥egic (<)

Ham Boole don gian nhit 1a ham Boole theo 1 biénh Boole, duoc cho nhu sau:

f(x) = x, f(x) = x#F(x) = A(a Jahing b )
Trong truong hop tong quét, ta cd ham Boele théo n bién Boole duoc ky hiéu nhu sau:
f(Xl, X% ..4 Xn)
2. Céc tinh chéit ciia ham Boole
Néu f(xq, Xz, ...., Xn) |amot hém Beble thi:
- a.f(xg, X2, ...., Xn) CAQ la'Mot ham Boole.
= f(Xg, X2, ..., Xf) cilhg 1Amot ham Boole.
Néu f1(X1, X2, ..., Xn)Vaf2(x1, X2/, Xn) lanhitng ham Boole thi:
- f]_(Xl, X2, viuny Xn) + fz(Xl, X2, ..., Xn) cting la mot ham Boole.
- f]_(Xl, X2, vieny Xn).fz(Xl, X2y vieny Xn) Cﬁng la mot ham Boole.

Viy, mgt ham Boole f ciing dwgc hinh thanh trén co s lién két cac ham Boole bang céc

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

3. Giatri caa ham Boole

Gia sir f(X1, X2, ..., Xn) |amdt ham Boole theo n bién Boole.

Trong f nguai tathay céc bién x; bang céc giatri cu thé a; (1 = ﬁ) thi giatri f (as, az, ..., an)
duoc goi la giatri cia ham Boole theo n bién.
Vi du 2.3:

Xét ham f(x1, X2 ) = X1 + X2
Xét trong tap B = B* ={0,1} tacd céc truong hop sau (luu y day [a phép cong logic hay con goi
phép todn HOAC / phép OR):
-x1=0,x,=0 ® f(0,00=0+0=0
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-x1=0,x2=1 ®f01)=0+1=1 X1 | Xo f(X1, X2) = X1+ X2

-x1=1,x=0 ®f(10=1+0=1

-x1=Lx=1 ®f(11)=1+1=1
Talap duoc bang giatri caa ham trén.

= = O O
= O L O
=)

Vi du 2.4:

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

X
i
X
S
X
w

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

P P PP OOOO
P P, OOFPFkF OO
P ORrPROFROLRO
P Bk PP O O0Oo

2.2.2. Cac phwong phéap biéu diéafham Beole

1. Phwong phép biéu dién ham bandbang gia tid

Pay la phuong phép thuong dinpg dé bidlydién ham sé néi chung va ciing duoc sir dung dé biéu
dién cac ham logic. Phuong phagndy gdém mot bang duoc chia lam hai phan:
- Mot phan danh cho bienidé’ghi cée té hop giatri co thé cé cuabién vao.
- Mot phin danh,gho ha,dé'ghi’cac giatri caa ham ratwong (g véi céc to hop bién vao.
Bang giatri con dugc goi‘la bang chan tri hay bang chéan ly (TRUE TABLE). Nhu vay véi mot
ham Boole n bién bang.chén 1y & co:
- (n+1) ¢dt: n cot teeng tagvaoi n bién vao, 1 cot trong tng véi giatri ra cua ham.
- 2" hang: 2" gia tri khac nhau caaté hop n bién.

Vi du 2.5: Ham 3 bién f(x4, X2, X3) €8 thé dugc cho bang bang giatri nhu sau:

X1 X2 X3 f (Xl, 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 céc vi du 2.3 va 2.4 ching ta ciing da quen thudc voi phuong phép biéu dién ham bing
bang giatri.
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2. Phwong phép giai tich

Day la phuong phép biéu dién ham logic bing cac biéu thuc dai s6. Phuong phép ndy c6 2 dang:
tong ciia cac tich sé hoic tich ciia cac tong so.

Dang téng ciia cac tich sb goi 1a dang chinh tic thir nhat (Dang chinh tic 1 — CT1).

Dang tich cia cac téng sb goi 1a dang chinh tic thir hai (Dang chinh tic 2 - CT?2).

Hai dang chinh tic ndy laddi ngiu nhau.

Dang tong céc tich sb con goi 1a 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 cua cac tich s6)

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

Pay 1a nhitng truong hop cé thé ¢d di véi ham Boole 1 bién.

Chuing ta s& di chirng minh biéu thirc tong quét caa ham logic 1 bién sb d6i vai dang chinh tic 1.
Sau d6 4p dung biéu thirc tong quét cia ham 1 bién dé tim biéu thirc46ng quét caa ham 2 bién voi
viéc xem 1 bién la hing sb. Cubi cuing, ching ta suy ra biéu thirc tofg quét cua ham logic n bién cho
truong hop dang chinh tic 1 (tong cac tich sb).

Xét f(x) = x:
Taco: X =0.X +1.X
mat khac:
f()=xp | =1
if(0)=0
Suyra f(x) = x c6 thé biéu dién:
f(x) =x = £(0).x + fi(1).x
trong do: f (0), f (1) duoc goida cacgiatri clia ham Boole theo mot bién.

Xét f(x) =X

Taco: x = 1. X' +.05x
Mat khac:

Suyra f(x) =x cothé biéu didn:
f(x) = x =f(0).x + f(1).x
Xét f(x) = a (a lahing s5):
Taco: a=a.l=a.x+x)=a.x +ax
Mat khac:
if(l)=
()=ap T
if(0)=
Suy raf(x) = a c6 thé biéu dién:
f(x) =a = (0).x +f(1).x

Két lugn: DU(X) = X, f(x) =x hay f(x) = a, tadéu cd biéu thirc tdng quét caa ham mot bién viét
theo dang chinh tic thir nhit nhu sau:
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f(x) = £(0). X+ f(1).X

vay f(x) = f(0). X+ (1).X, trong do6 f(0), f(1) lagiatri ciia ham Boole theo mot bién, duoc goi 14
biéu thirc tong quét caa ham 1 bién viét & dang chinh tdc thir nhdt (dang téng ciia cac tich).

Biéu thirc téng quét ciia ham hai bién f(xy, x,):
Biéu thirc tong quét cua ham 2 bién viét theo dang chinh tic thir nhit ciing hoan toan dya trén
céch biéu dién cia dang chinh tic thir nhat ciaham 1 bién, trong d6 xem mot bién 1a hing sb.

Cu thé 1& néu xem x, l1a hang s5, x; l1a bién sb vaap dung biéu thirc tong quét cia dang chinh tic
thir nhat cho ham 1 bién, ta co:
f(x1,X2) = F(0,%2). X 1 + f(1,X2) X1
Bay gio, c&c ham f(0,x2) va f(1,xz) tro thanh cac ham 1 bién sb theo x,. Tiép tuc &p dung biéu
thirc tdng quét caa dang chinh tic thir nhat cho ham 1 bién, ta co:
f(0,x2) = f(0,0). x> + f(0,1).X>
f(1,x2) =(1,0). x> + f(1,1).x2
Suy ra

f(X1,%2) = £(0,0). X 1 X 2 + f(0,1). X 1X2 + f(1,0).XaXempat f(Dy1).x4X>

Pay chinh 1a biéu thirc tong quét cua dang chinhtac thir nhat (dang tong caa céc tich sb) viét cho
ham Boole hai bién sb f(x1,X2).
Biéu thirc tong quét ndy c6 thé biéu dién Bang ebng thic sau:
23' : a1, O2
e=0
Trong d6 e la s thap phan tuon@ ingféi ma nhi phan (as,az) va
x1 4 néu ap=1

Xalz — :
1 X1 (néutas=0
X, WDeU ag=1

Xaz - — .
2 X2 hnéu a,=0

Biéu thirc tdng quét cho ham Boole n bién:
Tur biéu thirc tong quét viét & dang chinh tic thir nhat caa ham Boole 2 bién, ta co thé tong quét
hoa cho ham Boole n bién f(x1,Xs, ..,Xn) nhu sau:

2N-1

o (0 (0
fxaxe ) = @ (0, 00 ey 0 )X, 21X, 200X

e=0

On
n
trong d6 e la s thap phan twong tng voi mé nhi phan (a,az, ....an);
va Xi néu ai=1

i Xi néua=0 (wWii=123...n)
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Vi du 2.6:
Viét biéu thirc cia ham 3 bién theo dang chinh tic 1:
231
f(Xl,Xz,X3) = é_ f (al,az,a3).X]_al.XzaZ.X3a3
e=0
Bang dudi ddy cho tagiatri ciasd thap phan e vatdé hop ma nhi phan (as,az2,as) twong ang:
e ai do, ads
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 cia ham 3 bién viét theo dang tong céc tich nhu sau:
f(X1, Xa, X3) = f(0,0,0)X 1 X 2X 3 + f(0,0,1) X 1 X 2 X3
+1(0,1,0) X X2 X 3 + f(0,1,1) X 1 Xo Xg/® F(O,0PxaX'5 X 3
+f(1,0,1)x1X 2 X3 + f(1,1,0) X1 Xo X+ F(1,141) X1 X2 X3
Vay dang chinh téc thi nhdt 1a deng téfig cué cactich so ma trong mdai tich sé chira day
i cé&c bién Boole dudi dang that hogefdangbu (nghich ddo).

b. Dang chinh tgc 2 (tich cia caeténg sod

Dang chinh tic 2 1a dang déi ngafl cia dang chinh tic 1 nén biéu thic téng quét caa dang
chinh tiic 2 cho n bién dugc viéthhu sauf
R
f(Xl, X2, ey Xn) = O [f(al,az,ag) + Xlal + X2a2+ . Xnan)]
e=0
trong d6 ela s thap phan tuong &ng véi mé nhi phan (a1,as, ...,an);
va
i Xi néua =0 (vsii=1,23...n)

Vi du 2.7: Biéu thic cia ham Boole 2 bién ¢ dang tich cac téng sd (dang chinh tic 2) duoc viét
nhu sau:
f(X1,%2)=[f(0,0)+X1+X] [ f(0,1)+X1+ X 2] [F(L,0)+ X 1+Xz] [F(1,1)+ X 1+ X 2]

Vidu2.8:  Biéu thic caaham Boole 3 bién ¢ dang chinh tic 2:
f(Xl,Xz,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) X1+ X 2+ X 5].

[£(1,0,0)+ X 1+Xo+X3] .[f(1,0,1)+ X 1+Xo+ X 3].
[f(1,1,0)+ X 1% X 2+X3].[f(1,1,1)+ X 1+ X 2+ X 3]
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Vay, dang chinh tac thiz hai 1a dang tich ciia cac tong s6 ma trong dé méi téng sé nay
chira day dui cac bién Boole duwdi dang thdt hogc dang bu.

Vidu 2.9:
Hay viét biéu thirc biéu dién cho ham Boole 2 bién f(x1,x2) & dang chinh tic 1, véi bang gia tri
cua ham duoc cho nhu sau:

X1 X2 f(X1,%2)
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+ £(0,1).X 1.X2 + f(1,0).X1. X 2 + f(1, L)ekxo
= O.Q&Z + lil.xz + 1.x1.§2 + 1.X1.Xo
= X1Xo + X1. X2 + X1.X2
Nhan xét:

Dang chinh tic thiz nhdt, tong cia cac tich so, ladang liét ké tdt ca cac té hop nhi
phan céc bién vao sao cho turong #ngVéi nhiing 16 hop do gia tri cia ham ra bang 1
® chi cdn liét ké nhieng t6 hop biénlami’'cho gid tri ham ra bang 1.

Khi liét ké néu bién twong inglbang T'@ue€ viét ¢ dang thdt (x;), néu bién tirong iing
bang 0 dwoc viét ¢ dang b ().

Vi du 2.10:

Viét biéu thire biéu difn ham¥(x1,%8,xs) & dang chinh tic 2 véi bang giatri cia ham ra dugc cho
nhu sau:

X3 Xo X1 f(Xl,X21X3)
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

Viét dudi dang chinh tic 2 (tich céc tong sd):
f(Xl,Xz,X3) = (0+X1+X2+X3) . (0+X1+X2+ ; 3).(0+X1+ ; 2+X3) .
(1+X1+ ; o+ ; 3) .(1+ ; 1+X2+X3) . (1+ ; 1+Xo+ ; 3) .

(1+;1+;2+X3).(1+; 1+;2+;3)
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Ap dung tién dé vé phan tir trung hoa 0 va 1 ta co:
x+1=1  x.1=X
X+0= X, x.0=0
nén suy ra biéu thirc trén cé thé viét gon lai:
f(Xl,Xz,X3) = (X1+X2+X3) ] (X1+X2+ ; 3) ] (X1+ ; 2+X3)
Nhan xét:
Dang chinh tac thiz hai 1a dang liét ké tat ca cac té hop nhi phan cac bién vao sao cho
twrong 1eng Véi nhiing té hop d6 gid tri ciahamrabang 0 ® chi can liét ké nhirng té
hop bién lam cho gia tri hamra bang O.
Khi liét k& néu bién tuwong ing bang 0 duwroc viét & dang thdt (x), néu bién twong ing
bang 1 dwoc viét ¢ dang bl (x;).
Vi du don gian sau gitp SV hiéu ré hon vé céach thanh lap bang giatri caa ham, tim ham mach
vathiét ké mach.
Vidu 2.11
Hay thiét ké mach dién sao cho khi cng tic 1 déng thi dén do,%hi cong tic 2 déng dén do, khi
ca hai cong tic dong dén do ?

Loi giai:

Dau tién, taqui dinh trang théi cia cac cong tie vabong den:
- Congtichd : 0 béntit 0
- C6ng tic déng: 1 Péndg: 1

Bang trang thd m6 ta hoat dong ciamach nhu sall:

Cong tac I congtic 2 Trang théi dén
X1 X2 f(Xl,Xz)
0] 0 0
0 1 1
i 0 1
1 1 1

Tir bang trang thai cd thé viét biéu thirc cia ham f(xa,x.) theo dang chinh tic 1 hogc chinh tic 2.
- Theo dang chinh tic 1 ta co:

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

;1.X2 + Xl(;2 + Xz)

= ;1.X2 + X1
= X1+ Xo
- Theo dang chinh tic 2 ta co:
f(Xl, Xz) = (O+X1+X2) =X1+ X2
Tir biéu thire mé ta trang tha do/tit cua dén f(xy,xo) thdy rang co thé thuc hién mach bing phan
tir logic HOAC ¢6 2 ngd vao (cong OR 2 ngd vao).

Bai_tdp &p dung: Mét hgi dong gidm khdo gom 3 thanh vién. Méi thanh vién cd thé lya chon
PONG Y hogc KHONG PONG Y. Két quad goi 1a PAT khi da s6 cac thanh vién trong hgi dong
giam khao PONG Y, nguroc lai 1A KHONG DAT. Hay thiét ké mach gidi quyét bai toan trén.
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3. Biéu dién ham bing bang K arnaugh (bia K arnaugh)

Day lacach biéu dién lai caa phuong phép bang dudi dang bang gom cac
6 vudng nhu hinh bén.

Trén bang ndy nguoi ta bd tri cac bién vao theo hang hoic theo cot cia
bang. Trong truong hop sd lwong bién vao 1a chin, nguoi ta bd tri sb lwong
bién vao theo hang ngang bang sb lugng bién vao theo cot doc cua bang.
Trong trudng hop sb lwong bién vao 1a 1¢, nguoi tabd tri sb lrong bién vao
theo hang ngang nhiéu hon s lwong bién vao theo cot doc 1 bién hoic nguoc lai.

Céc td hop giatri cia bién vao theo hang ngang hoic theo cot doc ciia bang duoc bb tri sao cho
khi ta di tir mot 6 sang mot 6 1an can véi nd chi 1am thay déi mot gia tri caa bién, nhu vay thir tu
bb tri hay sip xép céc td hop gid tri cia bién vao theo hang ngang hoic theo cot doc cua bang
Karnaugh hoan toan tuén thu theo mé Gray.

Giatri ghi trong mdi & vudng ndy chinh la giatri caa ham ratuong ang véi cac té hop giatri cia
bién vao. O nhirng 6 ma giatri ham lakhdng xéc dinh (c6 thé bang @thay bang 1), ¢ nghia la giatri
ciiaham latuy y (hay tiy dinh), nguoi taki hiéu bang chit X.

Néu ham c6 n bién vao sé ¢ 2" 6 vudng.

Phuong phép biéu dién ham bing bang Karnaugh chi thigh hop ¢ho ham c6 téi da 6 bién, néu
vuot qua viéc biéu didn s3 rat ric rbi.

Duéi déy la bang Karnaugh cho céc truong hgp hami2 bién, 3 bién, 4 bién va 5 bién:

f(Xl,Xz) Xy f X1Xo
X2 01 X3 \ 00011110
0 0
1 1
f X1:O X1=1
X1X3 XoXg—mr— o —————
X3Xa 00041110 XaXs \ 0001 111010110100
00 00
01 01
11 11
10 10

2.3. TOI THIEU HOA HAM BOOLE

2.3.1. bai cwong

Trong thiét bi may tinh nguoi ta thuong thiét ké gdm nhiéu modul (khau) va mdi modul nay
dugc dic trung bing mot phuong trinh logic. Trong dé, mirc d6 phirc tap cia so d6 tly thudc vao
phuong trinh logic biéu dién ching. Viéc dat duoc do 6n dinh cao hay khéng 1a tuy thudc vao
phuong trinh logic biéu dign ching & dang téi thiéu hoéa hay chua. Bé thuc hién dugc didu dé, khi
thiét ké mach sb nguoi ta dat ra van dé téi thiéu hoa cac ham logic. Bidu d6 c6 nghia |a phuong
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trinh logic biéu di&n sao cho thuc sy gon nhit (s luong cac phép tinh vasb lugng céc sb duoc biéu
dién dudi dang that hodc bl 1a it nhat).

Céc ky thuat dé dat dwoc sy thuc hién ham Boole mét cach don gian nhit phu thudc vao nhiéu
yéu t6 ma ching ta cin can nhic:

Mot 1a so luong cée phép tinh va so lurong céac so (sb lwgng literal) duoc biéu din dudi dang that
hodc bur 1a it nhit, diéu ndy ddng nghia véi viéc sb lwong day ndi vasd lwong dau vao cia mach 12 it
nhét.

Hai 1& s6 lirong cong can thiét dé thuc hién mach phai it nhat, chinh s lugng cong xéc dinh kich
thudc cia mach. Mot thiét ké don gian nhat phai ang véi sd luong cong it nhit chir khdng phai sb
luong literal it nhat.

Ba la s muc logic cua cac cong. Giam sd mic logic 3 giam tré tong cong cia mach vi tin hiéu
s& qua it cong hon. Tuy nhién néu chi trong dén van dé giam tré s8 phai tra gia sd luong cong tang
|én.

Boi vay trong thuc té khéng phai IGc ndo ciing dat dwoc 10i giai téiu cho bai todn tdi thiéu hoa.
2.3.2. Cac bwérc tién hanh téi thiéu hoa

Duing céc phép ti thiéu dé tdi thiéu hoa cac ham s logic.
RUt ra nhitng thira s chung nham muc dich 61 thidu héasthém mot budc nita cac phuong
trinh logic.
2.3.3. Cac phwong phap téi thiéugoa
C6 nhiéu phuong phédp thuc hién tbi ghiéu hea ham’Boole va co thé dua vé 2 nhom la bién doi
dai 6 va dung thugt toan. Phuong phép bién doi dai'sd (phuong phép giai tich) dua vao céc tién dé,
dinh ly, tinh chat caa ham Boole dé'thuc hiéntdi thiéu hod
O nhém thugt toan co 2 phdang ghép thuong duoc ding 12 phuong phép bang Karnaugh (con
goi 1 bia Karnaugh — bia K). dung,chogac ham ¢ tir 6 bién tré xudng, va phuong phép Quine-
Mc.Cluskey co thé sir diing€hoham'eo sb bién bt ky ciing nhu cho phép thuc hién ty dong theo
chwong trinh duoc viét trén may, tink
Trong phan ndy chi gigi thi€u 2'phurong phép dai dién cho 2 nhom:
Phuong phép biéen doi dai s6 (nhdm bién ddi dai ).
Phuong phép bang Karnaugh (nhdém thuat toan).
1. Phwong phép bién déi dai sb
Pay |a phuong phép téi thiéu héa ham Boole (phuong trinh logic) dwa vao céc tién dé, dinh Iy,
tinh chat cuadai sb Boole.
Vi du 2.12 T4i thiéu hod ham f(X1,X2) = X 1X2 + X1 X 2 + X1X2
f(Xl,Xz) = ;1X2 + X1;2 + X1X2
= (§1 + X]_).Xz + X1;2
=X+ X1;2
= Xo+ X1

Vi du 2.13 Téi thiéu hodham 3 bién sau

f(X1,X2,X3) = X1XoX3 + X1 X 2X 3+ 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 1XoX3 + X1 X 2(X 3+ X3) + X1Xo

X 1XoX3 + Xl( X2+ Xz)
= X 1XoX3 + X1
= X1+ X2 X3

Vidu 2.14 RUt gon biéu thuc: f= AB+C+AC+B
Ap dung dinh Iy De Morgan ta co:

f = ABC+AC+B
= (A+B)C+AC+B
= AC+BC+AC+B
= AC+AC+B+C
= (A+)C+AC+B
= C+CA+B

= A+B+C
Vay, dé thuc hién mach ndy c6 thé ding cong OR 3 ngd vab.

2. Phwong phép bang Karnaugh

Pé t6i thiéu hda ham Boole bang phuongphépang Karnaugh phai tuan tha theo qui tic vé 6 ké
can: “Hai 0 dwoc goi 1a ké can nhaufla ha"@méafkhi ta tir 6 nay sang 6 kia chi 1am thay
déi giatri cialbién.”

Quy tic chung cia phuwong phép rdt gon bahg bang Karnaugh 1a gom (két hop) céc 6 ké can lai
vai nhau.

Khi gom 2 6 ké can sideaifauoc bbién (2=2" loai 1 bién).

Khi gom 4 6 ké canA/ongrtton 'S5 loai dugc 2 bién (4=22 loai 2 bién).

Khi gom 8 6 ké canvong troniss loai dugc 3 bién (8=2° loai 3 bién).

Téng quét, khi gom2l 646¢ can vong tron sé logi dwgc n bién. Nhing bién bi logi 1a
nhieng bién khi ta di vong qua cac 0 ké cin ma gia tri ciia ching thay dai.

Nhirng diéu can lwu v:

\Vong gom duoc goi 1a hop 1é khi trong vong gom dé c6 it nhit 1 6 chua thudc vong gom néo.
Céc 6 ké can mudn gom dugc phai 1a ké can vong tron nghia 1a 6 ké can cudi ciing 1a 6 ké cin
dau tién.
Viéc két hop nhitng 6 ké can véi nhau con tly thudc vao pheong phép biéu dign ham Boole theo
dang chinh tic 1 hoic chinh tic 2, cu thé 1&
Néu biéu dién ham theo dang chinh tic 1 (téng céc tich s3) ta chi quan tAm nhitng 6 ké
can co gia tri bang 1 vatuy dinh. Két qua mdi vong gom lic ndy s3 |a mot tich rat gon.
Két qua caa ham biéu dién theo dang chinh tic 1 s3 1atong tat ca cac tich sd rat gon cia
tat ca c&c vong gom.
Néu biéu dién ham theo dang chinh tdic 2 (tich céc tong s3) ta chi quan tam nhitng 6 ké
can c6 giatri bang 0 va tiy dinh. Két qua mdi vong gom Idc ndy s8 |a mot tong rit gon.
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Két qua caa ham biéu dién theo dang chinh tic 2 s3 1a tich tit ca cac tong sd rat gon cia
tat ca c&c vong gom.

Ta quan tdm nhitng 6 tdy dinh (X) sao cho nhitng 6 ndy két hop véi nhitng & co gia tri bing 1
(néu biéu dién theo dang chinh tic 1) hodc bang 0 (néu biéu dién theo dang chinh tic 2) lam cho sb
lwong 0 ké can 142" |6n nhat. Luu y céc 6 tly dinh (X) chi 1a nhitng 6 thém vao vong gom dé rit
gon hon céc bién mathéi.

Céc vong gom bit budc phai pha hét tat ca cac 6 co gia tri bang 1 6 trong bang (néu tdi thiéu
theo dang chinh tic 1), twong ty cac vong gom bit budc phai phii hét tat ca cac 6 c¢d giatri bang 0
c6 trong bang (néu tdi thiéu theo dang chinh tic 2) thi két qua téi thiéu hoa méi hop 8.

Céc truwong hop dic biét:

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

Néu tit ca c&c 6 cia bang Karnaugh déu bang 0 vatuy dinh (X) nghia la tat ca céc 6 déu ké can
® giatri ciaham bang 0.

Vidu 2.15.  Téi thiéu hda ham sau

f(X1,X2) X1
X2 0 1 B p ,
o751 1 Toi thiéu hoa theo chinh tac 2:
1 1 1 f(X1,X2) = X1 + X2
w— L N v
Vide 216 e
f(X1,X2,X3) o b7 + Vonggoml: x;
00™™Q1 B4 | 10
ONEONY 111 Vong gom 2: Xz.x
L ,: . 2.X3
1 0 t ok 1 >

Téi thiéu theo chinh tdc 1: Ta chi quan tam dén nhitng 6 c6 gia tri bang 1 va tdy dinh (X), nhu
vay S8 €6 2 vong gom dé phu hét cac 6 co giatrj bang 1: vong gom 1 gdm 4 6 ké can, vavong gom
2 gom 2 & ké can (hinh vg).

Déi 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 gia tri caa bién x; khoéng dbi (Iudn bing 1), con giatri caa bién x, thay doi (tir 1® 0) va
giatri cua bién xs thay doi (tir 0® 1) nén céc bién x. va x3 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 3 ¢6 x; viét ¢ dang
that: x;

Péi v6i vong gom 2: C6 2 6 = 2 nén s3 loai dugc 1 bién. Khi di vong qua 2 6 ké can trong vong
gom giatri caa bién x, va xs khéng ddi, con giatri caa bién x; thay doi (tir 0® 1) nén cac bién x, va
X3 dugc gitt lai, chi c6 bién x; bi loai. Vi x2=1 vaxs=1 nén két qua caa vong gom 2 theo dang chinh
tic 1S3 €O X, VA Xs Viét & dang tht: Xo.x3

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

f(Xl,Xz,Xg) = X1+ X2.X3
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Téi thiéu theo chinh téc 2:  Ta quan tAm dén nhitng & cd gia tri bing 0 va tly dinh (X), nhu vay
ciing ¢6 2 vong gom (hinh v&), mdi vong gom déu gom 2 6 ké can.

Déi voi vong gom 1: C6 2 6 = 2* nén loai duoc 1 bién, bién bi loai 1ax, (vi co giatri thay doi tur
0® 1). Vi x1=0 va x3=0 nén két qua cia vong gom 1 theo dang chinh tic 2 s3 ¢ x; va X3 ¢ dang
that: xi+ Xs.

Déi voi vong gom 2: C6 2 6 = 2* nén loai duoc 1 bién, bién bi loai 1ax3 (vi co giatri thay doi tur
0® 1). Vi x1=0 va x,=0 nén két qua cia vong gom 2 theo dang chinh tic 2 S5 ¢ x; va X2 ¢ dang
that: Xy+Xo.

f(X1,X2,X \
G xs) X1,X2 omTTTTTTTT ST + Vonggom1l: X3+ X3

11'0 | 1|11 _yVONg gom 2: X1 + Xz

Két hop 2 vong gom cd két qua caa ham f viét theo dang chinh tie@ nhu sau:
f (Xl,Xz,Xg) = (X;|_+X3).(X;|_+X2)

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

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

= X1+ X2.X3

Nhan xét: Trong vi du ndy, ham ra viét theo dafigy chifih tic A va ham raviét theo dang chinh tic 2
|& gidng nhau. Tuy nhién co truong hop hamfra ciéhai dgng chinh tic 1 va 2 1a khéc nhau, nhung
giatri caaham raang véi mot té hop biénfdau Vo |a ddy nhit trong ca 2 dang chinh tic.

Chu v: Nguoi ta thuong cho hamd Boole duditdang biéu thirc rdt gon. Vi c6 2 céach biéu dién ham
Boole theo dang chinh tic 1 Heac 2'nén s8 c6 2 céch cho gid tri caa ham Boole tng véi 2 dang
chinh tic do:

Dang chinh tic 1: Tong'Cae.tich so.
f(Xl,Xz,X3) = 8(3,4,7) + d(5,6)
Trong dé ky hiéu d chiygiatrig€ac 6 nay latuy dinh (d: Don’t care)

f(Xl,Xz,X3) X1.X

1,A2
x& 00 01 11 10
ol oo X ] 1

11 0 1 1| X

L Gc d6 bang Karnaugh s3 dugc cho nhu hinh trén. Tur biéu thac rat gon cia ham ta thiy tai cac 6
{rng Vi t6 hop nhi phan céc bién vao co giatri 1a 3, 4, 7 ham ra cd giatri bang 1; tai cac 6 ung véi
t6 hop nhi phan céc bién vao co6 giatri 1a5, 6 ham ra co giatri l[atuy dinh; ham ra cé giatri bang 0
& nhirng 6 con lai ang véi t6 hop cac bién vao cd giatri 140, 1, 2.

Dang chinh téc 2: Tich céc tong so.

Phuong trinh trén ciing tuong duong véi cach cho ham nhu sau:

f(xi,X2%s) = P (0, 1, 2) +d(5, 6)



phuong
Text Box


Chwong 2. Pai s BOOLE

Trang 25
Vidu 2.17:  Téi thiéu héa ham 4 bién cho dudi dang biéu thirc sau:
f(X1,X2,X3,X4) = S(2,6,10,11,12,13) + d(0,1,4,7,8,9,14,15)
f(X1,X2,X3,X4) X f(X1,X2,X3,X4) X
X4 00 01 11 10 X2X1 00 01 11 10
X 1] X 00 \X_| X [71 X
I
oL X | 0|1 X :> OlXO!lX:
111 0 | X | X | 1 11 0 | X | X | 1
7T a1t |
10,1 1| X |1 10,1/1\)_</1>\
Vong gom 1 . \4
VVong gom 2

Thuc hién tdi thiéu hdatheo dang chinh tic 1: tir ban 6 Karnaughita c6 2 vong gom, vong gom 1
gdm 8 & ké can vavong gom 2 gom 8 6 ké can. Két qua tdi thiéuhba nhmsau:

vonggom1l: X:

Vong gom2: X4

Vay:  f(X1,X2,Xa,Xa) = 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 tu (con goi 1& mach Analog) 1a mach ding dé xir Iy céc tin hiéu twong ty. Tin hiéu
tuong tu 1atin hiéu cé bién do bién thién lién tuc theo thoi gian.
Viéc xur ly bao gdbm céc van dé: Chinh luu, khuéch dai, diéu ché, tach song...
Nhuoc diém caa mach tuong tu:
- Kha nang chdng nhidu thap (nhidu d& xam nhap).
- Viéc phan tich thiét ké mach phuc tap.
Pé khic phuc nhitng nhuoc diém ndy nguoi ta sir dung mach sb.

3.1.2. Mach sé
Mach s5 (con goi 1& mach Digital) 1& mach dun§dé xu lyitin hiéu s5. Tin hiéu sb latin hiéu c6
bién do bién thién khong lién tuc theo thoi giaft hay clm goi'1a tin hidu gidn doan, duoc biéu din
dudi dang song xung véi 2 mic dién thé cadva thdp ma trong ng véi hai mirc dién thé nay |4 hai
muc logic 1 va 0 cia mach Sb.
Viéc xur ly trong mach sb bao gdmfCac Vian dé nhur:
- Loc sd.
- Diéu ché sb / Giai dicliehé sb.
- Mahoba/ Giai magm
Uu diém caa mach $d sodéi mach tuong tu
- Do chdng nhigu €ao (nhi€u/khd xam nhap).
- Phan tich thiét'ké mach s§'tuong ddi don gian.
Vi vay, hién nay mach s&"@ttoc sir dung khé phé bién trong tat ca céc linh vuc nhu: Do luong S5,
truyén hinh sb, diéu khién sb. . .

3.1.3. Ho logic dwong/am
Trang théi logic cia mach sb ¢6 thé biéu dign bang mach dién don gian nhu trén hinh 3.1:
Hoat dong cia mach dién nay nhu sau:

- KM& : PenTit K
- Kboéng: benSang ® b
Trang thd Pong/Mé cia khda K hoac trang thd Sang/Tit coa Vi

dén D ciing duoc dic trung cho hai trang théi logic ciamach sb.

Hinh 3.1
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Ciing c6 thé thay khéa K bang khda dién tir ding BJT nhu sau (hinh 3.2):

+gCC -Vce
% Re Q
Vo RC Vg
Vi R J g v, re
ANN- % M\ Q
a) b)

Hinh 3.2. Biéu dién trang théi logic ciza mach s6 bang khéa dién ti: ding BJT

Giai thich cac so ¢6 mach:

Hinh 3.2a:

- KhiVi =0:BJTtit® V, =+Vce

- Khi V;>a:BJT dinbdo hoa® Vo =Ves= 82 (V) » O(V).

Hinh 3.2b:

- KhiVi=0: BJTtit® Vo=-Vce

- KhiVi<-a BJT dan bdo hoa® Vo = Vigs = -Wecs = - 0,2 (V) » 0 (V).

Vay, trong ca 2 so dd mirc dién,thé vaeira cua khoa dién tr dung BJT ciing twong ¢ng véi 2
trang théi logic ciia mach sb.

Nguoi ta phan biét rahai ho logic tuy thudc vao mirc dién ap:

- Néuchon : Viogich > Viogidd ® ho logic duong

- Néuchon : Vfogic 1% Viodlco ® ho logic am

Logic duong va logie,amuld nhirng ho logic to, ngoai ra con c6 ho logic mo (Fuzzy Logic) hién
dang dugc (rng dung kha phié™Bicn trong céc thiét bi dién tir va cac hé thong didu khién tu dong.

3.2. CONG LOGIC (LOGIC GATE)

3.2.1. Khéi niém
Cong logic 1a mot trong céc thanh phan co ban dé xay dung mach sb. Cong logic dugc ché tao
trén co s c&c linh kién ban dan nhu Diode, BJT, FET d hoat dong theo bang trang théi cho trudc.
3.2.2 Phan loai
C06 ba céch phan loai cong logic:
- Phan loai cong theo chirc nang.
- Phan loai cong theo phurong phép ché tao.
- Phan loai cong theo ngd ra.

1. Phan loai céng logic theo chitc ning
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a. Cong PEM (BUFFER)
Coéng dém (BUFFER) hay con goi 1a cdng khong dao 1a cong cé mot ngd vao va mot ngd ra voi
ky hié¢u va bang trang thd hoat dong nhu hinh ve.

Phuong trinh logic mé ta hoat dong caa cong dém: y=X

Bang trang thai
X Yy =
00
1

Hinh 3.3. Ky hiéu va bang trang thai ciia cong dém

Trong do:
- xlangd vao co tré khang vao Zv vo cling [én ® do d6 dong'vao Gaa cong dém rat nho.
- ylangd raco tré khéng raZranho ® cong dém cé kha nangleung capdong ngd ralsn.

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

- Duing dé phdi hop tré khang.

- Duing dé céach ly vanang dong cho tai.
Vé phuong dién mach dién c6 thé xem cong dém (congkhdfg dao) gidng nhu mach khuyéch dai C
chung (¢6ng pha).

b.Céng PAO (NOT)
Céng BAO (con goi 1a cong MOT),la conglogic ¢d 1 ngd vao va 1 ngd ra, vai ky hiéu va bang
trang thai hoat dong nhu hinh ve:

Bang trang théi:
X y X |y
0
110

Hinh 3.4. Ky hiéu va bang trgng thai hoat déng cia cong dao

Phuong trinh logic mé ta hoat dong ciacdng PAO: y = x

Céng dao gitr chirc nang nhu Mot cong dém, nhung nguoi ta goi 1a dém dao vi tin hiéu ngd ra
nguoc muc logic (nguoc pha) vai tin hiéu ngd vao.

Trong thuc té ta cd thé ghép hai cong DAO ndi tang voi nhau dé thue hién chirc niang cua cong
DEM (cdng khdng dao) (hinh 3.5):

X X

Hinh 3.5. S dung 2 cong PAO tao ra cong DEM
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Vé phuong dién mach dién, cdng DAO giéng nhu tang khuyéch dai E chung.

c. Cong VA (AND)
Cong AND la cong logic thuc hién chirc ning cia phép todn nhan logic cac tin hiéu vao. Cong
AND 2 ngd vao c6 2 ngd vao 1 ngd raky hiéu nhu hinh ve:

Phuong trinh logic mo ta hoat dong cia cong AND: X1
Y = X1.Xo y
Bang trang théi hoat dong cua cong AND 2 ngd vao: 2 |
| X | Y Hinh 3.6. Céng AND
0 0 0
0 1 0
1 0 0
1 1 1

Tir bang trang théi ndy cd nhan xét: Ngd ray chi bang 1 (mielogic 1)khi ca 2 ngd vao déu bang
1, ngd ray bang 0 (muc logic 0) khi c6 mot ngd vao bét ky (x; hoatix,) biang O.
Xét truong hop tdng quét cho cong AND ¢ n ngd vao X, %z ... Xn:

i0 $Xi =0 X1

PP —}
Xn

Vay, dic diém ciia cong AND |&: ngbira y chiybahg 1
khi tdt ca cac ngd vao déu bang 1 ngd ray 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 déhg meé timhieu:
Cho cong AND ¢4 hai figd¥ae xi va x. Tachon:
- Xg d6ng vai tro ngd Vo didl khién (control).
- Xp d6ng vai tro ngByao didieu (data).
Xét céc truong hop cu thé sau day:
- Khi x;= 0: y = 0 bét chap trang théi ciia Xz, ta ndi céng AND khda lai khdng cho dir liéu dua
vao ngd vao x; quacong AND dén ngd ra.
_ i Xo = op y=0
Khix; =1 %XZZID y=1
Tandi cong AND mé cho dit liéu dwa vao ngd vao x. qua cong AND dén ngd ra
Vay, c6 thé sir dung mot ngd vao bat ky caa cong AND déng vai tro tin hiéu diéu khién cho phép
hoic khdng cho phép ludng dit liéu di qua cong AND.

p y:x2

Swr_dung céng AND dé tao ra céng logic khéc:
Néu sir dung 2 t6 hop dau va cubi trong bang gia tri cua cong AND va ndi cong AND theo so db
nhu hinh 3.8 thi c6 thé sir dung cong AND dé tao racong dém.

Trong thyc té, c6 thé tan dung hét cac cong chua ding trong |C dé thuc hién chic nang cua cac
cong logic khac.
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X1 y X=0—>X1=%=0—>y=0
S tX=1->X=X=1->y=1 —-y=X }
X2

Hinh 3.8. S dung cong AND tqo ra cong dém.

d. Céng HOAC (OR)

Cbdng OR 1a cong thue hién chirc ning cia phép toan cong logic céc tin hiéu vao. Trén hinh v& 1a
ky hiéu caa cong OR 2 ngd vao:
Phuong trinh logic cong OR 2 ngd vao: Y = X1 + X,

X

X1 L y
y

X2 >

Ky hiéu Chau Au

K yshigutheo, My, Nhat, Uc

Hinh 3.9a £ong OR2 ngb vao
Bang trang thdi md ta hoat dong:

X1 X5 Yy = X1$Xo
0 0 0
0 1 1
1 0 1
1 1 1

X ét truong hop téng quét daivailcong OR c6 n ngd vao.
Phuong trinh logic:

il $x =1
Yor = 1 .o . .= )
10 "x =0 (1=1n) Hinh 3.9b Céng OR n ngd vao
Dic diém ciia cong OR & Tin higu ngd ra chi bang 0 khi va chi khi tét ci cac ngd vao déu
bang 0, nguec lgi tin hiéu ngd ra bang 1 khi chi can cé it nhat mgt ngd vao bang 1.

Sir dung cong OR dé doéng mé tin hiéu:
Xét cdng OR ¢6 2 ngd vao X1, Xo. Néu chon x; 1a ngd vao diéu khién (control), X, ngd vao di liéu
(data), ta co cac trudng hop cu thé sau day:

- x=1:y=1,yludn bing 1 bit chip x, ® Tandi céng OR khoa khong cho dit liéu di qua.



phuong
Text Box


Chwong 3. Cac phan tir logic co ban Trang 31

=0pb y=0
=1b y=1

11X
- X%=0: %X
t

2
2

cong dénngd ray.

py= X,® Ta ndi cong OR mé cho dit liéu tir ngd vao x. qua

Sir dung céng OR dé thwc hién chirc ning cong logic khac: St dung hai t6 hop gia tri dau va
cudi cua bang trang thai caa cong OR va ndi mach cong OR nhu so @6 hinh 3.10:

- X=0,x1=x2=0pP y=0
- x=1,x1=%=1b y=1J b y=x: cong OR déng vai trd nhu cong dém.

X1

e

Hinh 3.10. S dung cong OR |am cong dém

e. Cong NAND
Pay |a cong thuc hién phép toan nhan dao, vé so do logie.cong NAND gom 1 cong AND méc
ndi tang vai 1 cdng NOT, ky hiéu va bang trang théi cdhg NANBydoc cho nhur hinh 3.11:

X1

y X1 X2
X2

y g

G

Hinh 3.11. Colg NAND Ky hiéu, so do logic tuong dirong va bang trang théi

| | Q)OO
| Ol k| O
O k| R kP

Phuong trinh logic mé'ta hoat'dong caa cong NAND 2 ngd vao:

Y = XX,
Xét truong hop téng quét: Cong NAND ¢6 n ngd vao. X1 y
— >O
il 8%, =0 "
Ynano = 00 "x, =1 (i=1n) Hinh 3.12.Cong NAND nngd vao

Vay, ddc diém ciia cong NAND 1&: tin hiéu ngd ra chi bang 0 khi tdt ci cac ngd vao déu bang
1, vatin higu ngd ra s¢ bang 1 khi chi can it nhdt mgt ngd vao bang 0.
Sir dung cong NAND dé d6ng mé tin higu:
Xét cong NAND c6 hai ngd vao. Chon x, 1a ngd vao diéu khién (control), x; 1a ngé véo dir ligu
(data), lan luot et cac truong hop sau: .

- x3=0:y=1(yludn bang 1 bat chap giatri ciaxy) tandi cang NAND khoa.
iIX,=0Pp y=1 o
- ox= 1 2 P y=x

5= 1b y=0 2

TX
ngd radong thoi dao mic tin hidu ngd vao x,, 1tc ndy cong NAND déng vai trd [acong BDAO.

® Céng NAND mé cho dir liéu vao ngd vao x; dén
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S dung cdng NAND dé tao cac cong logic khac:
- dung cong NAND tao cong NOT:

X X1
O_
X2

—XX _X+X _X

Hinh 3.13a.Dung cong NAND tgo cong NOT
- dung cong NAND tao cong BUFFER (cong dém):
] ]
X2
y= §<
Hinh 3.13b.Dung cong NAND tgo.eong PEM, (BUFFER)

- dung cdng NAND tao cong AND:

X1 N X1
e (35 oy
X2 F

Hinh 3.18c. S dungicong NAND tzo cong AND

- dung cdng NAND tao cong@R:

X1 }
3 2 y )T,
X2 — <:> X2

Y= XX =X X =X X,
Hinh 3.13d. Dung cong NAND tgo cong OR



phuong
Text Box


Chwong 3. Céc phian tir logic co ban Trang 33

>

f. Cong NOR

Cong NOR, con goi 1a cdng Hoac-Khang, 1a cong thie hién chirc nang caa phép toan cong dao
logic, lacdng c6 hai ngd vao va mot ngd raco ky hiéu nhu hinh vé:

Phuong trinh logic mé ta hoat dong caa cong :

y =X tX,
X1
y “ y
X2 X,
Ky hiéu theo Chau Au Ky hi¢u theo My, Nhat

Hinh 3.14. Ky hiéu cong NOR
Bang trang thai md ta hoat dong ciaacong NOR :

X1 X2 Yy
0 0 1
0 1 0
1 0 0
1 1 0

Xét truong hop tdng quét cho cing NOR c6 ningdefeo.
i0 $x =1

YNOR= | . -
i1 "% =0 (iF1Ln)

Vay déc diém cia cong NORI&: Tinshiéu ngd ra chi
bang 1 khi tdt ci cac n@o vao deu Bing 0, tin hidu ngd . 9 L
ra s¢ bang 0 khi c6 it ahdt mgbngdl/ao bang 1. Hinh 3.15. Cong NOR n ng6 vao
Sir dung cong NOR dé.déng me tin hiéu:

Xét cong NOR c6 2 ngd Vae,ehdn x; 1a ngd vao diéu khién, x, 1angd vao dit liéu. Taco:
- x3= 1: y =0 (y ludn bing 0 bat chip x,), tandi cdng NOR khéa khdng cho dit liéu di qua.

I Xo = op y=1 L ]
- X=0: % P y=X, ® tan6i cing NOR m¢ cho dit li¢u tir ngd vao x, qua
X, =1P y=0 2
t72
cdng NOR dén ngd ra ddng thoi ¢ao mic tin hiéu ngd vao x,, lac ndy cong NOR dong vai tro
lacdng DAO.

Sir dung cong NOR dé thwc hién chirc niing cong logic khéac:
- Duing cong NOR lam cong NOT:




Trang 34

q &

r=

Y= X +X, = XX, =X

Hinh 3.16a. S dung cong NOR tgo cong NOT

- Duing cong NOR lam cong OR :

+X7
; y ' y
X2
_— mjp =Ty

y=X*+X, =X X
Hinh 3.16b. S dung cong NOR tgo cong OR

- Duing cong NOR lam cong BUFFER :

X X1 <
] X —d y X y
1 %@#>

y= X_ =X
Hinh 3f26c. &7 dung cong NOR teo cong BUFFER

- Duing cong NOR Jam,é6ng AND :

] .
y &) % DL

X2 —

y= Z"'X_z = XX, = XX
Hinh 3.16d. Sz dung cong NOR lam cong AND


phuong
Text Box


Chwong 3. Céc phian tir logic co ban Trang 35

- Dung cong NOR lam cong NAND:

X_ X1
= Y1 Yy Yy
X2
) - %] P
X,

Y= VL= X X 2 X X=X X,

Hinh 3.16e. St dung cong NOR lam cong NAND

g. Cong XOR (EX - OR)

Day 1a cdng logic thuc hién chirc ning cia mach cong modul®2 (congikhdng nhé), 1a cong co
hai ngd vao vamot ngd ra oo ky hiéu va bang trang tha nhdyhinh ve.

Phuong trinh logic mé ta hoat dong cia cong XOR

Yxor = X1X, + X; X2 = XlA X2

—nr

Hinh 3.17. Cong XOR

Pl Olg X
= Ol kO
Ol | kRO

Céng XOR duoc diing/dé so,sanhihai tin hiéu vao:
- Néu hai tin hidu v&o 1a bapg nhau thi tin hiéu ngd rabing O
- Néu hai tin hiu%éo.lakhéac nhau thi tin hiéu ngd rabang 1.

Céc tinh chit cua phép toan XOR:
1. X1 A %2 = %A x1
2. X1 A %A x3= (xaA x2) A x3= XA (X2 A x3)
3. X1.(X2 A X3) = (X1.X2) A (X3.X1)

Chizng minh:
VE trai = X.(Xo A X3) = X1(Xo. X3+ X 2.X3) = X1XoX 3+ X1 X 2 X3 + X1 X 1.X3 + X1 X 1.X2

:X1X2X3+X1X2X3+X1X1.X3+X1X1.X2:X1X2(X3 +X1) + X1 X3(X2+ Xl)

= XqX2 X, X5 + XX, X1Xa = (X1X2)A (x1x3) = V& phai (dpcm).

4, X]_A (Xz. X3) = (X]_AX3).(X1AX2)

5 xA0= x
xA1=x ] , . .
CAx=0 M rong tinh chat 5: Néu x;Ax, = x5 thi x;Axs=x,

xA x=1
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h. Céng XNOR (EX — NOR)

Pay la cong logic thuc hién chirc ning cia mach cong dao modulo 2 (cong khong nhé), 1a cong
¢0 hai ngd vao va mot ngd racd ky hiéu va bang trang thai nhu trén hinh 3.19.

Phuong trinh logic mé ta hoat dong ciacdng: y = x, X, +X,X, =X, A X,

X1 X2 Yy

X1 0 0 1
—)Dyi o | 1 | o
X2 1 0 0
Hinh 3.19. Cong XNOR 1 1 1

Tinh chét cia cong XNOR:
1 (% A X)X A X,)=(X A X,)+(X;A X,)
2. (X, Ax,)+(x;A x,)=(x A X)X, A x,)
3 x, Ax,=x,Ax,=x,Ax,

4 x, Ax,=x Ax,

5.x,Ax,=x,0 x,Ax,=x,

Cau hei: Hay thiz chirng minh cac tigh ehat tir 1'@én 5 ?

2. Phan loai cong logic thedphwong phép ché tao

a. Céng logic diing Riode

a) b)
xTmD1 vce
o—DH—

R
x D2 «1. D1
o—P——+—0 0O
y y
R
% x2 D2

Hinh 3.20. S @6 mach céng logic diing diode
a.Cong OR - b.Cong AND

Xét so d6 mach don gian trén hinh 3.20

So' d6 hinh a: X1 | % |y
- VX1 =Vx2=0V ® Dy, Dy tat: Vy=Vg=0V ® y=0 0 0 0
- Vx; =0V, Vx;=5V ® D;tat,D,dan: V,=Vg=5V ® y=1 0 1 1
- Vx1=5V,Vx,=0V ® D;dan, Dy tit: Vy=Vg=5V ® y=1 1 0 1
- V= Vxp=5V ® Dy, D, dan: Vy=Vgr=5V ® y=1 1 1 1
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Pay chinh 1 cong OR dugc ché tao trén co s¢ diode va dién tré hay con goi 1a ho DRL (Diode
Resistor Logic) hoac DL (Diode logic).

So do hinh b:

5 X1 X2 y
- VX1 =Vx =0V ® D4, Dy dan: Vy =Vr=0V ® y= 0 0 0 0
- Vx1 =0V, Vx=5V ® D; dén, D, tat: Vy =Vr=0V ® y= 0 0 1 0
- VX1 =5V, Vx=0V ® Djtit,D,dan: Vy=Vg=0V ® y=0 1101 0
- VX1 = Vx=5V ® Dy, D, tit: Vy=Vg=5V ® y=1 1 1 111

Day chinh 1& mach thuc hién chirc ning caa cong AND duoc ché tao trén co so diode vadién tré
(ho DRL hoac DL).

b. Céng logic dung BJT

vCcC
Ho RTL (Resistor Transistor L ogic) a)
Cong NOT (hinh 3.21a) Re y
- x=0® BJT tit ® Vy=Ve=5Vely=1 x R o1

- Xx=1® BJT dinb3o hda® Vy=Ves» QV® y&0
Pay lacdng NOT ho RTL (Resistor Transistor l40gic).

Cong NOR (hinh 3.21b)

- X1=%=0 ® BJT tat
P Vy=Ve=5Vb ya1

- x1=0,%=1 ® BJT din'éo hoa
P Vy=Ves» WP, y50

- x1=1,%=0 ®/BJT dan béothoa
P Vy=Vs»0Vab ¥y =0 =

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

Pay chinh lacong NOR ho RTL (Resistor Transistor Logic).

VCC
x1 X2 %
Rc
y
R1 Q2

Q1

Hinh 3.21c. Cong NOR duing 2 BJT

Tuy nhién mach ndy ¢ nhuoc diém 1a sy anh huong gitra cac ngd vao X1 va x, rat [on dac biét &
khi hai ngd vao c6 mirc dién &p (mirc logic) nguoc nhau. Bé khic phuc nhugc diém ndy ngudi ta
cai tién mach bing céch sir dung 2 BJT ¢ 2 ngd vao doc lap véi nhau nhu so db trén hinh 3.21c.
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Hay gidi thich hogt dgng ciia mach nay?

Ho DTL (Diode-Transistor-L ogic)
Trén hinh 3.22 |4 so ¢6 mach cong NAND ho DTL.

Hinh 3.22. Cong NAND ho DTL

- Khi x; = X2 = 0: c&c diode D1, D, dugc phan cuc thuan néi DigD, dan ® Va= Vg= 0,7V
(diode ghim dién &p). Madiéu kién dé céc diode D3, D4 va BJT Qudan |&:
Va3 ZVng + VgIBJT =20,7+06=2 (V)

® Khi Dy, D, dan ® D3, Dy tit ® BJT tit ® ngdmay =\

- Khi x3= 0, Xo= 1: D1 dan, D, tit ® VA = 0,7V (diode By ghim dién &p) ® D3, Dy, BJT tit ®
ngd ray = 1.

- Khi x;= 1, Xxo= 0: Dy tit, D, din ® V4= 0,7 (diode D, ghim dién &p) ® D3, Dy, BJT tit ®
ngdray = 1.

- Khi x; = X2 = 1: ca hai diode D#'D,'@u tit ® Va » Ve, (thucté Va = Ve - Vri) ® didu kién
dé diode D3, D4 danthoa pidin nén D, Dy din ® BJT dan bdo hda® ngdray = 0.

Vay day chinh 1a so dd machithuehién cong NAND ho DTL.

Nhiém vu cua cac linhskien:

Néu chi c6 mot diode D%, gia Sir x; = X2 = 0, ngd ray=1, lic ndy D; va D, dan, tacé Va = VgDs
=0,7(V). Néu c6 mot tin'hiéu nhicu bén ngoai chi khoang 0,6V tac dong vao mach s3 1am dién &p
tai A tang |én thanh 1,3(), vas8 1am cho diode D3 va Q dan. Nhung néu mic ndi tiép thém D,
mach ¢d thé ngin tin hiéu nhiéu 1&n dén 2Vg= 1,2(V). Vay, Dsva D, ¢6 téc dung nang cao kha ning
chdng nhiéu caa mach.

Ngoai ra, R, lam ting toc do chuyén doi trang théi cia Q, vi lic dau khi Q dan s3 c6 dong dé qua
R tao mot phan &p cho tiép gidp Je cua Q dé phan cyc thuan 1am cho Q nhanh chéng dan, vakhi Q
tat thi luvong dién tich 3 x& qua R, nén BJT nhanh chong tit.

Ho TTL (Transistor - Transistor -L ogic)

vCe
Q

" Hinh 3.23. Céng NAND ho TTL
a. So do mach, b.Transistor 2 tiép gidp va so' do trong dwong
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Transistor Q; dwoc s dung gom 2 tiép gidp BE1, BE; va mot tiép gidp BC. Tiép gidp BE1, BE;
ciia Q; thay thé cho D1, D, vatiép gidp BC thay thé cho D3 trong so &6 mach cong NAND ho DTR
(hinh 3.22).

Gidi thich hoat déng cua mach (hinh 3.23):

- X1 = Xo = 0 Céc tiép gidp BE1, BE; & dugc md 1am cho dién ép cuc néncua Q; : Vg = Vg=
0,6V. Madiéu kién dé cho tiép gidp BC, diode D va Q, dan thi dién thé & cuc nén caa Q,
phai bang:

Vg = VngC + Vg’BEl +Vg’BE2 =06+0,7+0,6=19V
Ching to khi céc tiép gidp BE1, BE; ma thi tiép gidp BC, diode D vaBJT Q,tit ® y =1.

- X1 =0, X2 = 1 c&ctiép gidp BE1 mo, BE; tit thi tiép gidp BC, diode D vaBJT Q,tit® y=1.

- Xy =1, Xo = 0 c&c tiép gidp BE; tit, BE; ma thi tiép gidp BC, diode D vaBJT Q tit® y =1.

- Xg=x2=1 céctiép gidp BE1, BE; tit thi tiép gidp BC, dioded dan va BJT Q. dan b3o hoa
®y=0

Vay, day chinh |a mach thuc hién cdng NAND theo cong ngh&@ TL.

Pé nang cao kha nang tai caa cong, nguoi ta thuongmac thém ¢ ngo ra mot tang khuéch dai kiéu
C chung (CC) nhu so @6 mach trén hinh 3.24:

Hinh 3.24

Dé nang cao tan sb lam viéc cua cdng, nguoi tacho cac BJT lam viéc ¢ ché do khuéch dai, diéu
d6 c6 nghia la nguoi ta khdng ché dé sao cho céc tiép xic Je caa BJT bao gio ciing ¢ trang théi
phan cuc nguoc. Bing cach mic song song vai tiép gidp Jc caa BJT mot diode Schottky. Bac diém
cua diode Schottky 1a tiép xuc cia nd gdm mot chat ban dan véi mot kim loai, nén nd khodng tich
lity dién tich trong trang thé phan cuc thuan nghia la thoi gian chuyén tir phan cuc thuan sang phan
cuc nguoc nhanh hon, néi cach khac BJT s& chuyén ddi trang tha nhanh hon.

Luu y: Nguoi ta ciing khéng ding diode Zener bai i tiép xtc cia diode Zener 1a chat ban dan
nén ¢ tich trar dién tich du.

So d6 mach cai tién co diode Schottky trén s3 vé tuong dwong nhu sau (hinh 3.25):
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| #\/CC
" K »! -

D
X1
o Q2 y
2 Ro * R3 8\93
Y/

Hinh 3.25. Cong logic ho TTL duing diode Schottky

Ho ECL (Emitter-Coupled-L ogic)

VCC =0V
Q

R7

§R3 §R4

x1 R1 Q1 Q2

3V 44
x2 .j_‘ 2
O—AW,
R2 R5 R6
? RE
6 '

-VEE

Hinh 3.26. Cong lagi€ ho EGL (Emitter Coupled Logic)

Logic ghép emitterchiung (ECL) |a ho logic co téc d6 hoat dong rat cao va thuong dugc ding
trong c&c tng dung doi Réi toc.dé cao. Toc do cap dat dugc 14 nhd vao céc transistor dugc thiét ké
dé hoat dong trong ché do khuyéch dai, vi vay ching khdng bao gid roi vao trang théi bao hoa vado
d6 thoi gian tich luy hoadn toan bi loai bo. Ho ECL dat dugc thoi gian tré lan truyén nho hon 1ns
trén mdi cong.

Nhuoc diém caa ho ECL: Ngb ra co dién thé &m nén né khéng twong thich vé mac logic véi cac
ho logic khéc.

Gidi thich hoat déng cria mach (hinh 3.26):

Khi x; = X, = 0: Q1, Q, din nén dién thé tai cuc nén (2), (3) cua Qs, Q, cang am (do 1val’
am) nén Qs, Qutat® y; = 1,y, = 1.

Khi x1= 0, x,=1: Q; dan, Q. tit nén dién thé tai cuc nén (2) cia Qs duwong, dién thé tai cuc nén
(3) ciaQ, cang Am nén Qs din, Q4 tit ® y; =0, y, = 1.

Khi x1=1, x,=0: Q tit, Q, dan nén dién thé tai cuc nén (2) cua Qs am, dién thé tai cuc nén (3)
cua Q4 cang duong nén Q3 dan, Qs tit ® y; =1, y, = 0.

Khi x1 = x,=1: Qy, Q, tét nén dién thé tai cuc nén (2), (3) cia Qs, Q4 cang dwong nén Qs, Q4
dan® y;=0,y,=0.
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c. Cong logic ding MOSFET

MOSFET (Metal Oxyt Semiconductor Field Effect Transistor), con goi lalGFET (I solated Gate
FET - Transistor trudng c6 cuc cdng céch ly).

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

D D

B
NMOS G J PMOS G J
S

S
a. MOSFET kénh dat sin

D

J, .,
NMOS G JT RMOS JT

S S
b. MOSFET kénhfCam ung

Hinh 3f27. Ky hi¢u cac logi MOSFET khéc nhau

DU laMOSFET c6 kéfh dat Sin hay'kénh cam (rng déu ¢ thé phan chialam hai loai:

- MOSFET kénh N ¢fi TANM @S

- MOSFET kénh R goi. [aPM@S.

Dic diém cua 2 loai ndy.khaefthau nhu sau:

- PMOS: Tiéu thy cong suét thip, tbc do chuyén doi trang tha cham.

- NMOS: Tiéu thu cdng suit I6n hon, tc d chuyén ddi trang thai nhanh hon.

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

Chua y: MOSFET kénh dit sin c6 thé lam viéc ¢ hai ché do gidu kénh va nghéo kénh trong khi
MOSFET kénh cam trng chi lam viéc ¢ ché d6 giau kénh.

Dung NM OS kénh cam 1ng ché tao cac cdng logic
Xét céc cong logic loai NMOS trén hinh 3.28.
Diéu kién dé cong NMOS dan: Vp>Vs, Vg>Vp
Trong tit ca hinh vé taco :

} Rosiony = 200KW ¥ Rosiony = 1KW

Qul Q,, Qs
1T Roscor) = ? 3f Rosior) = 10" KW
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Hinh 3.28a (cong NOT)

<
S

VDD VDD

(S

1]

. a

y

B

|
L
'

O«

(S

X2 08}

Tl

a) Cong NOT b) Cong NOR c) Cong NAND
Hinh 3.28 Cac cong lagicehé tao bang NMOS

Theo diéu kién dé cong NMOS dan:  Vpé& Vs Vi >Wp

Tathdy Q; cd B ndi mass thoa mén diél kientnén: @; luén ludn dén.

- Khix=0: Q,dan, Q. tit (vi V& = Vs> = 0 nén khdng hinh thanh dién truong gitaG vaB ®
khong hit duoc céc e- 1a hat din thiéu'sh & ving ¢é B ® khang hinh thanh duoc kénh dan).
L (ic ndy, theo so dd tuon@duong (hinh 3.29a) ta co:

Rp
_ S(ORF)/Q2
V,A = Voo

y

RDS(ON)/Ql °y RDS(OFF)/QZ

_ 10'K {/

200K+ 10K “°
P Vy»Vppb y=1

- Khi x = 1: lic ndy Veigz > Veigz ® hinh thanh mot dién truong hudng tir G dén B, dién
trudng ndy hat c&c dién tir 1a céc hat dan thiéu sb trong viing dé B di chuyén theo chiéu nguoc
lai vé mat dbi dién, hinh thanh kénh din néi lién giita G va B va co dong dién ip di tir D qua
® Q, dan. Nhu vay Qi, Q, déu dan, tass cd so dd twong duong (hinh 3.29b). Theo so d6 nay
ta co:

Rp
— S(ON)/Q2
Vy = Voo

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

b vy:Z—(l)OvDD:o,ozsv by=0
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Vay mach & hinh 3.28ala mach thuc hién cbng NOT.

Vb Vb
I Rbsonyo1 IRDS(ON)/Ql
y y
I Rbsorryq2 I Rbsonyq2
b) x=1
a) x=0
/A Vi

Hinh 3.29 So do tuwong dirong mach hinh 3.28a

Hinh 3.28c (cong NAND)
- Khi X1 = x2 = 0 (hinh 3.30a): Q; ludn din, Q, va Qs déu tit, 1ucd6 theo so d6 twong duong ta

CO:
Vy - RDS(OFF)/QZ + RDS(OFF)/QS Vo,
RDS(ON)/Ql + RDS(OFF)/QZ + RDS(OFF)/QS
10'K +10°K
= V P W=Vppb y=1
200K +10'K +107K  °° Wi
Vb Voo Vb
I RosionyQ1 y I Rpsonyigt I Rpsonyo1
y
. >
I Ros(orriqz I Rosonyiq2 I Rosonyiq2
I Rosorro3 I Rosorr)ias I Rosonyiqs
o Hinh 3.30a. Hinh 3.30b Hinh 3.30c
(X1=%=0) T (=1, x:=0) 7 (xa=%=1)

- Khi x1= 1, Xxo=0 (hinh 3.30b): Q1, Q, dan va Qs tit lic d6 theo so db twong duong ta co:
- Rosionyr2  Ros(orr)/as Vo = 1K +10'K
’ RDS(ON)/Ql + RDS(ON)/QZ + RDS(OFF)/QS o 200K +1K +107 K °°
b Vy=Vppb y=1

- Khi x3= 0, xo=1: Q1, Qs din va Qs tit, giai thich tuong tw tacd Vy~VDD ® y=1.
- Khi x1=1, x,=1 (hinh 3.30c): Q, Q. va Qs déu dan, ltic d6 theo so dd tuong dwong ta co:

V = Rosonyoz T Rosonyigs v _ 1K+1K
oD DD
+R +R 200K +1K +1K

g RDS(ON)/Ql
b V,~005V b y=0.
Vay hinh 3.28c 1& mach thuc hién cong NAND.

DS(ON)/Q2 DS(ON)/Q3
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Hinh 3.28b (cong NOR)
Talan luot xét cac trudng hop sau: (so dd twong duong hinh 3.31)

Vb Vb
ﬁ Rosonyo1 y /]I\ Rosonyo1
> )
Rosorr)o2 * ] Rbs(0FF)/03 Rosormo2 * ] Rbs(on)/03
Hinh 3.31a Hinh 3.31a
77 (a=x=0) 0D

- Khi x; =%, = 0 (hinh 3.31a) : Q; dan, Q, va Q; déu tit, ltc d6theo so dd twong duong ta co:

_ (Rosormiee)//(Rosorrica) v = J0KINOKY, |,
’ RDS(ON)/Ql + [(RDS(OFF)/QZ )/ / (RDS(OFF)/QS )] ° 200K + (107 K/ 107 K) °

b Vy:VDDD y:l

- Khi x1=0, x=1 (hinh 3.31b): Q; va Qs din, Q- tét, ta co
V = (Rosormiga ) (Rosonygs) V 10’ K//1K

y Db — 7 VDD
RDS(ON)/Ql + [(RDS(OFF)/QZ ) (RDS(ON)/QS)] 200K +(10°K//1K)

b Vy:ziOlVDD:O’OOSV b y=0

- Khi x;=1, x,=0: Q; va Q, danf Qs tatPgiai thich twong tu ta co:
1
Vy~ —\Vpps0,0058V P y=0
Y7 201 [0 Y

- Khi x3=x2=1 (hinh 3.81c): Qu Q., Qs déu dan, ta co:

V = (Rosonee)!(Rosonys) v, = 1KIIK _
g RDS(ON)/Ql + [(RDS(ON)/QZ )/ / (RDS(ON)/QS)] 200K + (lK/ / 1K)
0,5
b Vy~ ——Vpp b y=0.
= 00 PP " Y
Vay, so d6 mach trén hinh 3.28b chinh |& mach thic hién Vv
cdng NOR. bb
Rbsonyo1
Rbsionyqs Rosionyo2
Hinh 3.31c

/7‘7 (X1:X2:l)
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Céc cbng logic ho CM OS (Complementation MOS)

Day laloai cdng trong d6 céc transistor dugc sir dung thudc loai MOSFET va luén co su két hop
gitta PMOS va NMOS, vi vay ma ngudi ta goi |a CMOS. Nhd ciu tric ndy ma vi mach CMOS ¢
nhitng wu diém sau:

- C6ng suit tiéu thu ¢ trang théi tinh rat nho.
- Tbc dd chuyén dbi trang théi cao.

- Kha nang chéng nhiéu tét.

- Kha nang tai cao.

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

Hinh 3.32a (csng NOT)

VDD

@

%]_g T
It

y
O
o | @ L @ Y
X2 672 |E—o
— (@) [

a) Cong NOT

b) Céng NAND
Binh'8.32 CAc cong logic ho CMOS

Diéu kién dé cong PMQS dan

Vs>Vp, V<V
Diéu kién dé cong NMOSdan

Vp>Vs, Vg>Vp

- Khi x =0 (hinh 3.33a): Q; dan, Q; tit, tir so dd twong duong ta co:
V = Rosormie _10°K
v oD 7 DD
Rosonyor ¥ Rosormice 1K +10°K

- Khi x =1 (hinh 3.33b): Q tit, Q, dan, ta co:

— I:QDS(ON)/QZ - 1K ~ 1
K : T T A I T
RDS(OFF)/Ql RDS(ON)/QZ

vi rat nhé so véi dién thé bao hoa cia CMOS ¢ mirc logic0® y = 0.

Vay mach & hinh 3.32a & mach thuc hién cong NOT theo cdng nghé CMOS. So db tuong duong
twong ing vai 2 truong hop x=0 va x=1 duogc cho trén hinh 3.33.
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Vop Vb
I Rosionyo1 I Rpsorrq1
y y
I Rosorro2 I Rosonyiq2
a) b)
77 77

Hinh 3.33.S d6 tuwong dwong: a.Khi x=0 b.Khi x=1

Hinh 3.32b (cong NAND)
So db twong duong cia mach cong NAND ho CMOS dugce cho trén hinh 3.34.

- Khi X1=Xo= 0: Q4 va Q3 dﬁn, Q2 va Q]_ tét, taco:

V = (RDS(OFF)/QZ ) (RDS(OFF)/Ql) 4 10'K//10'K
g Rosormiar + Rosormice  [(Rosonyoa)/(Rosonyes)] % ¢ 10%K//107K + (1K//1K) °°

b Vy:VDDD y:l

- Khi X1 = 0, X =1: Qz VaQ:g dﬁn, Ql VaQ4 tét, ta.co.:

V = (RDS(OFF)/Ql)/ / (RDS(ON)/QZ) N _ 10'K +1K
" Rosormiar * Rosorryie +[(Rosowiee)MRoscigs)] 47 107K +1K +(10'K//1K) ~™

P Vy»VDDD y:l

- Khix;=1, X2 = 0: Qs vaQ, dan, @1va Qs tatyy » Vop P y=1

- Khi X1 =X =1: Qz va Q]_ dﬁn, Q3 an4 tét, taco:

V = (Rosoien )R bsonyo2) V. = 1K +1K
"~ Roxawa * Rosome 1Rosiere) (Roxomyed] > 1K +1K +(107KIL0TK) ™

b Vy»0V b y#0pPaychinh Iamach thuc hién cong NAND.

Vb

Rosos Ropsqa

y

>
Rps o1

Rps o2

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

a. Ngo ra cot chgm (Totem Pole Output)
Xé cong logic ho TTL véi so @6 mach nhu hinh 3.35.

vCC
o)

Q4

Q1
Q2

o
>

Hinh 3.35. Ngd ra cét cham

- Khi x;=x2=1: Tiép gidp BE;, BE; cia Q; phad cuc ngugc nén Q; tit. Bién thé tai cuc nén cua
Qq lam cho tiép gidgp BC/Q, mé, c6 dong dién ehdy quatiépgidp BC/Q; d6 vao cuc nén cia Qz, Qz
dugc phan cuc thuan nén dan bao hoa. Do Q4/dan &6 hoadan tsi Qs dan bdo hoa.

Khi Q2 dan bdo hoathi dién thé tai cu¢’C/Q2

Vci02= Veiga = Vees2 + Vbesgais 0,2 +0,8 = 1V
Madiéu kién cin cho Q4 dan |
VC/QZZVB/Q4 = ngQ4 + VgID + Vch:s =0,6+08+0,2=1,6V

Tathay diéu kién nay khéng théa mafn khi Q2 din bdo hoa, do d6 khi Q2 dan bdo hoa® Q4 tit
® cit ngudn Ve rakhéi maeh. Bic nay tandi ring cong 3 hit dong vao va dong tir ngoai qua tai
d6 vao ngd ra cua cong di quaQs, Nguoi tandi Qs 1a noi nhan dong va dong dé vao Qs goi la dong
ng® ramac thap, ky hidu [om

Vé mit thiét ké mach: tathdy ring dong tai It ciing chinh 1a dong ngd ra muc thap 1o, valadong
d6 tir ngodi vao qua Qs, dong ndy phai nam trong gidi han chiu dung dong ciua Qs dé Qs khdng bi
dénh thang thi mach s¢ 1am viéc binh thuong.

Dong lo. thay d6i tiy thudc vao cdng nghé ché tao:

+ TTL  : dong ngd ramirc thip o, 16N nhat 16mA.
+ TTL/LS: dong ngd ramac thip lo, I6n nhit 8mA.

Pay 1a nhirng thdng s rat quan trong can chi y trong quéatrinh thiét ké mach s6 ho TTL dé dam
bao d6 an toan va én dinh caa mach.

- Céc truong hop con lai (x;=0,%:=1; X;=1,%,=0; X1=x>=0): Llc ndy Q. va Qs tit con Q, dan ®
y = 1. Tandi cong cip dong ra, dong nay d6 tir nguon qua Q4 va diode D xubng cung cap cho tai,
nguoi ta goi la dong ngd ra mic cao, Ky hiéu | op.

bién §p ngd raVy dugc tinh phyu thugc vao dong tai lon:

Vy = Viggict = Veer lonRs - Vees 04 - Vgp

Thong thuong khi €0 tai Viegict max = (3,4V ® 3,6V )
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low ciing chinh 1a dong qua tai It, néu lon cang ting thi Vieger cang giam va nguoc lai. Song
Viogic1 Chi dugc phép giam dén mot giatri cho phép Viegic min = 2,2V.

Vé mat thiét ké mach: ta chon Viegict min = 2,4V dé bao dam céng cap dong rakhi ¢ mirc logic 1
khong duogc nho hon Viggict min Vadam bao cong hat dong vao khi & mirc logic 0 thi dong tai ¢ mirc
logic 0 khéng dugc |6n hon dong oy

Nhuoc diém caa ngd ra cot cham: Khdng cho phép néi chung cac ngd ra lai véi nhau co thé
lam héng cong.

b. Ngd ra cuc thu é hé (Open Collector Output)

Vé phuong dién ciu tao gan giéng véi ngd racot cham nhung khéc véi ngd ra cot cham lakhodng
c6 Qu, diode D, Rs valtc ndy cuc thu (cuc C) caa Qs dé ho.

Do d6 dé cong lam viéc trong thuc té ta ndi ngd ra cua cong (cuc C cua Qs) 1én ngudn V' cc
bang phan tir thu dong R. Ngudn V'’ cc €6 thé cling giatri véi Ve hoic khéc tiy thuoc vao myc dich
thiét ké.

Chiing talan lugt phan tich cac trudng hop hoat déng cia mach:

- Khi x1=x,=1: Tiép gidp BE:, BE, phan cyc

nguoc, dién thé tai cuc nén caa Q; 1am cho tiép vee
giap BC/Q; md nén Q, dan b&o hoa, Q, dian béo
hoa kéo theo Qs dan bdo hda ® y = 0, do d6 s Re vee
dién ép tai ngd ray: o .
Vy = Viggico=Vcioz= Veesas 21 N 0 y
=0,2V » OV o Q3
Ldc ndy cong s3 hat dong vao vaQs |anoi nhan R e

dong, tagoi ladong ngd ra mMirCthap o

- Céc truong hop con laifxi=0x=1; Xi=1%2=0,  1inh 3,36. Ng& ra cuc thu dé he
X1=X%2=0): CO it nhat mgt4icp gigp BE/Q; mo,
ghim dién thé tair€remén Qudam cho tiép gidp BC/Qy, Q2 Qs déu tit, Iic ndy cong cap
dong rad turgudnl’ ge quadién tré R cap cho tai & mach ngodi ® y=1, ngudi ta goi 1a
dong ngd ra mue cao o,
Taco:
Vy = Viggiar = V ce- low.R
U'u diém ciiangd ra co cuc thu dé hé:
- Cho phép ndi chung cac ngd ralai véi nhau.
- Trong mot vai truong hop khi ndi chung cac ngd ra lai véi
nhau co thé tao thanh cong logic khéc. X1 y
Vi du: Mach ¢ hinh 3.37 sir dung c&c cong NOT ¢6 ngd ra cuc
thu dé ha, khi ndi chung céc ngd ra lai véi nhau cd thé tao thanh X2
cong NOR. (Hay gidi thich hogt déng ciia mach nay?) Hinh 3.37

VCC

c. Ngo ra batrgng thai (Three Sates Output)

V& mit ciu trdc va ciu tao hodn toan gidng ngd ra cot cham, tuy nhién cd thém ngd vao thi 3
cho phép mach hoat dong ki hiéu Ia E (Enable).

- E=1: diode D; tit, mach |am viéc hoan toan gibng cong NAND ngd ra cot cham. Luc do
mach ton tai mot trang thai y = 0 hoic y = 1 tly thudc vao cac trang théi logic cia 2 ngd vao X, X2.
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- E=0: diode tiép gidp BEs md, ghim &p trén cuc nén caa Qy 1am cho tiép gidp BC/Q tit va Q,,
Qs ciing tét. Lic ndy diode D; dan ghim dién thé & cuc C cia Qy:

Vg2 =Verioa=Vgb1 =0,7V P Qqtit.

Nén cong khdng cip dong ra va ciing khéng ht
dong vao. Lac ndy, ngd ra y chi ndi voi cong vé
phuong dién vat 1y nhung lai cach ly vé phuong dién
dién, twong duong vai trang tha tré khang cao. Chinh
Vi vay ma nguoi ta goi latrang thd tha ba latrang thai
téng tré cao.

Trong truong hop nay ngd vao cho phép E tich cuc
murc cao (muc logic 1). Thyc té céc cong logic véi ngd
ra 3 trang thai co thé co ngd vao diéu khién E tich cuc
mic cao (mac 1) hoic tich cuc muc thap (mac 0).
Chang han mot cdng NAND véi ngd ra 3 trang théi c6
thé duoc ky hiéu nhu trén hinh v& 3.39.

VCC

R4 R5
R1

Q4

Q1
x1 D2 y
Q2

D1 R2
R3

XL
E -

Hinh8.38. Ngb ra 3 trgng thai

a) b)
X1 y X1 y
X2 X2
E E
TE=1b y=xX, 1E31P y=27,,
“E=0P y=2Z_ E=0P y=xx,

Hinh 3.39. Carig NAND 3itrang théi véi ngd vao E
a. E tich eec mi€ cao - b. E tich cuc muic thap

Ung dung ciza ngd ra 34drandthai

- Sir dung ngd fa batrangthdi dé ché tao ra cong dém 2 chiéu.

- Ché tao céac chip hhg.cuabd vi xir 1y.

Mot ng dung cia ngdrasbé’trang thai trong mach xuat/nhap dit liéu 2 chidu co thé cho trén so

dd 3.40. Hay thir gidi thich so' do nay ?

d
]
B ||/3 D

E

ﬂ__

Hinh 3.40. Ung dung ciia ngd ra 3 trgng thai
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- E=1: Cong dém 1 va 3 mg, 2 va 4 treo |én tong tré cao: dit liéu di tir A® C, B® D. Vay dit
lieu dugc XUt ra.

- E=0: Cong dém 2 va4 mg, 1 va 3 treo lén tong tré cao: dit liéu di tir C® A, D® B. Vay dit
liéu dugc nhap vao.

3.2.3. Cac théng s6 ky thuat cua 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 tit.
- Chuyén tir trang théi tit sang trang théi dan.
- O trang théi dan.
- Chuyén tir trang théi din sang tat.
O mdi giai doan, phan tir logic déu tiéu thy & ngudn mot cong suit!
Péi voi cac phan tir logic ho TTL: c&c phan tir TTL tiéu thy c8ng Stiat caa ngudn cha yéu khi &
trang théi tinh (dang dan hoic dang tit).
- Néu goi P 14 cong suét tiéu thu wng vaéi ngd ra.caa pian tir logie tdn tai & muc logic 0.
- Néu goi P' 14 cong suét tiéu thu wng véi ngd ra caamphin tilogic ton tai & muc logic 1.
- Goi P lacdng suét tiéu tan trung binh thi:
P% + Pt
2
Dbi véi ca vi mach (IC — Integrated Gifcuit) Aguoidatinh nhu sau:
Goi I dong do ngudn cung capkhithgd ra &"muc logic O.
Goi Iy dong do ngudn cungfcap khi ngéyra & mirc logic 1.
Goli I¢ ladong trung binAithi :

P=

| = | ool
¢ 2
- Thi cong suét tiéu tan cheyed Vi mach duoc tinh:
P = le.Viee

Déi véi vi mach ho CM@®S#Chi tiéu thu cdng suit cha yéu trong trang théi dong (trong thoi gian
chuy&n mach). Cong suat tiéu tan:
IDtt = CL' f VDZD
Trong do: C. ladién dung cuatai (dién dung tai)
Nhu vay tathiy dbi véi vi mach CMOS tan sb hoat dong (tan sd chuyén mach) cang 16n cong
suat tiéu tan cang tang.
2. Fanout (Hé sb mac mach ngd ra)

Fanout | hé sb méc mach & ngd ra hay con goi lakha nang tai cia mot phan tir logic.
Goi N la Fanout cia mot phan ti logic, thi
nd duoc dinh nghia nhu sau: S6 ngd vao logic >
cuc dai duoc ndi dén mot ngd ra cua phan tu o
logic cuing ho ma mach van hoat dong binh
thwong (hinh34y. L= |7 Lo

Hinh 3.41. Khai niém vé Fanout
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Xét vi du ddi véi ho DTL: (Hinh 3.42)

- y=1: mach hoat dong binh thuong.

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

vce
Q

lcs=Ilrs+ NIy
(voi N lash phan tir tai méc & ngd ra)

Mait khéc: lg=Iri-lro= const, ma Il tang Ién do co
dong ghép db vao ® diéu kién dan bdo hoa khdng thoa
man ® BJT rakhoi ché d6 dan b&o hdavadi vao ché do
khuéch dai, 1Gc d6 Vy tang l1én nén ngd rakhdng con dam Hinh 3.42
bao & mic logic 0 nira. Vay, diéu kién ¢é mach hoat dong
binh thuong la:

lrs+ NIi< bminIB b N<
N: sb 16n nhit thoaman diéu kién (*) duoc goi 14 Fanout cua phan tir logic DTL.

3. Fanin (Hé sb mac mach ngd vao)

Goi M 1a Fanin caa 1 phin tu logic thi M degc dinh nghia nhu sau: D6 chinh 1a “sé ngd vao
logic cuc dai cia mdt phan tir logic”.

Déi voi cac phan tir logic thuc hién chife nang congdlogic, thi s lwong M 16n nhat 1a 4 ngd vao.
Déi véi cac phan tir logic thie hién chichang nhahdogic, thi s lwong M [én nhat 146 ngd vao.

Déi vai ho logic CMOS thi c6 Mpnhiéu hen nhung ciing khdng qua 8 ngd vao.

4. Pp chdng nhiéu

D6 6n dinh nhidu 12 tiéd"ehuan dénh gia 46 nhay cia mach logic dbi voi tap am xung trén dau
vao. DBo 6n dinh nhiduf(timh)da gia tri dién &p nhidu téi da trén dau vao khong 1am thay ddi trang
thé logic caa mach, con goi lajmirc/6n dinh nhiéu.

5. Tré truyén dat

Tré truyén dat 1a khoang thoi gian dé dau ra caa mach cé dép ang dbi vai s thay doi muc logic
ctia dau vao.

Tré truyén dat |1a tiéu chuan dé danh gia toc do 1am viéc caa mach. Téc do 1am viéc cia mach
tuwong tNg Véi tan sb ma mach van con hoat dong ddng. Nhu vay, tré truyén dat cang nho cang tot
hay toc do 1am viéc cang 16n cang tét.

Déi voi 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 Ién ¢ vai tram nano gidy.

Khi méic lién tiép nhiéu mach logic thi tré truyén dat cua toan mach s3 bang tong céc tré truyén

dat caamdi tang.
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3.3. FLIP — FLOP (FF)

3.3.1. Khéi niém
Flip-Flop (viét tit 1a FF) 1a mach dao dong da hai 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
Co hai céch phén loai:
- Phan loai theo tin hiéu diéu khién.
- Phén loai theo chirc nang.
1. Phan loai FF theotin hiéu diéu khién ddng b
Gom ¢ hai loai:
- Khéng ¢ tin hiéu diéu khién ddng bo (FF khdng dong bo)s
- CO tin hiéu didu khién dong bo (FF dong bo).
a. FF khong dong bo
Dang1l: RSFF khong dong b diing céng NOR (sesdé;hinh, 3.43)

S R Q
0 0 Q°
0 1 0
1 0 1
1 1 X

Hinh 3.43. RSFF khng dafig bé s dung cong NOR va bang trang thai

Dua vao bdang chan tricié cong NOR d¢ gidi thich hoat déng ciia so' @6 mach nay:
- S=0,R=1b Q=10. Q=0 hoi tiép vé& cong NOR 2 nén cong NOR 2 ¢6 hai ngd vao bing 0
b Q=1Viy, Q=0wa@ = 1.
- S=1,R=0P Q=0. Q=0 hdi tiép vé cdng NOR 1 nén céng NOR 1 c6 hai ngd vao bing 0
b Q=1.Vay,Q=1vaQ =0.
- Giasrbandau: S=0,R=1b Q=0vaQ =1.
Néu tin hiéu ngd vao thay d6i thanh: S=0, R=0 (R chuyéntir 1® 0) taco:
+ S=0vaQ=0pbp Q=1
+ R=0vaQ = 1b Q=0 P RSFF giit nguyén trang tha cii trudc do.
- Giasrbandiu:S=1,R=0b Q=1vaQ =0.
Néu tin hiéu ngd vao thay ddi thanh: R=0, S=0(Schuyéntir 1® 0) taco:
+ R=0vaQ=0pP Q=1
+ S=0vaQ=1b Q=0 b RSFFgiit nguyén trang théi cii trudc do.
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Dang 2: RSFF khéng déng bd ding cong NAND (so do hinh 3.44)

S S R Q
0 0 X
0 1 1
. 1 0 0
1 1 Q°

Hinh 3.44. RSFF khong dong bg siz dung cong NAND va bang trang théi

Dua vao bang chan tri cia cong NAND:
10 "x, =1
y :%1 $x, =0
Taco:
- S= 0,R=1P Q=1 Q=1 hditiép vé cdng NAND 2 néniedng NAND 2 c6 hai ngé vao
bing 1vay Q =0.
- S=0,R=1P Q =1. Q =1 hdi tiép vé.coNgNAND 1 nén cong NAND 1 c6 hai ngd vao
bang 1 vay Q = 0.
- S=R =0P Q=Q-=1daylatdhg tha cAm:
- S = R=1: Gia sir trang théi trdéc d6,co Q="1, Q =0 P hdi tiép v& cdng NAND 1 nén cdng
NAND 1 c6 mét ngd vao bdng Oyviy Q =1 b RSFF giir nguyén trang théi ci.
Nhu vay goi l& FF khdng dongibo baigVi chi cin mot trong hai ngd vao S hay R thay déi thi ngd
raciing thay ddi theo.
V& miat ki hiéu, cac/RSFF khong @dng bo duoc ky hiéu nhu sau:

R” o —
— S —
a) b)

QL

Tl »nl

Hinh 3.45. Ky hiéu cac FF khéng dong bg
a. R Stac dong muic 1 - b. RStac dong murc O
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b. FF dong bg

Xét so d6 RSFF dong bo véi so dd mach, ky hiéu va bang trang théi hoat dong nhu hinh 3.46.
Trong d6: Ck latin hiéu diéu khién déng bo hay tin hiéu dong hd (Clock). Khao s& hoat dong cua
mach:

S

3
Ck — S Q [
_ | ck
D D .l

Hinh 3.46. RSFF dong bg: Sv do logic vaddshiéu

- Ck =0: cbng NAND 3 va4 khoéa khong cho dit liéu dua vaok\V/i cong’NAND 3 va4 déu co it
nhit mot ngdvao Ck=0p S=R=1bp Q=Q°: RSFEgiit nglyén trang thai cii.
- Ck = 1: cdng NAND 3 va4 mo. Ngd raQ s thay doi'tuy thust vao trang théi cia SvaR.

+ S=0,R=0P S=1, R=1p Q=&° S[RJCk
+ S=0,R=1pb S=1, R=0P Q=0
+ S=1,R=0p S=0,R=1P Q=12
+ S=1,R=1p S=0,R=0P Q=X
Trong trudong hop ndy tin hiéu domg bo Ck téc dong mic 1. Trong
truong hop Ck téc dong mac O'thifta magrthém cong dao nhu sau (hinh
3.47):

X| k|l olQ QO

R R ol ol X
R ol k|l ol X
Rl R R RO

S

-

1 g 5
R 4%

Tuy thudc vao mic tich cuc caatin hiéu ddng bd Ck, ching ta cé céc loai tin hiéu diéu khién:
- Ck diéu khién theo murc 1.
- Ck diéu khién theo muc O.

- Ck diéu khién theo sron 18n (sudn trude).
- Ck diéu khién theo swon xudng (sudn sau).

Hinh 3.47
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I e e o A AR B N

a. Muc 1 b. Mic O c. Sronlén d. Swon xuong
Hinh 3.48. C4c logi tin hiéu diéu khién Ck khéac nhau

Xét FF c6 Ck diéu khién theo srdn [én (swon truéc):

Suon [én va mac logic 1 ¢6 mbi quan hé véi nhau, vi vy mach tao seon 1én 1a mach cai tién cua
mach tac dong theo mirc logic 1.

Suon lén thuc chit 1a mot xung duong c6 thoi gian ton tai rat ngan. Dé cai tién cac FF tac dong
theo murc logic 1 thanh FF t&c dong theo suon [én ta mic vao trudc FF ¢6 mot mach tao swon [én
nhu hinh 3.49.

Ck
Ck| Mach S ¢
—1 tao suon
lén R 0
Xung sau khi qua v “ H H ¢
mach tao suon |1én 0

Hinh 3.49. S do khoi BF tac.dong,thieo sion |én va dang song
O mach tao seon ngudi ta loi dung thai giandré caatin hiéu khi di qua phan tir logic. Déi voéi
mach tao sxon ngudi taloi dung thoi giénitré caatindicu khi di qua cong NOT.

Ck
Ck t
s j_y 0 X2
X3 i
0
1S - N X1
Ck ( t
| R - y
Hinh 3.50 (} | t

Xét so d6 mach tao swon 1én va dang song nhu hinh 3.50 : Mach tao suon 18n gdm mot cong
AND 2 ng6 vao vamot cong NOT. Tin hiéu x1 tir cdng NOT dugc duadén cong AND cling vai tin
hiéu X2 di tryc 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 cia cong AND c6 dang mdt xung duong rat hep vai thoi
gian ton tai chinh bing thoi gian tré (tré truyén dat) cua cong NOT. Xung dwong hep ndy duoc dua
dén ngd vao dong b caa FF diéu khién theo mirc logic 1. Tai cac thoi diém cd suon 1én cuatin hidu
xung nhip Ck s3 xuit hién mot xung duong tac dong vao ngd vao dong by cia FF didu khién ngd ra
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Q thay d6i trang théai theo céc ngd vao. So dd mach FF c6 tin hiéu Ck diéu khién theo swon [én nhu

S

R

Ck

Hinh 3.51. FF ¢ tin hiéu Ck diéu khién theo siron 1én

hinh 3.51.

Xét FE c6 Ck didu khién theo swon xubng (swon sau):

Mach tao swon xudng |& mach cai tién tac dong mirc logic 0. So 6 mdeh va dang song dugc cho &
hinh 3.52. Trén hinh 3.53 la ky hiéu trén so d mach va so d6 thirchién Flip-Flop tac dong theo

sudn xubng.
a) Ck b)
Ck X1 ¢
=) > o
X2
X5 /
y 0 t
Hinh 3.52. Mach tao siwon xuong X1
a. So do mach —t
b. Dang song
y
0 t
S .
a) — 3 '
) S |
Ck
>0 § > y
R — 4 >3
b)
1S Q | Hinh3s3
Ck a. So do mach thyc hi¢n
: R 6 b. Ky hiéu

(Sinh vién tw gigi thich hogt déng ciza cac mach nay).
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Y nghia caa tin hiéu déng bé Ck:

Déi voi cac FF ddng bo, cac ngd rachi thay doi trang théi theo ngd vao DATA khi xung Ck ton tai
mirc 1 (d6i voi FF tac dong muc 1), hoic xung Ck ton tai mac O (ddi véi FF tac dong mic 0), hodc
xung Ck & son lén (ddi voi FF téc dong suon 1én), xung Ck ¢ seon xudng (ddi voi FF téc dong
sudn xudng), con tit ca cac trueong hop khéc caa Ck thi ngd ra khong thay ddi trang théi theo cac
ngd vao mic du lGc d6 cac ngd vao cd thay doi trang thai.

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

Déi véi phuong phép ndy khi xung Ck ton tai mac logic 1 dir lidu s3 dugc nhap vao FF, con khi
Ck ton tai marc logic O thi dir liéu chia trong FF duoc xuat rangoai.

V& mit ciu tao bén trong gdm 2 FF: mot FF thuc hién chic ning cha (Master) va mot FF thuc
hién chirc nang to (Slaver).

Hoat dong ciia FF diéu khién theo kiéu chi/tg: (hinh 3.54)
+ Ck = 1: FF2 mg, dit liéu duoc nhap vao FF2. Qua cdng dao Ck =@ FF1 khoa nén giit nguyén
trang thai ct trudc do.
+ Ck = 0: FF2 khéa nén giir nguyén trang théi cii trudc d6. Qualeong dagCk = 1 ( FF1 mo, dit liéu
duoc Xuit rangoai.
Chu y: Tin higu Ck c6 thé duwoc tao ra tir mgch dao dgng dahai khong trang théai bén.

Q
N

Hinh 3.54. Phuwong phép diéu khién theo kiéu chi to

3.3.2.2. Phén loai FF theo chirc niang

a. RSFF
Do 1a FF c6 cac ngb vao vangd raky hi¢u nhu hinh ve.
_Is o | Trong dé:
- S, R:cacngd vao dir liéu.
—dck - Q, Q:cacngdra.
/R O | - Ck:tinhiéuxung dong bo
Goi S" vaR" latrang thdi ngd vao Data & xung Ck thi n.

Hinh 3.55. Ky hicu RSFF Q" Q™ latrang thai cuangd raQ & xung Ck the nvathe (n+1).

L Uc d6 taco bang trang thai 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 riang trang théi khi ca 2 ngd vao S= R = 1 Itic d6 ca 2 ngd ra cd cling muc logic, day |a
trang théi cAm cia RSFF (thuong duoc ky hiéu X).

Tiép theo ching ta s3 di xdy dung bang diu vao kich cia RSFF. Bing dau vao kich gom 2
phan, phan bén tréi liét ké ra cac yéu cdu can chuyén dbi caa FF, va phan bén phai 1a cac diéu
kién tin hiéu dau vao kich can dam bao dé dat duoc c&c sy chuyén d6i dy. Néu céc diéu kién dau
véo dugc dam bao thi FF s3 chuyén d6i theo ding yéu ciu. Thuc chit bang dau vao kich cua FF 1a
su khai trién bang trang thai caa FF.

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

Qn+1
0

?
2
Q

R E=lE=] K==
R~ Ol ® |l o o
| ofir| O »fohr| o
Xl R~ ol o~

X

n+1

Trong bang ndy, tin hiéu_ngd f& o trafg thé tiép theo (Q
vao data (S, R) vatin higli ngd o'sa trang théi hién tai (Q").
Tur bang khai trién tréntax@y dung duoc bang dau vao kich cho RSFF:

) s¢ phu thuoc vao tin hiéu cac ngd

Qn Qn+l Sn Rn
0 0 0 X
0 1 1 0
1 0 0 1
1 1 X 0

Ciing tir bang trang tha khai trién ta co thé tim duoc phuong trinh logic cia RSFF bang céch lap
so d6 Karnaugh nhu sau:

n+1

MSR00 01 11 10
oY OTo X

1[1]o[x]1

Tu bang Karnaugh nay ta co phuong trinh logic cia RSFF:
Qn + 1 - Sn + ﬁnQn
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Vi diéu kién cia RSFF 14 S.R= 0 nén ta c6 phuong trinh logic caa RSFF dugc viét day du nhu

Sau:
Qn + 1 - Sn + ﬁnQn
{SRZO

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

Ck

”1..2,3.4 5.t
o 1. {: P ]y |
o [ [T JIND [
O E
0 | t

Hinh 3.56. Hd'th; thoi gianfdang song RSFF

b. TFF
TFF 1a FF ¢6 ngd vao vaingd raky hiéu va bang trang thai hoat dong nhu hinh vé (hinh 3.57):
Trong do:

- T:ngd vao dix ligu

- Q,G: cacngd ra

- Ck: tin hiéu xung'@éng bo.

Q
>
F
s

T Q L
Ck 0
Q 1

OI{):

Hinh 3.57. Ky hi¢u TFF va bang trang thai hoat dgng
Goi T" latrang théi ciangd vao DATA T ¢ xung Ck thir n.
Goi Q", Q™ latrang thai cuangd rad xung Ck ther nva (n+1).
L (c d6 taco bang trang théi hoat dong khai trién caa TFF.
Tur bang trang thd nay ta cd nhan xét:
+ Khi T=0: mdi khi c6 xung Ck téc dong ngd ra Q giir nguyén trang théi cii truéc do.
+ Khi T=1: mbi khi c6 xung Ck tac dong ngd raQ dao trang thai.
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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 tatim duoc bang dau vao kich caa TFF nhu sau:

Qn Qn+l -I—n
0 0 0
0 1 1
1 0 1
1 1 0
Phuong trinh logic caa TFF:
Q™= T".Q"+T".Q" (dang chinh tigy)
Hoic: Q™ =(T"+Q")(T"+Q") (dang chiphtée2).
Viét gon hon:
Qn+l - -I—n A Qn

(SV ¢ thé |ap Karnaugh va téi thiéu hda déitimft phueang trinh logic ciia TFF).
Trén hinh 3.58 minh hoa db thi thoi giardang song cita TFF.

- Tin hiéu ra Q dau tién ludn ludp, & maciegic 0

- Tin hiéu Ck(1) diéu khién th€o szon xuong nhin tin hiéu T duéi mic logic 1. Theo bang trang
théi: T°=1vaQ’=0b Q'= Q% 1.

- Tin hiéu Ck(2) diéukhién theo Sion xudng nhin tin hiéu T dudi muc logic 0. Theo bang trang
tha : T'=0vaQ' =1 [@° =\Q% =@ (Giir nguyén trang théi trudc do).

- Tin hiéu Ck(3) didu khién'thea sron xudng nhin tin hiéu T dudi muc logic 1. Theo bang trang
thé: T2=1vaQ?=1p Qb= =0.

Ck

1
) 2 3| t

Hinh 3.58
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Trwdng hop ngd vao T ludn ludn biang 1 (ludn & mic logic 1):

Ck

1 t
OIZ 3 4 5|
A
oL_: i 5 | 5
o a
0 t

Hinh 3.59. Dang song ngd ra khi T=1
Khi T=1 thi dang song ngd ra Q dugc cho trén hinh v&. Taco nharf'xét rang chu ky caangd raQ
bang 2 1an chu ky tin hiéu xung Ck nén tan s cuangd ra la:
f
f o =-CK
2

Vay, khi T=1 thi TFF giir vai trd mach chiatan sb xungwa0'€k.

Téng quét: Ghép ndi tiép n TFF véi nhau sao chib ngd ragna TFF truge 8 ndi voi ngd vao cia
TFF dung sau (Cki+2 ndi voi Q) va ldc bay gigftat caycac ngd vao DATA T ¢ tat ca cac TFF déu
gitt mirc logic 1, 1Gc d6 tan s tin hiéu ngd rade |a;

Qn 2n
v6i Qn latin hiéu ngd ra cua TFE4AL n; fox 1@&tan sb xung clock & ngd vao dong bo TFF dau tién.
c. DFF
DFF la FF cd ngb vaoara ngdyra ky. hicu nhu hinh 3.60.

Bang trang théi
—\° Qp— T
D" Q™
—pCKk
_ 0 0

Hinh 3.60. Ky hiéu DFF

Trong dé: D langd vao dir liéu. Q, Q:cic ngd ra. Ck: tin hiéu xung dong bo.
Goi D" latrang thaii cia ngd vao DATA D ¢ xung Ck thir n.

Goi Q", Q™! latrang thai ciangd ra ¢ xung Ck thir nva (n+1).

Khai trién bang trang théi caa DFF dé tim bang du vao kich cua DFF, ta co:

Dn Qn Qn+l
0 0 0
0 1 0
1 0 1
1 1 1
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Bang dau vao kich caa DFF;
Qn Qn+l Dn
0 0 0
0 1 1
1 0 0
1 1 1
Phuong trinh logic cua DFF:
Qn+l — Dn
Trén hinh 3.61 14 d6 thi thoi gian dang sdng cia DFF:
Ck
L 2 3 4 5 t
O '
D i i | i
5 i E E t
0 : : E E !
@ i LN a
ot

Hinh8.61. Po'thi thoi gian deng song ciia DFF

Giai thich dang sdng cua tin hi¢utrén hinh 3.61:

- Tin hiéu ra Q dau tiéptBmlucnig4ftre logic 0, Q° = 0

- Tin hiéu Ck(1) diéli kiiéh theo sron xubng nhin tin hiéu D dudi muc logic 1. Theo bang trang
thai taco: D°=1p Qf=1

- Tin hiéu Ck(2) diéUhkhiéh théo sron xubng nhin tin hiéu D dudsi muc logic 0. Theo bang trang
thai tacd:D'=0b Q°=0

V.V
D Q [
o, s Ck
DFEF dbéng vai tro mach chiatan so: 6
Trén hinh 3.62 la so &6 mach DFF thyc hién chirc nang chiatan
s6. G mach ndy ngd ra Q duoc ndi nguoc tré vé ngd vao D.
A 02X era a , . .
Tin hi¢u ra Q" dau tién ludn ¢ muc logic O: Hinh 3.62.

Q®=0p Q°=D'=1
- Tin hiéu Ck(1) diéu khién theo sudn xubng nhin tin hiéu D dugi muc logic1. D*'=1p Q'=1
b Q'=D*0.
- Tin hiéu Ck(2) diéu khién theo swon xudng nhin tin hiéu D? dugi muc logic 0. D°=0b Q=
0b Q?=D°=1.


phuong
Text Box


Chwong 3. Céc phian tir logic co ban Trang 63

- Tin hiéu Ck(3) diéu khién theo swon xudng nhin tin hiéu D* dugi muc logic1. D°=1p Q°=
1p Q*=D*=0.

- Tin hiéu Ck(4) diéu khién theo sron xubng nhin tin hiéu D* dudi mic logic0. b Q* =0
VLV

Ck

1 2 3 4 5 t

—+

Hinh 3.63. ¢ thi thoi gian deng song tgch hinky3.62
Nhan xét vé tan sb ngd ra:

i :f% P DFF giir vai tro nhu mach chia tingb.

Q
Ung dung cia DFF: o
- Dung DFF d chiatan sb. Do 'p Q 0
- Dung DFF dé luu trix dir liéu dé.che tao cagbd’nho Ck
vathanh ghi. o E
- Dung DFF @é chot dir liéus
Trén hinh 3.64 14 so d6 sMCHYng Gung DFF dé chét dir Dt D Q O,
liéu. Hoat dong cua machmhuisau:
- E=1: Og = Dg, O; = D; nén tin hIéU dqu dua dén o Ck

céc FF.
- E=0: Og=Dg, O; =D, ® chét dit liéu tré lai.

Hinh 3.64. Chot diz liéu ding DFF

d. JKFF
JKFF & FF ¢ ngb vao vangd raky hiéu nhu hinh veé :
Trong do:
- 3K lacéc ngd vao dit liéu. —3
- Q, Q lacangdra gk B
- Ck latin hiéu xung ddng bo. K Q
Goi J', K"latrang thai ngd vao JK & xung Ck thir n.
Goi Q", Q™! latrang thai ngd ra Q ¢ xung Ck thir nva (n+1). Hinh 3.65. JKFF
LUc d6 taco bang trang thai mé ta hoat dong cia JKFF:
J K Qn+1
0 0 Q"
0 1 0
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Phuong trinh logic cua JKFF:
QM =IQ +K".Q

Tir bang trang théi ta thiy JKFF khic phuc duoc trang théi cim cua RSFF, khi J=K=1 ng6 ra ¢
trang théi ké tiép dao mic logic so véi ngd raé trang théi hién tai.

Dé tim bang dau vao kich caa JKFF takhai trién bang trang théi nhu sau:

Tir bang khai trién trén taxay dung duoc bang,datiivao kich cho JKFF nhu sau:

Do thi thoi gian dangggbng clia JKEF:

o

O o

Ck

1

Jn Kn Qn Qn+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

Qn Qn+l Sn Rn
0 0 0) X
0 1 1 X
L 0 X 1
1 1 X 0

_____j__________________

____Ezzzj_____.____________

Hinh 3.66. D¢ th; thoi gian dang song JKFF
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Nhén xét quan treng: JKFF 1& mach dién c6 chuc niang thiét Iap trang théi O, trang tha 1,
chuyén dbi trang thé va duy tri trang tha can cir vao céc tin hiéu dau vao J, K va xung nhip dong
bd Ck. Nhur vy 6 thé ndi JKFF [amot FF rat van niang.

Trong thuc té, ching ta cé thé dung JKFF dé thuc hién chirc ning cua cac FF khac: JKFF thay
thé cho RSFF, JK FF thyuc hién chic ning caa TFF va DFF, cac so d6 thuc hién dugc trinh bay trén

S v Q| T, 13 Q D, 13 Q L
Ck Ck —— K
ORI R iR

Q K Q

Hinh 3.67. Dung JKFF thyc hi¢n chirc nang cua RSFF, TFF, DFF
hinh 3.67:

Trén co o khao sét vé 4 loai FF phan chia theo chirc nang, chiingta cé thé xay dung mot bang
dau vao kich tong hop cho ca 4 loai FF nhu sau:

Qn Qn+l Sn Rn Jn Kn 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 lap’nhau giira cac loai FF
Pa sd FF trén thj truong |a loaildK, Dstrong khi ki thuat sd yéu ciu tat ca cac loai FF. Néu biét
céch chuyén doi gitra caé’loai, FRwaitihau thi c6 thé phét huy tac dung cualoai FF sin co.
Trén thuc té, c6 thé chuyéniddi gua lai giita cac loai FF kh&c nhau. C6 2 phuong phép dé thuc
hién chuyén doi giita ca.|0aisFF:
- phuong phép bien@éitruc tiép.
- phwong phép ding bang dau vao kich va bang Karnaugh.
a. Phuong phép bién doi truc tiép:

Day |1a phuong phép sir dung c&c dinh ly, tién dé cua dai sb Boole dé tim phuong trinh logic tin
hiéu kich thich déi véi FF xuat phét. So dd khdi thuc hién phuong phép ndy nhu sau (hinh 3.68):

FF dich
| 1
» Logic FF —Q

Piuvao  |chuyénddi| —9> xuht phat _
‘ 17"

Hinh 3.68

Ck

TEF chuyén déi thanh DFF, RSFF, JK FF:
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TFF® RSFF:
RSFF 6 pt: Q™l=g"+ RTQ" 1)
S'R"=0 (diéu kién caa RSFF)
TFFcopt: Q™ =T"A Q )
So sanh (1) va(2) tacd:
S+RQ"=T"A Q"

Theo tinh chit caa phép toan XOR, ta co:

=Q'A(s+ R'Q)=Q" ("+RQY + Q" ("+ R"Q"

=Q"SR"+5Q"=Q"IR"+ Q" + R"=Q"R" + S'Q"
vay: T"=Q"R" + S"'Q"
So d6 mach thuc hién:

:_ TQL
A-

Hinh 3.69. Chuyéndoi TEF thanh RSFF

—a Ck

Ol

TFF® DFF:

DFF c6 phuong trinh logic: ~ @%'=D"

TFF ¢6 phuong trinh logic: Q™R A Q

Poéng nhit 2 phuong trink: P"=T"A Q"

Theo tinh chét ciaphép XORtasuyfa T"=D"A Q"
So @6 mach thyc hign:

b 7 ) >—T Q L

Ckgq Ck

Q

Hinh 3.70. Chuyén doi TFF thanh DFF

- TFF® DFF: Thyc hién bién ddi hoan toan twong tu (nhu truong hop chuyén di tir TFF
sang RSFF) ta c6 logic chuyén dbi:

-I—n - KnQn+ Jnan

So d6 mach chuyén ddi tir TFF sang JKFF
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L

Ol

Hinh 3.71. Chuyén déi TFF thanh JKFF

DFF chuyén déi thanh TFF, RSFF, JKFF:
- DFF® TFF:
DFF c6 phuong trinh logic: ~ Q™'=D"
TFF ¢6 phuong trinh logic: Q™=T"A Q
Pdng nhét 2 phuong trinhtacé: D" =T" A Q"
So @6 mach thyc hién chuyén di (hinh 3.72):

TjD*D QL

Ck —&£q) Ck

Q

Hinh 3.72.Chuyéfidsi DFF thanh TFF

- DFF® RSFF:
RSFF c6 phuong trinh logicO™! =&+ R Q"
Ddng nhat véi phfongtrinhicaaDFF taco: D"= S+ RTQ"
So dd mach thyc hién chuyén @i

R—a o QL

S | ay Ck

Q

Hinh 3.73. Chuyén doi tir DFF sang RSFF

- DFF® JKFF:
Hoan toan tuong tu ta cé logic chuyén dbi tir DFF sang JKFF:

D"=J Q"+ K'Q"
So d6 mach chuyén ddi trén hinh 3.74:
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— o Ck

Ol

H

Hinh 3.74. Chuyén doi DFF thanh JKFF

RSFF chuyén déi thanh TFE, DFF, JK FF:

RSFF o pt: Q" =9+ R"'Q"

S'R"=0 (diéu kién cua RSFF)

Khi thuc hién chuyén d6i tir RSFF sang c&c FF khac can kiém trddiéu kién rang buoc cua RSFF

do la

R"S'=0.
RSFF® TFF:
TFF c6 phuong trinh logic: Q™' =T"A Q"
Podng nhit vai phueong trinh cia RSFF ta co:
RIQ"=T"A Q'=17"Q" 4"
T biéu thie ndy, néu ta dong nhét:
{ g=1qQ"
R'=T"
thi suy ra:
S'R'=T"Q". T Q" 1,0
nén khong thoa man@ictinki¢nlead RSFF.
Thuc hién bién déi tiép:
S+RIQETQ #T'Q=17"Q" + T"Q"+ Q"Q"
S+ RTQM@" + (TN + QM =T"Q" + TQ"Q"
Pong nhit 2 vé ta co:

s'=1"Q"
Rn - -I—n Qn T R Q
thoa mén dieu ki¢n: R'S'=0. _ g Ck
So do thuc hién: hinh 3.75. o
S Q

Hinh 3.75. Chuyén doi RSFF sang TFF

RSFF® DFF: Q™'=D"
Dong nhat 2 phuong trinh: S+ R1Q"=D"
Thuc hién bién doi:
RIQ"=D"=D"(Q"+ Q") =D"Q*+D"Q" (3
Mt khéc biéu thirc cia RSFF ¢6 thé bién ddi nhu sau:
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S+ R1Q"=S(Q"+ QM)+ R'Q"=5Q" +"Q"+ R"Q"
=SQ"(R"+ RM) +S'Q"+ R"Q"
=S'Q"R" +5'Q"+ R"Q"
=R1Q"(1+9) +35'Q"
=R'Q"+35'Q" (b)
Tur (a) va(b) ta co:
D"Q"+D"Q" = R"Q"+S"Q"

Pong nhit 2 vé suy ra: D3 >R Q[
S'=D"
{ o —op Ck B
thoa man diéu kién R"S" = 0. S QL
So @6 thuc hién: hinh 3.76. Hifh 3.76. RSEF® DEF
- RSFF® JKFF:

Pong nhit 2 phuong trinh logic cia RSFF va JK FF taled:
Qn+1:Sn+§nQn :Jn_n+ RnQn
=7 QM+ K'Q+Q'Q" =3 Q"+ (K QM)Ql= 1 Q"+ K'Q"
So sanh ta co:
{sﬂ:fﬁ” K L

Rn - KnQn
théa méan diéu kién cua RSFE ]
So @b thyc hién: hinh 3.7Z

T

i

-

Hinh 3.77. RSFF® JKFF

JK FF chuyén dbi thanh TEF,; DEF, RSFF:

Nhu da trinh bay & tréhy JKEFTa mot FF van ning, co thé dung JKFF dé thay thé cho RSFF hoic
dung JKFF thuc hién chie ning DFF, TFF. So @6 thuc hién c&c mach ndy nhu ¢ hinh 3.67. Phan
ndy tap trung chirng minh céc biéu thirc logic chuyén déi tir JKFF sang c&c FF khéc.

JKFF c6 phuong trinh logic:. Q™' =J Q"+ K" Q"

- KFF® TFF:

TFF c6 phuong trinh logic: Q™' =T"A Q'=T1"Q" + T" Q"
So sénh véi phuong trinh caa JKFF ta suy ralogic chuyén doi:
{J” =T"
K'=T"
- JKFF® DFF;
DFF c6 phuong trinh logic: Q™! = D"
Viét lai biéu thic ndy taco: Q™'=D"=D"(Q"+Q") =D"Q™+D"Q"
So sénh véi biéu thie caa JKFF ta cd logic chuyén doi:

J =D"
{K”:B”
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- JKFF® RSFF.
Déi véi RSFF c6 phuong trinh logic da tim duoc ¢ cong thirc (b):
Qn+1:Sn+§nQn:Sn_n+§nQn (b)

So sénh véi phuong trinh logic caa JK FF ta c6 logic chuyén doi:

J =g
K'=R"

b. Phurong phép diing bdng d4u vao kich va bdng Karnaugh:

Trong phuong phép ndy, cac dau vao dir liéu (data) caa FF ban dau 1a ham ra véi céc bién 1a
trang thai ngd ra Qn va cé&c dau vao data caa FF can chuyén dbi. Bé thuc hién chuyén déi ta dua vao
bang tin hiéu dau vao kich cia cac FF valap bang Karnaugh, thuc hién téi gian dé tim logic chuyén
d6i. Bang tin hiéu dau vao kich téng hop nhu sau:

Q" Q™| & R" J" 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
Xét céc truong hop cu thé:
- chuyénddi tt KFF® TFF  : J= (0" vaK =f (T,Q"
- chuyén ddi tt IKFF® DFF 4 3= (D,Q)vaK =f (D,Q"
- chuyén di tr IKFF® RSFE® : J=%(SR,Q" vaK =f (SR,Q"
- chuyénddi tr RSFF® TFF 4 R=f(T,Q")vasS=f(T,Q"
- chuyén ddi tr RSFF® DFFL. : /R=f(D,Q")vasS=f(D,Q"
- chuyén doi tir RSFF @OJKRF ¥ R=f(J, K,Q")vasS=f(JK,Q"
- chuyén d6i tt TFF ® DRE . T=f(D,Q"
- chuyén d6i thr TFE®WRSFES : T=f(R,SQ"
- chuyénd6i te TFF®"KFF  : T=f(@JK,Q"
- chuyén di tt DFF® TFF . D=f(T,Q"
- chuyéndéi tr DFF® RSFF  : D=f(R,S,Q"
- chuyén déi tr DFF® JKFF : D=f(JK,Q"
Vidul: Chuyéndéi tir JKFF ® DFF ding phuong phédp bang.
Taco cac ham can tim:
J=f(D,Q" va K=f(D,Q"
Dya vao bang dau vao kich tng hop ta lap bang Karnaugh:
J b K b
Q™0 1 Q™_ 0 1
oo 1 0 X[ X
1 X [ X 111]0
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Tdi gian theo dang chinhtéc 1tacd: J=DvaK =D.
Vidu2:  Chuyénddi tir JKFF ® RSFF dung phuong phép bang.
Ta co cac ham can tim:
J=f(SRQ"
K=f(SRQ"
Dya vao bang dau vao kich tong hop lap bang Karnaugh (xem bang).
Téi gian theo dang chinh tic 1tacd: J=SvaK =R.

J SR K SR
Q" 0O 01 11 10 Q" 0O 01 11 10
ol 0| 0| X 1 o X | X | X | X
1| X | X | X | X 1/ 0 1 | X | O
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 dugc goi lahé té hop
don gian. Nhu vay, hé t6 hop 1a hé c6 c&c ngd ra la cac ham logic theo ngd vao, diéu nay nghia la
khi mot trong c&c ngd vao thay ddi trang théi Iap tic 1am cho ngd ra thay d6i trang thai ngay ( néu
b6 quathoi gian tré cia cc phan tir logic) makhéng chiu anh huéng cuatrang tha ngd ra trude do.

Xét mot hé t6 hop ¢ n ngd vao va cé m ngd ra (hinh 4.1), ta co:

y1 = f(Xq, X2, .ry Xn)

y2 = f(X1, X2, ..., Xn) X - Y1
X2 He¢ to Vo
Y = 00, Xz, - Xn) . U
- Yo
Hinh 4.1

Nhu vay, s thay doi ciangd ray; (j 271 , ) thegfcac bién vao xi (i =1, n) latuy thuoc vao
bang trang thai mo ta hoat dong cua héftothop.
Pic diém co ban cua hé to hopffatin hidlyra tai moi thoi diém chi phy thudc vao gia tri céc tin
hiéu vao ¢ thoi diém d6 ma khafig phufthusc vao giatri céc tin hiéu ngd ra o thoi diém trude do.
Trinh tw dé thiét ké hé té hopitheo G4C bwéc sau:
1. Tur yéu ciu thu€ téda Iap bahg trang tha mo ta hoat dong caa mach (hé té hop).
2. Dung céc phirorg phép toitthiéu dé t6i thiéu hoa cac ham logic.
3. Thanhlap so'@d'legie (Diravao phuong trinh logic datéi gian).
4. Thanh 1ap so do%é.tasHop.
Céc mach té hop thdng dung:
- Mach ma hoé- giai ma
- Mach chon kénh - phan duong
- Mach so sanh

- Machsd hoc...v....v....

4.2. MACH MA HOA & MACH GIAI MA

4.2.1. Khai niém:

Mach ma hoa (ENCODER) la mach c6 nhiém vu bién d6i nhitng ky hiéu quen thudc véi con
nguoi sang nhitng ky hiéu khéng quen thuéc con nguoi. Nguoc lai, mach giai mad (DECODER) la
mach 1am nhiém vu bién d6i nhirng ky hiéu khéng quen thusc véi con nguoi sang nhirng ky hiéu
guen thudc vai con nguoi.
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4.2.2. Mach ma hoa (Encoder)

1. Mach m& hoé nhij phan

Xét mach ma hoa nhi phan tir 8 sang 3 (8 ngd vao va 3 ngd ra). So d6 khdi cia mach dugc cho
trén hinh 4.2,

Xo
C
X2 I
__________ 8® 3 B
A
X7

Hinh 4.2 So d6 khoi mach mé héa nhj phan tir 8 sang 3

Trong do:
- Xo, X1,..., X7 la8 duwong tin hiéu vao
-A,B,Cla3ngdra
Mach mé héa nhi phan thuc hién bién dbi tin hiéu ngd vae,thanh mot tir ma nhi phan twong tng
& ngd ra, cu thé nhu sau:
0® 000 3® 011 6 ® 100
1® 001 4® 100 7® 14
2® 010 5® 101
Chon muc téc dong (tich cuc) ¢ ngdivao la micdogic 1, ta ¢ bang trang thai md ta hoat dong
cuamach :

X
o
X
=
X
OS]
<
w
X
S
x
a
X
(o]
Pe
)

R PR R OOOO0O
P PP OORFRPFR OO
R OF,r OFr OFr OP

OO OFr OO0 oo
OO PFr OO0 O o Oo
ORFr OO OO o o
R O O O OO o o

O O OO OO o
O O O O @O0
O O O O O OO0
O OO OoOkr OO0

Giai thich bang trang théai: Khi mot ngd vao ¢ trang thai tich cuc (mac logic 1) va céc ngd vao
con lai khdng dugc tich cuc (mic logic 0) thi ngd raxuét hién tir mé twong @ng. Cu thé & khi ngd
vao x0=1 va c&c ngd vao con lai bang O thi tir ma & ngd ra la 000, khi ngd vao x1=1 va c&c ngd vao
con lai biang O thi tir ma nhi phan & ngd rala 001, ..v..v..

Phuong trinh logic tdi gian:

A =X1+ X3+ X5+ X7
B =X+ X3+ X+ X7
C=X4+ X5 +Xg +X7
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So db logic thyc hién mach mé hoa nhi phan tir 8 sang 3 (hinh 4.3):
Biéu dién bang cng logic dung Diode (hinh 4.4):

x1 x2 x3 x4 x5 x6_ X7
O 0 0 0 0 O O

(@]

>

i

Hinh 4.3 Mach ma hda nh;i phan tir 8 sang 3

X1
X2
X3
X4
X5
Xs
X7

iR )%

Iy
[
LK/
I_[>i

rbdrdd

ot

Hinh.4:4,Mach ma hda nh;i phan tir 8 sang 3 sir dung diode

w

Néu chon muc téc dongitich cue ¢ ngd vao |a muc logic 0, bang trang thai mé ta hoat dong cua
mach |Uc nay nhu sau:

X
o
X
i
X
)
X
w
X
IS
X
4]
X
)
X
4

P RPRPRPRRPRRLRPRLRO
P PP RPRRPRROLR
P PP R RPRORR
P P PP OPR PR
P P POPRPPRPRPR
P RPORRPPRPR
P ORRPRRELRPRPPRPPR
OR R R RLRPRPRP
P P PP OOOOO0ND
P RPOOFRFrREFR OO
P OFRr ORFR OLR O >

Phuong trinh logic téi gian
A=X1+ X3+ Xg+ X7= X XXX,
B=Xs+ X3+ Xg+ X7= X, XX X5

C=X4+ X5+ Xg+ X7= X, XXX
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So @& mach thuc hién cho trén hinh 4.5

x1 x2 x3 x4 x5 x6_ X7
O 0O 0O O O O O

TTT

Hinh 4.5 Mach mé hoa nh; phan 8 sang 3 ngd vao tich cuc mic 0

2. Mach ma hoa thap phéan

Xo R
X1 C
__________ 10® 4
__________ B
A
X9

Hinh 4.6 So do khoi afluch mé héadir 10 sang 4

Bang trang thdi md ta hoat dong caa'mach :

X
o
X
i
X
)
X
w
X
IS
X
]
X
»
X
4
X
o)
X
©

P P OOOOOOOOoO O
OO R RPRRFRPPFPROOOOOND
OO R RFRPOORFR PR OO
P OFRr OFR, OFR O OlX

OO0 oO0OoOoOkr OO0 o 9o
OO OFr OO0 OO o o
O OFr OO OO O oo
O OO OO OO OoOo
R O O OO0 OO OoOOo

O O O O OO OO o
O O O OO0 O ok o
O O O O O 9gr0omr»m O O
O O OO0 o0 Frr OO O
O O O O O I/HYpo O © O

Phuong trinh logic d&tdi gian:
A =X+ X3+ X5+ X7+ Xg
B=X2+X3+Xs+ X7
C=Xs+Xs +X6 +X7
D = Xg + Xo

Biéu dién bang so db logic (hinh 4.7)
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x1 x2 x3 x4 x5 x6 x7_ x8 x9
0O 0 0 O 0 O 0 O O

y \\\2 {%
W)

N M
>

Hinh 4.7 So @6 mach mé hda thdp phan tir 10® 4

Biéu di&n so dd ndy bing cong logic st dung Diode duae. cho tréihinh 4.8

X1

X2

X3

X4

X5

X7

T | R
T T

(o
X6 I_D'—
il
I

Xs

o o
.

>D >C "B L[ A
LI .
Hinh 4.8

3. Mach ma ho4 wu tién

Trong hai mach ma hoa da xét ¢ trén, tin hiéu dau vao ton tai doc Iap tac 1a khéng cé tinh hudng
c6 2 tin hiéu tré 1én dong thoi tac dong ¢ mirc logic 1 (néu ta chon mirc tich curc & ngd vao lamuc
logic 1), thuc té day la tinh hudng hoan toan c6 thé xay ra, do d6 can phai dit ravan dé wu tién.

Van @& uu tién: Khi ¢ nhiéu tin hiéu vao ddng thoi tac dong, tin hiéu ndo cd6 mirc wu tién cao
hon & thoi diém dang xét s3 duoc uu tién tac dong, tac 1a néu ngd vao cé do uu tién cao hon bang 1
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trong khi nhitng ngd vao c6 d6 uu tién thip hon néu bing 1 thi mach s3 tao ratir ma nhi phan tng
v6i Ngd vao cd do uu tién cao nhat.
Xé mach madhoduutién 4 ® 2 (4 ngb vao, 2 ngd ra) (hinh 4.9).

Hinh 4.9

Bdang trang thai
Xo
— B
X1 Xo X1 X2 X3 [ B A
X2 4® 2 A 1 0 0 0 |0 O
X3 | x 1 0 0 0 1
Xx x 1 0 1 0
X X x 1 1 1

Tir bang trang théi c6 thé viét dugc phuong trinh logic cac ngd ra A vaB:
A =x;. X5 Xg+Xg=Xq Xy + X3

B = X9 Xg+Xg =Xy +Xg

x1 X2 x3
Q [e) ()

YV

) >

Hinh'4.10 So do logic mach ma héa wu titn 4 ® 2
So db logic: hinh 4.10.
Mot sd vi mach méa hda wu tién thong dung: 74LS147, 74LS148.

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

Xé mach giai manhi phén 2 ® 4 (2 ngd vao, 4 ngd ra) nhu trén hinh 4.11
Chon muc tich cuc ¢ ngd rala mic logic 1.
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Baing traling thaii mé tai hoalt
aaiing cuia maiich

Yo

B | B AlYo y1 Y2 Vs
[ 0 0|1 0 0 O
A 204l 0y 0 1/0 1 0 o0
Y3 1 0[O0 O 1 0
1 1(0 O 0 1
Hinh 4.11 Mach giai ma 2 sang 4
Phuong trinh logic ti gian va so dd mach thuc hién
Yo=BA vy, =BA
y,=BA y,=AB
Biéu din bang cdng logic dung Diode.
Yo

+E.

] e "
P

Y2

i
B B A

Hinh'4.13.Mach giai ma 2® 4 dung diode

Pl
—;<]—l Y3

Trudng hop chon nitrcdfehicu€ 6, ngd ra la muac logic 0 (mirc logic thap) ta co so dd khdi mach
giai madugc cho trén hinh 4.14:

Yo Bdang trang thai
° . Vi B AlYo Y1 VY2 Y3
® 4 Vo 0 0|0 1 1 1
A o 0O 1|11 O 1 1
Y3 1 0|1 1 0 1
Hinh 4.14. Msc tich cuc ngd ra la muc thap 1111 1 O

Phuong trinh logic:
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So dd mach thuc hién:

y1

y3

LI 1Y

Hinh 4.15. Mach gidi ma 2 ® 4 véingd ramic tich cuc thap

2. Mach giai ma thap phan

a. Gigi ma den NIXIE

beéen NIXIE laloai dén dién tir loal Kated lanh'(Katod khéng dugc nung néng boi tim dén), co
cau tao gdbm mot Anod va 10 Kated mang hinfycac sb tir 0 dén 9.

So d6 khai trién caa dén dude,chaftrén hinh 4.16:

Anod

[0123456789 }
I I
R

Hinh 4.16. So @6 khai trién cia den NIXIE

So d6 khdi cua mach giai maden NIXIE

— 4® 10

> m 0 U
<

Hinh 4.17. So d6 khoi mach gidi ma dén NIXIE

Chon muc tich cuc ¢ ngd rala mirc logic 1, lUc @6 bang trang thai hoat dong ciia mach nhu sau:
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Yi Y2 Y3 Ya Y5 Ye Y7 Ys Yo

Yo

Phuong trinh logic:

[aIal
i1
> >
g
Q0 Q
[aqua)
m
= >
<

55
0 Q
a0
i
o <
>

So @6 thyc hién mach giai maden NIXIE &

4.18 va4.19:

)

Yo

Py

>_0y3

pa

>_0y5

o

>_oy7

P

>_0yg

Hinh 4.18. So' d6 thuc hién bang cong logic
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Vee

HEEEEEEEN
D < <
D i< ok mik ok oK ok K K
C < < < <
C_ K iKH K KA < <A
B < < < <
B K Kh < < < <A
A < <t < < <
it B e S e O W SO K=

Yo Y2 Y3 Y4 Ys Ye Y7m Ys Mo

Hinh 4.19. So d6 thuc hién diing diode

b. Giai ma dén LED 7 doan

Pén LED 7 doan ¢6 ciu tao gdom 7 doan, mdi doamila 1 dénLED. Tuy theo céch ndi cac Kathode
(Catdt) hoic cac Anode (Andt) ciacéac LED trbng dén, mauiguoi ta phan thanh hai loai:

LED 7 doan loai Anode chung:

A
2 .
f| |b
I VA v
L { C d e f g

Hink*4.20. LED 7 doan loai Anode chung

LED 7 doan loai Kathode chung :

a b c de f g

VVVVVVY

Hinh 4.21. LED 7 doan logi Kathode chung
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Ung véi mdi loai LED khéc nhau ta c6 mot mach giai ma riéng. So db khdi caa mach giai ma
LED 7 doan nhu sau:

L a
A |
Mach b
B — | gaima [ °©
LED d
¢ 7 doan ]?
R (4® 7)
D ——

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

Giai ma LED 7 doan loai Anode chung:

Déi voi LED bay doan loai anode chung, vi c&c anode cia c&c ddaniled dugc ndi chung véi nhau
va dua lén muc logic 1 (5V), nén mubn doan led ndo tit ta ndikathode tixong wng Ién mic logic 1
(5V) vanguoc lai muén doan led ndo sang tandi kathode tuong ungxudng mass (muc logic 0).

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

Ldc d6 bang trang thai mo ta hoat dong cuia machygiai malLED bay doan loai Anode chung nhu
sau:

D B C A|a“bW%ec 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 co thé viét ¢ dang
chinh tic 1 (tong cua céc tich s6) hoic dang chinh tic 2 (tich cia céac tong 5):



Chwong 4. Hé té hop Trang 83
Phuong trinh logic ciangd raa
, a
Dang chinh tdc 2: 5 DC
a= BD.(C+A)(C+A) = BCDA + BDCA A 0 0 1.0
, 17 1! 0-.
Dang chinh tac 1: 82 1 OX‘ 5 !
a= CBA +DCBA 11 OOxT
Lieu y: Trén bang Karnaugh ching ta 74 thuc hién toi thiéu hda theo 10 o O - x
dang chinh tdc 2. RN S s
Phuong trinh logic caangd ra b b b
Dang chinh tic 2: B 0 ol 11 10
b= .C(A+B)(A+B) = C(AB +AB) O T 0 T 0
= C(AAB) o[ 0| 1| x |0
Darg hirh o 11 760K
b= CBA+CBA = C(AAB) 100 0/ 1| x [x
Phuong trinh logic ciangd rac: ¢ DC
Dang chinh tdc 2: BA\ 00 01 11 10
c= BAC 000 [0 x O
Dang chinh tic 1: 01 :;___O: ____ E____O__________)_(____E'_____O_ ‘4.:
c= DCBA 1100 [ 0 [ x i x!
10/ 1 | O x’,: X
Phuong trinh logic cia ngd radd:
Dang chinh tic 2: Igﬁic 0 ol 11 10
d =D(A +B+C)(BFC+D)(A+B)(A +C) 0l /T 1 /X TGS
= ABCD +ABGD ®ABCD ol 1 ol ol
Dang chinh tic 1: 1o 1 s x|
d = CBA +DCBA +CBA 105 ﬁx/*’

Phuong trinh logic cua ngd ra e
Dang chinh tac 2:

e= .(B+A)(C+A)
Dang chinh tic 1

e= CB+A

e DC

BAN_ 00 01 11 10
00[.0°| 1] x [0
o1 1|1 |x |1
111 | 1| x | X

00T 0 x %7

F e P—
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Phuong trinh logic cia ngod ra f:
Dang chinh tic 2:

S f
= ABD +ACD +BCD 00 0 [0 [ 0
Dang chinh tdc 1; ool 110 ix o
f= BA+DCA+DCB 111 1]x x
10 170 [ixi] x

Phuong trinh logic cua ngd ra g:
Dang chinh tdc 2: SAD\C 00 01 11 10
g=D(A+B)(C+B)(B+C) 00 1 [0 x ] 0}
= BCD + DCBA o1 1 [0 [ xi] 0.
Dang chinh tic 1: 1Mo 1 Fx [ixh
g= DCBA +DCB 10 OG*X*X

Xé mach giai ma den led 7 doan loai Kathode chung:

Chon muc tich cuc & ngd ra la muc logic 1. Vi Kathede €ua caf doan led dugc ndi chung va
duoc ndi xudng muc logic 0 (0V-mass) nén mudn déan led hao tat ta dua Anode tuong ttng xudng
muc logic 0 (OV-mass).

Vi du: Bé hién thi s 0tandi Anode ciadoan letl g xiéng mic logic 0 dé doan g tit, ddng thoi
céc kathode cuadoan a, b, ¢, d, e, f duoc abi |8afigudndién cac doan ndy s sang do dé tathdy s O.

LUc d6 bang trang thai mo ta hoat déngycua machnhu sau:

P P RPPRPRPRPRRPRPPRPOOOOOOOODUD
P P PFPPOOOCORPFrR PR EFLPRO OO
P P OORROOREFROQRPFR OO
P OPFRPORORFRPRORFRPRORLOR OFROR

XXX XXXRPrrPPPOPRPROLHRDD
X XXX XXRPPrPPOOFRPRFRPRPRPRPRDT
XX XXX XIPrPRPPRPFPPPPOPFRRDO
XXX XXXPrPrPOPFRPPRPROPRPFROLRCOQ
XXX XX Xor OoOr oo oOor O rlo
XX XXX XPrPrPORFRPRPRERPRPREROOOLER—
X X XXX X/PPrPOPPFRPFPPPO O

Tuong tu nhu trudng hop trén, ta ciing ding bang Karnaugh dé tdi thiéu héa ham mach vadi tim
phuong trinh logic tdi gian cac ngd racua céc doan led: (Luu y trong nhirng bang d6 Karnaugh sau
ta thiec hién toi thiéu hda theo dang chinh tdc 1)
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Phuong trinh logic cia ngd ra a:

, a
Dang chinh tac 1: BAD\C 00 01 11 10
a=D+B+AC+AC T 0 T x i
Dang chinh tdc 2: Ol-O 14
a=(A+B+C+D)(A+B+C) 1 llxx
=AD+B+AC+AC 10 I 1 _)_(____x/
Phuwong trinh logic cua ngd ra b: o
Dang chinh tic 1 DC
' _ - B 00 01 11 10
b=C+BA+BA=C+AAB A\,l e
Dang chinh tic 2: o1 10xl
b=(C+B+A )( C+B+A) 1 l,_i;____l__ xx
=C+AB+AB=C+AAB 10 LOXL
Phuong trinh logic cua ngd ra c: Y
Dang chinh tic 1 BAD\C 0 ol 11 10
CZE +A+C ,--_-:_----__X_T---_
Dang chinh tac 2: Ol leﬂI
c=C+B+A a [T T
101 0 [*1 | x| x
Phuong trinh logic cua ngd rad: q
Dang chinh tic 1 BAD\C 0 oL 11. 10
d=D+BA +C A +BG+ABE 0ol 7T 0 x Fi
Dang chinh tdc 2: Ol_/O 1x l
d=(A+B+C)(A+B+O)@ +B+C+D) 11T Ox o
-G+ A8 AL D) b
=(C+AAB)(A+B+C+D) L -
Phurong trinh logic cua ngd ra e o
Dang chinh tic 1 BAD\C 0. 01 11. 10
e=AB+CA ol Z T 0 T x "L
Dang chinh tic 2: Ol_-—O o x O‘
e=A (C+B)=AC+AB 1o To %~
10 4] 1] x [-X]
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Phuong trinh logic cuza ngo ra f:
Dang chinh tic 1 f
f=D+CB +B A +CA B 00 ,01 11 10
Dang chinh tic 2: 82 éixl
I — — 1| X I
f=(B+A)(D+C+A)(C+B) 110 Ox x
=D+BC+AC+AB 1005 ,1___’,_)2_\ xi
Phuong trinh logic cua ngd ra g: Jd DC
Dang chinh tic 1 Bﬁ\ 0 01 11 10
g=D+CB+BA+BC 00 0 [T [ixy 1
Dang chinh tic 2: ool 0 1 xi 1.
g=(C+B+A)(B+C+D) Ul T 0 [ix | K]
100171 X

4.3. MACH CHON KENH - PHAN PUONG

4.3.1. Pai cwong

Mach chon kénh con goi 1a mach hop kénh (ghép,kénh) 1a mach c6 chic niang chon lan lugt 1
trong N kénh vao dé dua dén ngd ra duy nhatg(ngd ra duy mhat d6 goi 1a duong truyén chung). Do
d6, mach chon kénh con goi 1a mach chuyéhiir Jiéu song song ¢ ngd vao thanh dir liéu ndi tiép o
ngd ra, dugc goi laMultiplex (viét tat 1atMUX).

Mach chon kénh thuc hién chieniang ¢ @au phat con mach phan duong thuc hién chac ning &
dau thu. Mach phan duong congoi lagmach tach kénh (phan kénh, giai da hop), mach ndy c6 nhiém
vu tach N ngudn dit liéu khéc nhad'o cing mot dau vao dé ré ra N ngd ra khéc nhau. Do d6, mach
phan dudng con goi la piich chuyemdi liéu ndi tiép ¢ ngd vao thanh dir liéu song song ¢ ngd ra,
duoc goi la Demultiplex (fiéttat la DEMUX).

4.3.2. M ach chon kénh

X1

X2
X3 4® 1

X4

C1 ‘ Co
Hinh 4.23a. Mach chon kénh

X1

Xét mach chon kénh don gian ¢6 4 ngd vao va 1 ngd ra nhu
hinh 4.23a.
Trong dé:
+ X1, X2, X3, X4 . Cac kénh dir liéu vao.
+Ngdray :Puong truyén chung.
+cl, c2 : Céc ngd vao diéu khién
Vay mach ndy giéng nhu 1 chuyén mach (hinh 4.23b):

—_—e

Xz—. y
e
e

X3
X4

Hinh 4.23b
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Dé thay d6i 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 didu khién ¢y, co. Néu cd N kénh vao thi ¢an co n ngd
vao diéu khién thoa man quan hé: N=2". N6i cach khac: S6 t6 hop ngd véo diéu khién bang so
lugng cac kénh vao.

Viéc chon dit liéu tir 1 trong 4 ngd vao dé dua dén duong truyén chung |a tly thudc vao té hop
tin hiéu diéu khién tac dong dén hai ngd vao diéu khién cy, co.

+0=006=0®y=xs (X duocnditsingdray).
+ 0 =0,6=1®y=Xs (X2 duoc ndi toi ngd ray).
+ 0 =1,6=0®y=xs (Xsduocnditsingd ray).
+ 0 =1,6=1®y=xXs (X4duocnditoi ngd ray).

Vay tin hiéu diéu khién phai lién tuc dé dit liéu tir cac kénh dugc g ]l |y
lién tuc dua dén ngd ra. Tu dé talap duoc bang trang thai mo ta hoat 0 0 Xl
dong caa mach chon kénh.

0 1 C2

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

o yE C, C, X1+ C, Co.Xa + C1C, X3 + C1.C2.X4 T 1 o

So d6 logic cua mach:

C1 Co

VY

X1 ? X1
|

X3 ? X3 ’7
|/

X4 ? X4
|/

Hinh 4.24. S do logic mach chon kénh tir 4® 1

Bay gid, xét mach chon kénh c6 4 ngd vao va 1 ngd ra, nhung lai ¢6 4 ngd diéu khién. Lic nay,
ta khong dya vao to hop tin hiéu tac dong 1én ngd vao diéu khién, ma chi xét dén muc tich cuc o
ngd vao diéu khién. Tas3 chon mdt trong hai mirc logic 1 hoic muc logic 0 lam mirc tich cuc, néu 1
ngd vao trong sb 4 ngd vao diéu khién ton tai mac logic tich cuc (mic 1 hoic mic 0) thi kénh di
liéu vao c6 cling chi sd véi ngd vao diéu khién do s3 dugc két ndi vai ngd ra. Trén hinh 4.25 biéu
di&n mach chon kénh véi s6 lugng ngd vao diéu khién bang sb lrong kénh vao.
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Néu chon mirc tich cuc cua cac ngd vao diéu khién 1a mac logic 1, ta cd bang trang thai mo ta
hoat dong ciia mach nhu sau:

X1

X2
X3 4® 1

X4
Cl‘ lz L3 ‘ Ca

Hinh 4.25. Mach chon kénh véi s6 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 Xa

Phuong trinh logic:
Y =C1. X1 + Co. X2+ C3. X3 + C4. X4
Y nghia trong thuc té cia mach:
+Cy, G, C3, G4 COthé hiéu lacéc diachi (nguonValdich).
+ X1, X2, X3, X4 ©  Thong tin can truyén dit

4.3.3. Mach phan dwong
Xét mach phan duong don gian cd 1 ngd vao va 4 ngd raky hiéu nhu sau :

|, Y1

.—
X AT x -
Ya yi

.—

Co ‘ il

Hinh 4.26. Mach phan duong don giantir 1 ® 4
Trong do:
+ x lakénhdi liéu vao.
+ y1, y2, y3, y4 c& ngd radit liéu; c1, c2 cé&c ngd vao didu khién.
Taco thé thiy mach ndy thuc hién chirc nang nhu 1 chuyén mach (hinh vé 4.26).
Tuy thudc vao td hop tin hiéu diéu khién tac dung vao mach ma lan luot tin hiéu tir ngd vao x 3
chuy@n dén ngb rayl, y2, y3, y4 mot céch twong ung.
L Uc d6 bang trang thai mo ta hoat dong cuia mach :
C1 C2 Y1

R P OO
R O PFr O
O O o X
o o x ol¥
o x o oS
X o o o|T
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Phuong trinh logic cac ngo ra:
1= Gy X
Y2 = C, C2.X
Y3=C1C, X
~ Ya=CleX
So d6 logic dugc cho trén hinh 4.27:

C1 Co

vy

1

;

2

x
N
<

3

;

4

I

Hinh 4.220'S> dé’l ogic thuc hién mach phan dwong

Néu x = 1 va hodn doi"ngd Vo diglt khién thanh ngd vao dir liéu thi mach phan duong chuyén
thanh mach giai ma nhi pH&N. /i Vay, nha san xuat d& ché tao IC d¢am bao ca hai chirc nang: giai ma
va giai da hop (Decode/Demultitex). Vi du: cac IC 74138, 74139, 74154: giai ma va phéan duong
tuy thuoc vao céch ndi chan.

Trong trwong hep tong quét, mach phan dwong c6 1 ngd vao va 2" ngd ra: dé tach N=2"
ngudn dir liéu khac nhau can ¢ n ngd vao diéu khién, 1ac d6 sb t6 hop ngd vao diéu khién bang sb
lugng ngo ra.

Tuy nhién trong thyc té, ta con gip mach phan dudng cé sb

luong ngd vao diéu khién bang sb ngd ra (hinh 4.28). Lic d6 chi |
xét dén muc tich cuc & ngd vao didu khién, ngudi ta chon mot  * 1® 4 3)//23

trong hai mirc logic 1 hoac mirc logic O lam muc tich cuc. Gia s Va
chon mic logic 1 1a mic tich crc: néu 1 ngd vao trong sb 4 ngd

vao diéu khién ton tai mac logic 1 (mic tich cuc), thi ngd ra dir L
‘ n , S s A ok ~ s A . 2 ;o Cs C3 C 11
liéu twong tng ¢d ciing chi sb véi ngd vao diéu khién d6 s& duoc 48

nbi véi ngd vao dit liéu chung x. Hinh 4.28

Vi du:
Ci=1® x=y; 0=1® x=y»
CG3=1® xX=y; C4=1® X=Vy4
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L Uc d6 bang trang thai hoat dong ciia mach:

Ct. C C Ca|Y1|Y2|Y3|VYa
1 0 0 0 X |0 |0 |O
0O 1 0 0|0 |X|O|O
O 0 1 0|0 |0 |X]|O
O 0 0 1 |0 |0 |0 |X

Phuong trinh logic va so d6 logic duoc cho trén hinh 4.29:
Yi=C X Yo=CX
Y3=0C3X Ya=0Cs X
Giai thich hoat dong ciia mach:
+ Khi ¢;=1, ;= c3= ¢4 = 0 chi 6 cdng AND(1) théng cho dir liéu tir x ndi dén dau ray;.
+ Khi c,=1, ¢1= ¢z = ¢4 = 0 chi c6 cdng AND(2) thdng cho dit liéu tibx ndi dén dau rays.
+ Khi cz=1, ¢, = ¢;= ¢4 = 0 chi c6 cdng AND(3) thdng cho dit ligltir x ndi dén dau rays.
+ Khi c4=1, ¢;= c3 = ¢;= 0 chi c6 cong AND(4) thdng cho digliéu tir %ndi dén dau rays.
Vi mach chon kénh dugc thuc hién ¢ dau phét va mach phan duong duoc thuc hién ¢ dau thu
nén dé dam bao dir liéu duoc chuyén ddng kénh thi mach choin kénh va mach phan duong phai ddng
bd véi nhau.

C1 Co C3 Cs

1 > Y
Y2
D
Y3
D
Y4
Da

Hinh 4.29. Mach phan duong so lirong ngd vao diéu khién bang s6 ngd ra

4.4. MACH SO SANH

4.4.1. Pai cwong
- Mach so sénh diing dé so sanh céc sb nhi phan vé mat do 16n.
Vidu: Sosanhavab: a=0,b=1(a<h.
- Co6 hai mach so sanh:
+ S0 sénh hai s nhi phan 1 bit.
+ S0 sanh hai sd nhi phan nhiéu bit.
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4.4.2. Mach so sanh 1 bit
L& mach thuc hién chirc niang so sanh hai sb nhi phan 1 bit.
Xét hai sb nhi phan 1 bit avab. C6 céc truong hop sau day:
+a=0,b=0pP a=h.
+a=1b=1pb a=h.
+a=0,b=1pP ax<h.
+a=1,b=0P a>h.
Vé phuong dién mach dién, mach so sanh 1 bit c6 2 ngd vao va 3 ngd ra. Cac ngd vao a, b lacac
bit can so sanh; cac ngd ra thé hién két qua so sénh: y1 (a< b), y2 (a=b) vay3 (a> b). So d6 khéi
mach so sanh trén hinh 4.30.

Bang trang théi
a b Y1 Y2 Y3
a (a<b) =y, oAl o T o
2®3 (@a=h)=y,
0 1 I 0 0
g (@>b)=ys;
1 0 0 0 1
Hinh 4.30. Mgach so sanh 1 bit 1 1 0 1 0

Chon muc tich cuc ¢ ngd ra la mirc logie™l. Tadlap duoc bang trang thai md ta hoat dong cia
mach. Tu bang trang thai, ta cd phuong trinh logic:

y1=5.b >
y>= a.b+ab=aAb

_ a 1\
y3=ab b 2 /D Y2 (a=b)

s ys(a>b)

3 yi(@a<b)

:

T
Y

Hinh 4.31. S» d6 mach so sanh 1 bit

o—— I (A<B)=Y,
8®3 | (A=B)=Y,
by L (A>B)=Y;

il

Hinh 4.32. S do khoi mach so sanh nhiéu bit

4.4.3. M ach so sanh nhiéu bit

Mach c6 8 ngd vao va 3 ngd ra, thuc hién so sanh 2 s nhi phan 4 bit A (asaaa) va B
(bsbabibp). C6 hai phuong phép thuc hién mach so sanh nhiéu bit:
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- Thuc hién truc tiép.
- Thyc hién mach so sanh nhiéu bit trén co s& mach so sanh 1 bit.
Chiing ta lan luot xét tirng phuong phép.
1. Phwong phép truc tiép
Taco bang trang thai hoat dong cua mach
INPUT OUTPUT
ag vabs & vabp a; vaby 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:

Y1=(A<B)

=(a<bz)+(a=hs)(a < bf)+ (as =M )(a =, )(ar < by)
+(@=hz)(a=1hy)(a =ty (a<bp)

Y,=(A=B)
= (=) (@=h) (arsh1)(aF o)
Ys;=(A>B)

=(a>) HlaaEM) (e >by) + (as=bs ) (@ = )(ar > by)
+ (&= 13 )(82=b2)(aw = by) (a0 > I ).

So d6 mach thuc hién trén hinh 4.33.
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a3h3 a2 azh2 al-hl a&aldb0 alho
a3P3 a>h3 a&2=h2 aldbl al>bl a0

Hinh 4.33. Thuc hién mach so sanh nhiéu bit theo céch truc tiép
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2. Phwong phép xay dung trén co s6- mach so sanh 1 bit

a L (a<b)=y

23 | (a=b)=vy,

b | (a>b)=ys
G ¢ G

ab a=b a<b

Hinh 4.34. Mgch so sanh 1 bit cdi tién
Dé mach so sanh hai s6 nhi phan 1 bit ¢é thé thuc hién cong viéc xay dung mach so sanh hai sb
nhi phan nhiéu bit ta cai tién lai mach so sanh 1 bit nhu sau: ngoai cac ngd vao va ngd ra giéng nhu
mach so sénh 1 bit ta d& khao sét & trén, con cd cac ngd vao diéu khién a< b, a> b, a= b, véi so d6
mach nhu sau :
Bang trang thad mo ta hoat dong cia mach so sanh nhi phan 1 bif'dayadu nhu sau:

Ngd vao diéu khién | Ngd vao DATA Ngd ra
ab | &b | &b | a b | (3b) |{e=b) | (&>D)

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) = c#* cifab)}
y2 = (a=b) = Cz(aA—b)-
ys = (a>h) = ca % cz(aﬁ ) ’ ‘
Duvavao vi mach so sanh day du nay, ngudi ta thuc hién mach so sdnh hai s6 nhi phan 4 bit bang
céch sir dung c&c vi mach so sanh 1 bit diy du ndy gita as Voi bs, a Véi by, & Vi by, ay voi by voi
céch ndi theo so ¢ nhu trén hinh 4.35.

Luu y doi véi mach trén hinh 4.35: mach c6 3 ngd vao diéu khién (A>B), (A=B), (A<B) nén d¢
mach |am viéc duoc thi bat bugc cho ngd vao diéu khién (A=B) = 1 (tirc 14 xem nhur as, a4 tro vé
truéc bang nhau, néu as > a, thi ngd ra A>B).
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ASB A<B

x A=B

a1

by

(2 (A<B)

bo (A=B)
| _ (A>B)

Hinh 4.35. Mach so sanh nhiéu bit
4.5. MACH SO HOC

4.5.1. Pai cwong

Mach sb hoc la mach c6 chirc ning thuc hién cac phép todn sd hoc +, -, X, / c&c sb nhi phan. Day
la co sd dé xay dung don vi luan 1y vasb hoc (ALU) trong np (micro Processor) hoic CPU (Centre
Processing Unit).

4.5.2. Bo cong (Adder)

1. B ban téng (HA-Half Adder)

B6 ban téng thuc hién cong 2 sb nhi phan mot bit. HA
Quy tic cong nhu sau:
O+ 0= 0 nhé
O+ 1= 1 nhé
1+ 0= 1 nhd
1+ 1= 0 nhd

@ (b (9 (©)

c

Hinh 4.36. Mach céng 1 bit

= O O O
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Trong d6 a, b 14 sb cong, slatong, clasd nho.
Bang trang thd mé ta hoat dong cuia mach va phuong trinh logic:

s=ab+ab=alAb
c=ab
Mach cong nay chi cho phép cong hai s nhi phan 1 bit ma
khong thuc hién cong hai sb nhi phan nhiéu bit.

a
2 )
b /e

= kO OlY
O kL O|T
O Fr Fk OWw
R O O OO0

Hinh 4.37. S» d6 mach céng ban phan

2.B§ tong (Bd cong toan phan - FA: Full Adder)

Vé phuong dién mach c6 so @6 khdi nhu sau:

Trong do:
a Sn an bn Cn-l Sn Cn
0 0 0 0 0
by FA 2 o 1 0| 1 o
o 1 0 0 1 0
Cn1 1 1 0] 0 1
‘ 0 0 1 1 0
Hinh 4.38¢4B¢.66na toandhan 0 1 1 0 1
+ Ch1: SO nhé eualan'eong trudc do. 1 0 1 0 1
+C, So nhor.Cuale-m congdhién tai. 1 1 1 1 1
+ S, : Tong hiéntai,

Tir bang trang thai md ta hoat dong cia mach ta viét duoc phuong trinh logic:
S“I = f (a’h bn, Cn—l )
Ch="1(an, by, Ch1)
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Sﬂ aqbn Cn anbn

ey~ 00 01 11 10 cy~_ 00 01 11 10
Olo|1]0]1 Ololo]1]o0
1l1{0|l1]o0 Lol 1] 1|1

S =abC ,+abC..+  C.=aC.+bC, +ab,

n*n>~n-1 n*~h“~n-1
a'nb_nm-*-a'nbncn—l Cn = anbn +Cn_l(an +bn)
S,=a,Ab AC,_,

Lap bang Karnaugh vatéi thiéu hoa, ta co:
C6 thé thuc hién truc tiép (so d6 4.39) hoic sir dung HA dé thuc hién FA (so d6 4.40):

& by Cr1

Cn-l

=) > ;
3

2

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

4.5.3. B trir (Subtractor)

1. Bo béan trir (Bd trir ban phan - HS: Half subtractor)

B6 ban trir thuc hién trir 2 b nhi phan 1 bit.
Quy tic trir nhu sau:

O0- 0= 0 muwon O
O- 1= 1 muon 1 | D
1- 0= 1 muon O b | HS B
1- 1= 0 muon O

@ (b (D) (B) Hinh 4.41 Mach trir ban phan
Trong d6 alash bi trir, b1a s trir, D 1a hiéu, B 1asd muon.
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Bang trang thdi md ta hoat dong :

a b D B a 1\ ,D
0 o0 0 0 b Z/D
0 1 1 1
10 1 0 V S >3 B
1 1 0 0 —
Phuong trinh logic : Hinh 4.42. So' d6 logic
D= ab+ ab=aAb
B= ab

Mach trir ndy chi cho phép trir hai sb nhi phan 1 bit ma khdng thuc hién viéc trir hai s nhi phan
nhiéu bit.

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

Mach c6 so @6 khéi va bang trang thad mé ta hoat dong nhu saLr:
Trong d6: Bn-1: Sb6 muon caalan trir truge do.

Bn : SO muon caalantri hién tai.
Dn : Hiéusb hiéntai.
an bn Bn-l Dn Bn 3 Dn
0 0 0 0 0
o 1 0| 1471 by FS
1 0o o | & o Bn
1 1 0 0 0 Bn1
______ e N g
0 1 1 0 1 Hinh 4.43. Mach trir toan phan
1 0 1 0 0
1 1 1 1 1

Lap bang Karnaugh vatéi thiéu hoa, ta co:

Dn anbn
B 00 01 11 10 Bn _ab,
n-1

Olo|1]|0]|1 Bn-1

00 01 11 10

1110110

Dn :a_nb_an_]_+a_nbn Bn-1+ . .
b B, B =aB ,+bB .+ab
a'nbn Bn'l+anann—1 n n—n-1 hPn-1 M

D,=a,Ab AB_, B, =ab, +B,,(a, +b,)
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C06 2 céach thuc hién b trir toan phan theo biéu thuc logic da tim duoc: hoic thuc hién truc tiép
(hinh 4.44) hoic sir dung HS dé thire hién FS (hinh 4.45).

&n bn Bn-l

Y .

1\ Bn
3

2

/.

! Hinh 4.45. Thyc hien FStrénco so HS .
Tur bd cong toan phan; ta xay deng mach cong hai so nhi phan nhiéu bit bang 2 phuong phép:
Néi tiép va Song Song.
Phwong phép néi tiép:

Thanh ghi A Thanh ghi S
8| & & & B |2 (S &
Ck
L[ [ ] FA L[ ]
Thanh ghi B
bs | bz I bo Ca Cs
I SO R— Pr
| [ [ ] J) l
DFF
Tclr

|
Hinh 4.46. Mach céng 2 s6 nhi phan nhiéu bit theo theo kiéu nai tiép
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Thanhghi A chiasd A : &, &, &, &

Thanh ghi B chirasd B : bs, by, by, by

Thanh ghi S chirasd S: S5, S, S1, S0

Nhugc diém cia phuong phédp nay lathoi gian thuc hién 14w,
Phwong phap song song:

Pé khic phuc nhuoc diém d6, ngudi ta ding phuong phép cong song song (hinh 4.47).

Do tin hiéu diéu khién Ck (diéu khién cong) dong thoi nén thoi gian thyc hién phép cong nhanh
hon phuong phép ndi tiép, song do sd nhé van phai chuyén ndi tiép nén anh hudng téc do xur Iy.

b & b & bh & b

FA3 FA, FA, FAq

o & L Y L s

Hinh 4.47. Mach céng song sond, so nhg: chitiVén nai tiép

Mach cdéng nhé nhanh - Mach cdng véi sb nhié nhin thaydr wéc:
Nguoi ta cai tién mach trén thanh mach ‘€éngg8ong song véi sd nhé nhin thay trude con goi la
mach cong nhé nhanh (Fast Carry, Carpyf'l ook Ahead). Bing cach dua vao sy phan tich mach cong
toan phan nhu sau:
Taco:
Sn:(anA bn)A Cn—l
Ch = an bn+(anA bn)Cn-l
Ta&alt:
Ph= & A bn
Gnh=an. by
Suy ra
Sn = I:)nA Cn-l
Ch=G,+P,.C1
Khi n=0 (LSB):
So=PoA Cy
Co=Go+ P, .C,
Khi n=1:
Si=PiACo= PLA(Gy+P.Cy)
Ci=G +P .Co=G+ P, (Go + Py Cl)
Khi n=2:
SS=PA Ci=PA[G1+ P, .(Go+ Po.Cy)]
C=G,+P,.Ci=G, + P, [Gl + Pl.(Go +P,.Ca )]
Khi n=3:
S3=P:A Co=P; A {G, + P, [Gy + Pr(Go + Py .C1)]}
C3=G3+P;.Co=G; + P3 { G + Pz.[Gl + Pl.(Go + Py Cl) ] }
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Pay chinh la co s tinh todn dé tao ra sb nhé C1, C2, C3 va S3 tiy thudc vao an, bn. So d6 khdi
mach cong song song 4 bit nhd nhanh dugce cho trén hinh 4.48

Bs B, B: Bp As A Al Ao

by bbb

Tao cac Pyva G

G3(G2|G1|Go
Ps |P2 [P1 | Po
A y A 4 A A 4 A 4 A 4 y C_l
Tao cac tin higu nhe C; |.
C, |Cy1 |Co
y vy
Tao két qud tong S <

SIS

Hinh 4.48. S doffaach conig,song song 4 bit nhé nhanh

Trén thyc té nguoi tada ché tab ra cac vi mach cong nhé nhanh, vi du: |C 7483.

LN
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Chwong 5
HE TUAN TY

5.1. KHAI NIEM CHUNG

Mach sb duoc chiathanh hai loai chinh : Hé t6 hop vahé tuan tu.

Déi vai hé té hop: tin hiéu ngd ra & trang théi ké tiép chi phu thudc vao trang théi hién tai coa
ng® vao, ma bat chap trang théi hién tai caangd ra. Nhu vay, khi cac ngd vao thay di trang théi (bo
quathoi gian tré cuatin hiéu di qua phan tir logic) thi lap tirc ngd rathay doi trang théi.

Déi vai hé tuan tu: Céc ngd ra o trang théi ké tiép vira phu thudc vao trang théi hién tai caa ngd
va0, dong thoi con phu thudc trang théi hién tai caiangd ra.

Do d6, vain dé thiét ké hé tuan tu s3 khéc so véi hé to hop va cofso thiét ké hé tuan ty |aduatrén
céc Flip - Flop (trong khi viéc thiét ké hé té hop duatrén cac congylogic).

Mia(c khéc, déi véi hé tuan ty, khi cac ngd vao thay déiftrang thailthi cac ngd ra khong thay doi
trang théi ngay ma chd dén cho dén khi c6 mot xung didemkhicRy(goida xung ddng hd Ck) thi lic d6
céc ngd raméi thay doi trang théi theo céc ngd vaodNhu vay hé tuan tu con co tinh ddng bo vatinh
nhé (co kha nang luu trix théng tin, luu trit dit Liél), nayhé tudn tu 1 co so dé thiét ké cac bo nhé.

5.2. BO BPEM

5.2.1. Pai cwong
Bo dém duoc xay dung tréndco sageéc Flip - Flop (FF) ghép véi nhau sao cho hoat dong theo
mot bang trang thai (qui luat) chotfudc.
S6 lrong FF sir dungd@ so, hahg cliabo dém.
B6 dém con duoc sir dungidé tae ra mot ddy dia chi caa lénh diéu kién, dém sb chu trinh thuc
hién phép tinh, hoic caithédung trang van dé thu va phéat méa.
C06 thé phan loai bo dém theasfhidu céch:
- Phan loai theo co' si cAc hé dém: Bo dém thap phan, bo ¢ém nhi phan.
Trong d6 bo d&ém nhi phan dugc chialam hai loai:
+ Bo démvoi dung lugng dém 2n.
+ Bo démvéi dung lugng dém khéc 2n (¢ém modulo M).
- Phan loai theo hwéng dém gdm: Mach dém l1én (dém tién), mach dém xubng (d¢ém I0i),
mach dém vong.
- Phan loai mach @ém theo tin hiéu chuyén: bd dém néi tiép, bé dém song song, bo dém
hon hop.
- Phan loai dwa vao chitc nang diéu khién:
+ Bo dém ddng bo: Su thay d6i ngd ra phu thudc vao tin hiéu diéu kién Ck.
+ Bo dém khong dong bo.
Mic du ¢ rat nhiéu céch phan loai nhung chi c6 ba loai chinh: B§ dém néi tiép (khoéng dong
bo), Bd dém song song (dong bo), Bd dém hdn hep.
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5.2.2. Bo dém naoi tiép
1. Khai niém

Bo dém ndi tiép labo dém trong d6 cac TFF hoic JKFF giir chirc nang caa TFF duoc ghép ndi
tiép véi nhau va hoat dong theo mot loai mé duy nhit 1a BCD 8421. Béi véi loai bo dém nay, cac
ngd rathay ddi trang théi khéng dong thoi vai tin hiéu didu khién Ck (tire khong chiu sy diéu khién
cuatin hiéu diéu khién Ck) do ¢6 mach dém ndi tiép con goi la mach dém khong dong bo.

2. Phan loai

- Pémleén.
Pém xubng.
Pém |én /xudng.
- Pém Modulo M.

a. Pémlén
DPay labo ¢ém co ndi dung tang dan. Nguyén tic ghép ndi caé’TFRyhoic JKFF thuc hién chic
ning TFF) dé tao thanh bo d¢ém ndi tiép con phu thugc vao tin higu dongibd Ck. C6 2 trudng hop
khac nhau:
- Tin hiéu Ck téc dong theo swon xubng: TFF hedac JKEF dugc ghép ndi véi nhau theo qui

luat sau:
Cki+1 = Qi
- Tén hiéu Ck tac dong theo suon |énsTFF hoic IKFF dugc ghép ndi véi nhau theo qui lust
sau:
Cki+1 = Qi

Trong d6 T ludn ludn giit ¢ mrc logic 1 (Ty= 1) vangd ra caa TFF dirng trudc ndi véi ngd vao
Ck cua TFF dtrng sau.
Dé minh hoa chiing taxétwi,du Vié mét mach dém ndi tiép, dém 4, dém 1én, dung TFF.
S6 luong TFF can diingsd= 22® dung 2 TFF.

Truong hop Ck téc déngtheo siron xuéng (hinh 5.1a):

Ck ;_/ Q. Q%

1[5 E

Cky Ck»

o 7 !

Hinh 5.1a
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Truong hop Ck tac dong theo siron [én (hinh 5.1b):

Ck f]‘
Q1 O
1[5 1[5
Ck, Ck»
CK Q
Clr T T
H 5.1b

Trong céc so d6 mach ndy Clr (Clear) 1a ngd vao xda caa TRE. Ngd Viao Clr tac dong mirc thip,
khi Clr = 0 thi ngd raQ cua FF bi x6a vé 0 (Q=0).
Gian d6 thoi gian cia mach & hinh 5.1a

1 2 3 4 5 7 8
Ck v
Q. 0 T 0 T 0 T 0 —1_\1/
0 0 0 0 T 1
Q 1 I |

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

Bang trang théi hoat dohgeetia mach hinh 5.1a;

Xung vao Trang thé hién tai Trang thé ke 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 d thoi gian mach hinh 5.1b ;

1 2 3 4 5 7 8
ck I
Q 1 0 1 0 1 0 T 0
o | ° f T ] o 0 0 fF I
Q, 1 1
Q, 0 : 1 0 0 1 1 0

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

Bang trang théi hoat dong cia mach hinh 5.1b :

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

DPay labo dém cd noi dung @&m.giam dan. Nguyeén tic ghép cac FF ciing phu thuc vao tin hiéu
diéu khién Ck:
- Tin hiéu Ck t& dong suén xudng: TFF hoic JKFF duoc nghép ndi véi nhau theo qui luat

sau:
Cki+1 = a,
- Tin hiéu Ck téc dong suon xudng: TFF hoic JKFF duoc nghép ndi véi nhau theo qui lut
sau:
Ckisa = Qi

Trong d6 T ludn luén gitt & mic logic 1 (T = 1) vangd ra cua TFF duang trudc ndi voi ngd vao
Ck cua TFF dung sau.
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Vidu: Xé mot mach dém 4, dém xubng, dém ndi tiép dung TFF.

Sb lwong TFFcindung: 4=2°p dung 2 TFF.
So dd mach thuc hién khi s dung Ck téc dong seon xudng va Ck tac dong suon [én lan leot

duoc cho trén hinh 5.3ava5.3b:

Ck _[_\[/_ Q o

1l SR

Cky Ck»
Tk o P
1
Clr T T
Hinh 5.3a
Ck f<
R Q
iy K
Cky Ck»
Ck—
Cir T T
H 5.3b
1 2 3 4 5 7 8
Ck \’
Q1 0 1 0 1 0 T 0
Q|
Q 0 1 1 0 0 I T 0 0

Hinh 5.4a. Gidn do thoi gian mach H 5.3a
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Bang trang théi hoat dong ciia mach hinh 5.3a:

Xung vao Trang tha 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 d6 thoi gian cia mach hinh 5.3b:

1 2 3 4 S 7

Ck

Qo 1 0 1 0 1 0 1

Q2 0 1 1

Hinh 5.4b. Gidn do thoigdiamtimuchhirth 5.3b

Bang trang thai hoat dong cia mach hinh 563b :

Xung vao Trangthai hi¢ngtai Trang tha ke tiép
Ck Q7 Q1 Q2 Q1
1 1 1 1 0
2 ! 0 0 1
3 0 1 0 0
4 0 0 1 1

c. Bém lén/xuong:

Goi X latin hiéu diéu khién chiéu dém, ta quy uéc:
+ Néu X = 0thi mach dém lén.
+ Néu X = 1 thi &m xudng.

Taxét 2 treong hop caatin hiéu Ck:
- Xét tin hiéu Ck tac dong swon xudng:
L Uc d6 tacd phuong trinh logic:
Ck,, =X.Q +XQ =XAQ
- Xét tin hiéu Ck tac dong swon 1én:
L Uc d6 tacd phuong trinh logic:
Ck.,=XQ +X.Q =XAQ,
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d. Pém modulo M:

Pay 1abo dém nbi tiép, theo ma BCD 8421, c6 dung lwong dém khéc 2".
Vidu:  Xé machdém5, démlén, dém ndi tiép.

S6 lugng TEF candung: Vi2°=4<5<8=2°b duing 3 TFF.

Vay bo dém ndy s3 c6 3 daura(chiy: SO luong FF twong tng véi sb dau ra).
Bang trang théi hoat dong ciia mach:

Xung vao Trang tha hién tai Trang tha ke tiép
Ck Qs Q2 Q: 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 trng O® 7).
Do d6, dé sir dung mach ndy thuc hién dém 5, dém |én, thi sau xun@,Ck thir’s ta tim cach dwa to hop
101 vé 000 c6 nghia la mach thuc hién viéc dém lai tir té hep.ban dau. Nhu vay, bo dém s& dém tur
000 ® 100 vaquay vé 000 tré lai, néi cach khac ta dad€miduoes.trang thai phan biét.

Pé x6a bdo dém vé 000 ta phan tich: Do t6 hop,104co 2 ngd ra Qy, Qs ddng thoi bing 1 (khéc véi
céc t hop trude d6) ( day chinh 1a diu hiéu nhiéin biét @ diéu khién x6abo dém. Vi vay dé xéa bd
dém vé 000:

- Déi véi FF c6 ngd vao Clr tac.dong maxei@ thi ta ding cong NAND 2 ngd vao.
- Déi véi FF c6 ngd vao Clrgac dongumnire 1 thi ta ding cdng AND ¢6 2 ngd véo.

Nhu vay so d6 mach dém 54& so @6 cai tién tir mach d¢ém 8 bing cach méc thém phan tir cong
NAND (hoic cong AND) c6 hala@o vae(tly thudc vao chan Clr tac dong mirc logic O hay mirc
logic 1) duoc ndi dén ngdra.Qrva Qagva ngd ra cia cong NAND (hoic AND) s8 dugc ndi dén ngd
véo Clr caa bd dém (ciingf€hinh 1a ngd vao Clr cua céc FF).

Trong trudng hop Clr tée dong mitre thip so ¢6 mach thuc hién &m 5 nhu trén hinh 5.5 ;

Ql QZ Q3 /I\

1 1 ) f%
.

Cki L N Ck Cks

or ] 1 i

Hinh 5.5. Mach dém 5, démlén

o
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1 2 3 4 5 6 7 8 9 10
ck | mREN
o) 011 0 T 0 0 T 0 1 0
0 0 T T 0 0 0 1 1 0
Q2
0 0 0 0 0
Qs 0 0 1 0 T

Hinh 5.6. Gian do thoi gian mach @ém 5, dém|én
Chuay:

Do trang thai cia ngd ralakhéng biét truéc nén dé mach c6 thé ¢ém tir trang tha ban dau 12000
ta phai ding thém mach xda ty dong ban dau dé x6a bo dém vé 04€on goi 1a mach RESET ban
dau). Phuong phép thuc hién 1a dung hai phan tir thu dong R va C.

Trén hinh 5.7 1& mach Reset mirc 0 (t&c dong muc 0). Machghoat dohg nhu sau: Do tinh chit

dién &p trén tu C khong dot bién dugc nén ban dau maéi cip,ngudn Ve thi Ve = 0 (ngd ra Clr = 0
va mach c6 tac dong Reset x6a bd dém, sau d6 tu C dugenapdién tir ngudn quadién tré R véi thoi

hing nap 1at = RC nén dién 4p trén ty tang dan, cha'dén khittu C nap day thi dién &p trén ty xap xi
bang Vee b ngd ra Clr = 1, mach khdng con tac@ung reset.

VCC
Chu y khi thiét ké: Véi mot FF, ta biét dioc thdi gianfXoa (co trong v
Datasheet do nha san xuit cung cip), do d6'ta phéi tinhitoan sao cho thoi a1
gian tu C nap dién tir giatri ban dau dén'gia tri diéw'ap ngudng phai lon
hon thoi gian xda cho phép thi magiddam baoxéa dugc cac FF. ci
Mach cho phép x6a bo démitr dong’(H 5.8) vabang tay (H 5.9):

=

Hinh 5.7. Mach
Reset mirc O

Qi Q2 Qp

1 1 L j_":)%
— T T T
vce

Sk T Ck1 Cka Cks

..||||<_1_|

Hinh 5.8. Mach cho phép x6a bg démty déng
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Ql QZ Q3 /]\

1 ) , j—D%
T T —® T

yee Ck Ck | Ck
e -C-rc 1 2 S, 3

cir T ‘I 1

C1
j%i Hinh 5.9. Mach cho phép xda b dém tir dgng va bang tay

Y

|||||—1—|

Uu diém caa bd ¢ém ni tiép:  Pon gian, dé thiét ké.

Nhugc diém: Vi dung lwong dém 16n, sb leong FF sir dung can@ hhiéu thi thoi gian tré tich liy
khé 16n. Néu thoi gian tré tich liy 16n hon mot chu ky tin hiddyxung Kieh thi 1dc biy gio két qua
dém s3 sai. Do d6, dé khic phuc nhugc diém ndy, nguoi ta sir dung'®d dém song song.

5.2.3. Bd dém song song

1. Khai niém

Bo d¢ém song song la bo dém trong d6.6éc BREMéic song song véi nhau va c&c ngd ra s& thay doi
trang théi dudi s diéu khién caa tin hiéuCk. ChinliVi vy ma nguoi ta con goi bd dém song song
labo dém dong bo.

Mach dém song song duocdtr dumlg véi bat ky FF loai ndo va cd thé dém theo qui luat bét ky
cho trudc. Vi vay, dé thiét ké bo'@ém doné bo (song song) nguoi ta da vao cac bang dau vao kich
cua FF.

2. Mach thygc hién

Déi v6i by dém song,song dugdém 1én hay dém xudng, hoic 1a dém Modulo M (d¢ém lén/dém
xudng) déu co céach thiét ké"chung va khéng phu thudc vao tin hiéu Ck tac dong suon 1én, suon
xudng, mixc 0 hay mirc 1.

Céac budc thyc hién:

- Tur yéu cau thue té xay dung bang trang théi hoat dong caa bo dém.
- Duya vao bang dau vao kich cia FF tuong tng dé xay dung cac bang ham giatri caa céc
ngd vao dir liéu (DATA) theo ngo ra.
- Dung cé&c phuong phép toi thiéu dé t6i thiéu hda cac ham logic trén.
- Thanh lap so d6 logic.
Vi du:
Thiét ké mach ¢ém ddng bo, dém 5, dém 1én theo ma BCD 8421 dung JKFF.

Truéc hét xac dinh sd JKFF candung: Vi22=4<5<8=2*p dung3JKFF b c63ngdraQy,

Q., Qs.

Tacd bang trang tha mé ta hoat dong caa bo dém nhu sau:
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Xung vao Trang thai 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 0 0 0

O chuong 3 chiing ta da xay dung dugc bang dau vao kich cho c&c FF va da cd dugc bang dau

véo kich tong hop nhu sau:

Qn Qn+l Sn Rn Jn Kn -I—n 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 tasuy ra bang ham giétri ciia cac ngd vao data theo'€ac ngd ranhu sau :

Xung |Trangthai hién tai | Trangdhai kétiép

vao Qs Q2 Q: Q3 Qz Q1 Js3 Kz | Jo Kol Ji Kz
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 I X 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 hoa ta duoc:

J1N\Q:Q2 K QsQ:
On 00 01 11 10 Ox 00 01 11 10

0l 1 1 X 0

»=0Q1 K2 =Q1
\]3 Q3Q2 K3 Q3Q2
On 00 01 11 10 On 00 01 11 10
0 o 0 X | X o x 0 X | 0
1 O 1 X X 1| X 1 X X
%= Qs K:=1=Q:=0, =Q,

Luu y: Khi thiét ké tinhdedn tading€ac phuong phép téi thiéu dé dwa vé phuong trinh logic ti
gian. Nhung trong thug té,thidol luc khong phai nhu vay. Vi dy: Ks =1, Ks= Qs hay K3 = Q ,
d&u ddng, nhung khi |ap rép thr€ tétachon K3 = Q , dé tranh day ndi dai gay nhidu cho mach.

So dd logic: Hinh 5.10

Q i Q T j
— {1 Q 2 Q ’|’D1 B Qs
Ck1 ] Cko ] Cks
Cx K, 61 Ko Q_z Ks 63 Qs

Clr

Hinh 5.10. S» @6 mach dém |én @ém 5, dém song song
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Giai thich hoat déng ciia bd dém:
- Bandiu ding machRC x6avé 0b Qi =Q,=Q3;=0.
J1:K1:1;J2:K2:Q2:0;J3:O, Ks=1.
- Khi Cki—A 1 CAc trang théi ngd ra.déu thay déi theo trang théi ngd véo DATA truéc do.
h=Ki=1 b Q=Q°=1
J2:K2:l DQZZQgZO.
3% =0,Kz=1 P Qz=1Dbat chip trang théi trugc do.
(Hoac =0,Kz=0P Q3= Q; =0) b QsQQ: = 00L.
Lac d6: h=Ki= Q, = 1; =Ko = Q1= 1; 1=Q2.Q:= 0, K3 = 1.
(Hoac K3 = Qs =0).
h=Ki=1 b Q=Q=0.
b=K,=1 b Q=0Q.=1.
k=0,Kz3=1P Q3:0.
(Hoac k=0,Kz=0P Q3= Qé =0) P Q3 Q, Qu=010.
Lacd6: h=Ki=Q,=1;%=Ko= Q= 0y = OpKs =t
(Hoic K3 = Q, = 0).
- Khi Cks AT
h=Ki=1 b Q=Q¥1L
b=K>=0 DszQg:]__
J=0,Ks=1 b4Q;=0sbét chaptrang théi trudc do.
(Hoac k=0,Kz=0P Q4= Q§ =0) P Q:Q,Q; =011
Lic d6: h=KE Q& 1% =Ko = Q1= 1; 5= Q.Q1=1, K3 = 0.
(Hoac K3 = 1).
- Khi Cky4 _ AR
h=Ki=1 b Q=Q=0.
b=Ko=1 DQZ:Q_gzo_
% =0,Kz=1 P Qz=1Dbit chip trang théi trudc dé.
(Hoac k=0,K3=0P Qs=Q2=0) b QsQ,Q; = 100.
Licd6: h=Ki= Q=1 b=Ko= Q1= 0; 5 = Q.Q1 = 0, Kz = 1.
(Hoac K3z = Q3 =0).

- Khi Cks AT
J=K;=1 P Q1=Qf=0.

L=K:=1 P Q=Q3=0.
3k =0,Kz=1 P Qz=0bit chip trang théi trudc dé.
P QsQ2Q:1=000.
LOcd6: k=Ki=Q,=1 % =Ko= Q= 0; 1= Q.Q1 =0, Ks = 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 lén vira dém xudng, ta thuc hién nhu sau:
Goi X latin hiéu diéu khién. Xét 2 truong hop:
+ Néu quy uéc X = 0: dm lén; X = 1: dém xubng.
L Uc d6 tacd phuong trinh logic:
J =X Jan +X. Jbng
K = X. Kign + X. Kyuéng
+ Néu quy uéc X = 1: dmlén; X = 0: dém xudng.
L Uc d6 tacd phuong trinh logic:
J =X I+ X Jubng
K=X.Kag+ X Kxuéng

- Céch 2.  Lap bang trang théi tong hop cho ca dém Ién vadém Xudng.

Xungvao | X | Trangthdi hitai | Trangthdi kéq. Js Ks | Jo K, | Ji K;
1
2

Sau d6 thuc hién cac budc gidng nhu bo démt dong 16.

5.2.5. Pém hén hep

Bo dém hdn hop 1a bo dém m&trong d6 bab gom ca dém ndi tiép va dém song song. Day 1a bo
dém ché tao kha nhiéu trong thue téva kha ning wng dung caa bd dém hdn hop khé [on so vai bo
dém song song.

Vi du: B dém 7490 bén'trong bao gom 2 bd dém do 1a bd dém 2 néi tiép vabs ¢ém 5 song
song. Hai bo ¢ém nay téch roi nhau, Do do, tiy thudc vao viéc ghép hai bo ¢ém ndy lai voi nhau ma
mach c6 thé thuc hién dugcViéc dém thap phan hoic chiatan sb.

Truwong hop 1: 2 néi tiép, 5 song song (hinh 5.11).

Q Q@ Q Q
Y 3 Bodém B dém 5
Ck 2 nbi song song

K

o] T

Hinh 5.11. Bg dém 2 néi tiép ghép véi b dém 5 song song
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Q. ciabd dém 2 gitr vai tro xung Ck cho bd dém 5 song song.
Gian d thoi gian cua 2 ni tiép 5 song song (hinh 5.12) :

> 3 4 5 6 7 8 9 10

ck | VIV

o) —0 T 0 T 0 T 0 0 0 _1_\L
0 ° ° T 1 0 0 1 T ] 0 0

Q 0 0 o O 1 T T T 0 0

Q@ 0 0 o O o o O 0 m7 1 |

Hinh 5.12. Gidn do thoi gian 2 noi tiép ghép véigs Semg song
Nhan xét: Cach ghép nay ding dé d¢ém thap phan, nhung khdhg ding @, chia tin s5.
Bang trang thd mé ta hoat dong cuia mach:

Xung vao Trang thé hién tai Trangthai ke tiep
Ck Qi Q3 Q Q@ [|Qp Q 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 i 0 0 0 1 0 0 1
10 1 0 0 1 0 0 0 0

Truong hop 2: 5 song'seng, 2 noi tiép.

Qi Q Qs Q4

B dém 5 JBodEm2]

song song noi tlép
GK—CDCkl L NCko

K

o] T

Hinh 5.13. B6 dém 5 song song ghép véi 2 nai tiép

Qs cuabd dém 5 song song giir vai trd xung Ck cho bo dém 2.
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Gian db thoi gian cua 5 song song ndi tiép 2.

> 3 4 5 6 7 8 9 10

ck | RN

o O[T 0 1 0 T 0 0 0 —1—¢
o 0 O T T 0 0 T T 0 0
Q 0 0 o O T 0 0 0 T 0
Q 0 O 0 0 0 1 1 1 1 0

Hinh 5.14. Gidn do thoi gian dém 5 song song ghéa2 néi tiép

Nhan xét: Céch ghép ndy khéng dugc ding dé dém thap pHéan, nfkng lai thich hop cho viéc
chiatan s5.
Bang trang thd mé ta hoat dong cua mach :

Xung vao Trang thé hién tdi Trang thé ke tiép
Ck Qs Q3 QF Qu Q Q3 Q. O
1 0 0 0 0 0 0 0 1
2 0 0 0 X 0 0 1 0
3 0 0 1 0 0 0 1 1
4 0 0 d 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. Khéi niém

Thanh ghi dich va bé nhé déu duoc tng dung trong luu trix dit liéu, trong d6 thanh ghi do kha
nang luu trix cia nd cd han nén chi dugc sir dung nhu bo nhé tam thoi (luu két qua cac phép tinh).
Con bb nhé c6 kha nang lueu trix c&c bit dit liéu khé lon, vé mic ciu tao bo nhé dugc xay dung 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 xay dung trén co so cac DFF (hoac cac FF khac thuc hién chic nang cia DFF)
vatrong d6 moi DFF s luu trit 1 bit di liéu.
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Pé tao thanh ghi nhiéu bit, ngudi ta ghép nhiéu DFF lai véi nhau theo qui luat nhu sau:
- Ng6 ra cia DFF dirng trudc dugc ndi véi ngd vao DATA cia DFF sau (Dis1 = Q) ( thanh
ghi ¢c6 kha nang dich phai.
- Hoic ngd ra cia DFF ding sau duoc ndi véi ngd vao DATA cua DFF dung truéc (D; =
Qi+1) (thanh ghi ¢ kha nang dich tréai.

2. Phan loai

Phan loai theo sb bit dit liéu luu trix: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit. i v6i thanh ghi 16n 8 bit,
nguoi ta khdng dung ho TTL madung ho CMOS.
Phan loai theo huéng dich chuyén dit liéu trong thanh ghi:
- Thanh ghi dich trai.
- Thanh ghi dich phai.
- Thanh ghi vira doi phai vira doi trai.
Phan loai theo ngd vao dir liéu:
- Ngb vao dir liéu ndi tiép.
- Ngb vao dit liéu song song: Song song khdng ddng bo, song song,.dong bo.
Phan loai theo ngo ra:
- Ngb randi tiép.
- Ng0 rasong song.
- Ngb ravirandi tiép vira song song.

3. Nhap dir liéu vao FF
Nhap dir liéu vao FF bing chan Preset (Rf): (xemihinh/5.15)
- Khi Load = 0 : Cong NAND 3%a 2'khoa ® 'ngd vao Pr = Clr = 1
® FFtydo® dirlieu A khong.nhap vae dugc FF.
- Khi Load = 1 : Céng NAND,2Va 3m6, tacod: Pr= A, CIr = A.
NéUA=0® Pr=2 CIr50 @=A=0.
NéuA=1® Pr=QClh=1® Q=A=1. Load
Vay Q = A® dir'liewA dirocmhap vao FF. 1
Tuy nhién, cach nay phai_dund nhiéu cong logic khdng kinh té va phai
ding chan Clr lachan xéa nén phai thiét ké x6a dong bo.

Pr Clr

Hinh 5.15
Dé khic phuc nhitng nhugc diém dé dung mach nhu trén hinh 5.16
- Chan ClIr dé tréng twong duong véi mic logic 1.
- Khi Load = 0 : cong NAND khéa® Pr=Clr =1 ® FF ty do. Dit
liéu khéng duoc nhap vao FF.
- KhiLoad=1:cong NAND mé ® Pr=A. Pr Cir
Gia sir ban dau: Q =0.
NéuUA=0® Pr=1,CIr=1p Q=Q°=0. T
NéuA=1® Pr=0,Clr=1b Q=1 Load
Vay Q=A ® Dir liéu A duoc nhap vao FF. A
Chay: Phuong phdp ndy doi hoi truéc khi nhap phai x6a FF vé 0. Hinh 5.16




Bai giang PIEN TU SO 1 Trang 118
Vidu: Xét mot thanh 4 bit c6 kha nang doi phai (hinh 5.17).
A | B | C D
Load dj @ dj
l Q1 l Q2 l Qs Qa
PR 1 Q T 2 Q T % Qs T e Q L
5 Cky Ckz Cks Cky
C e - - o —C o —Q o
K1 Ql K> Q2 Ka Q3 K4 Q4
0O C
Clr T
Hinh 5.17. Thanh ghi djch phdi
Trong do:

- DSR (Data Shift Right): Ngé vao Data ndi tiép (ngd vao dichyphai).
- Q1, Q2,Q3, Q4 : cac ngd ra song song.
bé giai thich hoat dong ctia mach, ta dua vao bang trang thaycua DFF.
Gia sir bandau: Ngbvao nhapLoad=1® A,8, C, D duoc nhap vao thanh ghi dich:
Qi=A, Q:=BgQ;:=C, Qs =D.
Hoat dong dich phai ciathanh ghi:
- Xét FF: D =DSRy, Q]_ =A.
NéuDSR;=0® Q=0:;:néuDSR;&1® Q¥ 1
Két luan:  Saumbdt xung CKtac dongsuon xudng thi Q; = DSR;.
- LUcdb FR, FRs,FFR,: Q€A @:=B,Q,=C.

Tuc 1a sau khi Ck tae@ong swoniliong thi noi dung trong thanh ghi dugc doi sang phai 1 bit.
Sau 4 xung, dit liéu trangdhanh ghi duoc xuat rangoai vandi dung DFF duoc thay thé biang céc dir
liéu tir ngd vao DATARSILiép PSRL, DSR,, DSR3, DSR..

Ta c6 bang trang thai hoat dong cua mach:

Xung Trang théi hién tai Trang thai ké
vao Q1 Q2 Qs Q4 Q1 Q2 Qs Q4
1 A B C D DSR; A B C
2 DSR; A B C DSR, | DSRy A B
3 DSR, | DSR; A B DSR; | DSR, | DSR; A
4 DSR; | DSR; | DSR; A DSR; | DSR; | DSR, | DSR;

Trudng hop ngd ra Q duoc ndi véi ngd véo dit lieu ndi tiép DSR (hinh 5.18).
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Pr Pr Pr Pr
. L L L
h Q £ Q B Qs b Ql—os
53 Ck, Cko Cks Ck4
Ck O s > o L L
K1 Ql K> Q2 Ka Q3 K4 Q4
O C C \‘
CIr |
Hinh 5.18.
Ta c6 bang trang thai hoat d6ng cia mach hinh 5.18:
Xung Trang thai hién tai Trafig thai ké
vao Q: Q2 Q3 Qs Q1 Q2 Q3 Qs
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 duoc ttng dung nhiéd'trong thuc té.

5.3.3. By nhé

1. Cac khai niém

- Té bao nhé (Memoryacel)
D6 lathiét bi hay mach dién tir ding dé luu trix 1 bit.

Vi du: FF dé luu trix 1 bit, tu dién khi nap dién thi luu trix 1 bit, hoic mot diém trén bang tu.
- Twnho (Memory word )
Lanhdédm cac bit ¢ trong mot bo nha.
Vi du: M6t thanh ghi gom 8 DFF ¢6 thé luu trit tir nho 18 bit.
Trong thuc té, kich thudc cuatir nhé co thé thay doi trong céc loai méy tinhtir 4 (64 bit.

- Byte:

Mot nhém tir nhé 8 bit.
- Dung lwgng by nhé

Chi kha nang luu trir ciabd nhd.
Vidu: 1K =22 2k =2 4Kk =2 1M = 2%

- Pbiachi

Duing dé x&c dinh cé&c viing cia céc tir trong b nha.

Xét bd nhé gdm 16 ngian nhé twong duong 16 tir, ta cin dung 4 duong diachi (2* = 16 ® ¢6 4
duong dia chi). Nhu vay ¢6 méi quan hé gitra dia chi va dung lwong bo nhé.
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Vi du : Bé quan ly dugc bd nhé c6 dung luong 14 8 Kbytes thi cin 13 duong dia chi.
- Hoat dong doc (READ)
Doc laxuét dit liéu tir bd nhé rangoai.
Dé doc ndi dung mot & nhd can thuc hién:
+ DPuadia chi tuong irng vao cac duong dia chi A.
+ Khi tin hiéu diéu khién doc tac dong thi Itc bay gio dit liéu chiratrong cac ngin nhé twong
rng véi viing dia chi xéc dinh & trén s8 dugc xuit rangoai.
- Hoat déng viét (WRITE)
Viét laghi dir liéu tir bén ngoai vao bén trong bd nho.
Mubn viét phai thuc hién:
+ Bit cé&c dia chi tuong tng 1én c&c duong dia chi.
+ Dit dit liéu can viét vao bo nhé 1én cac duong dit liéu.
+ Tich cuc tin hiéu diéu khién ghi.
Khi ghi di liéu tir bén ngoai vao bén trong bo nha thi di liéu cii si4hat di vaduoc thay thé bing
dur liéu mai.
- Bo nhé khbng bay hoi
Chi loai bd nhé ma dit liéu khéng mat di khi mat ngudn dién.
- B¢ nhé bay hoi
Chi loai bd nhé luu trit dir liéu khi con ngudn diéngfa khitmat'hglion dién thi dir liéu s& bi mét.
- RAM (Random Access M emory)
Boi nhé truy xuat ngau nhién, doc viét tay, con dude goéi |a RWM (Read/Write Memory). Bay
la loai b nhd cho phép doc dir liéu chiralbéaftrong,ra ngoai va cho phép nhap di li¢u tir bén
ngoai vao trong.
- ROM (Read Only M emory)
B6 nhé chi doc. Chi cho phépdoc dir liéutrong ROM ra ngodi ma khéng cho phép dix liéu ghi
dir liéu tir bén ngoai vao trongybafnho.
- SM (Static Memory)
Bo nhé tinh 1a loai B0 ahélulitrir dir liéu cho dén khi mat dién &p cung cip ma khéng can lam
tuoi dir liéu bén trong. Vi dussSRAM.
- DM (Dynamic Memery)
B6 nhé dong 1aloai bo nh& co thé méat dir liéu khi dién &p cung cap chuabi mét, vi vy can c6 co
ché 1am tuoi dir liéu. Uu diém caaloai bo nhd ndy latdc do truy xuat nhanh, giathanh ha. Vi du:
DRAM.
- B nhé tuan ty
Vidu: Biamém, diacing, bang tu.

2.ROM (Read Only Memory)

- MROM (Mask ROM): Pwgc lap trinh béi nha san xuit.
Uu va nhugc diém: Chi c6 tinh kinh té khi san xuat hang loat nhung lai khdng phuc héi duoc khi
chuong trinh bi sai hong.

- PROM (Programmable ROM): Pay la loai ROM cho phép lap trinh bai nha sin xuét. Nhuoc
diém: Néu hong khdng phuc héi duoc.

- EPROM (Erasable PROM): P6 |a loai PROM c6 thé x6a va lap trinh lai. C6 hai loai
EPROM: EPROM dugc xda bing tia cuc tim (Ultralviolet EPROM) va EPROM x6a bing xung
dién (Electrical EPROM). Tudi tho cia EPROM phu thudc vao thoi gian xoa.
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Ung dung ciza ROM: Chira chuong trinh diéu khién vao ra caa méy tinh, PC, nP, nC, ROM BIOS
(ROM Basic Input/Output System). Dung dé chira ky tu: ROM ky tu. Dung dé chira cac bién doi
ham.

A]_ DO

A, Bl

Az ROM D 2
Aq 16 x 8 Dj
cs Ds
S | Ds
D~

Hinh 5.19. So d6 khdi cia ROM 16x8 = 128 hit
3.RAM (Random Access M emory)

DRAM: RAM @dong, lam viéc theo hai pha. M6t pha chon dia chi hang, mot pha chon dia chi cot.
Do d6, s chan dja chi thuc hién trén 1C nhd hon mat nita so véi RAMhoic ROM.
SRAM : RAM tinh, c6 tdc do truy xuit nhanh hon DRAM, doWd6 gia thanh ché tao dat hon.

4.T$ chirc by nhé

L

o1 13 13 13
g 9 T S n
8 13 8 131" | 8 13 | 8 13
/ / / / ! / / /
ROM RAN, RAM; RAM3
c__sc Cs cs cs
13 Of 13 8 13 8 13 8
/ ! 1 7 7 T 7 7
RAMg RAMs RAMg RAM;
C_fc cs cs cs

Hinh 5.20. T6 chic bé nhé

Gia sir CPU hay nP cd 16 duong dia chi va 8 duong dit liéu. Néu ding dé quan Iy bé nhé thi
quan ly dugc dung lwong bd nhé téi da la 64 KBytes (2*° = 64K).

Gia sir 64 KBytes phan thanh cac loai sau: 1 ROM 8K, va7 RAM 8K.

Dé chon lan luot tirng bo nho dé xuét dit liéu vavi con thira 3 duong dia chi 14 Az, Ais, A1s nén
tadung mach giai matr 3® 8.

Trén hinh 5.21 la so &6 mach giai média chi dung |1C 74138.
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Pia chi Hex

Y,
>
<
Y,
>
<

1 F F FH

O—Yl (CS /RAM;L )

Y, (CS / RAM, )

Y3 (CS / RAM; )

 Ye(CS/RAMg )

Y7 (CS / RAM7 )

. Y4(CS/RAMy)

. Ys(CS/RAM;s)

8
Hinh 5.21. Mach giai ma dia chi

IC 74138
3®

SO1

U
A
Ais

1
1 1|3 F F FH

1 1|5 F F FH
1 1|7 F F FH
1 1/9 F F FH
1 1/|B F F FH

1

.
1
1
1
1

L
1
1
1
1

11 1 "dg1
1

1
1
1

1
1

1 1 1
1 T[4 1
1/1 1
1 1

1 1

Ai1s A1a A13|A12 A1 Ao Ag Ag A7 As As A, Ao AidAo

Ban d6 bo nhé caa hé théng:

1 0|1 1
1
0 0[1 1 1
0 1/0 000 O0OO0O0OOG® OGO OO O|AOT OGOH
1

1

1 0/0 0 0 040 0 0%0O 0O 0 0 0 0|4 O O OH
1

1 1|0 00,0, 000 0 0000 O0 0|6 0 O0OH
1 1

0 00/0O0O0OTOTO O 0% 00 O0OO0[0O0O0OH
1

0 0|0 0,004 00 0O0O0O0OO0|8 0O0OH
1

0 0 0|1 1
0 0 1[0 0 0 0 O QP00 000 0O O 0|2 0 O OH
1

0
0
0
0
0
1
1
1
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Y,
>
<
Y,
>
<

1 1|F F F FH

1

11 1 1 1 1|D F F FH
1

1111111
10 0 0 0000O0OOGOT O OT O|EOOGOH

1 0/0000O0O0OGOG® OGO OT OGO OTO|COOOH

1 O

1
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SO CO DAU VA CONG TRU SO cO DAU

1. S6 bu -1 va s6 bu -2

a. SO bu-1:

Bi1 —1 ctia mot s6 nhi phan 12 mot s6 khi cong v6i s6 nhi phan di cho thi tong bang 1 & tat
ca céc bit.

Dé tim s6 bu —1 ctia mot sb nhi phan ta 14y dao tat ca cdc bit cta sd nhi phan dé.

Néu A 12 mot s6 nhi phan thi s6 bi —1 cta A, ki hiéu A, s& 1a:
Al=A
Vidu I:
S6 nhi phan | S6 bu -1
10110 01001
11010 00101
110011 001100

b. S6 bu -2:

Bi1 —2 ctia mot sd nhi phin bang s6 b —1 ctia né cong thém 1 véie bit c6 trong sd thap

nhat LSB.
Néu ki hiéu s6 bt —2 ctia s6 nhj phan A 1a A this
AT=A" + 11 g
Vi du 2:
S6 nhi phan | S6 bu -1 S6 bii-2
10010 01401 01110
11010 00101 00110
110011 001100 001101

2. Bi¢u dién cac sb c6 dau
C6 2 phuong phép thomgdyng dédicu dién céc sé nhi phan c6 dau:
- biéu dién theoky hicu bu -1
- biéu dién theo kyphied/bu —2
a. Biéu dién s6 nhi'phan ¢6 diu theo ky hiéu bu —1:
S6 ¢6 dau n-bit duocbicwsdién theo mi bt —1 theo nguyén tic sau:
- Bit 16n nhat (MSB) 12 bit diu, trong d6 bit 0 twong (mg véi s6 duong va bit 1
tuong tng véi s Am.
- Cdc bit con lai biéu dién gi4 tri thuc cua sb dwong hay gid tri bu —1 cua s6 Am.
- Dai gi4 tri biéu dién d6i véi s6 nhi phan n-bit theo ky hiéu bi —1:
—e"lp<r<en-lop
Néu dung 4 bit dé biéu dién sb c¢6 ddu theo ky hiéu bt —1 thi dai gid tri biéu dién s& 1a: -7
dén +7.
b. Biéu dién sé nhij phén c6 diu theo ky hiéu bu -2:
S6 ¢6 dau n-bit duoc biéu dién theo mi bt —2 theo nguyén tic sau:
- Bit 16n nhat (MSB) la bit dau, trong do bit 0 twong mg voi s6 duong va bit 1
twong ng voi sO am (twong ty nguyén tac biéu dién theo ky hiéu b —1).
- Céc bit con lai biéu dién gid tri thyc cua s6 dwong hay gid tri bu —2 cta sb am.
- Dai gid tri biéu dién d6i véi sb nhi phan n-bit theo ky hiéu b —2:
—2n—lcr<pn-ly
“Néu diing 4 bit dé biéu dién s6 c6 dau theo ky higu b -2 thi dai gid tri biéu dién s& Ia: -8
den +7.
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Bang dudi day trinh bay cdc phuong phdp biéu dién s6 nhi phin c6 dau 4 bit theo ky hiéu
bu -1 va bu -2 tuong tng:

S6 thap phan | Biéu dién theo bu -1 Biéu dién theo bu -2
-8 1 000
-7 1 000 1001
-6 1001 1010
-5 1010 1011
-4 1011 1 100
-3 1 100 1101
-2 1101 1110
-1 1110 1111
-0 1111
+0 0 000 0 000
+1 0001 0 001
+2 0010 0010
+3 0011 0011
+4 0100 0100
+5 0101 0101
+6 0110 0110
+7 0111 0111

Tir bang ndy chiing ta thdy rang cich Bicu di€n thed ky hiéu b —1 ¢6 nhuoc diém la c6
dén 2 gia tri +0 va 0.

3. Cong trir s6 c6 diu
Tuong tmg voi 2 phuongdphappbiéu dicn theo ky hiéu bu —1 va bu -2 cing s€ c6 2
phuong phédp thuc hién cac phépdodn céng va trir cac so c6 dau.

a. Cong trir so biéudién bang ky hié¢u bu -1:

Thuc hién phép cdng ddiWwdi $6 n-bit biéu dién theo ky hi¢u b1 —1 ciing gidng nhu cong
cdc s6 nhi phan khong déug'cong ca bit dau. Luu ¥ céng ludn cd sé nhé ciia bit lon nhit
(MSB) vao bit nhé nhat\i=SB).

Vi du: 1111 —11
+13 +()()1101 -13| 110010
11 001011 -11 110100
24 011000 -24 100110
yt+ 1
100111

~Phép trir dugc thay thé bang phép cong, trong do so bi trir cong véi s6 b —1 cua sd tri,
s6 nhé cua bit 16n nhét (néu c6) cling s& duoc cong tiép vao bit nho nhét twong ty nhu khi
thyc hién phép toan cong:
A-B=A+(-B)
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Vi du: — 11
6 _0110 40110
3 0011 1100
3 0010
i
0011
4 0100 40100
7 0111 1000
-3 1100

b. Cong trir so biéu dién bang ky hi¢u bu -2:

Thue hién phép cong dbi v6i s n-bit biéu dién theo ky hiéufbu —2 ciing gidng nhu cong
céc sd nhi phan khong dAu, cOng ca bit diu. Luu y s6 nhé ctia bitlén nhit (MSB) néu cé
sé bi logi bo.

Vi du: 1 114
+12 , 001100 -12 L 110100
9 001001 -9 110W1 1
21 010101 91 @011
bé
5 00101 . 00101
10 01010 10110
-5 11011

4. Hién twong tran

Khi thyc hién cong tir vor 80/¢6 dau can luu y néu két qua nam ngoai pham vi biéu dién
clia s6 c6 dau n-bit thi ket quassai. D6 chinh 1a hi¢n twong tran. Pé khic phyc hién tuong
nay ching ta can ting s Bit biéu dién sb c6 dau. Hay xét vi du sau:

Thue hién phép cong bing ky hiéu bu —2 sir dung sb 4 bit:

1 11
-4 1100 -4 11100
5 1011 -5 11011

-9 0111 —+7 -9 ﬂll
bé bé

Két qua phép tinh la +7 thay vi -9. Day 1a mot két qua sai boi do —9 nam ngoai pham vi
biéu dién cta s6 c6 diu 4 bit theo ky hiéu bu -2 (pham vi biéu dién tir -8 dén +7). Ching ta
khic phuc hién tuong trén bang cich ting s bit biéu dién theo ky hiéu b —2 1én 5 bit (liic
nay pham vi biéu dién tir -16 dén 15) va thuc hién lai vi du trén thi s& duoc két qua diing.
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3.3.CHUYEN DOI GIFA CAC LOAI FLIP-FLOP

3.3.1. Y nghia va phuong phap

1.Y nghia

Pa s6 FF trén thi truong 1a loai JK, D trong khi k¥ thuat s yéu cau
tat ca cac loai FF. Néu biét cach chuyén d6i gitta cac loai FF véi nhau
thi ¢6 thé phét huy tac dung cta loai FF san co.

Bén canh d6, viéc chuyén doi giita nhiing loai FF khac nhau gitp di
sdu tim hiéu chirc ning cua céc loai FF.

Trén thyc té, c6 thé chuyén doi qua lai giira cac loai FF khac nhau.

T
ok

2. Phwong phép chuyen @6i

—— || Logic - —Q
Piu'yao chuyén —a> . o
=y déi xuat phat T_ Q
Hinh 3.68
Ck

Trén hinh 3.68 14 so d6 khéi biéu dién tu duy vé chuyén doi tir mot
FF xuat phat dé thuc hién chtrc nang cua mot FF dich.

Phuong phap chuyén doi 1 cac cong viéc can phai lam dé tim logic
chuyén doi. Cu thé theo so d6 khéi hinh 3.68 1a: cac dau vao dir liéu
(data) ctia FF xuat phat 1a ham ra véi cac bién 1a trang thai ngd ra Q"
va cac dau vao dir liéu (data) cua FF dich.

Xét cac truong hop chuyén doi cu thé ta c¢d cac ham logic can tim:

- chuyén doi tir JKFF — TFF  : J=f(T,Q") va K =f(T,Q"

- chuyén d6i tt JKXFF — DFF : J=f(D,Q") vaK =f(D,Q")

- chuyén d6i tir JKFF — RSFF : J=f(S,R,Q") vaK =f(S,R,Q"
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- chuyén d6i tir RSFF - TFF  : R=f(T,Q") va S =f(T,Q")
- chuyén doi tir RSFF — DFF  : R=f(D,Q") va S =1 (D,Q"
- chuyén d6i tir RSFF — JKFF : R=1(J,K,Q") vaS=f(J,K,.Q"

- chuyén doi tr TFF - DFF  : T=f(D,Q"
- chuyén d6i tir TFF - RSFF  : T=f(R,S,Q"
- chuyén d6i tr TFF — JKFF  : T=f(J,K,Q"

- chuyén d6i tt DFF - TFF  : D=f(T,Q")
- chuyén d6i tir DFF — RSFF  : D=f(R,S,Q")
- chuyén doi tir DFF — JKFF  : D=f(J,K,Q"

C6 2 phuong phap dé thyuc hién chuyen do6i,gitra%eac loai FF:
- phuong phéap bién ddi truc tlep
- phuong phap dung bang dau vao kich,

3.3.2. Phwong phap bién doi tfue tiép

Pay la phuong phap st dung edc dinhNy! tién dé cta dai s6 Boole dé
tim phuong trinh logic tin higu ki¢h thich doi v6i FF xuat phat. Cach
lam nay tién cho viéc trinh/bay ViEtWeo thé dung dai s6 Boole dé xr ly
nhung can mot sd k§ xd6 nhat dinh, trong pham vi 4 loai FF ching ta
c6 thé nam virng va van dfing phuong phap nay.

1. TFF chuyén/doiithanh DFF, RSFF, JKFF:

a. ITFF — RSFK
RSFFcopt: Q" =S"+R"Q" (1)
S"R"=0 (diéu kién ctia RSFF)
TFFcopt: Q™' =T"a@ Q" (2)
So sanh (1) va (2) ta co:
"+ RQ'=T"® Q"
Theo tinh chat ctia phép toan XOR, ta cé:
T'=Q"e(S"+ R"Q") =Q" (s"+R"QH + Q'($"+ R"Q")
=Q"S"R"+S"Q" =Q"S"R"+ S"Q" + S"R"=Q"R" + §"Q"
Vay: T"=Q"R" +S"Q"
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So d6 mach thuc hién:

. TQL
-

Hinh 3.69. Chuyén d6i TFF — RSFF

QS

b.TFF— DFF:
DFF c6 phuong trinh logic: Q"'=D"
TFF c6 phuong trinh logic: Q"' =T" @ Q%
So sanh 2 phuong trinh: D" =T"® Q"
Theo tinh chat cia phép XOR tasuyra: " =D"a Q"
So dd mach thuc hién:

b)) Y& WP L

CK

Ck —=g —_
Q

Hifth 3.70. Chuyén d6i TFF — DFF

c.TFF = DFF:

Thuc hién bién @6i hoan toan tuong tu (nhu truong hop chuyén doi
tu TFF sang RSFE) ta ¢6 logic chuyén doi:

n_ KnQn+ Jn@
T 0 i
Ck

Hinh 3.71. Chuyén d6i TFF thanh JKFF

J

QS
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2. DFF chuyén do6i thanh TFF, RSFF, JKFF:

a. DFF— TFF':
DFF c6 phuong trinh logic: Q™"'=D"
TFF c6 phuong trinh logic: Q™' =T"@ Q"
So sanh 2 phuong trinh ta c6: D"=T" @ Q"
So d6 mach thuc hién chuyén dbi (hinh 3.72):

TQD*D 0 L
b Ok ;

Hinh 3.72. Chuyén dbi DFF thanh TFE

b. DFF— RSFF:
RSFF c6 phuong trinh logic: Q™ %= S" RaQ"
So sanh vdi phuong trinh cua DFEta cg: D" =S"+ R* Q"
So dd mach thyuc hién chuyén doi:

RJD}D 0
g 4

Ck
—

o —
Hinh)3.73 4Chuyén d6i DFF sang RSFF

c. DFF— JKFFs
Hoan toan tuong tu ta c6 logic chuyén d6i tir DFF sang JKFF:
Dn — JIl @4_ ﬁQn
So d6 mach chuyén dbi trén hinh 3.74:

K o
.

Hinh 3.74. Chuyén d6i DFF thanh JKFF

QS
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3. RSFF chuyén déi thanh TFF, DFF, JKFF:
RSFF copt: [ Q"™ =8"+RQ"

S"R" =0 (diéu kién ctua RSFF)

Luwu y: Khi thuc hién chuyén doi tr RSFF sang cac FF khac can

kiém tra diéu kién rang budc ciia RSFF d6 la: R"S"=0
a. RSFF— TFF:
TFF c6 phuong trinh logic: Q"'=T"@ Q"
So sanh v&1 phuong trinh ctia RSFF ta c¢o:
S"+RQ"=T"® Q"=T"Q" + T"Q"
T biéu thirc ndy, néu ta cho:

{ Sl’l — Tn@
Rn — Tn
thi suy ra:

S"R"=T'Q".T"=T"Q" # 0
nén khong thoa mén dicu kién cud RSKE.
Thuc hién bién doi ti€p:

S RQ =T'Q L@ =-1q + TQ+ Q"
SHRQ = T+ Qe =T + TQQ

So sanh 2 vé ta ¢o: L

Sn — Tn@

T D—
thoa man digukigény R"S"= 0. I —a

So do thuc hién: hinh 3.75.

Ck

QS

-

Hinh 3.75. Chuyén RSFF sang TFF

b. RSFF— DFF:
DFF c¢6 phuong trinh: Q"'=D"
So sanh 2 phuong trinh: S"+ R*Q" = D"
Thyc hién bién doi:

Sn_l_ ﬁQn:Dn:Dn(Qn_l_ @) — DnQn+Dn@
Mit khac biéu thire cia RSFF ¢6 thé bién d6i nhu sau:
$'+ RQ"=SYQ"+ Q") + R"Q"=S5"Q" +§"Q"+ R"Q"

=S"Q"(R"+ R") + S"Q"+ R"Q"
=S"Q"R" +§"Q"+ R"Q"
=R°Q" (1 +S"+S"Q

= RQ"+S"Q"

(a)

(b)
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Tt (a) va (b) ta co:
D"Q"+D"Q" =RrR"Q"+S"Q"
So sanh 2 vé suy ra: D—pPo—3R 0L
S" =Dp" Ck
R" =D’ R
théa man diéu kién R"S" = 0. [
So do thyc hién: hinh 3.76. Hinh 3.76. RSFF— DFF

c. RSFF— JKFF:
So sanh 2 phuong trinh logic ciia RSFF va JKFF ta co6:
Qn+1 — Sn_|_ ﬁQn ZJH@-F ﬁQn
P KIQ QY =T QU (KHQ)R" = I O+ K Q!

So sanh ta CE
S ro < NON-

R0
"= K'Q" o
thoa mén diu kién cua RSFF. J S
So do thuc hién: hinh 3.77. N

Hinh 3.77. RSFF— JKFF

4. JKFF chuyén doi thiinh TFR; DFF, RSFF:

Nhu di trinh bay ¢ t€n, JKFF 1a mot FF van ning, co thé dung
JKFF dé thay thé cho\RSFF hoic dung JKFF thuc hién chirc nang
DFF, TFF. So d6(thue/hién cic mach nay nhu & hinh 3.67. Phan nay
tap trung ching mink ca€ biéu thirc logic chuyén doi tir JKFF sang cac
FF khac.

JKFF c6 phuong trinh trang thai: Q™' =J"Q v+ K" Q"

a. JKFF—> TFF:
TFF c6 phuong trinh logic: Q™' =T"@ Q"=T"Q" + T"Q"
So sanh véi phuong trinh ctia JKFF ta suy ra logic chuyén doi:

Jll — Tll
K'=T"
b. JKFF— DFF:

DFF c6 phuong trinh logic: Q"' =D" B B
Viét lai biéu thtrc nay ta c6: Q™'=D"=D"(Q"+Q") = D"Q"+ D"Q"
So sanh v&i biéu thue cua JKFF ta co logic chuyén doi:
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Jll — Dll
K"= D"
c. JKFF— RSFF:
Déi véi RSFF ¢ 0 phuong trinh logic dé tim dugc 6 cong thire (b):
Qn+1 Sn + Rn Qn — Sn@ 4+ @Qn (b)
So sanh véi phuong trinh logic ctia JKFF ta c¢6 logic chuyén doi:

Jn_sn

K" =R"
S T D

J O— ——J 0 J 0 —
3 Ck L dck CPCk
R K K 0o EK 0|

Hinh 3.67. Dung JKFF thuc hién chirc nang cia RSFF, TFF, DFF

3.3.3. Phwong phap diung bang dauvao kich

Pé thuc hién chuyén d6i giitasCac,FPtlico phuong phap nay ta dua
vao bang tin hiéu dau vao kich cta’cac/FF va lap bang Karnaugh, thuc
hién t6i gian dé tim logic ¢huyén déf, phuong phap nay c6 wu diém 1a
truc quan, it sai.

Bang tin hiéu dau vie kich tong hop nhu sau:

_(zn Qn+1 Sn Rn Jn Kn 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

Vidu 1: Chuyén doi tir JKFF — DFF dung bang dau vao kich.
Ta c6 cac ham can tim:
J=1(D,Q") vaK=1(D, Q")
Duya vao bang dau vao kich tong hop ta lap bang Karnaugh:
J K

D D
Q™0 1 Q™_ 0 1

O O ...... 1 ..... . 0 X X

11X | X 1 1|0

=D K=D
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Téi gian theo dang chinh tic 1 ta co: J=D vaK =D.

Vidu2: Chuyéen doi tir JKFF — RSFF ding bang dau vao kich.
Ta c6 cac ham can tim:

J=1(S,R, QY
K=f(S,R, Q") |
Dua vao bang dau vao kich tong hop ta lap bang Karnaugh:
T SR K sr
Q' 00 01 11 10 Q" 00 01 11 10
000 |X]|1 VXX | X |X
XX | XX Lo |1 |X]0
J=S K=R

Téi gian theo dang chinh tac 1 ta c6: T=S yd K %R.

Cac truong hop chuyén d6i con lai clifg, hoanjtoan tuong tu va ket
qua chuyén doi cua ca 2 phuong phap(Phuong phap bién d6i truc tiép
va phuong phap 1ap bang Karnaugh)hoan tgan giong nhau.

— £y
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babd

— céc ngd vao & trang thdi hién tai, VA

— cdc ngod ra ¢ trang thai hién tai
Q"+l = f (cac tin hiéu vao hién tai, Q")
= Dic diém
— duoc thiét ké duya trén Flip-Flop (FF)
— ngd ra thay ddi trang thdi dong bé véi tin hiéu Clock
— ¢6 tinh dong bd
— ¢6 tinh nh¢




Cac hé tuan ty tiéu biéu

» B dém (Counter)
— Bo dém ndi tiép (BO6 dém khong dong bo)
= May trang thai hitu han — Finite State Machine (FSM)
= B dém song song (Bo dém dong bo)
= Cac vi du khac
= Bo d¢ém hdn hop (N6i tiép + Song song)
= Thanh ghi (Register)

» Thanh ghi dich (Shift Registers)
* B0 nhé (Memory) 0

=
.°>
>N

ter)

[
oy

yc/xay dung trén co s& cac FF ghép lai véi
ong theo 1 bang trang thai cho trudc
= Ung dung:
— Tao dia chi cta Iénh diéu khién, dia chi by nhé
— Dém s6 chu trinh thyc hién phép tinh / 1énh
— Thu phét mi trong truyén sé liéu
— etc.




B6 dém (tt)

= Phén loai by dém
— Theo co s& cdc hé dém:
« Pém thap phan, dém nhi phéan
* Pém dung lugng 27, dém dung lugng M bét ky
— Theo huéng dém
« DPém lén (noi dung bo dém tang dén)
* Pém xudng (ndi dung bd dém giam dan)

+ Pém thuan/nghich
 Dém vong
— Theo tin hiéu diéu khién

+ Pém khong dong bd (dém noi tiép) & Quan t
« Pém dong bd (dém song song) € Quanigdm
* Dém hdén hop

Bo dg op€ dong bo (noi tiep)
otdém khong dong bo / bo dém ndi tiép
TFF (hoac JKFF thuc hién chuc nang
ép ndi tiép v6i nhau — ngd ra cua FF dimg
trude dong vai tro 1a xung Clock cho FF dirng sau
= Ngb vao T=1 (néu dung JKFF thi J=K=1)
= Hoat dong theo bo ma duy nhét 8421
* Thuc chit dém nbi tiép chinh 12 b chia tan sb
= Phan loai
— Pém nbi tiép dém lén
— Pém nbi tiép dém xubng
— Pém nbi tiép dém Modulo M
— Pém ndi tiép thuan nghich




Thiét ké by dém khong dong b

= Cach ghép néi: cic TFF (hodc JKFF thuc hién chirc
nang TFF véi J=K=1) mac nbi tiép véi nhau tiry thudc
vao 1) tin hiéu xung Clock (Ck) va 2) hwéng dém,
tuan theo bang sau day

Ck tich cuc Ck tich cuc
suon xudng suon 1én
Dém lén Ck;,, = Q,
(Pém thuan)
(Bém nguoc)

v6i T=1 (hodc JKFF déng vai tro cia TFF voi J=K=1)




Vidul

* Thiét ké bo dém ndi tiép (dém khong déng bd) dém
1én, dém 4 (0, 1, 2, 3), st dung TFF ¢o6 tin hiéu Ck tich
cuc theo swon xuong?!

= S luong TFF can ding?
— Dém 4 trang thdi phan biét (0>3) can diing log,4 = 2 TFF

= Céch ghép nbi cdc TFF: vi dém 1én, stir dung TFF c6
tin hiéu xung clock Ck tich cuc theo sudnfXudng nén
can ghép ndi tiép cac TFF sao cho: Ck,
- Ck,=0Ql

Ck1 CkZ

o« ] ]

* Tac dung cua tin hi€u Clr (Clear): tin hi¢u vao tich
cuc muc 0, dung dé xéa ngd ra Q cua FF vé khong
- NéuClr=0->Q=0

10




Vi du vé dém khong dong b (tt)

= Gian d6 thoi gian va bang trang thai hoat dong
2 3 4 5 7 8

=

CkJ¢>\¢>\\b\\b\¢>\\b\\b\J>

W G 2 ) ) ) )
RO T T Y

Q2
Xung vao Trang thai hién tai
Ck Qe Q!
1 (o 0
2 0
3 1 0
4 1 1

11

¢ vé dém noi tiep

= P¢ % 4, dung TFF c6 Ck tich cuc suon 1én
yfdém 4, TFF, Ck tich cuc sudn xudng

= Pém xudng, dém 4, TFF, Ck tich cuc suon 1én

= Pém Ién (xudng), dém 8/16, TFF, Ck sudn xudng

= Pém 1én (xudng), dém 8/16, TFF, Ck suon 1én

= Pém Ién (xudng) v6i JKFF (J=K=1): 8, 16

= Dém Modulo M (dung luong dém khéc 20)

" V.V

=» SV tu doc trong bai giang!

12




Vidu 2

Thiét ké bo dém nbi tiép, dém xudng, dém 8§ trang thai
dung JKFF c6 xung Ck tic dong tich cuc theo sudn
xubng. Luu ¥: trang thai ban dau cua bo dém khi tin
hiéu Clr=0 thi cdc ngd ra déu bj x6a vé 0.

= CircuitMaker Simulation
* Proteus Simulation (nén sir dung)

13

Dangsséngith€o thoi gian cia Vi du 2

14




Vidu3

Thiét ké bd dém ndi tiép, dém 1én, dém 6 trang thai
dung TFF c6 xung Ck tic dong theo suon 1én. (goi ¥:
xem bai giang phan dém modulo M)

\3&

14
A A (4 [ A L3
Bo p thuan/nghich
noi tiép thuc hién chirc nang vira dém
), vira dém xuong (dém nghich)
= Can 1 tin hiéu diéu khién chiéu dém
Goi X 1a tin hiéu diéu khién chiéu dém. ta quy wdc:

+ Néu X = 0 thi mach dém [én.
+ Néu X =1 thi dém xudng.

Ta xét 2 trwdng hop cua tin hidu Ck:
- Xét tin hiéu CKk tac dgng swon xuong:
Lic do6 ta co phueong trinh logic:
Ck_,=XQ +XQ =X®Q,
- Xéf tin hiéu Ck tic dong swon 1én:
Luc do6 ta co6 phueong trinh logic:

Ck,,=XQ,+X.Q,=X2Q,

16




Uu, nhugce diém ctia dém noi tiep

= Uu diém: Pon gian, d& thiét ké

= Nhuoc diém: Tré truyén dan bi tich liy > két qua
dém khéng dong bg voi tin hi€u xung clock ¢ dau
vao, néu thoi gian tré tich lily 16n hon 1 chu ky tin
hiéu xung clock thi s€ dém sai

= Khic phuc: Str dung bd dém song song, két qua dém
xuat hién ddéng bd véi xung clock, thoi gian tré chi
bang thoi gian tré caa 1 FF, va céc uu
bd dém song song!

» Pémxubngfdém nghich)
= Pém thuén / nghich
= Pém Modulo M

18




Nhic lai: Cac hé tuan tu tiéu biéu

" Bj dém (Counter)
— B¢ dem noi tiep (Bo déem khong dong bo)

» May trang thai hiru han

Finite State Machine (FSM)

= Sequence Detector

= B) dém song song (B¢ dém dong bg)

= Cac vi du khac
= Bo dém hdn hop (NGi tiép + Song son
® Thanh ghi (Register)
* Thanh ghi dich (Shift Registers
®* B0 nhé (Memory)

19

Finite State Machine (FSM)

May trang thai hitu han

20
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Khai niém
» Mach tudn tu (Sequential Circuits) dugc xay dung
trén co s& céc Flip-Flop (FF) va céc khdi mach logic
to hop (céc céng logic)
= C6 thé chia 1am 2 nhém mach
— Mach tuan tu ddng bd (Synchronous Sequential Circuits)
— Mach tuan ty khong dong bd (Asynchronous Sequential
Circuits)
» Chi xem xét mach tuén tw dong b
» Mach tudn ty con duogc goi Mdy trang thatthiru han
(Finite State Machine or FSM)
— FSM loai Moore

— FSM loai Mealy
21

) Combinational 7
Flip-flops 3 > circuit >

Clock E

= W: céc tin hiéu vao; Q: trang thai hién tai cia FSM; Z: tin hi¢u ra cua FSM
= 3 khdi chinh
— Khéi 1 (State Register): Khbi thanh ghi trang thdi gdm céc FFs xdc dinh
trang théi hién tai (Current State) cia FSM

— Khéi 2 (Next State Logic): Logic t& hop xac dinh trang thdi k& tiép (Next
State) cua FSM

— Khbi3 (Output Logic): Logic td hop xac dinh tin hi¢u ra cia FSM
= Clock: xung déng bo, FSM sé chuyén (cap nhat) trang thai tai mdi
chu ky cta xung Clock (gia tri cdc FFs duoc cap nhat)

22

11



FSM loai Moore vs. Mealy

o

Combinational ) Combinational
|——| Flip-flops > -
circuit p-tlop Q circuit

Clock E

= Tin hiéu ra Z phu thudc vao trang thai Q hi¢n tai

= Tuy thudc vao tinh chét cua tin hiéu ra Z ¢6 phu thudc vao tin hi¢u vao W
hay khong ma FSM c6 thé phan chia thanh 2 loai:

vao W (tin hiéu mau do trong so dd khéi)

= Edward Moore & George Mealy

FSM loai Moore

24
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Vi du thiét ké FSM loai Moore don gian

= Thiét ké mot mach phét hién chudi bit vao (sequence detector)
hoat dong nhu sau:
— mach ¢é 1 tin hiéu vao w, 1 tin hiu ra z,
— xung dong bd Ck tich cuc suon 1én (positive edge)
— tin hiéu ra z=1 néu tai ngd vao w xuat hién 2 bit 1 lién tiép trudc do,
nguoc lai tin hi¢u ra z=0

= Vidu

Clockcycle: top t; t2 t3 tg t5 tsg t7€ tg"Wto tio
w:

zz 00 O O O 1 0 O 17 0

o
—_
o
—_
—_
o
—_
—_
—_

25

n do trang thai FSM

= Pay la FSM loai Moore, c6
3 trang thdi A, B, C

= Mbi trang thii dugc biéu
dién bang 1 hinh elip (tron)

= Trang thai ban dau 1a A, khi
¢6 tin hiéu Reset

= Viéc chuyén giita céc trang
thdi tuy thudgc vao tin hiéu
vao w, va dudi su diéu khién
ddng bo cua tin hiéu Clock
= Pay la FSM loai Moore nén
tin hiéu ra z nim bén trong
elip biéu dién trang thai
-0 trang thai A va B: z=0
- dtrang thdi C: z=1

26

13



Buwéc 2. Toi thiéu héa sé trang thai

Reset = D6i v6i mach va gian
l d0 trang thdi da cho thi

: s6 luogng trang thai da
w=o t6i thidu

= Trong trudng hop tong
w_o0 , quaét thi t6i thiéu héa so
trang thai 1a can thiét,

27

g0a trang thai

ng phap khéc nhau dé ma héa trang théi
1101 phuong phdp s€ cho d§ phirc tap cua
huc hién khic nhau
= Trong vi du nay dé don gian ching ta sir dung céc to
hop ma nhi phan 8421 dé ma héa cdc trang thai
— C6 3 trang thdi > can ti thiéu 2 bits dé ma héa
— Tuong tmg can st dung 2 FFs
— Gaén trang théi:
* A: 00
* B: 01
« C: 10

28
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Bwoc 4. Lua chon loai FF str dung

= Ca 4 loai FF déu c6 thé sir dung dé thiét ké FSM
* Lua chon FF khac nhau din dén mach t6 hop duoc thiét ké voi
dd phurc khiac nhau

= Bang d4u vao kich cua FF duogc lua chon s& duge st dung dé
thiét ké FSM > 1) tim phwong trinh logic ciia mach t6 hop
xdc dinh trang thdi ké tiép va 2) tim phwong trinh logic ciia
mach té hop xdc dinh tin hi¢u ra z

= Trong vi du nay dé don gian chiing ta lya cho

Bang
dau vao
kich cua
DFF

Qn Qn+1 Dn
0 0 0

- 0 1
1 0 0

1 1

ng DFF

29

: A
-d =don’t care (X) B
n. -_— n C
-=Q%  y»=Q
- YZ = Q2n+1 ; Y] — Q1n+1

ién mach to hop

tir gian do trang thai sang Bang trang thai

Next state

Present Output
state w0 w=1 .
A A B 0
B A C
C A C X
Present Next state
state w=0 w=1 Output
Z
00 00 01 5
01 00 10 0
10 00 10 |
11 dd dd J
30
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Buwéc 5. Thue hién mach t6 hop (tt)

= M6 rong va biéu dién Bang trang thdi bao gém céc tin
hi¢u sau day:
— Trang théi hién tai (Current State)
— Trang thdi tiép theo (Next State)
— Céc tin hi€u vao W
— Céic dau vao dir lidu cia FF dugc st dung, lu’l‘l y céc dau

vao dir liéu nay dugc xac dinh dya trén bang dau vao kich
cua FF

— Cactin hiura Z

31
ién mach to hop (tt)
| gty bisg ey bt |1 |1
g i, | Trang i | Thbiat | | G dha vaal |
otis | iy | | | i timrE
| (& = Dol
Al el ldillg el liel| b ol
slLiol 1@ Lo fie el e 2
S RREaRaRRral=aR (AR ALY RRR AR RT IR AT 1o8
EER R R R
sriatie e A e TR
oA a i e e e e
e AT e et e
| ceaRRars FaRliadase R RALERRERARESER
*fé*ﬁtbwﬁté“fﬁ%ﬁ%% a5 §D, = B

T |.€P44.Fi£‘r”1 »
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Buwéc 5. Thue hién mach t6 hop (tt)

= Xéc dinh phuong trinh cua Next State Logic
— Céc dau vao dir liéu FF = f (Current State, Input W)
= X4c dinh phuong trinh cta Qutput Logic cua FSM
loai Moore
— Z = g (Current State)

= Cho bai todn Sequence Detector can tim cdc ham:
- D =1,(Q," Q" w) vaD, =1, (Q,", Q,", W)
-z=g(Q," Q"

= Sir dung K-Map d¢é t6i thiéu héa céc dé X4c dinh

— Next State Logic
— Output Logic
= V& s0 do thuc hién FSM “
Bu¢ ién mach to hop (tt)
Al gl Nukt St Ldgicl:] | |11 ]
N\ ' g [ ! ]I | I
N ! ) '% g 5
_Lg . L.a B > | Wed J'RI i k
BE NG 2T NN N SN R SR
Ble[olA o] [elolo _1
40| X AL oIX X
f W ‘- --.: 5 A’ FZ-_‘__
(By SN RS €Y. 9))
34
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Buéc 5. Thue hién mach to hop (tt)

= So @6 FSM Sequence Detector v& bang CircuitMaker
gz @l

) 4 8 ﬁ

D1 — )
Data 8 S DFF1 z
Seq D Q)

—cp  go—
cp1
—qce2
(cx

UlA R

35

ch tin hi€u theo thoi gian

= Phén  tay

= Phanyti dong: c6 thé st dung cic phan mém md
phong mach so (e.g. CircuitMaker, Proteus, etc.)

= M6 ta FSM bang HDL (Verilog hodc VHDL) va phéan
tich md6 phong bang cong cu mé phong (e.g.
ModelSIM cua Mentor Graphics)

36
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Buwdc 6. Phan tich tin hiéu theo thoi gian (tt)

= Dang s6ng minh hoa cho mach Sequence Detector

__lhIIIIIIIIEtIIIIIIIIIahllllllllthlllllllShllllllllihllllllllnﬂjll
K _ | I | I | I
v
I T 1
I_I?DIIIIIIIIBtIIIIIIIIIghlllllllllhhllllllllihlllllll IJIIIIIIIlEtII
! I ! !
- Q
37
Tomta
Cd &t ke FSM
1. ¢n gian do trang thai
2. Tbi thiéu héa s6 trang théi
3. Ma héa trang théi
4. Lua chon FF
5. Thuc hién mach to hop
6. Phén tich tin hiéu theo thoi gian
38
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Homework

= Thiét ké mot mach phat hién chudi bit vao (sequence
detector) hoat dong nhu sau:
— mach c¢é 1 tin hiéu vao w, 1 tin hiéu ra z,
— Xung déng bo Ck tich cuc suon Ién (positive edge)
— tin hi¢u ra z=1 néu tai ngé vao w = 1001 hogic w = 101,
— nguoc lai tin hiéu ra z=0

39

B6 dém dong bo

(b6 dém song song)

40
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B¢ dém dong bd (dém song song)

= Bo dém ddng bo, hay bo dém song song, 12 1 trudng
hop dac biét cua may trang thai htru han FSM - cach
thiét ké va phan tich twong ty nhu FSM
— FSM loai Moore
— FSM loai Mealy

&
((/0\5 ﬂ

Bo 0 (dém song song)
*b 6 céc ngd ra thay d6i dong bo (cling 1
lic ¢u xung Clock (Ck)

= Pic dicm:
— Sir dung FF bt ky (T, RS, D, JK)
— Quy luat &ém bat ky (bo ma bét ky: 8421, Gray, .v..v..)
— Khong phu thugc xung clock tich cuc suon am/duong

= Sir dung bang dau vao kich dé thiét ké bo dém dong

bO Q" Qu+]. g R I K° ™ e
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

42
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Thiét ké bo dém dong bo

= Yéu cau thiét ké:
— Bo dém dong bo (dém song song)
— S6 trang thdi dém N, quy luat &ém, va loai FF sir dung
= Céc buéc thiét ké by dém dong bd
1. Xéc dinh sb luong FF can st dung: tuong tu dém ndi tiép
2. Xay dung bang trang thai mo ta hoat dong bd dém
3. Dua vio bang dau vao kich cua FF tu
rong bang trang thdi va xay dung ban 1 cic ngd
vao dir liéu cua FF tuong ing theo c4

4. Tbi thiéu héa tim ham cdc ngd i cua FF theo
cac ngo ra Q ¢ trang thai hién ta

5. V& so dd mach thyc hién
43

A

r
[

0 déem dong bo

h d¢ém déng bo, dém 5, @ém 1én, theo ma
dung JKFF c6 xung Ck tich cyc suon

1. S6 JKFF can dung: 3 JKFF, c6 3 ngd ra Q3, Q2, Q1

— Vai tro cua xung Ck tich cuc swon lén?

2. Xay dung bang trang thai md ta hoat dong bo dém

Xung vao Trang thai hi¢n tai Trang thai ké tiép
Ck Q3 Q- O Qs Q- [0)1
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

44
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Vi du thiét ké by dém dong b (tt)

3. M6 rong bang trang thdi, dya vao bang dau vao kich
cua JKFF d¢ xay dung ham cic ngd vao dir liéu J va

K theo cac ngo ra Q" o7l K
<

0o/ 1 I X

v 0 X 1

/1 1 X 0

Xung [Trang théi hién tai | Tradg thaikétiép [ ¥

vio [@Q\ Q@ Q |@Q\ @ o |1 K K|lh K
1 [\of—0ge0o 100/ 0 1 \o 0 1 X
2 0 . 0 1 o] o 1 X 1
3 0 0 0 1 1 X 0o|l1 X
4 0 1 1 1 0 0 | MH.X 1 x 1
5 1 0 0 0 0 X X|o X

K&

0 dém dong b (tt)

T\ Q:Q: K Q:Q;
00 ol 11 10 Qn 00 o1 11 10
0] 1 1 x| o 0 x | x | x| x
1| x X X X 1] 1 1 X X
= Q1 K1 =1= Q]
RN K» Q:Q:
Q 00 01 11 10 Q 00 01 11 10
0| 0 X X 0 0l x 0 X 0
1] 1 X X X 1| x 1 X X
L= =Q

tim ham cua J; va K, theo céc ngod ra Q,
iéntai(i=1,2,3)

46
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Vi du thiét ké by dém dong bo (tt)

T3\ Q:Q: Ka\ Q1Q;
Qp 00 o1 11 10 Qn 00 o1 11 10
0f o 0 X | X 0 x 0 X 0
11 0 1 X X 1] x 1 X X
L=QiQ Ks=1=Q:=0, =0,

Luwu y: Khi thiét ké tinh toan ta ding cac phwong phap tdi thiéu dé dua vé phiong trinh logic tdi
gian. Nhung trong thue té thi d6i Nic khong phai nhw vay. Vi du: K3 = 1. Q:shayKs= Q,

1 cho mach.

déu ding. nhung khi 1ip rép thue té tachon K3 = Q , dé ténh déy nbi

a7
b6 dém dong b (tt)

hién by dém

Q Q f Qs
. M LQ _|>:>1J3 Qs

Ck; Ck, Cls

G %1 o _iz 0. _1><3 0l 2
Clr
Gidi thich hoat dong ciia mach: xem bai giang B

24



Cac vi du khac vé dém dong bo

= Thiét ké bd dém ddng bd bang cach két hop cic yéu
cau sau day:
— Sb trang thdibd &m N =5, 6,7, 8,9, 10, 12, 14, 16, ...
— Chiéu dém: d¢ém 1én, dém xudng, dém thuan nghich
— Dung DFF, JKFF, RSFF, TFF
— Ma 8421, Ma Gray, 5421, 84-2-1, 2421, 5121, ...
= Pém dong bo thuan nghich: xem bai gian
= Dém hén hop = Pém ndi tiép + Dém sofg s

— Tang dung luong dém 0

49

&

¢ vé dém dong bo (tt)

¢ xem thiét ké bo dém dong bo 1a mot
fac biét va don gian cua thiét ké cic mdy
tru han Finite State Machines (FSM)
= Vi dy: Thiét ké bo dém dong bd thuc hién dém theo
quy luat sau day st dung RSFF:
o?o > 001 > 011> 111 > 110 > 100 T

=> Homework? why not?

50
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Bai tap

= Thiét ké bd dém dong bd, dém thuan nghich, dém 4,
theo ma 8421, v6i DIR 1a tin higu diéu khién chiéu
dém

— DIR = 0: &m lén
— DIR = I: ¢ém xudng

= Khi dém dén 3 thi bdo ngd ra Y=1 (i.e., khi trang thdi
hién tai ciia bé dém =3 thi ngoé ra Y=I)

= Str dung JKFF v6i xung clock tich cuc theo'suon 1€n

O

51

Bai t3 @
=P rang thai loai Moore
= C4 ctké:
1. V& gian d6 trang thdi
2. Téi thiéu héa s trang thdi
*  datoi thiéu
3. Ma héa trang thai
*  Ma lua chon la ma nhi phdn 8421
4. Lua chon FF
*  Balya chon s dung JKFF
5. Thuc hién mach F(;) hop cho Next State Logic & Output
Logic (va vé so do mach thyc hién)

6. Phan tich tin hiéu theo thoi gian
52

26



Bai tap (tt)

= Next State Logic
~J =K, =1

~1,=K,=DIR ® Q,

= Qutput Logic
-Y=QQ,

h " gt gt g
Ocx  _ [ [ | [ [ -
Oorz  _ [
Opz _—_ 1 | [

Ot - T [ Ll 1 ! 1 1 1
0r  C I — T
IR RN IR T RN T LR TR T

Ock _ I I I I I I I
Oozz  _
Ogz - I [ L
Oer 27 L | o L1 71 1 771
Or T 1 I —
= Nhan xét vé dang song cua Q;, Q, va Y?
54
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FSM loai Mealy

\\)&

55

yd

tru han loai Mealy

8¢ ké bo dém déng b0, c6 4 trang thai, s
co xung Clock tac dong tich cuc theo suon
ong). Bo dém s€ dém 1én moi khi tin hiéu

CE=1 (Count Enable). Néu tin hiéu cho phép dém
CE=1 va gié tr1 dém = 3 thi tin hi¢u ra Y=1.

56
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May trang thai hiru han loai Mealy (tt)

= Két qua:
- J,=K,=CE.Q,
~J,=K,=CE
~ Y=CE.Q,.Q,

57

— Tin hiéu ra phu thudc vao trang thdi hién tai va cac gia tri diu
vao tai trang thai dé6

— Do d6 gi4 trj tin hiéu ra ghi tai miii tén chuyén trang thai

58
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May trang thai hiru han loai Mealy (tt)
= Cic budc thiét ké FSM loai Mealy twong tu nhu cic

bude thiét ké FSM loai Moore (6 budc)

= F'SM loai Mealy: Do tin hi€u ra phu thudc vao cic gia
tri dau vao tai moi trang thii = nén phuong trinh logic
x4c dinh tin hi€u ra (Output Logic) & Budc 5 nhu sau:
Z = g (Current State, Input W)

\\)&

59

&t ké FSM

en gian do trang thdi
Téi thiéu héa sé trang thdi
Ma héa trang thdi

Lwa chon FF

Thuee hién mach t6 hop

SR~

Phan tich tin hiéu theo thoi gian

M3 héa trang thdi va lya chon FF nhu thé nao?

60
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Cac phwong phap ma héa trang thai

= 5 trang thdi cAn it nhét log,n flip-flops.
= Co6 tat ca n! kha nang ma hod (n lya chon cho trang
thai dau ti€n, n-1 cho trang thdi tha 2 ...)

s0 s1 s2 s3 |[No. sO s1 s2 s3
00 01 10 11 13 10 00 01 11
00 01 11 10 14 10 00 11 01
00 10 01 11 15 10 01 00 11
00 10 11 01 16 10 01 11 0
00 11 01 10 17 10 11 00

00 11 10 O1 18 10 11 O

01 00 10 11 19 11 00
01 00 11 10 | 20 11
01 10 00 11 21 11
01 10 11 00 | 22 1
01 11 00 10 | 23
01 11 10 00

aaa 4
N|2[3|e|=|N|e|a]s v (3

61

p ma héa trang thai (tt)

ai lya chon cach ma hoa?
0l su 11_1’~a chon s€ cho ta d§ phtrc tap cua mach
Op cling nhu tré cua toan by mach
= C4c kiéu ma hod thuong ding:
— Straightforward (ma nhi phan 8421)
— Minimum-bit-change (thuong duing ma Gray)
— One-hot

62
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Ma hoa StraightForward

» Kiéu ma hod nay st dung gia tri nhi phan cua th tu
trang thdi dé lam ma cho trang théi dé

— 5,—000,
— s5—101,
Present Next state
state w=0 w=1 Output
zZ
2y h hh
A 00 00 01
B 01 00 10
C 10 00 10
11 dd

63

* Phuong"phap ma hod nay hay duoc su dung khi mudn t6i thiéu
hod kich thudc chip cling nhu cong suat tiéu thy

1 1

Gray code
counter

Straightforward Minimum-bit-change

64
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Ma hoéa One-hot

= MJdi trang thdi ing v6i mot flip-flop, Q cua 1 FF =1,
Q cua cac FF khac =0

= Ding khi s luong trang thai nho
= R4t dé thuc hién, mach td hop don gian
= Cau tric ctia FPGA rét phit hop vé6i kiéu ma hod nay

65

— Kho thiét ké nhat

— C6 nhiéu trang thdi don’t cares nén mach t6 hop nhanh va
ré nhat

= SRFF
— flip-flop ré
— Kho thiét ké

66
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Van dé lwa chon FF sir dung (tt)

= DFF
— flip-flop ré
— D2 thiét ké nhét
— Khong c§ don’t cares dan téi mach t6 hop phuic tap va
cham nhat
* TFF
— flip-flop ré
— D& thiét ké
— Khong c§ don’t cares dan t&i mach tO%hop phite. tap va
cham nhat
— Thudng duoc ding dé thiét ké bo dé

67

— Thot gian den vang: t

vang =3s
h=20s
— Thoi gian den do: 25 s =t +t

— Thoi gian den xanh: t,,
vang

= Hién thi va dém lui thoi gian cua cic den

68
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Shift Register
(Thanh ghi dich)

69

¢ luu trir 1 bit thong tin

n FFs du:0’c stt dung dé luu trit n bit
thong tin, chang han 1 s6 nhi phan n-bit, dugc goi la
mot thanh ghi n-bit (n-bit register).

= Théng thudng DFF dugc sir dung dé ché tao thanh ghi
(hodc st dung céc loai FF khac thyc hién chirc ndng
cua DFF)

= Cdc DFF duoc ghép nbi theo 1 ciu tric, trong d6 ngd
vao Clock ndi chung v6i nhau (common clock) dé diéu
khién hoat dong cua thanh ghi

70
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Thanh ghi dich (Shift Register)

= Thong thuong, thanh ghi ¢6 kha ning dich chuyén noi
dung chtra bén trong do, va dugc goi la Thanh ghi
dich — Shift Register
= Qui luat ghép ndi dé tao Shift Register
- Rjght-Shift Register: ngd ra cia DFF dung trudc dugc
noi voi ngd vao D ctia DFF sau (D,,, = Q;) = thanh ghi ¢6
kha nang dich phai
— Left-Shift Register: ng6 ra cua DFF du u duoc nbi
voi ngd vao D cua DFF dung trude (D, = Q;, a2 thanh
ghi c¢6 kha ndng dich trai.

71

hanh ghi: 4 bit, 8 bit, 16 bit, 32 bit,...
chuyén dir liéu:

— Thanh ghi vira doi phai vira doi tréi

Theo ngd vao dir liu:
— Ngd vao dit liéu nbi tiép
— Ngd vao dir li¢u song song

Phén loai theo ngo ra:
— Ngd ra ndi tiép.
— Ngo ra song song.
— Ngd ra vira ndi tiép vira song song.

72
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Thanh ghi dich phai

In DQQl DQQ2 DQQ3 DQQ4Out
Clock > Q F> Q J7> Q r> Q
= Xét 1 thanh ghi dich phai 4-bit don gian
— In: ngd vao dit lidu nbi tiép
— Out: ngd ra dit lidu nbi tiép (dir lidu dich pha
— Clock: xung clock chung tich cuc theanlé
73
phai (tt)
ol o o= 1o o ow




Thanh ghi dich phai v§i ngo ra song song

Parallel output

Serial Input: ngd vao
P Q3 Qz Q1 Q
dir liéu noi tiep J

Parallel] Input: ngd
vao dit liéu song song
Paralle] Output: ngd L o
ra dit liéu song song (
/Shift or Load: ngd y . ‘
vio diéu khién cho
phép dich (Shift) hodc
nap dit liéu song song

1
vV
Qi

1
A
Ql

]
V
©

(Load)
— 0 Shift operation — —
— 1: Load operation
Serial T Clock
iﬁ]r)]ual Shift/L.oad Parallel input 0c7 5

Parallel output
Giai thich:
N : Q3 Q2 Q1 Qo
= Hoat \\domg / dich
chuyén diglicu?
D Q- D Q- D Q- D Q

Thanheghi dieh ghai v6i ngo ra song song (tt)

Hoat dong nap dir li¢u
vao song song? L 0
Hoat dong nap dir li¢u (
vao noi tiép?

1
vV
Qi

|
A
Ql

]
V
©

Serial

input Shift/Load

Clock
76

Parallel input

38



Bus structure

Data

Extern ﬁ

Clock >

v

Rl in R1 ou Rzin

77

D

. necting registers to a bus: Two 2-bit
re

d R2 are connected to a bus

Bus %tt)
)

D Q- D QJ D Q D Q
Q Q Q Q
] (
Clock
- T ‘“\fﬁ_I_x} S ~ —
Rl R2

78
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Cac chii dé khac vé thanh ghi dich

* Thanh ghi dich trdi?
* Thanh ghi vira dich tréi vira dich phai?

\\)&

79

@mry (B6 nhé ban din)

* Khai niém

* ROM (Read-Only-Memory)

* RAM (Random Access Memory)
* Memory Organization

80
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Mot so kKhai niém

= Té bao nhé (Memory cell) 1a thiét bi hay mach dién
tir dung dé luu trix 1 bit.
— vi du: FF dé lu’u’ trlr 1 bit, ty dién khi nap dién thi luu trix 1
bit, hodc mdt diém trén bang tir.
* Tir nh¢ (MEMORY WORD) 1a nhém céc bit ¢ trong
mot b nho.
— Vi dy: Mot thanh ghi gdm 8 DFF ¢6 thé luu
d6 rong 1a 8 bit.

to nhd voi

— Trong thyc té, kich thudc cta tir nhé cé
cdc loai mdy tinh tir 4 dén 64 bit.

81

¢ém (tt)

6m tir nhé 8 bit.
G BO NHO chi kha ning luu trit ctia

— Vidu: 1IK=210; 2K =211: 4K =212; 1M =220,
= PIA CHI diing dé xdc dinh cic viing cta céc tir trong
b0 nho.

— Xét bd nhé gdm 16 ngin nhé twong dwong 16 tir, ta can
dung ,4 duong dia chi (2* = 16 — ¢6 4 duong dia chi) >
c¢6 moi quan hé gitra dia chi va dung lugng bd nhé.

- Vi dy : Bé quan 1y dugc bd nhd ¢6 dung lugng 12 8 Kbytes
thi can 13 dudng dia chi (8 KB =23 bytes).

82
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Mt s6 khai niém (tt)

= RAM (Random Access Memory) 12 Bo nh¢ truy xuét
ngiu nhién, doc viét tuy y, con duoc goi 12 RWM
(Read/Write Memory). Day la loai b nhd cho phép
doc dir liéu chira bén trong ra ngoai va cho phép nhap
dit liéu tir bén ngoai vao trong.

* ROM (Read Only Memory) la Bo nhé chi doc, chi
cho phép doc dir liéu trong ROM ra ngoaigma khong
cho phép dir li¢u ghi dix li€u tr bén ngoai'vae trong bo
nhd. Viéc ghi dir liéu vao ROM thofig thuong duogc
thyc hién trong qua trinh ché tao hoic trong qua trinh
str dung bang céc thiét bi ghi dic biés

83

Mt sé=khaiafiem (tt)

= BQ NHO KHONG BAY HOI 12 khdi niém dung dé
chi®oa®bosnhd ma dir licu khong mat di khi mat
nguén di€n, con goi la Non-Volatile.
— ROM Ia bd nhé khong bay hoi (non-volatile)
= BO NHO BAY HOI 1a khdi niém dung dé chi loai bo
nhd luu trit dir liéu khi con ngudn dién va khi mat
ngudn dién thi dit liéu s& bj mat, con goi 1a Volatile.
— RAM 12 loai b nhé bay hoi (volatile)

84

42



Mt so khai niém (tt)

= HOAT PONG PQC (READ)
— Pocla xuét dit li¢u tir b nh¢ ra ngoai.
- pé doc ndi dung mét 6 nhé can thuc hién:
* Dua dia chi tuong ting vao cic duong dia chi A.
 Khi tin hiéu didu khién doc tdc dong dir liéu chura trong cdc ngén nhd

tuong tng voi vung dia chi yéu cau s& dugc xuat ra ngoai trén cic duong
dir liéu.

= HOAT PONG GHI (WRITE)
— Viét 1a ghi dit liéu tir bén ngoai vao bén trong bd nhd,
— Mubn ghi dir liéu vao bd nhd can thyc hién:

* Dat cac dia chi twong Gng 1én céc duong dia chi.

« it dit liéu cin viét vao bd nhd 1én cdc dudng dir 1ié

« Tich cyc tin hiéu didu khién ghi.

* Khi ghi dir li¢u ’tfx ‘bén ngoai vao bén
va duogc thay theé bang dir liéu moi.

85

ROV nly Memory)

sk ROM): ni dung bd nh¢ dugc 1ap trinh trudce

boi nhass at. Chi c6 tinh kinh té khi san xuat hang loat

aisktiOng phuc hoi duoc khi chwong trinh bi sai hong.

- PROM (Programmable ROM) bay la loai ROM cho phép
14p trinh boi nha san xuit. Néu hong khong phuc hdi duoc.

= EPROM (Erasable PROM): 1a loai PROM c6 thé x6a va lap
trinh lai. C6 hai loai EPROM:

— EPROM duoc x06a b?lng tia cyc tim (UV EPROM - Ultralviolet
EPROM), lap trinh bang xung dién.

— EPROM x6a va lap trinh bang xung dién (EEPROM - Electrically
EPROM).

— Tubi tho cia EPROM phu thudc vao thoi gian xda.
= FLASH: 12 loai bo nh¢ dugc phét trién tir EEPROM, twong ty

nhu EEPROM nhung wu diém hon 1a cho phép x6a theo khdi. 86
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EPROM 2764

= 8K x 8 (64K) UV EPROM
= X6a bang tia cuc tim

= Lap trinh bang xung dién 12.5V

= Thoi gian 13p trinh nhanh (< 1 min)

28

1
FDIP28W (F)

\

PLCC32

N

(©)

n

=
=,
3,
A,
.
3,
3
LY
=
=
=
3,
=

87
A A 2 A s A ~ A
» Sod0 khQi, cac chan tin hiéu, cic mode hoat dong
Vcag . Vep
| I vep [ 1 7 28Q1vee
13 8 ‘“ZE 2 27 g P A0 -A12 Address Inputs
AT[3 26 []NC
AO-A12 ¢> (:;b Qo-Q7 64 251 A8 Qo- Q7 Data Outputs
_ //:EE g ;g %ii E Chip Enable
P M27C64A A3[|7 221G G Output Enable
M27C64A
£ —d A28 21[]A10 =
Ao 20fE P Program
G —g Ao[ 10 1epQ7 Vep Program Supply
Qo[ 11 18[1Q6
Q112 17[1Q5 Vee Supply Voltage
Q2[13 16[1Q4
Vas Vs [ 14 153 Vss Ground
Mode E G P A9 Vep Qo - Q7
Read ViL Vi Vin X Vee Data Out
Output Disable Vi ViH Vin X Vee Hi-Z
Program Vi Vin Vi Pulse X Vep Data In
Verify Vi Vi ViH X Vep Data Out
Program Inhibit Vi X X X Vep Hi-Z
Standby Vin X X X Voo Hi-Z
Electronic Signature Vi Vi Vin Vip Vee Codes
Note: X = Vi or Vi, Vip = 12V + 0.5V 88
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RAM (Random Access Memory)

= SRAM (Static RAM): RAM tinh

* DRAM (Dynamic RAM): RAM dong
= NVRAM

= Ferroelectric RAM (FRAM)

\3&

89

Stat AM) — RAM tinh

co so FF, theo cong nghé MOS
& bao gém 6 hodc 4 transistors (hinh v¢&)

Vrp
M, M,
My |°— —"l Mg #Bit Line

= Word Line
2 tin hiéu Word Line & Bit Line diéu khién truy nhap bit nhé
= Viéc doc khong 1am mét noi dung théng tin SRAM
SRAM 1a bd nhé truy nhap nhanh vi khong can thyc hién chu
trinh 1am tuoi (REFRESH) nhu DRAM

Vdd

Bit Line

90
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Dynamic RAM (DRAM) - RAM dgng

= DRAM: mdi bit nhd gdm mat transistor va mot tu dién.

] ‘Word Line

Bit Line }JiL‘ |_| |||

* Viéc ghi nh¢ dir li€u dya vao viéc duy tri dién tich nap vao tu
dién > viéc doc mdt bit nhd lam ndi dung bit nay bi huy =

lai ndi dung 6 nh¢ do.
* Viéc luu gitlr thong tin trong bit nhé chi 1a ta
phéng het dién tich da nap = vanhu v

* DRAM

—Th angruy cép nhanh — Thoi gian truy cdp cham
h phai lam tuoi hon, do ko phai lam tuoi

— Mat d¢ tich hop khong cao — Mat d¢ tich hop cao

— Gid thanh dit — Gid thanh ré hon SRAM

— Thuong dugc dung cho céic — Rt thich hop sir dung cho
bd nhé dung lugng bé, thoi cédc bd nh¢ dung lugng 16n
gian Poc/Ghi nhanh. va cuc 16n

— Vi du: cac bo nhé tam thoi — Vi du: b nhé chinh trong
Cache, dung trong cic hé mdy tinh va cac hé vi xur ly

vi xu ly (microprocessor)
nhd, 1am by nhé cho FPGA

92
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Cac loai DRAM

= SDRAM (Synchronous Dynamic RAM) dugc goi 1a DRAM
déng bo,
= SDRAM gém céac loai: SDR, DDR, DDR2, DDR3
SDR SDRAM = Single Data Rate SDRAM
DDR SDRAM = Double Data Rate SDRAM
DDR2 SDRAM = Double Data Rate 2 SDRAM
DDR3 SDRAM = Double Data Rate type 3 SDRAM
= Lyu ¥ tranh nhim lin giita
— SDRAM (RAM déng dong bd), va

— SRAM (Static RAM = RAM tinh) 0&

93

NVR4 AM

are for your own study!

94
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Kién tric ma tran cia b6 nhé
= Xét kién tric RAM 8 x 8 (dung luong 64 bits: 8 words, mdi word 8 bits)

~— Row Selects

s

-\

— o Address
Decoder

—
Acdress input = —

Y YV ¥YY Y vy v

-

=

Data bus
= Céc bit dugc bé tri thanh ma tran, s6 hang =
rong word, v mdi hang (row) tuong ung voi 1 w
= Su dung mach gidi ma (Decoder) dé gi
ung dé thuc hién hoat dong Boc/Ghi

Dartz directior. ccntrol

«— Read/Write

44— Chip Select

uét nhanh (85 — 100 ns)
= Ngudn 5V, cong suét thip
* Tuong thich ho TTL

Pin name Function

AOD to A12 Address input
/01 to 1108 Data input/output
CS1 Chip select 1
Cs2 Chip select 2
WE Write enable
OE Output enable
NC No connection
Ve Power supply
Vg Ground

HMGE6264BLP/BLSP/BLFP Series

NC
A12
AT
AB
AS
A4
A3
A2
Al
AOD
1101

/02
/03
Vss

ONOdO0O0O000nnOMmnn

T

1 ~" 28
2 27
3 26
4 25
5 24
6 23
7 22
a 21
2] 20
10 19
11 18
12 17
13 16
14 15

(Top view)

I I O I O Y

Vee
WE
CS52
AB

A9

Al
OF

Al10
csi1
/08
o7
1106
Hels}
1104

96
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RAM 6264 (tt)

A1 O——’g;i
A8 O—
A9 o— ' —o0 Ve
AT s Row — Memory array
© ! . —0 Vss
A2 o] :\ decoder | e 256 x 256
A5 o— ! L2
A6 O0— | /
A4 o—rsl]
j | [ |
Vo1 o = Columnio :
; Le |
| Input Column decoder
\ data
H control
.
. —_———
/08 © . L
AT A2 AD A10 A3
]

CsS2 o——— Timi | N

S g piEe geneEl
Read, Write control

WE o

OE ©

97

V.. current /O pin Ref. cycle

ot selected (power down) I, I, High-Z —
X X L Not selected (power down) I, leg, High-Z —
H L H H Qutput disable lee High-Z —
H L H L Read lee Dout Read cycle (1)—(3)
L L H H Write lee Din Write cycle (1)
L L H L Write lee Din Write cycle (2)
Note: xxHorlL

= CS1 va CS2: cdc chan tin hiéu chon chip (Chip Select)
= WE, CS1, OE: tich cyc miic thap (L)

= CS2: tich cuc muc cao (H)

98
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T6 chirc bd nhé cho hé Vi Xir Ly

= Ghép ndi cic chip nhé vao mot hé Vi Xir Ly (VXL)
= Sur dung 3 loai BUS:

— DATA BUS (BUS dit liéu)

— ADDRESS BUS (BUS dia chi)

— CONTROL BUS (BUS diéu khién)

= Vacdc cong dém 3 trang thdi (3-state buffer)

Chip selectis 0, Memory Memory p— Chifp selectis 1,
connected to bus Device 1 Device 2 impedance
I‘/l ATA
Micro-
processor TESS
CONTEOL

99

— T chirc bd nhé cho 1 hé vi xur 1y cho trudce.
Vi du: Gia sit CPU ¢6 16 duong dia chi va bus dir liéu 8 bit,
dung lugng bo nh¢ t6i da ma CPU c6 the quan 1y dugc la

— 216 = 64 KB > Do rong BUS dia chi quyét dinh dung lugng bd nhd
toi da ma CPU c6 thé quan 1y dugc

Phén chia dung lugng nay thanh céc khdi nhé sau day
— 1 ROM dung lugng 8 KB, str dung 1 chip EPROM 2764 (8Kx8)

— 7 RAM véi téng dung luong 56 KB, s dung 7 chip SRAM 6264
(8Kx8)

Cédu héi: Vé so do to chirc by nhé ciia hé théng trén?

100

50



T6 chitc bd nhé cho hé Vi Xir Ly (tt)

» So db t6 chirc bd nhé

L
1o 13 13 13 13

[
g S
g 8 13 8 13
= — —F

ROM RAM;
cs es
13 8 13 8

— —A L A

RAM, RAM:

101

b Yo (CS /ROM )
IC 74138 ——Y, (§ /RAM, )
L Y,(CS/RAM, )
358 R Y; (CS /RAM; )
b Y. (CS /RAM, )
b _Y;5(CS /RAM; )
b Ys(CS /RAM )
Y7 (CS /RAM; )

= Tai mdi thoi diém, duy nhét 1 chén tin hiéu chon chip twong tmg CS
=0 - chip nh¢ twong rng dugc lya chon st dung, cac chip nhéd khac
khong dugc chon (do céc tin hiéu dau ra khéc cua vi mach 74138 ¢6
muc logic 1)
102
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T6 chirc bd nhé cho hé Vi Xir Ly (tt)

= Ban d6 bo nhd ctia hé thong duoc thiét ké

Ais Au AulAn A A A As A Ag As Ay A; A; Ay Ag| Dia chi Hex
0 0 0/0O 0000 O0O0GO O0O0O0O0O0[0O0 0O0HSZ
00 o[t 1 1 111111 111 1|1 FFFHE
00 1[0 00000000 0000/2000HZ]
o0 /1 1 1 1 11111111 1|3 FFTFHS
0 1 0[/0 0000000000004 000HZ]|
o101 11111111111 1|5 FFTFHES
0 1 1[0 0000000000006 000HZ|
01 1111111111111 1]|7FF =
1 0 0[0 0000000000008 000HZ]|
1L ool 1 1 1 1 1 11111119 =
1 0 1[0 0 000000000 0 0A z
Lo 11 11 1 1 1 1 1 1 111.1
1 1 0[0 00000000000 0
1 1 o[l 1 1 1 1 111111
11 1[0 0 0 0 00 0 0 0 OiOm
1111 111 1 111
103

Bai tay i€t ké bo nhé

i xu ly (UP - VXL) c6 do rong bus dia
rong bus dit liéu 8 bit. Thiét ké hé théng
bd nhd (memory) cho hé¢ VXL da cho sir dung céc
chip nh¢ sau day:

— ROM1: 8K x 8 dung vi mach 27C64

— ROM2: 4K x 8 dung vi mach 27C32

— ROM3: 4K x 8 dung vi mach 27C32

— RAMI: 8K x 8 dung vi mach 6264

— RAM2: 8K x 8 dung vi mach 6264

— RAM3: 8K x 8 dung vi mach 6264

— RAMA4: 8K x 8 dung vi mach 6264

— RAMS: 16K x 8 dung vi mach 62128 104
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Hint

— D3 rong bus dia chi cia VXL la: 16 (A0 — A15)

— ROMLI.:
— ROM2:
— ROM3:
— RAMI:
— RAM2:
— RAM3:
— RAM4:
— RAMS:

8K x 8 dung vi mach 27C64 =13 (A0 — A12)
4K x 8 dung vi mach 27C32 = 12 (A0 - All)
4K x 8 dung vi mach 27C32 - 12

8K x 8 dung vi mach 6264 —>13

8K x 8 dung vi mach 6264 —>13

8K x 8 dung vi mach 6264 —>13

8K x 8 dung vi mach 6264 —>13

16K x 8 dung vi mach 62128 4 (A 13)

— Tin hi¢u chon chip /CS dwoc noi nhw thé nao?

105

* Thanh ghi dich
= Bo nhd ban dan

106
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Cdc vi mach so6 thong dung

Phu luc A: Cac vi mach céng va FF thong dung

74LS04 74LS04

1

D

741504

‘U’! B
L{J

-

(=] ©
L‘g

- —

W N
Q

—

2
74508 741508
1 4
3 6
2 5
74L.S00 741500
1 4
3 6
2 5
74832 741832
2 5
1 4
3 6
74502 741502
1 4
3 6
2 5
74586 741886
<
—20 ® a |5«
bCLK
3 E;.Ji__
74L.S74
—21, r q | 6
480K
—3dk @ ol —
:r 7415109
—31, r q 15
—I3oik
2 K 6 6

|
O
tﬁ) 74LS112

y
v

74LS04

74L.S08

—
o |©
\\‘F;/J
- |
w N

—_
\\‘T:/J

74LS04

7418504

74LS08

74LS00 74LS00
9 12
8 11
10 13
741532 741532
8 11
1o 13
9 12
741502 741502
9 12
8 11
10 13
741586 741586
2 [T G|
5ok
6'68_
74LS74
1wl e o
12 bk
9k B3 abF—
QT 74LS109
SEEH =y -
Bk
12K 67
74LS112

—l4g oL

- 1/5 -



Cdc vi mach so6 thong dung

Phu luc B: Cac vi mach té6 hop théng dung
Mach giiai ma (decoder) 2->4, 3->8,4->16

0
21 A Yo PE— 1
B YipPs— 1 15 2
1 Y2 P=— > A Y0 Pyg— 3
—a v3 pr— 8 Y1 Pig— 4
C Y2 Pro— 5
7405139 12 23
Y3 P S5 A 6
6 Y4 O5— 21 | B 7
0——
14 12 4| &1 M 20| ¢ 8
3 A YO P —59 G2A Y6 P7— D 9
B Y1 Pig— —20| G2 v7 p— 10
Y2 P9 — L5138 "
—29 g v3 p2— 74 12
13
7405139 18
109 ¢ 14
G2 15
7415154
~ 2’ pd A
Mach ma héa (encoder) c6 wu tién 8>3, 10>4
—ig0  Api— —=J!
g ! A Ps 133 2
—i5d2 mp— = o
—iq3 14 ¢ ABn
—9 4 as p— —=95 BPe
—=9 5 —96 ., cpI=
59 3 40l 6 C i
4 6 50 : P
9 103
5 15 N
—20 1o
El EO 7405147
7415148
A
Mach chon kénh (mux) 82>1,4->1,2->1
2 po w pe— 8 {fco s 214 1Y
3 5 3
> D1 5 3 1C1 =1 18
b2 Yy — +1 1C2 el2a 2y
7= D3 iC3 7+ 2B
14| D4 10 9 103 3
i D5 Tjeco Aoy HP— 38
5 D6 51 261 Sl4A a4y
D7 151 2C2 4B
18 B 1; A —29
Cc B
7 —J 16 7415157
—0 oG
7405154
7415153
A A
Mach phan kénh/(démux) 1-2>4
131 A 1¥0 Pe—
B 11 pg—
5 1v2 pr—
—29 16 1Y3 Pg—
1C 2Y0 Py5—
14 2v1 Py —
—59 2G 2Y2 Py
—0 2¢ 2v3 p=—
74(S155
A . A .
Mach cong nhi phan 4 bit
—121 A Sl o
Hre 23
1] A3 83 35—
A4 oS4 —
111 b1
B2
16 | B3
B4
Bico cat—
741583
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Cdc vi mach so6 thong dung

Mach so sanh 4 bit, 8 bit

MHro  papl-
10 6| P! 1
12 A0 3 P2 P>Q P—
13 | Al 1] P3
15 | A2 13| P4
5 A3 5 P5
11 BO 17| Pe
14 B1 P7
1] B2 3
> B3 7 51 Q0
57 A<Bi A<Bo [& -1 Qi
4 A=Bi A=Bo 5 9 Q2
A>Bi A>Bo 12 Q3
Q4
74LS85 14 Qs
16
18] Q6
Q7
7415682
* R .
Mach tao/kiém tra parity
g A EVEN S
B
1? C obD 6
120
13| E
1 F
> G
S H
|
74LS280
R ~ ~
Mach chuyén ma BCD > ma LED 7 doan anode chung
4 AP
5] 2 B OT
514 C OT
48 BPs—
—=9|BI/RBO EPiE—
—39 RBI FPi
Py 7 G P——
741847
A 3
Mach dém 8 bit
2 a1 1¥1 e A B
5 1A2 1Y2 14 4 A2 B2 ER
g | A3 3 2 5 | A3 B3 45—
1| 1A4 1Y4 9 5 A4 B4 4
13 2A1 2Y1 [~ 7] AS B5 EE
15 ) 2A2 2Y2 [ g | A6 B6 45—
17 2A3 2Y3 3 9 A7 B7 EENS
2A4 2Y4 A8 B8 —
. %46
=—902G DIR
74LS244 7415245
Phu luc C: Cac vi mach tuan tw thong dung
)’\ . A . }‘\ A
Mach dém nhi phan 4 bit dong b¢
—lopa QA H— —Bpa QA HI—
QB [5— QB 5 —
2 QC I7g— 12 QC 73—
CLR QD [ — ] CLR QD
74LS393 74LS393
- P 7
4 13
—©5|B QB 45—
—6]C Qo[
—D QD 15
. RCO
70 | ENP
——5 | ENT
—g P CLK
79 LOAD
—( CLR
74LS163
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Cdc vi mach so6 thong dung

Céc ngd vao Céc ngd ra Chtic nang

CLR | LOAD | ENP | ENT | CLK | Q, | Qs | Qc | Qo

L X X X . L L L L | Resetvea0

H L X X . D C B A | Nhadp doo liedu vago

H H X L B Khoang thay fiodi Khoang fiedm

H H L X T Khoang thay fiodi Khoang fiedm

H H H H Ny Neam lean Nedm

X X X X q Khoang thay fiodi Khoang fledm

RCO (Ripple Carry Out) = ENT.QA.Q5.Qc.Qp
Mach dém 1én/xudng dong bo nhi phan 4 bit

Mach dém mod 10 (mod 2 va sod

14

Y

w

o>

N

15 3
— 1A QA 55—
g L
9 D QD Z
—uw  copl—
—7 DN BO P—
729 LOAD
— 1 CLR
74LS193
UP | DN | ToaD | CLR Chéuchaéng
u H H L Neamhlean
7 H H I Kheéang fieam
H H | Neam xuoang
H 7 H L Khoang fieam
X X L L Nhaap d66 liedu vago
X X X H Reset vea 0
S)
12
A QA5 —
B QB o7 —I9pCKA oA 2— —120pcka oA -
QC {7 = —OpCKB QB [g— —0OpCKB QB [
Qb [—— > Qc 77— 14 QC 5 —
RO(1) CLR Qb — CLR Qb —
RO(2)
R(1) 74L.S390 74L.S390
R9(2)
741890
Mach dém mod 12 (mod 2 va mod 6)
—La on H2—
—B QB 5 —
Qc 5—
6 Qb ——
—1 Ro(1)
—— R0(2)
74892
Mach dém mod 16 (mod 2 va mod 8)
—OB QB 5 —
QC —~7—
5 QD ——
3] RO(1)
— Ro(2)

Thanh ghi dich PIPO

74LS93
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Cdc vi mach so6 thong dung

R prpey FE
e R
1] D3 Q3 ENS
3 | D4 Q4 B
14 ] D5 Q5 5
—*1 D6 Q6 ——
—?'CLK
—Id iR
74LS174
Thanh ghi dich SIPO
; A QA f{—
—B QB 5
Qc Fg—
Qb g
8 QE I3
—PCLK  QF [3
9 QG 73
—3gCLR  QH |——
7415164
Thanh ghi dich PISO
SR o
iz A
138
1] C
g
—3 e
-
—G
—814 QH | 9"
1—§'CLK on H—
—1'INH_
—— SH/ID
74LS165
Thanh ghi dich trai/ phai PIPO
__2 |
3| SR 15
—A QA F——
4 14
—B QB [+
5 13
6]C QC 175
] D Qb ——
—l s
1—;'CLK
T
s
CLR
7415194
A .
Mach chot 8 bit
o0 ol o0 ol il
= D1 Q1 3 = D1 Q1 3 —9 oc
& D2 Q2 g 5 D2 Q2 fg— 5 19
75 D3 Q353 751 D3 Q3 5 < bt Qt Mg
T D4 Q4 5 1| D4 Q4 5 4 D2 Q24—
D5 Q5 5 71 D5 Q5 3 = D3 Q3 g
51 D6 Q6 g 51 D6 Q6 g = D4 Q4 e
D7 Q7 D7 Q7 = D5 Q5 11—
1 1 g | D6 Q6 43
—9 oc —9 oc o b7 Q7 15—
G > LK D8 Q8 —=—
7415373 7415374
741573
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