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CHUONG 1: CAC HE THONG SO

NGUYEN LY CUA VIEC VIET SO

CAC HE THONG s

BIEN POI QUA LAI GIUA CAC HE THONG SO
CAC PHEP TOAN SO NHI PHAN

MA HOA

e« Ma BCD

e M3 Gray

l. GIOI THIEU

Nhu cau vé dinh luong nhat 13 trong nhiing trao d6i thwong mai, da c6 tir khi xa
héi hinh thanh. DA ¢6 nhiéu ¢ ging trong viée tim kiém cac vat dung, cac ky hi¢u ...
dung cho viéc dinh luong nay nhu cac que 20, v6 50, s6 La ma. .

Vi¢e sir dung cac hé thong s6 hiang ngay qua quen thudc, khlen chung ta quén di
su hinh thanh va céac qui tac viét cac con so.

Phan nay nhéc lai mot cach so luot vé& nguyén 1y cua viée viét s6 va gidi thiéu
cac hé théng sd khac ngoai hé théng thap phan quen thudc. Ching ta s& dat biét chi y
dén hé théng nhi phan 1a h¢ théng duoc dung trong linh vuc tin hoc — di¢n tir.

Il. NGUYEN LY CUA VIEC VIET SO

Mot sd duoc viét bﬁng cach dit ké nhau cac ky tu dugc chon trong mét tap hop.
Mdi ky hiéu trong mdi s6 duoc goi 13 mot s6 ma (sd hang — digit).

Vi dy, trong h¢ thng thap phan, tip hop nay gdm 10 ky hiéu rit quen thudc, d6
1a cac con s6 tir 0 dén 9.

S1=10,1,2,3,4,5,6,7,8,9}

Khi mét s6 gom nhiéu sé ma duoc Vlet gia tri cua s6 ma tuy thudc vi tri cua no
trong s6 d6. Gia tri nay duoc goi la trong s6 cua sb ma. Vi dy, sb 1998 trong h¢ thap
phan, s6 9 dau sau sd 1 ¢o trong s6 1a 900 trong khi s6 9 thir hai chi 1a 90.

Téng quat, mot hé thong sb duge goi 12 hé b s& gom b ky hiéu trong d6 tap hop:

={So, S1, S2, ... Sp-1 }

Mot s6 n trong hé b duge viét dudi dang:

= (a,ap_13,9...d...2,39,a_13_5...a_) VO1 a; € S.

Sé co gia tri:

ANENENENEN

n
n n-1 i 0 -1 -2 —-m i
N=ab"+a, b +..+ab +..+ab" +a ,b” +a,b” +..+a b™" = E ab
i

ll.CAC HE THONG SO

1. Hé thap phan — Decimal system — Co’ s6 10
Hé thap phan dung 10 chits6: 0123 456 7 8 9 dé biéu dién céc sb.
Vi du: Tinh gia tri cua 1 234 567 trong h¢ thap phan.
Biéu dién theo cong thirc tong quat:
1234 567 = 1*10° + 2%10° + 3*10* + 4*10° + 5%10> + 6*10" + 7*10"
1234 567 =1 000 000 + 200 000 + 30 000 + 4 000 + 500 + 60 + 7

Trang 1 Chui bién V6 Thanh An
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2. Hé nhj phan - Binary system — Co’ s6 2
Hé nhi phan dung 2 chir s6 : 0 1 dé biéu dién céc sb.
Vi du: Tinh gia tri ciia s6 100 111 trong hé nhi phan.
Biéu dién theo cong thirc tong quat:
100 111, = 1%2° + 0%2* + 0*27 + %22+ 1#21 + 1%2°
100 111g;, =100 000g;, + 00 000, + 0 000, + 100g;, + 10g;, + 1
Néu ddi sang co s6 10 ta duoc:
100 111Bin a4 32Dec + ODec + ODec + 4'Dec + 2Dec + 1Dec
100 1115, < 39pec

3. Hé bat phan — Octal system — Co's6 8
H¢ bat phan dung 8 chir sé 01234567 débiéu dién céc sd.
Vi du: Tinh gia trj cta sd 123 456 trong h¢ bat phan.
Biéu dién theo cong thuc tong quat:
123 4560, = 1#8° + 2#8* + 3%8° + 4*8” + 5*8' + 6*g"
123 4560 = 100 0000 + 20 0000 + 3 0000 + 4000 + 500ct + 6oct
Néu ddi sang co s6 10 ta duoc:
123 4560 < 32768pec + 8192pec + 1536pec T 256pec + 40pec + Opec
123 4560 < 42 798pec

4. Hé thap luc phan — Hexadecimal system — Co’ s6 16

Hé thap luc phan ding 16 chits6: 0123456789 AB C D E F dé biéu dién
cac so.

Vi du: Tinh gia tri cta s6 4B trong hé thap luc phéan.

Biéu dién theo cong thirc tong quat:

4Byex = 4%16' + B*16°

4BHex = 40Hex + BHex

Néu theo co s6 10 ta cé:

4BHex & 64Dec + 11Dec

4BHex & 75Dec

IV.BIEN POl QUA LAI GIIPA CAC CO SO

1. D6i mét co s6 tir hé b sang hé 10
Pé d6i mot co sb tir hé b sang hé 10 ta khai trién truc tiép da thirc ciia b.
Mot sd N trong hé b duogc viét:
N,=a,a,,..q,.a,a,a,.a, Voia €S,

Co gia tri twong Gmg voi hé co s6 10 la:

Ny=ab"+a, b +. . +ab +..+ah’+a b +a,b” +. .+a_b" =) ab
Vidu I: D6i s6 1010,11 ¢ co s6 2 sang co sd 10 ta lam nhu sau:

1011,11, 122 +022+1.2'+12°+ 1.2 +1.272

1011,11, < 8+0+4+1+0,5+0,25

1011,11, <> 13,75,

Vi du 2: Doi gié tri ciia s6 4B,8F trong hé thap luc phan sang hé thap phan.
Chu bién Vo Thanh An Trang 2
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4B,8F s < 4*16' + B*¥16° + 8*16 ' + 15*16>
4B,8F s & 64 + 11+ 0,5+ 0.05859375
4B,8F s < 75,55859375:¢

2. D6i mét co' s6 tir hé 10 sang hé b

Day la bai toan tim mdt day cac ky hiéu cho s6 N viét trong hé b. Mot s6 N viét
trong dang co sd 10 va viét trong co sd b c6 dang nhu sau:

N =(aya, 1..-20,a 13 3...a n)p = (ayap1...20) T (0,212 5...a )

Trong do:

(3nan_1...30), = PE(N) 1a phan nguyén cua N.
(0,aja5...am)h =PF(N) la phan thap phan cua N.
C6 2 cach bién d01 khac nhau cho phan nguyén va phan thip phén.
e Phin nguyén — PE(N)
Phan nguyén c6 thé viét lai nhu sau:
PE(N) = (a;b™ ' +a, 1b" " +...4+a))b + g

Ta thay ring, néu lay PE(N) chia cho b thi ta s€ co s6 du 13 a,, dugc thuong 1a
PE’(N) = (a,b" "' + a,,b" > +...+ a;)b. Vay s6 du cia lan thir nhat nay chinh 13 bit c6
trong s6 nho nhat (bit LSB).

Tiép tuc cho dén khi dugc phép chia cudi cung, d6 chinh 1a bit 16n nhat (MSB).

e Phan thap phan — PF(N)
Phan thap phén co the duoc Vlet lai nhu sau:
PF(N)=b'(a,+a,b '+ ... +a b ™"

Ta thdy rang néu nhan PF(N) véi b tadugca,;+ab'+.. . +a b™ =a,+
PF’(N). Vay a_ chinh la bit 1& dau tién cia phan thap phan.

Tiép tuc lap lai bai toan nhan phan 18 cua két qua co dugc cua phép nhén trude
d6 v6i b cho t6i khi két qua phan 1& bang 0, ta tim duoc diy sb (aja0a5... am).

Chu y: Phan thap phan cua sb N khi ddi sang hé b c6 thé gom vo so s0 hang (do
két qua phan thap phan cé dugc ludn khac 0), vay tuy theo yéu cau vé do chinh xac
ctia két qua ma ta lay mot s6 sé hang nhat dinh.

Vi du: Doi s6 6,3 sang hé nhi phan.

Phan nguyén ta thuwc hién nhw sau:

6 }2— Kég qua phép chia bang khong
0 13 |2 (két thiic). Ldy nguege phin dir
\ i é_ ta dwoc: 1105, < 6pe

Phan thdp phan ta thuc hién nhu sau:

103*2=0,6 :a;=0 | Liyphinchinlao :
0,6*2=12 !=»a,=1 |Liyphanchanlal
02%2=04 '=Da;=0
04*3=0,8 Day=0
08%2=1,6 =Das=1
06%2=12 Dag=1
02*2=04 =a,;=0  (tiéptuc...)

Trang 3 Chui bién V6 Thanh An
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~ Nhu vay két qua bai toan nhan luon ludén khac 0, néu két qua bai toan chi can 5
50 1€ thi ta lay PF(N) = 0,01001.
Két qua cudi cung la: 6,3, <110,01111,

3. P6i mét co’ s tir hé b sang hé b"

Tir cach trién khai da thirc cta s6 N trong hé b, ta c6 thé nhom thanh timg k sb
hang tir dau phay vé 2 phia va dat thanh thtra s6 chung.

N=ab"+ ... +ab* +asb’ +ab’ +ab' +ab’+a ,b'+a,b’+azb°+...+a
mbim r r

Gia stir k =3 s0 N duoc viét lai nhu sau:

N = ...+ (asb” + asb' + a;b")b’ + (a,b” + a;b' + agb”)b’ +(a_;b* + a,b' + a3b%)b "
+ ...

Phan chira trong mdi dau ngodc ludn nhé hon b* (k=3), vy sb nay chinh 1a mot
sd trong hé b* va duoc biéu dién boi cac ky hiéu twong Gng trong hé nay.

Vi dy 1: D6i 6 10011101010,10011 tir hé co s6 2 sang hé co's6 8 (k=3 vi 8 =2°)

Tu dau phay gom ting 3 s0, ta ¢ thé thém s6 0 vao bén trai cua s6 hodc bén phai
sau dau phay cho du nhom 3 (k=3) so, ta dugc nhu sau:

010011 101 010, 100 110, <>2352,46s,

Vi du 2: D6i s6 10011101010,10011 tir hé co s6 2 sang hé co s6 16 (k=4 vi 16 =
2%

Tu déu phay gom timg 4 sd, ta co thé thém s6 0 vao bén trai cta sd hodc bén phai
sau dau phay cho di nhom 4 (k=4) so, ta dugc nhu sau:

0100 1110 1010, 1001 1000,y <>4EA,98;6)

Ngoai ra, ta cling co thé bién d6i mot sb tir b* sang bP thyc hién trung gian qua hé
b. Di€u nay dé dang suy ra tir 2 vi du trén, doc gia tu nghién ctru.

Dudi ddy 14 bang ké cac sd dau tién trong 4 hé s thuong gip:

Thap | Nhi | Bat | Lhap Thap| Nhi | Bat | PP
phian | phan | phan ll'l,\c phan | phan | phin ll'lf
phan phan
0 00000 0 0 11 01011 13 B
1 00001 1 1 12 01100 14 C
2 00010 2 2 13 01101 15 D
3 00011 3 3 14 01110 16 E
4 00100 4 4 15 01111 17 F
5 00101 5 5 16 10000 20 10
6 00110 6 6 17 10001 21 11
7 00111 7 7 18 10010 22 12
8 01000 10 8 19 10011 23 13
9 01001 11 9 20 10100 24 14
10 01010 12 A 21 10101 25 15

Chii bién Vo Thanh An Trang 4
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V. CAC PHEP TiNH TRONG HE NHI PHAN

1. Gi&i thiéu

Céc phép tinh trong hé nhi phan dugc thuc hién twong ty nhu hé thap phan, tuy
nhién cling c6 mdt s6 di€ém can luu y.

2. Phép cong
La phép tinh lam co s& cho cac phép tinh khac. Ta c6 cac chu y sau:
0+0=0
0+1=1+0=1
1 +1=0,nhé 1 (dem qua bit cao hon).
Ngoai ra dé thuc hién bai toan cong nhiéu sb ta nén nhé:
- Néu sd bit s6 1 chan thi két qua bang 0.
- Néu s bit s6 1 18 thi két qua bang 1.
- Culecap $6 1, cho 1 s6 nho.
Vidy: Tinh 011 + 101 +011 + 011

11 € sdnhé
111 € sdénhé
011
101
Toon
011
1110
3. Phép trwr
Ta c6 cac chu y sau:
0-0=0
1-1=0
1-0=1
0—1=1,nhd 1 cho bit cao hon.
Vidu: Tinh 1011 - 0101
1 € s6 nhG
1011
~ 0101
0110

4. Phép nhan

Ta c6 cac chu y sau:

0x0=0
O0x1=0
1x1=1

Vidu: Tinh 110 x 101

Trang 5 Chui bién V6 Thanh An
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110
101
110
+ 000
110
11110

5. Phép chia

Tuong ty nhu phép chia trong hé co s6 10.
Vidu: Tinh 1001100100 : 11000

1001100100 | 11000

~11000] ||| 110011
0011100
—11000
00100100
—11000
0011000 € thém 0 vao dé
—11000 chia 14y phan 1&.
00000

VI.MA HOA
1. Toéng quat

Ma hod 1a gdn mot ky hi€u cho mot ddi tuong dé thuan tién cho viéc thuc hién
mot yéu cau nao do.

Mot cach toan hoc, ma hoa 1a phép ap mot ddi tugng tir tp hop ngudn vao mot
tap hop khac goi 1a tap hop dich.

A > 101
B > 110
C > 111

Tap ngudn c6 thé 1a tap hop cac sd, cac ky tu, dAu, cac 1énh dung trong truyén dir
lidu... va tap dich thuong la tap hop chira cac t6 hop thtr tur cua cac s6 nhi phan.

Mot to hop cac sb6 nhi phan twong Gng véi mot sé duge goi 1a mot tir ma. Tap
hop cac tir ma tao ra theo cung mot qui luat cho ta bo ma. Vi¢c chon ma tuy vao myc
dich sur dung.

Vi du dé bidu dién cac chit va s, ngudi ta c6 md ASCII (American Standard
Code for Information Interchange), ma Baudot,... Trong truyén dit liéu, ta ¢6 ma do
16i, ma do va stra 16i, mat ma, .

Cong viéc nguoc lai ma hoa 1a giai ma.

Cach biéu dién cac sb trong trong cac hé khac nhau cling duoc xem 1a mot hinh
thirc ma hod, nhu vay, ta c6 ma thap phan, nhi phan, thap luc phan... va viéc chuyén
tor ma nay sang ma khac cling thudc bai toan ma hoa.

Trong k¥ thuat s6 ta thuong sir dung ma BCD va mi Gray. Ta s& xét ching &
phan ngay sau déy.

Chii bién Vo Thanh An Trang 6
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2. Ma BCD (Binary Coded Decimal)

Mi BCD duing s6 4 bit nhi phan thay thé cho ting s6 hang trong s thap phan.

Vidu: So 729(10) co ma BCD 1a 0111 0010 1001(BCD)

M3 BCD rét thuan loi dé mach dién tir doc cac gia tri thap phan va hién thi bang
cac dén bay doan (led 7 doan) va cac thiét b1 st dung k¥ thudt s6 khéc.

Hinh: Led 7 doan.

3. Ma Gray

Ma Gray hay con hoi l1a ma cach khoang don vi.

Néu quan sat thong tin tir may dém, dang dém sy kién ting dan timg don vi cla
mot sd nhi phan. Ta s& dugc cac s6 nhi phan dan dan thay doi. Tai thoi diém quan sat,
c6 thé c6 nhitng 151 rat quan trong, vi du tir s6 7 (0111) va sé 8 (1000), cac phan tir nhi
phan déu phai thay dobi trong qua trinh dém nhung sy giao hoan nay khong bit budc
xay ra dong thoi, ta c6 cac trang thai lién tiép sau chan han:

0111 - 0101 - 0100 > 1100 - 1001

Trong mot quan sat ngan két qua thiy dugc khac nhau. Pé tranh hién tugng nay,
nguoi ta can ma hoa mdi so hang sau cho 2 s lién tiép chi khac nhau mét phan tir nhi
phan (1 bit) goi la mé cach khoang don vi hay ma Gray va con dugc goi la ma phan
chiéu (do tinh dbi xtng cta cac sb hang trong tip hop mi, giéng nhu phan chiéu qua
guong).

Nguoi ta c6 thé thanh 1ap ma Gray dua vao tinh chit ddi xtmg cia nd. Pé thuc
hién ma Gray nhiéu bit, ta thuc hién tur tap ma Gray 1 bit. Ta lam nhu sau:

0 00 0 [00 0 [000 01 0000
1 4 01 0|01 0001 110001
Ibit 11 011 0011 20010
10/010 0010 30011

2 bit 110 0100 40100
T~ 1l 0111 50101

1|01 0101 6 0110

1|00 0100 7 0111

3 bit 1] 100 8 1000

1] 101 9 1001

1111 [ 1011010

11100 [ 111011

11010 [ 1211100

1lo11 [ 131101

11001 [ 1411110

11000 [ 15 1111

4bit Dec Bin

Ta c6 mot cach khac dé xac dinh mot s6 ma Gray twong ung v&i ma nhi phan
nhu sau:
- Xac dinh s6 nhi phan tuong tng vdi Gray can tim.

Trang 7 Chui bién V6 Thanh An
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- Dich trai s6 nhi phan 1 bit sau d6 cong khong s6 nhé vai sé nhj phan do, bo
bit cudi.

Vi dy: Xac dinh s6 14 ctia ma Gray ta 1am nhu sau:

Xac dinh s6 nhi phan tuong tmg: 14(10) <1110

Dich trai 1 bit s 1110(2) ta duogc so 11100(2), sau d6 cong bo bit cudi nhu sau:

1116 € So nhi phan twong g 14,

11100 € S nhi phan twong tng 14(10) dich trai 1 bit.
1001 € S6 mi Gray (cong hai s trén khong s6 nhd va bo bit cubi).

Chii bién Vo Thanh An Trang 8
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CHUONG 2: HAM LOGIC

v’ HAM LOGIC CO BAN
v/ CAC DANG CHUAN CUA HAM LOGIC

« Dang tdng chuin

« Dang tich chuén

« Dang sé

e« Bién ddi qua lai giita cac dang chuén
v RUT GON HAM LOGIC

« Phuong phap dai sé

¢ Phuong phdap dung bang Karnaugh

¢ Phuong phdp Quine Mc. Cluskey

. HAM LOGIC CO BAN
1. Mt s6 dinh nghia

- Trang théi logic dugc biéu dién bang sb 0 hoic 1.

- Bién logic 1a dai luong bidu dién bdi mot ky hiéu (chit hay ddu) chi gom céac
gia tri 0 hay 1 tuy theo diéu kién nao do.

- Ham logic dién t4 mot nhom bién logic lién hé véi nhau boi cac phép toan
logic. Ciing nhu bién logic, ham logic chi nhan 1 gia tri 0 hodc 1.

2. Biéu dién bién va ham logic

a. Gian dé Venn

Con goi 1a gian dd Euler, dic biét dung trong linh vic tap hop. Mdi bién logic

chia khong gian ra 2 ving khong gian con, 1 ving trong d6 gi tri bién 1a ding hay 1,
ving con lai 1a vang phu trong d6 gié tri bién 14 sai hay 0.

Vi du: Phan giao nhau cta 2 tdp hop A va B (mau xam) biéu dién tip hop trong

do AvaBdiung (Aand B=1)

A B

b. Bang sw that
Néu ham c6 n bién, bang sy that c6 n + 1 cot va 2" + 1 hang. Hang dau tién chi
tén bién va ham, cac hang con lai trinh bay nhing t6 hop ctia n bién, c6 ca thay 2" to
hop c6 thé 6. Cac cot ghi tén bién, cot cudi cuing ghi tén ham va gia tri cia ham tuong
g véi cac t6 hop bién trén cing hang.
Vi du: Ham F(A,B) = A OR B ¢6 bang su that nhu sau:

A B | F(A,.B)=AORB
0 0 0
0 1 1
1 0 1
1 1 1

Trang 9 Chui bién V6 Thanh An
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c. Bang Karnaugh
Day 1a cach biéu dién khac cua bang su thit trong d6 mdi hang cuia bang su that
duoc thay thé boi 1 6 ma toa do hang va ¢t c6 gia tri xac dinh boi td hop da cho cua
bién.
Bang Karnaugh cta ham cé n bién gdm 2" 6. Bang Karnaugh rat thuan tién dé
don gian ham logic bang cach nhém cac 6 lai véi nhau.
Vi du: Ham F(A,B) = A OR B c6 bang Karnaugh nhu sau:

B

A 0 1
0 0 1
1 1 1

d. Gian d6 thoi gian
Dung dé dién ta quan hé gitra ham va bién theo thoi gian.
Vi du: Ham F(A,B) = A OR B c6 bang gian do thoi gian nhu sau:

A
I T,
IB
I T,
IF(A,B)
T |-

3. Qui wéc
Khi nghién ciru mot hé thdng logic, can xac dinh qui udc logic. Qui udc nay
khong duoc thay dbi trong subt qua trinh nghién ctru.
Vi du: Trong mot hé théng s6 ¢6 2 gia tri dién ap OV (thdp) va 5V (cao), ta co thé
chon mot trong hai qui udc sau:

Dién dp | Logic duwong | Logic 4m
ov 1 0
5V 0 1

4. Cac ham logic co’ ban

a. Ham NOT (dao, bu)
Phép toan (gach trén): -
Bang sy that dudi day: Y =4

S

[S—
S |—ll

Chii bién Vo Thanh An Trang 10
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b. Ham OR (hoac)
Phép toan: + (cOng).
Bang su that dudi day.

A B F(AB)=A+B
0 0 0
0 1 1
1 0 1
1 1 1
c. Ham AND (va)

Phép toan: e (nhan — ddu cham).

Bang su that dudi day.
A B F(A,B) =A.B
0 0 0
0 1 0
1 0 0
1 1 1

d. Ham EX-OR (OR loai triv)

Phép toan: & (exor).

Béng su that dudi day.
A B F(A,B)=A®B
0 0 0
0 1 1
1 0 1
1 1 0

5. Tinh chat ctia cac ham logic co’ ban

a. Tinh chat co ban

- C6 mot phan tir trung tinh duy nhat cho mdi toan tir + (cong) va . (nhan).
A+0=A  ;01aphan tir trung tinh ciia ham OR.
Al=A :1 12 phan tir trung tinh ciia ham AND.

- Tinh chét giao hoan.
A+B=B+A
A.B=B.A

- Tinh phéi hop.
(A+B)+C=A+B+C)=A+B+C
(A.B).C=A.B.C)=A.B.C

- Tinh phan bé.
Phép nhan: A.(B+C)=A.B+A.C
Phépcong: A+ (B.C)=(A+B).(A+C)

- Khéng c6 phép tinh lity thira va thira sd.

Trang 11 Chui bién V6 Thanh An
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A+A+.. . +A=A
A.A..... A=A
- liinhbfl.
A=4
A+A=1
A.A=0

b. Tinh song déi (duality)
Tat ca cac biéu thirc logic van dung khi ta thay phép toan + (cong) bai phép toan
e (nhan), 0 bdi 1 hay nguoc lai.
Ta hay xét cac vi du sau:
A+B=B+A & A.B=B.A

A+AB=A+B o A.(A+B)=A.B
A+1=1 & A.0=0

c. Dinhly De Morgan
Dinh Iy De Morgan duoc phat biéu bai 2 biéu thire sau:

A+B+C=4.B.C
AB.C=A+B+C

Dinh 1y trén cho phép bién ddi qua lai gitra phép nhan va phép cong nho vao
phép dao.

d. Sw phu thudc 1an nhau cta cac ham logic co ban
_ Dinh ly De Morgan cho ta thdy cac ham logic khong dgc lap voi nhau. Chung co
thé bién doi qua lai do do ching ta co thé dung ham [AND va NOT] hoac [OR va
NOT] d¢ biéu dien tat ca cac ham.
Vi du: Chi ding ham AND va NOT biéu dién ham: Y = 4B + BC + AC

Chi viéc dao Y hai 1an ta dugc két qua: ¥ = Y = AB + BC + AC = AB.BC.AC

Il. CAC DANG CHUAN CUA HAM LOGIC
1. Gi&i thiéu

Ham logic duoc bidu dién bai to hop cua nhirng tong va tich logic.

Néu 13 tong cua nhitng tich ta ¢6 dang: f(X,Y,Z)=XY+XZ+YZ

Néu 14 tich cta nhitng tong ta c¢6 dang: f(X,Y,Z)=(X +Y)(X + Z)(Y + Z)

Mot ham logic duoc goi 12 ham chuan néu mdi s6 hang chira day du cac bién. Ta
hdy xem ham sau: f(X,Y,Z)=XYZ+ X YZ + XYZ 1a mot tong chuan. Mdi s hang cua
téng chuan goi 1a minterm.

Ta hiy xem ham sau: f(X,Y,Z)=(X+Y+Z)( X +Y+Z)(X +Y + Z)1a mot tich
chuan. Mdi s6 hang cua tich chuan goi 14 maxterm.
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2. Dang téng chuan
Pé c6 ham logic dudi dang chuén ta ap dung dinh Iy trién khai ctia Shanon. Dang
téng chuan cé thé trién khai theo dinh ly Shanon tht nhat.

Tat ca cac ham logic c¢6 thé trién khai theo mét trong nhing bién duéi dang tong
cua 2 tich nhu sau:

f(A,B,...,2)=A.f(1,B,...,Z)+ A.f(0,B,..., Z)

Vi du: Ta trién khai v6i ham 2 bién f(A, B) nhu sau:
Khai trién theo bién A: (4, B)=A4.f(1, B) +A.1(0,B)
Mobi ham trong 2 ham vira tim duoc, tiép tuc khai trién theo bién B:
f(,B)=B.f(,)) + B.f(1,0)
£(0,B)=B.£(0,1)+ B.f(0,0)
Nhén vao ta duge: f(4,B)=AB.f(1,1)+ AB.f(1,0) + AB.f(0,1) + A B.f(0,0)
Véi mdi cip i, j ta co luong gia tri f{i, j) biéu dién mot gia tri riéng cta f{4, B)
trong bai toan phai giai. 7
V61 ham 3 bién, khai trién ta duoc:
f(A4,B,C)=ABC.f(1,1,))+ ABC.f(1,1,0) + ABC.f(1,0,1) + ABC.f(1,0,0) +
+ ABC.f(0,1,1) + ABC.f(0,1,0) + ABC.£(0,0,1) + AB C.f(0,0,0)
Khai trién ham n bién, ta dugc 2" s0 hang. ,
Moi s6 hang trong :[rién khai 1a tich ctia mgt t6 hop bién va mot tri riéng cua ham.
C6 hai truong hop co thé xay ra: )
- Gia tri riéng bang 1, s6 hang thu gon chi con bién.
ABC.f(0,0,1) = ABC néu f{0,0,1) = 1.
- Gia tri riéng bing 0, sb hang nhén ham bang 0. S6 hang nay bién mat trong
biéu thure tong (theo qui tac X + 0 = X).
ABC.£(0,0,1) =0 néu {0,0,1) = 0 (theo qui tic X.0 = 0).
Vi du: Cho ham 3 bién A, B, C xac dinh béi bang sur thit sau, viét dang ham tong
chuan cho ham:

Hang | A | B[ C | Z=1A,B,C)
0 0/10/]0]o0
1 01011 [1=001
2 01 1] 0]|1=1010
3 01 |1 |1=011)
4 11000
5 1o |1 |1=f100
6 11110 ]o0
7 1111 [1=/111)

- Ham Z c6 tri riéng f{0,0,1) = 1 twong ung véi gid tri cua to hop bién &
“Hang 1”14 A=0,B =0, C=1. T6 hop nay 1a 4BC.f(0,0,])= ABC.1= ABC
1a mot s6 hang trong tong chuan

- Tuong tur cac to hop (2) (3), (5) (7) cling 1a cac sb hang cta tong chuan.

- Cubi cung ta co: Z = ABC + ABC + ABC + ABC + ABC
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3. Dang tich chuan
Dé c6 ham logic dudi dang chuan ta ap dung dinh 1y trién khai ciia Shanon. Dang
tich chuan co thé trién khai theo dinh 1y Shanon thir hai.
Tat ca cac ham logic c6 thé trién khai theo mdt trong nhiing bién dudi dang tich
cua 2 tong nhu sau:

f(AB,...,Z)=[A+f(0,B,.... D)].[4+ f(1,B,..., Z)]

Vi dy: Ta trién khai véi ham 2 bién f(A, B) nhu sau:
Khai trién theo bién A: £(4,B)=[A+ f(0,B)].[A+ f(1,B)]
Mbi ham trong 2 ham vua tim dugc, tiép tuc khai trién theo bién B:
f(0,B)=[B+ f(0,0)].[B + f(0,])]
f(1,3)=[3 + f(lr,O)]-[B + f(l,l)]
Ap dung tinh chat phan bo cua phép cong ta duogc:
f(4,B)=[A+ B+ f(0,0)..[A+ B.f(0OD].[A+ B+ f(LO).[A+ B+ f(L)]
Véi mdi cip i, j ta co luong gia tri f{i, /) biéu dién mot gia tri riéng cta f{4, B)
trong bai toan phai giai. i
V61 ham 3 bién, khai trién ta duoc:
f(4,B,C)=[A+ B +C + f(0,0,0)].[4 + B+ C + £(0,0,)].[4 + B+ C+ £(0,1,0)].
[A+B+C+ f(OL)].[A+B+C+ f(1,0,0)].[4+ B +C.f£(10,D)].
[A+B+C.f(LLO).[A+B+C+ f(LLD)]
Khai tr,ién ham n bién, ta dugce 2" s§ hang. 7 ’
Moi s6 hang trong trién khai la tong cua mot t6 hop bién va mot tri riéng cua
ham. C6 hai truong hop co the xay ra: ’
- Gia tri riéng bang 0, s6 hang thu gon chi con bién.
[A+B+C+ f(1,1,0)]= A+ B+C néuf(l,1,0) =0 (theo qui tic X + 0 = X).
- Gi4 trj riéng bang 1, s6 hang ham bang 1. S6 hang ndy bién mét trong biéu
thirc tich (theo qui tac X.1 = X).
[A+B+C+ f(LL,0)]=1 néu f{1,1,0) = 1 (theo qui tic X+1 = 1).
Vi du: Cho ham 3 bién A, B, C xac dinh bdi bang sy that sau, viét dang ham tich
chuan cho ham:

Hang | A | B| C| Z=fA,B,0C)
0 00| o0 |o=f1,11)
1 010/ 1][1
2 0i1:0]|1
3 ol 1|11
4 110 | 0 |0=£0,1,1)
5 11011
6 11110 |o=f00,0
7 1111

- Ham Z c6 tririéng f(1,1,1) = 0 twong ng voi gia tri cua t6 hop bién &
“Hang 0”14 A=0,B =0, C=0. T6 hop nay la:
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[A+B+C+ f(L11)]=[A+B+C+0]=A4A+B+C lamot séhangtrongtich
chuén
- TuO’ng tur cac to hop (4), (6) ctng | 1a cac sb hang cua tich chuan.

- Cu01cungtaco Z = (A+B+C)(A+B+C)(A+B+C)

4. Péi tir dang chuan nay sang dang chuan khac
Nho dinh Iy De Morgan, hai dinh 1y trén c6 thé chuyén dbi qua lai.
Tro lai vi duy trén, ta thém cot Z vao bang su that:

Hing A | B | C|Z=fA,B,C) | 7
0 0070 0 1
1 0011 1 0
2 0 110 1 0
3 0111 1 0
4 11olo 0 1
5 110141 1 0
6 11110 0 1
7 1111 1 0

- Dién ta hém Z theo dang chuan t}}ﬁ’ nhét, ta dl{(_yc: Z = ABC + ABC + ABC
Lay bu 2 v¢ ta dugc dang tich chuan (tong chuan - tich chuan):
Z =?=Z§E+A%+ABE=(A+B+C)(Z+B+C)(Z+§+C)
- Diéntiham Z theo dang chuén thir hai, ta duoc:
Z= (A+B+E’)(A+§+C)(A+§+E)(Z+B+E)(Z+§+z’)
Lay bu 2 vé ta duoc dang tong chuén (tich chuin = tong chuan):
Z =?= (A+B+E)(A+E+C)(A+E+E)(Z+B+E)(Z+E+E)
= ABC + ABC + ABC + ABC + ABC

5. Dang s6

Pé don gian cach viét, nguoi ta c6 thé dién ta mot ham téng chuan hay tich chuan
bai tap hop cac sd dudi dau tong (X) hay tich (IT). Mdi t6 hop cua bién dugc thay boi
mot s6 thap phan twong duong vai gia tri nhi phan ctia chung. Khi sir dung cach viét
nay qui uéc trong luong ciia bién phai khong duogc thay doi.

Vi du: Cho ham Z xéc dinh nhu trén, tuong tmg v&i dang chuan thir nhat, ham
léy gia tricac hang 1,2, 3,5, 7 ta viét Z = >(1,2,3,5,7). Tuong tu néu dung dang chuin
th 2 ta viét Z = [1(0,4,6).

II.RUT GON HAM LOGIC
1. Giéi thiéu

Pé thuc hién mot ham logic bang mach dién tr, nguoi ta luén nghi dén viée su
dung linh kién mot cach it nhat. Mudn vay, ham logic phai ¢ dang tdi gian, nén van dé
rit gon ham logic 13 budc dau tién phai thyc hién trong qua trinh thiét ké.

C6 ba phuong phap rat gon ham logic chu yéu nhu sau:

- Phuong phap dai sb.
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- Phuong phap dung bang Karnaugh.
- Phuong phap Quine Mc. Cluskey.
2. Phwong phap dai sé

Phuong phap nay bao gdm viéc sir dung cac tinh chét cta dai s6 Boole. Nguoi ta
thuong dung céc dang thire (cac qui tac) dudi day dé don gian ham logic.

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

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

(3) A+AB=A4+B A(A+B)= 4B (3”)
a. Quitac 1

Dung céac dang thirc logic dé rat gon ham.
Vi du: Rut gon ham Z = ABC + ABC + ABCD
Z = ABC + ABC + ABCD = ABC + ABC + ABCD =
M
AB + ABCD = A(B + BCD) = A(B + CD)
3)

b. Qui tac 2

Ta c6 thé thém mot s6 hang di co trong biéu thire logic vao biéu thirc ma khong
lam thay doi biéu thuec.

Vi du: Rat gon ham Z = ABC + ABC + ABC + ABC

Thém ABC vao ta duoc:
Z =ABC+ ABC+ ABC + ABC + ABC+ ABC = BC + AC + AB
BC AC AB
c. Quitac3

C6 thé bo s6 hang chira cac bién di c6 trong s6 hang khac.

Vidu I: RUt gon Z = AB+ BC + AC

Biéu thirc khong d61 khi ta nhan mot s6 hang vé1 1 (1= B + B)

Z=AB+BC+ AC = AB+ BC + AC(B + B) = AB + ABC + BC + ABC

= AB(1+C)+ BC(1+ A) = AB + BC

Vidu 2: Rit gon Z = (A+ B)(B+C)(4+C)

Biéu thuc khong d6i khi ta cong mot sd hang voi 0 (0 = B.B)

Z=(A+B)B+C)A+C)=(A+B)B+C)A+C+B.B)
=(A+B)B+C)A+B+C)A+B+C)

=(A+B) A+B+C)YB+C)A+B+C)=(4+B)B+C)
(2" (2"

d. Quitac4

Co6 thé don gian bang cach dung ham tong chuan twong duong ¢ sd hang it nhat.
Vidu: Ham Z = f(4,B,C) = £(2,3,4,5,6,7) v6i trong luong A=4,B=2,C=1.
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Ham déo Z = f(4,B,C) = (0,1)= ABC+ ABC = AB=A+B

Viy Z=Z= f(4,B,C)=A+B=A+B
3. Dung bang Karnaugh

a. Nguyén tac

Dung bang Karnaugh cho phép rit gon dé dang cac ham logic tir 3 dén 6 bién.

Xét 2 t6 hop 4B va 4B, hai to hop nay chi khac nhau mot bit goi 1a hai t6 hop ké
nhau. Ta c6 AB+ AB = A, bién B dugc don gian.

Phuong phap Karnaugh dua vao viéc nhom cac t6 hop ké nhau trén bang dé don
gian bién c6 gia tri khac nhau trong cac to hop nay. Cong viéc rat gon ham thyc hién
theo ba budec.

- Thiét 13p bang Karnaugh.

- Chuyén cic ham cin don gian vao bang.

- Nhém céc 6 chtra to hop ké nhau sau cho ¢6 thé rat gon ham téi mire toi
gian.

b. Thiét 1ap bang Karnaugh

Bang Karnaugh thuc chit 1a mot dang khac cua bang sy that, trong do mdi 6 cua
bang tuong duong véi 1 ham trong bang sy that.

Pé thiét 1ap bang Karnaugh, nguoi ta chia bién ra 1am d6i, phan nita ding dé tao
2"2 ¢cot, phan nira con lai tao 22 dong (néu n 1 sd 1¢, ta c¢6 thé chon sb luong bién 1am
cot 16n hon s6 lwong bién lam dong hay nguoc lai). Nhu vdy, néu ham c6 n bién, bang
Karnaugh 1a bang c6 2" 6, mdi 6 trong ing v4i mot t6 hop cua bién. Céac 6 trong bang
duoc sép dat ké nhau chi khac nhau mot don vi nhi phan (khac nhau 1 bit). biéu nay
rat thuan tién khi chung ta dung ma Gray. Chinh sy sap dat nay giup ta don gian bang
cach nhoém cac 6 lai.

Vi du: Bang Karnaugh 3 bién v&i A & vi tri MSB va C 6 vi trf LSB. Du mili tén
tang theo chiéu s thir tw ctia mi Gray.

BC C
A 00 01 11 10 AB 0 1
0 0 1 3 > 2 00 _oj 1
1| 5T s 71 6 01| [>] 3
11 14
10 | 51 s

Do cac to hop bia trai va bia phai ké nhau nén c6 thé coi bang dang hinh try
thang dang. Tuong tu, bia trén va bia dudi ké nhau nén ciing c6 thé coi bang nhu hinh
try nam ngang. Bén t6 hop bién ¢ 4 goc la ké nhau.

Bang Karnaugh cho ham 4 bién duogc biéu dién nhu sau — chiéu theo mili tén 1a
chiéu ting theo mi Gray:
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CD

AB 00 01 11 10
00 | o] 3] ] o
01 | [4 5 7 6
| ST o 5.
10 | ST 1

c. Biéu dién ham logic trong bang Karnaugh
Trong mdi 6 cua bang, ta dua vao gia tri cia ham tuong tmg véi to hop bién, dé
don gian, ta chi ghi cac gia tri 1, bé qua céc gia tri 0 cia ham. Ta c6 cac truong hop
dudi day.
- Tu ham viét dudi dang téng chuan:
Vidu: f(4,B,C)= ABC + ABC + ABC

BC
A 00 \01 11/ 10

o1, 15,
1| 4] s| 17| &

- Néu ham khong ¢ dang chudn, ta phai dua vé dang chuan bang cach thém
vao cac s6 hang sao cho ham van khong d6i nhung cac s6 hang chira day du
cac bién.

Vidu: f(4,B,C,D)= ABC + ABD + ABC + ABD , ham 4 bién ta dua vé dang tong
chuan nhu sau (loai bo cac sb hang lip lai):
f(A4,B,C,D)= ABC(D + D)+ ABD(C + C) + ABC(D + D)+ ABD(C + C)

= ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD
- Tudang sd X (tong), ham s€ c6 gia tri 1 trong nhitng 6 1a s6 twong Gng.
Vi du: f(A, B, C) = 2(1,3,7). Ham s¢& léy gia tri 1 trong nhitng 6 1, 3, 7.
BC
A 00 01 11 10

0 ol 11| 13 P
1| 4] s| 17 &

- Tir dang tich chuén, ta lay ham dao dé co dang tong chuén va ghi gia tri 0
vao cac 6 twong g véi to hop bién trong tong chuan nay.

Vidu: Y= f(4,B,C)= (A+B+C)(A+B+C)(A+B+C)(A+B+C)(A+B+C)
Y—f(ABC)—(A+B+C)(A+B+C)(A+B+C)(A+B+C)(A+B+C)

Y = ABC + ABC + ABC + ABC + ABC
BC
A 00 01 11 10
01000, 3 2
1104] 05 71 06
- Tu dang s I (tich), ta dua 0 vao cac 6 s trong biéu thirc tich, di nhién cac
0 khéc con lai ghi 1.
Vi du: f(A, B, C) =T11(0,2,3,7). Ham s& lay gi4 tri 0 trong nhitng 6 0, 2, 3, 7.
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Tir bang su that ghi 1 vao céc 6 twong Gng voi to hop bién ma ham cho gia
tri riéng la 1.

Vi du: Cho bang su that sau:

Hang A | B| C | Z=1A,B,C)
0 0olo01lo]o
1 001 1 |1=001)
2 01110 |1=10,U10)
3 011 1|1=0,11)
4 110]o0]o
5 1101 [1=/100
6 11110]o0
7 111 [1=f1,1,0)

Tas€ ghilvaocaco:1,2,3,5,7.

Truong hop mét s6 t6 hop cho gid tri ham khong xac dinh, nghia 13 tng véi
t6 hop nay ham co6 gia tri 0 hodc 1 tuy y. Do d6, ta ghi ddu x vao cac 6
tuong Ung trong véi to hop nay, lic gom nhom, ta cho cac gia tri x nay 1a 0
hay 1 tuy ¥ sao c6 két qua c6 loi cho ta (két qua don gian nhat).

d. Quitac rat gon

pé rat gon ham, ta gom cac sé 1 ké nhau thanh timg nhém sao cho sé nhom cang
it cang tbt, diéu nay c6 nghia la sd hang trong két qua dich cang it di.

Tt ca cac b 1 phai dugc gom thanh nhom val so 1 co the o nhleu nhom.

S6 1 trong mdi nhém phai la boi cua 2%, Ctr mdi nhom 2" s6 1, thi td hop bién
tuong ng ta don gian duoc k so hang.

Két qua cudi cung duoc liy nhu sau: Ham rut gon 1a tong cta cac tich. Mdi sb
hang cila tong twong tng v6i 1 nhom cac s6 1 néi trén va sd hang nay 1a tich ciia cac
bién, bién A 1a thira s6 cua tich khi tat ca cac s6 1 cua nhém chi chia trong phan nira
bang trong d6 bién A c6 gia tri 1. Néu cac sd 1 ddng thoi nam trong 6 4 va 4 thi bién
A s€ dugc don gian.

Vi du: Ta xem cach chon nhom va rat gon bang dudi day.

CD
AB 00 01 11 10

NN oL
Nhom 1 N m 1| U ’
1 w \1Nh0m2

10

N

Nhom 1 chira 2 s6 1 (2=2" k=1), nhu vy nhém 1 s& con 3 bién. Theo
hang, 2s6 1 62 6 do61a 4B (01) va AB (11) nén bién A s& dugc don gian,
con lai B. Theo cot thi 2 6 ndy tmg véi to hop CD (00) = Két qua nhom 1
la: BCD.
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- Nhom 2 chira 4 s6 1 (4 = 2%, k = 2), nhu viy nhom 2 s& con 2 bién. Theo
hang, 4 s6 1 ¢ 2 hang d6 13 4B (00) va AB (01) nén bién B s& dugc don
gian, con lai 4. Theo cot thi 2 cot nay tng véi té hop CD (11) va €D (10)
nén bién D dugc don gian, con lai C =» Két qua nhém 2 1a: AC.

Viduy 1: Don gidan ham:

Y = f(4,B,C,D) = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

CD
AB 00 01 11 10

JENOD
Lot
s SN Nhom 2
11 w
10 \\“ Nhém 3

Nhom 1: BCD . Nhom 2: AC. Nhom 3: ABCD.
Vay ham rat gon Y = f(4,B,C,D) = BCD + AC + ABCD

Vidu 2: Bon gidn ham:
Y = f(4,B,C,D)= ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

CD
A [00
00./\ §

Nhom 1 -4s6 1, gom 2 s6 1
trén va 2 s6 1 duéi: BC

01] 11 10
1

L N Nhom 2 - 4 56 1, gdm 4 s & 4

11 goc: BD

10._‘ “ 1 ......

I |

Vi du 3: Rat gon ham f(A, B, C, D, E, F)=2(2,3,6,7,8,9, 12, 13, 14, 17, 24,
25, 28, 29, 30, 40, 41, 44, 45, 46, 56, 57, 59, 60, 61, 63). Tuong tu nhu trén, nhung ta
phai v€ 4 bang tmg vai 4 t6 hop cia AB la:

AB cho céc sb tir 0 dén 15. AB cho céc sb tir 16 dén 31.

AB cho cac sb tir 32 dén 47. AB cho céac sb tir 48 dén 63.

Vay Y = BC + BD
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EF
CDN_ 00 01 11 10 CD 00 0@11

00 (1] 1THGB) 00
01 | 1]} o4 | | | . .
1L 2 A1) =L
o1 ] 1) @ 10 [La,_[ /1) 2
() 4B (1) 4B

@ F

cDN_ 00 01 11 10 cDN_ 00 01 11 10
00 00
UNy 01
11 ('1"__] 1 (T m] 1HG)
o0l 1 O] o[ W[ 1

@ AB (1) 4B

(1) ¥ CE; (2) ¢ ACDF + BCDF ; (3) <» ABCE ; (4) ¢ ABDEF ; (5) <> ABCF .

Vay f(4,B,C,D,E,F)= CE + ACDF + BCDF + ABCE + ABDEF + ABCF

4. Phwong phap Quine—Mc. Cluskey

a. Nguyén tac
Phuong phap Quine-Mec. Cluskey cting dya trén tinh ké ctia t6 hop bién dé don
gian s6 bién trong s6 hang biéu thirc dang tong (minterm) va trong qua trinh don gian
nay co thé xuat hién cac s6 hang khong gidng nhau ma ta ¢ thé bo bot duoc.
Phuong phap chia lam hai giai doan.

- Giai doan 1: Xéc dinh céc tich thir nhat 13 minterm c6 dugc trong qua trinh
don gian noi trén.

- Giai doan 2: Téi gian cac tich thir nhat.

b. Vi du minh hoa
Rat gon ham f(4,B,C,D) = (1,2,4,5,6,10,12,13,14)

e Giai doan 1: Cac minterm dugc nhom lai theo s6 s6 1 ¢6 trong t6 hop
va ghi lai trong bang theo thir tu s6 1 ting dan. Trong vi du nay ta c¢6 3
nhoém.
- Nhém chra 1 s6 1 gom: 1, 2, 4 — (0010, 0010, 0100).
- Nhoém chtra 2 s6 1 gom: 5, 6, 10, 12 — (0101, 0110, 1010, 1100).
- Nhém chira 3 s6 1 gom: 13, 14 — (1101, 1110).
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Thiét 1ap bang 1 nhu sau:

Chon | Hang

X [ X | X IX [ X |X
()}

10
12
13
14

X | X

o
e = =] ===l

e = e == -~
ei=) = =] == )
o ~locio~|loio|I~T

X

Mai t6 hop trong nhém s& duoc so sanh véi to hop trong nhém ké can. Néu 2 6
hop chi khac nhau 1 bién, ta dung biéu thitc 4B+ 4B = B d¢ don gian 1 bién. Bién da
duoc don gian s& duoc thay bai ddu — (gach ngang). Panh x vao to hop da xét dé tranh
sai sot.

Nhu vay t6 hop thir nhat ciia nhom thir nhat: 0001 so sanh véi to hop thir nhat
ctia nhom 2: 0101, chung chi khac nhau 1 bién B, vay ta c6 thé don gian thanh 0-01.
Hai s hang 1 va 5 da dugc gom lai.

Thiét 1ap bang 2 nhwr sau:

Chon | Hang | A | B | C | D

1,50 0i -0l
x 26l 01 -1 11:10
x | 210 —:0:1:0
x 4510 1110 —
x 4610 11— 10
x | 412 — i1 :0:0
x 513 — 1 :0 1
x 614 — 11 110
x 10,4 1 i — 1110
x [12,13] 1 11101 —
x 12,14 1 — 10

Tlep tuc thue hién cong viée tuong tu nhu trén voi 2 nhom trong bang thir 2 nay,
cac sd hang s& duoc gom lai néu ching chi khac nhau 1 bién va c6 cung vi tri ddu —
(dau gach tring nhau).
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Thiét 1ap bang 3 nhur sau:

|

Chon Hang A [ B [ C
2,6;10,14| — - 1
1
1

o ol

2,10, 6,14 | —

45,1213 — 1 0
4,6;12,14| — i 1 | —
4,12;513| — + 1 ¢ 0
4,12;6,14| — | 1 | —

Quan sat bang 3 ta thay khong thé rat gon duoc nita, dong thoi c6 cic to hop
gidng nhau, ta loai bo b6t cac td hop nay va chi gitr lai mot.

Két qua ctia ham rat gon gdm tong céc so hang tuong mg voi cac t6 hop khong
gom thanh nhém trong cac bang trude va cac té hop trong bang cubi.Ta co cac to hop
sau:

S|

o

- (1,5) © ACD & bang 2.

(2,6; 10,14) = (2,10; 6,14) <> CD & bang cudi.
(4,5; 12,13) = (4,12; 5,13) <> BC & bang cudi.
(4,6; 12,14) = (4,12; 6,14) <> BD & bang cudi.

Vay két thac buée 1 ta duge: (4, B,C,D) = ACD +CD + BC + BD

Pén day, quan sat cac to hop cho két qua trén, ta thiy cac t6 hop con chua cac sd
hang giong nhau (s6 4,12). Nhu vay két qua cé thé chua toi gian. Ta tiép tuc chuyén
sang budc 2.

e Giai doan 2: Pé rit gon hon nita ta ldp mdt bang véi cach thiét 1ap
nhu sau:

- Cot bén trai ghi cac to hop di duoc chon trong giai doan 1, cac cot con lai
ghi gia tri thap phan trong ham ban dau.

- Trén cung hang cua t6 hop ta danh diu * véi cac 6 twong Gng cla cot. Vi
du hang chura t6 hop (1,5) ta danh déu * vao 6 tuong trng cOt 1 va 5, trén
dong (1,5). Tuong tu cho cac td hop khac. Sau do, ta sé lan luwot do cac
dong tir trén xudng, danh x vao dong cudi twong tmg v6i diu * trén céac
dong nay, dén khi nao tat ca cac 6 ciia dong cudi déu dugc danh déu x thi ta
ngung, luc do td hop cac dong dugc chon la két qua ham. Nhu trén, ta dugc

bang sau:
T6 hop 1 2 |4 | 5|6 |(10]12 |13 | 14
1,5 « | * ]
2,6;10,14  « R I 2 R LY
45:12,13 « #] 0o *] ol
4,6; 12,14 * * * *
Chon du 2> X X X X X X X X X

Két qua ta dugc: f(4,B,C,D)= ACD+CD+BC.Tadi loai dugc gia tri BD.

Trang 23 Chui bién V6 Thanh An



Stripe trivrhNie Jeharid 8Hlit Unregistered Version - hitp://www.simpopdf.com

CHUONG 3: CONG LOGIC

CAC KHAI NIEM LIEN QUAN
CAC CONG LOGIC CO BAN
CAC THONG SO KY THUAT
HO TTL

« Cbng co ban

e Cac kiéu ngid ra

AN NI NN

v/ HQ MOS
¢ NMOS
e« CMOS

v GIAO TIEP GIUA CAC HO IC SO
e TTL thic CMOS
« CMOS thac TTL

I. KHAI NIEM LIEN QUAN
1. Gi&i thiéu

Cong logic 1a tén chung cua cac mach dién tur thyc hién cac ham logic. Cong
logic co thé duoc ché tao bing cic cong nghé khac nhau (ludng cuc, MOS), ¢ thé
dugc to hop bang céac linh kién rdi nhung thudng duogc ché tao boi cac cong nghé tich
hop IC (Intergrated circuit).

Chuong ndy gidi thiéu cac loai cong co ban, cac ho IC sd, cac tinh ning ky thuat
va giao tiép gitra chiing.

2. Tinh hiéu twong tw va tinh hiéu sé
Tinh hi¢u tuong tu 1a tin hi€u c6 bién do bién thién lién tuc theo thoi gian. No
thuong do cac hién tugng tu nhién sinh ra.
Tin hi¢u s6 1a tin hi€u c6 dang xung, gidn doan vé thoi gian va bién dg, chi co 2
muc r0 rét 1a mirc cao va murc thap. Tin hi¢u s6 chi dugc phat sinh béi cac mach dién
tich hop.

3. Mach twong tw va mach sé
Mach dién tir xur 1y cac tin hi€u tuong tu goi 1a mach tuong tu, xtr 1y cac tin hi¢u
) goi la mach s6. Mot cach téng quat, mach sb c6 nhiéu vu diém hon mach twong tu:
- [t bi anh hudng cta nhiéu.
- D& ché tao thanh mach tich hop.
- D@ thiét ké va phan tich. Viéc phan tich thiét ké dya trén tinh niang cta IC
va khéi mach chir khong dya trén timg linh kién roi.
- Thuan tién trong diéu khién tu dong, tinh toan, luu trir dir liéu va lién két
v&1 may tinh.

4. Biéu dién trang thai logic 0 va 1
Trong hé thong mach logic, cac trang thai logic dugc bidu dién bdi cac muc dién
thé. Vi qui uée logic duong 1a dién thé cao (mirc logic 1), dién thé thap 1a biéu dién
mure logic thap (Igoic 0). Viéc qui udc nay c6 thé dugc dit nguoc lai. Trong thuc té,
murc logic 1 va logic 0 twong ng voi mot khoang dién thé xac dinh va c6 mot khoang
chuyén tiép giita mirc cao va murc thap, ta goi 1a khoang khong xac dinh.
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S5v
Mire 1
2.4v
Khong xac dinh
8;” Mikc 0

Il. CAC CONG LOGIC CO BAN
1. Coéng NOT

Con goi 1a cong dao (Inventer), dung dé thyc hién ham: Y = 4
Ky hiéu mui tén la chi®u dong dién, vong trong la ky hiéu dao. Trong nhing
truong hop khong gay nham lan, ta bd dau miii tén.

_ A Y=4
A Dc Y=A4 0 1
1 0

Béang su that

2. Cong AND
DL:ll’lg thuc hién l}ém AND cua 2 hay nhiéu bié"n. 7
Cong AND c6 s6 ngd vao tuy thudc vao so bién va co mot nga ra. Ngé ra cong la
ham AND cua cac bién nga vao. i
Duéi day 1a ky hiéu va bang su that ctia cong AND 2 nga vao.

g:)l =A.B Al:Dl =0 Al:Dl =A

B=0 B=1
A | B |Y=AB A | B |Y=A.B
0 0 0 X 0 0
0 1 0 Hoac 0 1 0
1 0 0 1 1 1
1 1 1

Doc gia tu cho nhan xét vé céng AND.

3. Cong OR
Dung thyc hién ham OR cua 2 hay nhiéu bién.
Cong OR c6 s6 nga vao tuy thudc vao so bién va c6 mot nga ra. Nga ra cong la
ham OR cua cac bién nga vao.
Duéi day 1a ky hiéu va bang su that ciia cong OR 2 nga vao.

A Y=A+B A Y=A A Y=1
p) > >

B=0 B=1
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A| B|]Y=A+B A|B|Y=A+B
0 0 0 X 1 1

0 1 1 Hoac 0 0 0

1 0 1 1 0 1

1 1 1

Poc gia ty cho nhan xét vé céng OR.

4. Cong BUFFER
Con goi 14 cong dém, c6 1 ngd vao va 1 nga ra. Tinh hiéu s6 qua cong BUFFER
khong d6i trang thai logic. Cong BUFFER dung trong cac muc dich sau:
- Stra dang tin hi¢u.
- Dua dién thé cta tin hiéu vé& ding chuan cac muc logic.
- Nang kha ning cap dong cho mach.
Ky hiéu cong BUFFER nhu sau:

A I Y=A4

5. Céong NAND
La két hop giita cong AND va cong NOT, thyc hién ham Y = 4.B (day Ia truong
hop 2 ngé vao, truong hop nhiéu nga vao, doc gia tu suy ra).
Dudéi day 1a ky hiéu va bang su that cia cong NAND 2 nga vao.

A— Y= AB Y=A4 A—] Y=1 A— Y=4
B_} A4®7 |—} |—}
B=0 B=1

A| B |Y=4B

0 0 1

0 1 1

1 0 1

1|1 0

6. Céng NOR

La két hop giita cong OR va cong NOT, thyc hién ham ¥ = 4+ B (day Ia truong
hop 2 ngé vao, truong hop nhiéu nga vao, doc gia tu suy ra).
Duéi day 1a ky hi€u va bang su that cia cong NOR 2 nga vao.

A Y=A+B Y=4 A Y=0 A Y=4A
} oL A—|§ Yot- ) o ) Yo
B
B=1 B=0

Y=A4B

A
0
0
1
1

=l =] ="

O)—I)—k)—t
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7. Céng EX-OR

Dung dé thyuc hién ham EX-OR. Y = A® B = AB + AB.
Cong EX-OR 2 ngd vao va | nga ra.

A| B|Y=4®B
010 0
0 1 1
1 0 1
1 1 0

8. Céng EX-NOR

Dung dé thuc hién ham EX-NOR. Y= A® B.
Cong EX-NOR 2 nga vao va 1 nga ra.

a) oLeAes

A | B
010
0 |1
1 0
1 1

— oo~~~

9. Céng phirc AOI (And — Or - Inverter)

Ung dung céac lgé't quéa cta Pai s6 Boole, nguoi ta ¢ thé nf)i nhiéu cong khac
nhau trén 1 chip IC d€ thyc hién mot ham logic phtre tap nao do. Cong AOI 1a mot loai
cong két hop 3 loai cong AND, OR va NOT. Vi dy, dé thuc hién ham logic

Y = AB.C + D.E , ta c6 cong phirc sau:

A_
B —
C— Y=ABC+D.E
D —]
E —1

10.Bién déi qua lai giira cac cong logic

Trong chuong Ham Logic ching ta d4 thay tat ca cac ham logic ¢6 thé duoc thay
thé boi 2 ham logic 1a AND (hoic OR) va NOT. Cac cong logic c¢6 chirc ning thuc
hién ham logic, ta chi can ding ham AND (hoic OR) va NOT dé thuc hién cac ham
logic nay. Tuy nhién, vi cong NOT ciing c6 thé thuc hién bang cong NAND (hoic
NOR). Nhu vay tat ca cac ham logic déu co thé dugc thyuc hién bai 1 cong duy nhat d6
la cér}g NAND (hodc NOR). Ham ¥ nay, ciing cho phép chung ta bién dbi qua lai giira

cac cong voi nhau.
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Quan sat dinh Iy De Morgan, chung ta rat ra qui tic bién d6i qua lai gitra céac
cong AND, NOT va OR, NOT nhu sau: Chi can thén cac cong dao tir ngé vao va ngé
ra khi bién doi tir AND sang OR va ngugc lai, néu & cac ngd nay da co cong dao roi thi
cong dao nay sé bién mat.

Vi du: Hai mach dudi day 1a tuong duong nhau.

A

A
= =)

C— Y =ABC+D.E C h
D — D

E— Ej_l

. THONG SO KY THUAT CUA IC SO

1. Cac dai lwong dién dac trwng
bé st dung tt IC, ta nén biét cac thuat ngtt, dat tinh cua IC, so dd chan cua IC.

V.: Dién thé quén (power supply). Day 1a khoang dién thé cap cho IC dé
no6 hoat dong tot.

Vi Pién thé ngd vao muc cao (high level input voltage). Day 1a dién thé
nga vao nhd nhat dugc xem 1a & muc 1.

Vi.: Pién thé nga vao muc thap (low level input voltage). Pay 1a dién thé
nga vao 1én nhat dugc xem la & murc 0.

Vou: Dién thé nga ra mirc cao (high level output voltage). Pay 1a dién thé
nga ra nhé nhat dugc xem la & muc cao.

VoL: bién thé nga ra mirc thap (low level output voltage). Day 1a dién thé
nga ra lén nhat dugc xem la & muc thap.

Li: Dong dién nga vao muc cao (high level input current). Day la dong dién
16m nhat vao nga vao cua IC ¢ muc cao.

I;.: Dong dién nga vao murc thap (low level input current). Pay 13 dong dién
ra khoi IC khi & mitc thap.

Ion: DoOng dién nga ra mirc cao (high level output current). Pay 1a dong dién
16n nhat nga ra c6 thé cap cho tai khi né & mirc cao.

IoL: DOng dién ngé ra mure thap (low level output current). Day la dong dién
16n nhat & nga ra c6 thé nhan khi & murc thap.

Icen, Iecr: Dong dién chay qua IC khi nga ra lan luot & mirc cao va thép.

Ngoai ra, IC con mot sb thuat ngir khac, ching ta s€ dé cap khi noi vé tinh chét

cua IC.

2. Coéng suét tiéu tan (power requirement)

Moi khi IC hoat dong, s€ ti€u thu mot cong sut tur nguon cung cip Ve (hodc
Vpp). Cong suit tiéu tan nay xac dinh boi hiéu dién thé nguon va dong dién qua IC.
Do khi hoat dong, dong dién trong IC thudng thay doi & mic cao va muc thap, nén
cong suit dugc tinh tir dong dién trung binh qua IC.
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Ppave) = Lecqave) Vec

[CCH + ICCL

Trong do6: 7 ¢y, = 5

3. Fan-Out
Mot cach tong quat, nga ra ciia mot mach logic doi héi phai thiic mach vao cia
mot s6 mach logic khac. Fan-Out 13 s6 ngd vao 16n nhit c6 thé ndi v6i ngd ra ciia mot
IC cung loai ma van dam bao cho mach hoat dong binh thuong. Ta c6 2 loai Fan-Out
ung véi 2 trang thai logic nga ra.

1
Fan—Out,, =2

IH

"‘N

OL

Fan—-Out, =

L
Thuong 2 gia tri Fan-Out nay khac nhau. Dé an toan, ta dung gia tri nho trong 2
gia tri nay. Fan-Out tinh theo don vi Unit Load (UL - tai don vi).

4. Thei tré truyén (propagation delay)

Tinh hiéu logic khi truyén qua mot cong ludn c6 mot thoi gian tré.

C6 2 loai thoi tré truyén: Thoi tré truyén tir thap 1én cao tpr gy, va thoi tré truyén tir
cao xudng thap tpy; . Hai gi tri ndy thuong khac nhau. Su thay doi trang thai dugc xac
dinh ¢ tin hiu ra.

Tuy theo ho IC, thoi tré truyén c6 thé tir vai ns dén vai trim ns. Thoi tré truyén
cang 16n thi tbc d6 IC cang nho.

Vi du: Tin hiéu qua cong ddo, thoi tré truyén xac dinh nhu sau:

Tin hiéu vao

Tin hiéu ra

<> <

Tpr Trrn

5. Tich sb cong suat — van téc (speed — power product)

Pé danh gia chat luong IC, nguoi ta dung dai lwong tich sé cong suit va van tdc,
d6 1a tich s6 cong suét tiéu tan va thoi tré truyén. Vi duy, IC ¢ thoi tré truyén 1a 10ns
va cong sudt tiéu tan trung binh 13 50mW thi tich s6 cong suit va van tdc la:

10ns x S0mW = 10. 10” x 50. 10™ = 500. 10" walt-sec = 500 picojoules (pj).

Trong qua trinh phat tr1en cong ngh¢ IC, nguoi ta ludn mudn dat duoc nhimg IC
c6 cong suat tiu tan, thoi tré truyen cang nho cang tot. Nhu vay, mot IC co chat lugng
t6t khi tich sb cong sudt - van toc cang nho. Tuy nhién, trén thuc té hai gia tri nay luén
thay ddi theo chiéu ngugc nhau, nén kh6é ma dat dugc gid tri nhu y muén. Du sao,
trong qua trinh phat trién cong nghé, gia tri nay luén duogc cai thién.

Trang 29 Chui bién V6 Thanh An



Stripe trivrhNie Jeharid 8Hlit Unregistered Version - hitp://www.simpopdf.com
6. Tinh mién nhiéu (noise immunity)
Céc tin hiéu nhiu nhu tia Itra dién, cam Gng tir 1am thay ddi trang thai logic cua
tin hi¢u do d6 anh hudng dén két qua hoat dong cua mach.
Tin mién nhiéu cua mdt mach logic tuy thudc vao kha nang dung nap hi¢u thé
nhiéu cua mach va xac dinh boi 1€ nhiéu, cho boi:

A ILazie 1 V oH(min) . Logic 1
Vu
E)ié,n Ving bét T ViH(min) Ving bét
thé dinh ‘L VIL(maX) dinh
VL
Logic0 | VoLmay T Logic0

Pién thé ra Dién thé vao
Tin hiéu khi vao mach logic dugc xem la muc 1 khi c6 tri 1é6n hon VIH(mm), duoc
xem la mirc 0 khi ¢6 tri nhé hon VIL(maX) Dién thé trong khoang gitra khong ung véi
mdt mirc logic nao, nén goi 1a ving bat dinh. Do c6 sy khac biét giita Vopgmin VOi
ViH(min)» VOL(max) voi VIL(max) nén ta co 2 tri 1& nhiéu:
- Lé nhiéu muc cao: Vyy = Vormin) = ViHmin)

- Lé nhiéu mtrc thap: Ve = Vorma — ViLmax)

Khi tin hi¢u ra & mtc cao dua vao nga vao, bét ¢t tin hiéu nao c6 gia tri am va
bién do 16n hon Vyy déu lam cho dién thé nga vao roi vao vung bat dinh va mach
khong biét tin hiéu & muc logic nao. Tuong ty cho truong hop ngd ra 0 muc thap, tin
hiéu nhidu c6 tri duong bién d6 > Vi s& dua mach vao trang thai bt dinh.

7. Logic cap dong va logic nhan dong
Mot mach logic thudng gom nhiéu ting két ndi voi nhau. Tang cip tin hiéu goi 14
tang thilic, ting nhan tin hiéu goi 1a tang tai. Su trao do61 dong dién giira hai tang thiic va
tang tai thé hi¢n bdi logic cap dong va logic nhan dong.

Vee Vee
Thuc L
g B 7 — . ?ovﬁ_
Thuce b _D I Tai
v fa v Hinh: Logic nhan dong

Hinh: Logic cép dong

Logic cdp dong: Khi ngi ra cia cong NAND thir nhit & murc cao n6 cip dong Iy
cho nga vao cta cong NAND thir hai. Ngi ra ctia cong mot nhu ngudn cép cho nga
vao cong hai.

Logic nhdn dong: Khi ngi ra ctia cong NAND thér nhat & muc thip né nhan
dong Iy, tir ngd vao cua cong NAND thir hai.

Thuong dong nhan cia tang thuc khi & murc thap c6 gia tri kha 16n so véi dong
cap ctia n6 khi & murc cao. Nguoi ta hay dung trang thai ndy dé ganh nhiing tai trong
d6i nho, vi du nhu mot deén led.
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8. Tinh Schmitt Trigger

Trong phan gidi thiéu 1& nhiu, ta th:éy con mdt khoang dién thé nam giira cac

ngudng logic, ddy chinh la khoang dién thé umg voi transistor lam viéc trong vung tac

dong. Khoang cach nay xac dinh 1& nhidu va tac dung lam giam d6 rong suon xung cua

tin hi¢u qua mach. Tuy nhién van con mot khoang suon xung nim trong vung chuyén
tiép nén tin hiéu ra khong vudng hoan toan. Hinh dudi ddy minh hoa tinh chét do.

Vin 4
VIL(maX)

VOL(min)

VOUT A

» 1

Hinh: Tin hiéu vao/ra cla cdng logic (khéng vuéng).
Pé cai thién hon nita tin hiéu ngd va, bao dam tinh mién nhiéu cao, ngudi ta ché
ra cac cong co tinh di¢n tro thé, dugc goi la cong Schmitt Trigger. Hinh dudi day minh
hoa tin hi¢u dién vao va su thay dodi logic ciia cong Schmitt Trigger.

4 Vour
5V

VIN

»
»

Ve v, 5V
Hinh: Tin hiéu vao/ra ctia cbng Schmitt Trigger.

Hinh duéi day, mo ta Viy va Vour cua céng Schmitt Trigger. Néu nga vao dang
1a dién thé thap thi chi khi nao dién thé ngd vao vuot qua ¥," ngd ra méi doi trang thai.
Nguoc lai, néu dién thé nga vao dang & muc cao thi chi khi nao dién thé nga vao nho
hon ¥, ngi ra méi ddi trang théi.

Vin4
v /\//\\//\ [\/
vV, /\\/ J \ ; :¢

VOUT

_>
Hinh: M6 ta V\y va Vour clia céng Schmitt Trigger.

Hinh: Ky hiéu cta cdng Schmitt Trigger.
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IVHO TTL

1. Giéi thiéu
Trong qua trinh phat trién cua céng nghé ché tao mach sb, ta c6 ho: RTL
(Resistor — transistor logic), DCTL (Direct couple — transistor logic), RCTL (Resistor-
capacitor transistor logic), DTL (Diod — transistor logic), ECL (Emitter — couple
transistor logic),... Hién nay, t6n tai nhiéu ho c6 tinh ning k¥ thuat cao nhu: Thoi tré
truyén nho, tiéu hao cong sudt it. Ta s& xét mot vai ho c6 tinh nang ky thuat nay, dau
tién ta xét ho TTL (Transistor — transistor logic).

2. Céng co ban ho TTL

Ta léy céng NAND 3 nga vao lam vi du dé théy ciu tao va van hanh cua mot

cong co ban. oVee
=R,
A Y=4BC
5 T
pr— CL
C
v/ a7

Hinh: Mé phéng cdng NAND ba nga vao ho TTL.

Khi mot trong céac céng A, B, C xuéng muc 0; T, dan, dua dén T, ngung, T;
ngung, nga ra Y 1én cao. Khi cd 3 nga vao A, B, C 1én cao; T, ngung, dua dén T, dan,
T; dan, ngd ra Y xudng thap. D6 chinh 1a két qua ciia cong NAND 3 ngi vio.

Tu C, trong mach chinh 13 tu ky sinh nga ra cia mach két hop v6i ngd vao cua
tang tai, khi mach hoat dong tu s€ nap dién qua R4 (luc T; ngung) va phong dién qua
transistor Ts khi né bat dau dan dién, do 6, thoi tré truyén clia mach quyét dinh boi Ry
va Cp, khi R4 nho, mach hoat dong nhanh nhung cong sudt tiéu thu 16n, mudn giam
cong suat phai tang R4 nhung nhu vay, thoi tré truyen s€ 1on hon (ti 1¢ nghich gitra thoi
tré truyen va cOng suat) bé g1a1 quyet van dé nay va dé thoa man mot sO yéu cau
khac, ngudi ta d ché tao cac cong logic vai cac ngd khac nhau. Ta s& xét sau ddy.

3. Céng coban ho TTL

a. Nga ra totempole

=R, R, =
B T,
C
R =
7

Hinh: Ngéa ra totempole.
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Ta théy, R4 trong mach duogc thay thé boi cum Ty, Re va Diod D, trong do Rc¢ co
gia tri rat nho, khong dang ké. Tuong tu nhu mach trén, khi ca 3 ngd vao A, B, C Ién
cao; T) ngung, dua den T, dan, T5 dan, T, ngung, nga ra Y xudng thap. Khi mot trong
cac cong A, B, C xuéng mirc 0; T, dan, dua dén T, ngung, T; ngung, Ty dan ngaraY
1én cao. Tu C; nap dién khi T, dan va phong dién qua T; khi T5 dan, thoi hing mach
rat nho nén thoi tré truyén nho. Ngoai ra, T; va T, ludn phién ngung tuong tng véi 2
trang thai clia ngd ra nén cong suat giam dang ké. Diod D c6 tic dung nang dién thé
cuc B cta T, 1én, ddm bao khi T; dan thi T, ngung.
Mach nay c6 khuyét diém 1a khong thé ndi chung nhiéu ngi ra cua cac cong khac
nhau vi c6 thé gy hu hong céac trang thai logic ctia cac cong khac nhau nay.

b. Nga ra cwc thu dé hé
o Ve

MM

E R,

Y=A4ABC

>
=

<

3

oo

=
=R
=K;3

Hinh: Nga ra cwc thu dé hé.

Ngd ra cuc thu dé ho co mot s6 loi diém sau:

- Cho phep két ndi cac ngd ra cia nhiéu cong khac nhau, nhung khi st dung
phai mac mot dién tro tir ngd ra 1én ngudn Ve, goi 1a dién tro kéo 1én, tri s6
cta dién tré c6 thé duoc chon 16n hay nhd tuy theo yéu cau co loi vé mit
cong suit hay toc d6 lam viéc.

- Piém ndi chung cia cic ngi ra c6 tac dung nhu mot cong AND nén goi
diém AND.

- Nguoi ta cling che tao cac IC ngd ra cuc thu dé ho, cho phép dién trd kéo
1én mac vao nguon dién thé cao, dung cho cac tai dac biét hodc hodc dung
tao su giao tiép giita ho TTL véi CMOS dung ngudn cao.

Vi du: IC 7406 1a loai cong dao c6 ngd ra cuc thu dé hé co thé méc 1én ngudn
24V.

EO; Vee
g E—
g:} C_ ..... Y = AB.CD.EF
F
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c. Nga ra ba trang thai

o Ve
=3 =g, =R,
D L
y < (

A— 1N

1

Hinh: Nga ra cbng dao ba trang thai.

Mach trén la mot céng dao c6 nga ra 3 trang thai, trong do T4 va Ts dugc méc dé
cap dong cho tai. Diod D ndi vao nga vao C dé diéu khién. Hoat dong cta mach duoc
giai thich nhu sau:

- Khi C =1, Diod D ngung dan, mach hoat dong nhu mét cong déo.
- Khi C =0, Diod D dan, cuc thu T, bi ghim ap & muc thép nén T3, Ty, Ts déu
ngung, ngd ra mach & trang thai tong trd cao.

Duéi day 1a ky hiéu cong dao ba trang thai, c6 ngd diéu khién C tic dong mirc
cao va bang su that ctia no.

B C A Y
A Y=4 1 0 1
1 1 0

0 X Z cao

Bang sw that

Cdc cong ddo va cdc cong dém ba trang thdi, véi nga diéu khién C tic dong &
muee thap, doc gia tu vé ky hiéu va bang su that.

Mot sb ung dung ctua céng dém ba trang thai, nhu dé chon dir liéu mé ta & hinh

dudi day.
D5
Gi_ Y
DZ | G,
:

A—— Y, Y, Y, Y
B GIeI MA eeA CHe

Hoat dong: Ung vo1 mot gia tr1 nhi phan cua dia chi AB, mdt nga ra dugc tac
dong, cho phép mot cong mé va dit liéu twong tmg dugc truyén qua. Vi du AB = 00,
Yo=1(Y:=Y,=Y;=0), Gy md, dit liu Dy truyén qua G, liic nady G;,G,,G; dong va
c6 trang thai Z cao nén khong anh hudng dén hoat dong ctia mach.
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4. Pac tinh cacloat TTL

Cac IC sb ho TTL duogc san xuat dau tién vao nam 1964 béi hang Texas
Instructment Corporation ctia My, 14y s6 hiéu 1a 74xxxx va 54xxxx. Su khac nhau cta
hai ho nay nhu sau:

T4xxxx: Vce =5 £ 0.5V va nhié¢t do hoat dong tir 0°C dén 70°C.

54xxxx: Vee =5+ 0.25V va nhiét d6 hoat dong tir -55°C dén 125°C.

Céc dic tinh khac hoan toan gidng nhau nén chung cé cung s6. Mot s tinh chat
cua cac loat trén dugc thé hién trong bang sau:

Tham s6 ky thuat 74 | 74L | 74H | 74S | 74LS | 7TAAS | TAALS | 74F
Thoi tré truyén (ns) 9 [33 |6 |3 |95 |17 |4 3
Cong suat tiéu tan (mW) 10 [1_ |23 |20 |2 8 1.2 6
Tich s6 céng suét van tbc (pJ) |90 |33 [ 138 |60 |19 13.6 | 4.8 18
Tan sb xung Cx max (MHz) 35 |3 50 | 125 |45 200 |70 100
Fan-Out (cung loat) 10 20 10 20 20 40 20 33

Tham so dién thé 74 | 74L | 74H | 74S | 74LS | 7T4AS | TAALS | 74F
VoH (min) 2.4 2.4 24 |27 2.7 2.5 2.5 2.5
VoL tman 04 |04 |04 |05 |05 |05 |04 05
V4 (min) 2.0 2.0 20 |20 2.0 2.0 2.0 2.0
VL (max) 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.8

Hinh: Bang moét sé tinh nang ky thuat.
V. HO MOS

1. Gié&i thiéu
Ho MOS gom cac IC sé dung cong nghé ché tao cia transitor MOSFET loai
tang, kénh N va kénh P. Vi loai N ta c6 NMOS, loai P ta co PMOS, néu dung c‘é P ya‘l
N ta co CMOS. Tinh nang ky thuat cia NMOS va PMOS la giong nhau trir nguon cap
dién co6 chiéu ngugc véi nhau, do do, ta chi xét loai NMOS va CMOS.

2. Céng NMOS o VDD - Vi
D
VDD '« [ D
o) 7 T
G|H Sl Qﬁ ’é‘l
I Ef) Vour Vour
G 1
1D Y=4B _
S . Y=A+B
VOUT_ Vv Gl9 32
—HD Y=4 A —D D \
il o wdfD TR
A A Ve GlE L A
B V. /&

Hinh: Céng NOT, cdng NAND va cdng NOR dung NMOS.

Béng dudi day cho thay dién thé vao va ra ciia cong NOT.

VIN Tl T2 VOUT
0V (logic 0) | Ron =100 KQ | Ropr = 10'°Q | +5V (logic 1)
+5V (logic 1) | Rox = 100 KQ | Roy = 1IKQ 0.05V (logic 0)
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3. Ho CMOS

Ho CMOS sur dung 2 loai transistor kénh N va P v41 muc dich cai thién tich )
cong suat van toc, mac du kha nang tich hop thap hon loai N va P.

OVDD VDD VDD
e 7
S S SL Gl p
G P P P A D
Vin D Vour [IL.J _ B G PS
A p Y=4 D Y=ARB Y=A4+B
G N Pl
N A
g SD D D
V. e B GIN N NS
: v
7

Hinh: Cbng NOT, cdng NAND va céng NOR dung CMOS.
Bang dudi day cho thay dién thé vao va ra cua cong NOT.

Vin Tp Tn Vour
Vpp (logic 1) | Ropr=10""Q |Ron=1KQ | 0V (logic 0)
0V (logic0) |Ron=1KQ |Ropr=10"Q | Vpp (logic 0)

4. Pac tinh caa ho MOS

Mot sb tinh cha@t chung cua ho MOS co thé ké ra nhu sau:
- Ngudn cap dién... Vpp tr 3V dén 15V

- Muc |OgiC ............. VOL(maX) =0V VOH(min) = Vpp

) ViLmax) = 30%Vop Vimin) = 70%Vpp
- Lénhiéu.............. Vnu = 30%Vpp VL = 30%Vpp
- Fan-Out.............. 50 UL

Do tong tré cua transistor MOS rat 16n nén so Fan-Out cua ho MOS rat 16n. Tuy
nhién khi dung ¢ tan sO cao, ngudi ta gidi han & s6 50. Nghia 1a mot cong MOS ¢6 thé
cap dong cho 50 cong tai cung loat.

5. Cac loat CMOS

CMOS c¢6 2 ky hiéu: 4xxx do hing RCA ché tao va 14xxx do hing
MOTOROLA ché tao, c6 hai loat 4xxxA (14xxxA), 4xxxB (14xxxB), loat B ra doi
co cai thién dong ra.

Ngoai ra, con cé cac loat 74C (CMOS c¢6 cung so @6 chan v6i TTL néu ¢ cling
s0), 74HC (High speed CMOS), 74HCT (Hoan toan tuwong thich vi TTL ké ca cac
mic logic), 74AC va 74ACT (Advance CMOS) ci tién ctia 74HC va 74HCT vé miit
nhiéu.
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VI.GIAO TIEP GIFA CAC HO IC SO

1. Gié&i thiéu
Giao tiép 1a thuc hién két ndi nga ra ciia mot mach hay hé thong véi ngd vao cua
mach hay hé théng khac. Do tinh chit vé dién khac nhau gitra 2 ho IC TLL va CMOS
nén viéc giao tiép trong nhiéu truong hop khong thé nbi truc tiép dugc ma phai nho
mot mach trung gian noi gitra tang thuc va tang tai sau cho tin hi¢u ra cua tang thuc
phu hop véi tin hiéu vao cua tang tai va dong dién ting thuc phai du thuc cho ting tai.

Duéi day la diéu kién dé thuc tryc tiép:
- Khi dong dién ra cta tang thiic 16n hon hoic bang dong dién vao cia ting

tai ¢ ca hai trang thai thip va cao.

- Khi hiéu thé ngi ra cua tang thiic & 2 trang thai thap va cao phu hop véi
dién th€ vao cua tang tai.
Nhu vy, trude khi xét cac truong hop cu thé ta xem qua bang ké cac tham s cua
2 ho IC.

CMOS (Vpp = 5V) TTL

4000B | 74HC | 74HCT 74 | 74LS | 74AS | 74ALS
Vi (min) 3.5V 3.5V 2.0V 2.0V 2.0V 2.0V 2.0V
VL (max) 1.5V 1.0V 0.8V 0.8V 0.8V 0.8V 0.8V
Vohminy |4.95V 4.9V 4.9V 2.4V 2.7V 2.7V 2.7V
VoLmay | 0.05V 0.1V 0.1V 0.4V 0.5V 0.5V 0.4V
liH(max) 1 pA 1 pA 1 pA 40pA 20pA 200pA 20 pA

I (max) 1 uA 1 pA 1 uA 16mA 04mA 2mA 100 uA
loH(max) 04mA 4mA 4mA |[04mA 04mA 2mA 0.4 mA
oL (max) 04mA 4mA 4mA |16mA 8mA 20mA 8 mA

Hinh: Bang moét sé tinh nang ky thuat cia CMOS va TTL.

2. Dung TTL thuc CMOS

- TTL thic CMOS dung di¢n thé thip (Vpp = 5V).

Tir bang tinh nang k¥ thuat trén, ta thay dong dién cua CMOS c0 tri rat nho so
voi dong cua cac TTL, vay dong dién khong c6 van da.

Tuy nhién, khi so sanh v€ hi¢u thé ra cia TTL v&i hiéu thé vao cia CMOS ta
thay VOH(mm) clia tat ca cac loat TTL déu kha thap SO Vo1 V[H(mm) cua CMOS. Nhu vay,
phai ¢6 bién phap nang hi¢u thé ra ciia TTL 1én. Diéu nay duoc thyc hién bang mot
dién tré kéo 1én méc & nga ra cua IC TTL.

Tham sé

_OVCC =5V

A
Yy

R

TTL

7

Hinh: Bién tr& kéo lén.

CMOS
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- TTL thac 74HCT.
Nhu da noi trén ddy, loat 7SHCT 1a loat CMOS dugc thiét ké twong thich voi
TTL nén c6 thé thyc hién két n61 ma khong can dién tré kéo 1én.
- TTL thiic CMOS dung ngudn cao (Vpp = +10V).

'Ngay ca khi dung dién tr¢ kéo 1€n, dién thé ngi ra muc cao cua TTL van khong
du cap cho ngd vao cua CMOS, nguoi ta phai dung mot cong dém c6 ngd ra dé ho co
thé dung ngudn cao (IC 7407 chan han) dé thyc hién giao tiép.

3. Dung CMOS thuc TTL

- CMOS thuc TTL ¢ trang thai cao.
Tt bang tinh nang ky thudt, ta‘théy dong dién ra mirc cao ciia CMOS du cap cho
TTL, vay dong dién khong c6 van de.
- CMOS thiic TTL é trang thai thap.

Dong dién vao ¢ trang thai thap ciia TLL thay d6i trong khoang tir 100pA dén
2mA. Vay hai loat nay c6 thé giao tiép voi IC TTL ma khong co6 van dé gi. Tuy nhién,
v6i loat 4000B, Io, rat nhé khong du giao tiép véi ngay ca mot IC TTL, ngudi ta phai
dung mat céng dém dé ning dong tai cua loat 4000B trude khi thuc.

- CMOS dung ngudn cao thiic TTL.

C6 mét sd IC loat 74LS, duoc ché tao dic biét, co thé nhan dién thé vao cao
khoang 15V, ¢6 thé dugc thic truc tiép boi CMOS dung ngudn cao. Tuy nhién, da sb
IC TTL khong c6 tinh chat nay. Vay dé giao tiép voi CMOS dung ngudn cao, ngudi ta
phai dung cong dém ha dién thé ra thap xudng cho phu hop véi IC TTL.
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CHUONG 4: MACH TO HOP

v/ MACH MA HOA
¢ Mach md hod twr 2" dudng sang n dudng
e Mach tao ma BCD cho sé thap phéan
v’ MACH GIAI MA
e Mach giai md n dudng sang 2" dudng
¢ Mach giai md BCD sang 7 doan
v MACH PA HQP VA GIAI DA HOP
¢ Mach da hop
o« Ung dung cta mach da hop
¢ Mach giai da hop
v’ MACH SO SANH
e Mach so sanh 2 sé 1 bit
e Mach so sanh 2 sé nhiéu bit
v’ MACH KIEM PHAT CHAN LE
e« Mach phat chin lé
e Mach kiém chén 1é&

l. GIOI THIEU

Céac mach s6 duoc chia thanh 2 loai mach: Mach td hop va mach tuan tu.

- Mach t6 hop: Trang thai ciia ngi ra chi phu thudc vao trang thai cua céac
nga vao khi t6 hop nay di 6n dinh. Ngi ra Q ctia mach t6 hop 1a ham logic
cua cac ngad vao A, B, C,...

Nghia la: Q = (A, B, C,...).

- Mach tuin ty: Trang thai cia ngi ra khong nhitng phu thudc vao trang thai
cua cac nga vao ma con phu thudc vao trang thai cia nga ra trude do. Ta noi
mach tudn tu ¢ tinh nhé. Nga ra Q, cuia mach tuan la ham logic cua cac
ngad vao A, B, C,... vanga ra Q trudc do.

Nghia la Q. =1(Q,A, B, C,...).

Il. MACH MA HOA
1. Gii thiéu

Ma hoa 1a gan mot ky hiéu cho mét ddi twong dé thuc hién mot yéu cau cu thé
nao do. Vi du, ma BCD gan s6 nhi phan cho tung s6 ma cua s6 thap phan de thuan tién
cho viéc doc mot sd ¢6 nhiéu s6 mi. Ma Gray dung thudn tién trong viéc t6i gian cac
ham logic,... Mach dung dé chuyén mi tir ma nay sang ma kia goi 13 mach chuyén ma,
cling 1a mot loai mach ma hoa.

2. Mach ma hoa tir 2" dwong sang n dwong

a. Gi&i thiéu mach ma hoa va mach ma hoa wu tién
Mot s6 nhi phan n bit cho 2" t6 hop khac nhau. Vay c6 thé dung sd n bit dé ma
cho 2" nga vao khac nhau. Khi c6 mot nga vao dugc tac dong, ¢ nga ra chi bao sb nhi
phén tuong tmg. D6 1a mach ma hoa 2" duong sang n duong.
Dé tranh trudng hop mach cho mot ma sai khi nguoi str dung vo tinh (hay cd )
tac dong dong thoi vao 2 hay nhiéu ngi vao, nguoi ta thiét ké mach ma hoa uu tién:
Chi cho mét ma duy nhét c6 tinh wu tién khi nhiéu nga vao cing dwoc tic dpng.
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b. Ma hoa wu tién ttr 4 dwong sang 2 dwéong

Thiét ké mach ma hoa wu tién tir 4 duong sang 2 duong, vu tién cho ma co tri cao
va vao/ra tac dong cao.

Duéi ddy 1a bang su that va so dd mach. Do cac ngd ra A, va A, khong phu thudc
vao ¢t 0, nén trong bang d6 Karnaugh ta chi dung cac cot 1, 2, 3 (Di nhién néu dung 4
cot 0, 1, 2, 3 két qua ciing vay). Do A, bang 1 tai 100 (4), xx1 (1, 3, 5, 7), twong tu cho
A,. Ta c6 bang su that cho Ay va A nhu sau:

3

01 ]2|3|A]A D 01 DY 01
1JofofofJofo 00 1 00 1
x| 1]Jolofo]1 01 1 01 1
x| x]1 o170 11 1 11l
< [ xIx[1[1]1 10 [ 1 [ 1 101 ]1

1 A, =3+12 Ay =3+2

Ay

Hinh: Bang s that, bang Karnaugh, so d6 mach ctda mach
ma hoa wu tién tir 4 dwdng sang 2 duwong.

c. Ma hoa wu tién tir 8 dworng sang 3 dwong
IC 74148 la IC ma hoa uu tién 8 dudng sang 3 duong, vao ra tac dong thap, nga

nbi mach dé mo rong ma héa véi sé ngd vao nhiéu hon.
Duéi day la bang sy that cua IC 74148.

Trang Nga vao Nga ra

thai [ E; | 0 [ 1] 23] 4]5]6] 7 |[A [A [A [|Gs |Eo
9 1 | x | x | x I x I x @ x i x i x11:t1:i111 1
8 o1 17 1 1: 1711 1171717170
7 0 | x | x ! x x ! xi!ix i x:0]0:0:0{|0 1
6 0 | x  x  x  x:x:x:0:1]0:0:1][0 1
5 0 | x !x i x'!xixt0t1:1lor11r0]0 1
4 0 [ x ixix ! x:0:1:1:1lo:i1:1]0]1
3 0| x i xix.:0:1:1:1:;11:0;0]0 1
2 0| x:x:0 1:1:1: 1 : 11:0:1]0 1
1 0| x:0:1:1:1:1:1:1]1:1:0]0]1
0 ol0 171 1 17171 1117171770 1

Dudi1 day la cach ghép 2 IC ma hod uwu tién tr 8 duong sang 3 duong thanh 16
duodng sang 4 duong.
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1514131211 109 8 76 543210

gk | e

Eo A2 Ai Ay Gs A A A Gs

T NI_TIIT

B, By Bg
Hinh: Cach ghép 2 IC tw 8 dwdng sang 3 duwdng thanh 16
dwdng sang 4 duwdng.
Hoat dong ctia mach nhu sau:
- IC1 c6 E; = 0 nén hoat dong cac trang thai tir 0 dén 8 nghia 1a ma héa tir 0
dén 7 cho cac nga ra AAAy.
- IC2 ¢6 E; ndi v6i E, cua IC1 nén:
Khi cic ngd vao cua IC1 c6 gid tri tir 0 dén 7 thi Ep, = E,; = 1, vay
IC2 s& hoat dong ¢ “trang thai 9” (trong bang su that cua
1C74148), nghia la bat chat cac ngi vao, cac ngd ra lubn bang 1,
day la diéu kién mo cong AND cho ra céac sd B,B; BO Luc nay B3
chinh 1a G, (B3 = Gs, =1). Ta duoc két qua tir 0 dén 7 (tac dong &
trang thai thap).
Khi cac ngd vao cua IC1 c6 gia tri 1 “trang thai 8” thi E,,=E, =0,
vy IC2 s€ hoat dong, cac cong ra cua IC1 = 1 nén no6 s€ mo cong

AND dé 1C2 hoat dong (;ho cac so tir 8 dén 15, do chan Gg,=B;=0
(tac dong ¢ trang thai thap).

d. Mach tao ma BCD sang s6 thap phan
Mach goém 10 ngi vio tuong trung cho 10 s thap phan va 4 ngd ra 1a 4 bit cua 5O
BCD. Khi mét nga vao dugc tac dong lén murc cao, nga ra s€ cho s6 BCD tuong Ung.

Trang thai cac nga vao Ma sb ra
9 /8,76 |5|4|3 |2 1 0 |]A3 | A | A | A
O] 0,000 ]0]O0O]O0]O0]1 O] 0| 0] O
o0 ]O0O]O|O0O]O0O]O0O]|O 1 O]J]0]0]|O0 1
O] 0,0 ]0]O0[O0]O0]|1 O] 0]O0]| 0| 1 0
O] 0|0]0,0] 0|1 O] 0| 0]JO0O]O0|1 1
OO0 0|0 /O 1 O] 0|]0]0]O 1 01O
O] 0|0 ] 0] 1 O, 0]O0]O0O]O0O}]O0]|1 0|1
O] 0|0 1 O/ O0|O0O]O0O|O0]0]O0]|1 1 0
0O 1 o(o0|jO0O|JO|O0O]O0O]O0O]O 1 1 1
0| 1 Oo|]0|O0O]O0O|0]0]|0]0]1 O] 0|0
1 Oo|]0|,0]0O0O|]O0]0O0O]O0O]0]O0]1 O] 0|1

Tt bang su that, ta c6 phuong trinh cac nga ra nhu sau:
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Ag=1+3+5+7+9 A=2+3+6+7
A2:4+5+6+7 A3:8+9

e. Mach chuyén ma nhj phan sang Gray

Chuyén mi nay sang ma khac ciing thudc bai toan ma hoéa.

Ta thir thiét ké mach chuyén tir ma nhi phan sang ma Gray cta sd nhi phan 4 bit.
Trude tién, ta viét bang su that cua ma nhi phan va ma Gray tuong ung. Cac s6 nhi
phan 1a cac bién, cac s6 Gray sé& 1a cac ham cta cac bién do.

Dung bang Karnaugh dé tbi gian ham trudc khi thyc hién mach.

Ma nhi phan Ma Gray
A | B|C|D XY |Z |T
0] 0|01 O0 - 0] 00710
0] 0] 0|1 - 0] 0] 0|1
0] 0] 1 0 — 0] 0] 1 1
0] 0] 1 1 — 0] 0] 1 0
0| 1 00 - 0 1 1 0
0| 1 0 1 - 0 1 1 1
0| 1 1 0 - 0 1 ] 0] 1
0| 1 1 1 - 0 1 100
1 0] 0] O - 1 1 10]0
1 10| 0|1 - 1 1 ] 0|1
1 0 |1 0 - 1 1 1 1
1 101 1 - 1 1 1 0
1 1 00 — 1 0| 1 0
1 1 0 | 1 - 1 ] 0|1 1
1 1 1 0 - 1 ]0] 0 1
1 1 1 1 - 1 10| 0|0
Dung bang Karnaugh xac dinh X, Y, Z, T theo A, B, C, D.
Quan sat bang sy that ta thiy ngay: X = A.
Vay can 18p 3 bang Karnaugh cho Y, Z, T.
CD CD CD
AB 00 01 11 10 AB 00 01 11 10 AB 00 01 11 10
00 00 1 |1 00 1 1
or|f 1 |1 ]1]1 o1 1 |1 01 1 1
11 111 11 1 1
o111 ]17]1 10 1 |1 10 1 1
Y=AB+AB=A®B Z=BC+BC=B®C Z=CD+CD=C®D
A X
B Y
C Z
D T

Chii bién V6 Thanh An Trang 42



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com T6 Tin Hoc

lIl. MACH GIAI MA
1. Giai ma n dwong sang 2" dwong

a. Giai ma 2 dwong sang 4 dwong
Thiét ké mach giai ma tir 2 dudng sang 4 duong. Dé don gian, ta xét mach c6 cac
nga vao ra déu tac dong cao.
Bang su that va so dd mach:

Vao Ra
GlalalYy Y|y _
0 x| x]0]0]0]o0 Yy =G.4.4,
1Jojo]l1[o]o]oO Y, =G.4,.4,
1LJol1fo]1]o0]oO Y, =G.4,.4,
11 ]olo]o|[1]o0 Y, = G.A A,
11 ]1]ofofo]1
=t
Ay 0 0
I
| A1 Yl |
D o
j ¢ Y
Y 3
G 3

Hinh: So d& mach va ky hiéu cta IC gidi ma tir 2 dwong sang 4 dudng.

b. Giai ma 3 dwéng sang 8 dwdng
Dung 2 IC giai ma tir 2 duong sang 4 dudng dé thuc hién mach giai ma 3 dudng
sang 8 duong.

A() A0 YO — YO
A, A, Yi— Y,
Yo, — Y,

G Yi— Y,

AN

Aq Yoo Yy

A Yi— s

Yo — Yo

A, G Yl v,

Hinh: Giai ma tr 3 dwong sang 8 duong.
Trén thi truong c6 ban cac loai IC sau:
- 74139 la IC chira 2 mach giai mé tir 2 duong sang 4 dudng, c6 ngi vao tac
dong cao, cac ngi ra tic dong thap, nga vao cho phép tac dong thap.
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- 74138 1a IC giai ma tir 3 duong sang 8 duong c6 nga vao tac dong cao, cac
nga ra tac dong thap, hai nga E, va E, tdc dong thap, E; tdc dong cao.

- 74154 la IC giai méd 4 duong sang 16 duong c ngé vao tac dong cao, cac
nga ra tac dong thap, hai nga vao cho phép E; va E, tdc dong thap.

c. Giai ma BCD sang 7 doan

- Dén 7 dogn: Diy 1a loai dén hién thi cac sO tr 0 dén 9, dén gom 7 doan a, b,
c, d, e, f, g, bén dudi moi doan 1a 1 led (dén nho) hodc mot nhom led mac
song song. Qui udc cac doan qui dinh bdi hinh dudi day.

f

:
=R | | |
f'&' b 27
c
e|_l
d

Q
[®)
(@)
o
[}

L L L
I S e e A
a b ¢ d e f a

Khi mét to hop, cac doan chay sang s& tao thanh mot con s6 thap phan tir 0 dén 9.
Pén 7 doan con hién thi dugc mot sb chir cai va mot sb ky tu dac biét.

C6 2 loai den 7 doan: Loai catod chung va loai anod chung.

- Mach giai ma BCD sang 7 doan

Mach c6 4 nga vao cho s6 BCD va 7 nga ra thich img véi cac nga vao a, b, ¢, d,
e, f, g cua led 7 doan, sao cho cac doan chay sang tao dugc ) thap phan dung v6i ma
BCD.

Khi led 7 doan thudc loai catod chung thi thi mach gidi ma c6 nga ra tac dong &
miuc cao (va nguogc lai cho anod chung).

Bang sy that cua mach 7 doan, nga ra tdc dong thép.

Sé Ngi vao Nga ra
TP|D | C|B|AJa|b|c|d|e]| f]|g
ojojoj0jJ0]J]O0O]O|[O0O]O]O]|O0]|1
11]0;]0[O0O |11 ]O0O[O0O]1T |1 ]1]1
210|011 ]0]J]OJ]O0O|1T]O]O0O]1T]O
3J]ojo[1/1]1]0j]0[O0O]O[ 1|1 0
410/1{0j]O0O1T]O0O]O0O]1T|1]0]O0
5|01/ 0|1]0]|1[0]O0O] 1|00
6|]0|1[/1/]0]O0]|1][0O]O0O]0|O0]O0
710/ 1/ 1]1]J]O0/0 [0 |1 [ 111
g8|]1/]0/0J]0]J]O]JO[O0O]O]O0O|O0]O0
911,00} 1]JOJO]JO0O]O0O]1]0]O
Dung bang Karnaugh hoic c6 thé don gian cac ham c6 it to hop ta duoc:
a=DB(CA+CA) ¢=DCBA d =DCBA+CBA+CBA
b=CBA+CBA e=A+CB f=CB+BA+DCA g=DCB+CBA
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Tir cac két qua trén, ta co thé v& mach giai ma 7 doan ding cac cong logic.

Hai IC thoéng dung dung giai md BCD sang 7 doan la: CD4511(loai CMOS ngd
ra tac dong cao va c6 cong dém) va 7447 (loai TTL, ngi ra tac dong thap, cuc thu dé
ho).

Ngoai ra, IC con c6 mot sd ngd vao ra diéu khién khac nhu: LT (thir dén), RBI
(vao x6a don song), RBO (ra x6a don song), cac chan RBI va RBO két hop dé thuc
hién viéc cho phép hién thi s6 0 c6 nghia va khong hién thi n6 khi khong c6 nghia, LE
(cho phép chdt).

Ghi chii: Sinh vién nén tim tai liéu nghién ctru thém vé IC 7447.

IV.MACH DA HOP VA MACH GIAl DA HOP

1. Khai niém

Trong truyen dir lidu, dé tiét kiém duong truyén, ngudi ta dung mét duong day
dé truyen nhiéu kénh dir liéu, nhu vy phai thyc hién chon ngudn dit liéu nao trong cac
nguon khac nhau dé truyen. Mach da hop hay con goi la mach chon dir li€u s€ lam
cong viéc nay. O noi thu, dir liéu phai dugc phan bd cho cic dich khic nhau, ta can
mach phan bd dir liéu hay mach giai da hop.

Nguenl eichl

Nguen2
—l l—

Nguen3 —T I I T— eich3

Nguen4 eich4d

Hinh: M6 hinh dung mach da hop, mach gidi da hop truyén di liéu.

eich?2

2. Mach da hop
Con goi 12 mach chon dit liéu, gdm 2" ngd vao dir liéu, n ngd vao dia chi (hay
diéu khién) va 1 nga ra. Khi mdt nga vao dia chi duoc tac dong, dir 1iéu nga vao tuong
ung véi dia chi do s€ dugc chon.
Mach da hop duogc thiét ké dya trén mach gidi ma. Dudi day, 1a mach da hop 4
sang 1. Mach c6 4 nga vao dir li¢u Dy, D, D,, D3, hai nga vao dia chi A, B va mdt nga

rayY. A B
v v
D, — [Po
—1D, Y
D, —p, [
Dz _DS
|
D, } A B

Hinh: Mach da hop 4 — 1.
Nga ra cua da hgp xem nhu 1a ham cua bién nga vao:
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Y = ABD, + AB.D, + AB.D, + AB.D,

Mach da hop tir 8 — 1, c6 8 ngd vao dit liéu, 3 ngd vao diéu khién, mot ngi ra,
duoc thiet ké nhu sau:

—1Do
Al B|C|Y _p,
00 0D —Ip,
0] 0] 1]|D; —ID; Mux Y = f(A, B,C)
0 1 0 D2 —1Ds 851
0ol 1] 1]D; —Ds
10| 0|D, :Bj
110 1|Ds
117110 |[Ds A—
1111]|D, B

C
Hinh: Bang s that va so’ d6 ciia MUX 8—1.

3. ’'ng dung mach da hop

a. Chon dir liéu
Pay 14 chtrc ning ta d3 xét & phan trén cia mach da hop. Khi mot ngd vao dia chi
duoc tac dong, dir liéu nga vao tuong Gng voi dia chi d6 s€ dugc chon, mach da hop
dong vai tro 1a SWITCH cua cac nga vao dir li¢u.

b. Bién chudi dir liéu song song thanh néi tiép
Mach da hop két hop véi mach dém sé& bién chudi dir liéu song song & nga vao
thanh chuoi dir li€u noi ti€p & nga ra.

—1D; Mux Y = (A, B,C)
—1Ds 851

—1D; A BC

CL Oc¢ Op O4p
Ck J Mech eem

Hinh: Bién chudi di liéu song song thanh nbi tiép.

c. Tao chudi xung tuan hoan
Néu cho dit liéu vao tuan hoan, dit liéu ra ndi tiép s& tuan hoan, nhu vay chi can
dic trude cac ngd vao thay doi theo mot chu ky nao do, ta s& dugce chudi xung tudn
hoan ¢ nga ra.
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d. Tao ham

- Mot da hop 2" — 1 ¢6 thé tao ham n bién bang cach cho cic ngi vao diéu
khién va cho tri riéng ctia ham vao céc nga vao dir liéu (dua xudng mass
néu logic 0, dua 1én nguén V¢ néu logic 1 chan han).

- Mot da hop 2" — 1 két hop v6i cong NOT c6 thé tao ham (n + 1) bién. Néu
két hop nhiéu da hgp, nguoi ta ¢6 thé thuc hién ham nhiéu bién hon.

- Vi duy: Cai dat ham sau dung da hop 4 — 1 (Dung thém cong logic néu can).
F = AB+ ABC + BC + AC
Gidi
Da hop 4 — 1 thyc hién ham: ¥ = AB.D, + AB.D, + AB.D, + AB.D,

Chun hoa ham F ta dwoc: F = AB.C + AB.C + AB.C + AB.C + AB.C

AB.D, AB.D, AB.D, AB.D;

So sanh Y va F ta duoc: D, =C; D, =C; D, =(C+C)=1; D, =C

Dy
D, F

+ Ol a

Hinh: Mach da hgp thwc hién ham logic.
Trén thuc té, ta co du cac loai mach da hop tor 2—1 (IC74157), 4—1 (IC74153),
8—1 (IC74151), 16—>1 (IC74150),...

4. Mach giai da hop

Mach giai da hop thuc chat 1a mach giai ma trong d6 ngd vao cho phép trd thanh
nga vao dir liu va nga vao cua t6 hop s6 nhi phan tr¢ thanh nga vao dia chi. Trén thi
truong, nguoi ta ché tao mach giai ma va giai da hop chung trén 1 IC, tuy theo diéu
kién ma stir dung. Vi du: IC 74138 1a IC giai ma 3 duong sang 8 dudng dong thoi 1a
mach giai da hop 1 — 8.

Khi st dung IC 74138 lam mach gidi da hop, nguoi ta dung mot nga vao cho
phép 1am ngd vao dit liéu va cac ngd vao sd nhi phan 1am ngi vao dia chi. Hinh duéi
day 1a IC 74138 dung giai da hop cho dir li¢u vao 6 E;.

De lieu
l l |+5V
oo A E, E, E,
che B— 74LS138
C— YoY1Y2Y3YsYs5Y6Yy

FTTTTTTI

Hinh: I1C giai da hop.
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V. MACH SO SANH

1. Mach so sanh 2 sé 1 bit
Bang sy that cua mach so sanh 1 bit c6 nga vao ndi mach G.

G| A b]S(a>b) | I(a<b) | E (a=b)
0 x | x 0 0 0
1 0|0 0 0 1
1 0 1 0 1 0
1 1 0 1 0 0
1 1 1 0 0 1
Tir bang trén ta dugc két qua sau:
S =G.ab I =G.ab E=G.(a®b)=G.(S+])
G Y S |
a—t [T+ \:Dk —a G s
b - —E —b E—
=4 ) I L
.

Hinh: So d& mach va ky hiéu ctia mach so sanh 1 bit.

2. Mach so sanh 2 sé nhiéu bit
T mach so sanh 2 sb 1 bit, ta c6 thé md rong so sanh nhiéu bit. Dudi day la so
d6 mach so sanh 2 so 2 bit.

1
|
d—a G S
b,—b E D7A>B

0—a G S
by—b E A=B
I
Hinh: Mach so sanh sb 2 bit A (a;a,) va B (bsby).
Ngoai ra, trén thi truong ¢ san loai IC so sanh 4 bit 7485, c6 nga ndi mach dé
mo rong viéc so sanh cho sb nhiéu bit hon.
Bang sy that cua IC 7485.
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Trang Nga vao so sanh Nga vao n6i mach Ngara

thai | A;,B; | A,,B, | A;,B; | Ap,By | A>B’ | A’<B’ | A’=B’ | A>B A<B =B
1 As>B; x x x x x X 1 0 0
2 As<B; x X X X x X 0 1 0
3 As=B3 | Ax>B> x x x x X 1 0 0
4 | As=Bs | Ax<B; x x x x X 0 1 0
5 As=B; | A=B> | A>B; X X X X 1 0 0
6 As=B3; | A,=B, | A1<B4; X X X X 0 1 0
7 As=Bs; | A=Bs | A1=B1 | As>Byg X X X 1 0 0
8 Az=B3 | Ay=B, | Ai=B; | Ag<Byg X X X 0 1 0
9 A3=B3 A2=Bz A1=B1 A():Bo 0 0 1 0 0 1
10 | A3=B3 A2=Bz A1=B1 A():Bo 1 0 0 1 0 0
11 A3=B3 A2=Bz A1=B1 A0=Bo 0 1 0 0 1 0

Khi ding IC 7485 dé so sanh 2 s 4 bit, ta phai giir ngd vao ndi mach A’=B’ &
mirc cao, hai nga vao ndi mach con lai & muc thép. Nhu vay IC moi thé hién két qua o
trang thai 9.

Khi so sanh 2 s nhiéu bit hon, ta phai dung nhiéu IC 7485 va ndi nga ra cta IC
so sanh bit thap vao nga vao n01 mach cua cac IC so sanh bit cao hon va IC so sanh
céc bit thap nhat c6 nga vao ndi mach duoc mic nhu khi dung riéng 18.

Vi du: Mic IC 7485 dé thyc hén sb so sanh 2 s6 8 bit A;...Ay va B,...B,.

B, —B, L A>B
[

B; —1B; —Ab
T

A, A, o

Ag A, A 13>]’3<B’
AS Al r s
A, Ay A’=B
B, Bs A>B

B2 Bz A<B

Bl B1 A:B

B() B(]

As @

A, ii A:>B:
AI—AI A’<B,
Ao—ria, A

- Sosanh 2 s A;...Ay = 10101111 va B,...B, = 10110001. IC2 so sanh cac
bit cao A7A¢AsA, = 1010 va B,B¢BsB, = 1011, cho ngd ra A<B bét chip
cac trang thai ctia ngd vao ndi mach. Diéu nay c6 nghia néu IC so sanh cac
bit cao khac nhau thi khong quan tim t6i két qué céc bit thap.

- So sanh 2 sb A;...Ag=10101111 va B;...B; = 10101001. IC2 so sanh cac
bit cao A;A¢AsA, = 1010 va B;B¢BsB, = 1010 13 bang nhau, vy két qua
tuy thudc vao ngd vao ndi mach duge ndi voi IC1. Két qua so sanh cua IC1
1a A3A,A A, = 1111 va B;B,B;B, = 1001 cho két qua A>B, vay chan
A’>B’ cta IC2 1én mirc logic cao nén IC2 cho két qua A>B (trang thai 10).
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VI.MACH KIEM PHAT CHAN LE
1. Giéi thiéu
Do yéu cau kiém sai trong truyén dir liéu, ngudi ta c6 phuong phap kiém tra chan

I8. Trong phuong phap nay, ngoai cac bit dit li¢u, nguoi ta thém 1 bit kiém tra sao cho
tong so bit 1 ké ca bit kiém tra 1a s6 chan (kiém tra chan) hodc 1¢ (kiém tra 1¢).

\ \ 0 \ \ \ 0 | 0 | \ 1 bit chan 1¢ thém vao — KT 1é.

11 ]of]o]1]o0] 1] 0bitchinléthém viao—KT chin.

O noi thu, mach s& kiém tra lai s s6 1 trén tit ca cac bit dé biét dong dir li¢u la
ding hay sai.

2. Mach phat chan 1é (Parity Generator)
Ta s€ xét truong hop mach c6 4 bit dir lig¢u.
Mach c6 4 nga vao dir liéu A, B, C, D va 1 nga vao chon chan Ié.

- Giai dogn I: Thiét ké mach ghi nhan s6 s0 1 1a chn hay 1¢. Gia sir ta mu6n
c6 mach bao ,két quaY=1khisoso11a lé,‘Y = 0 khi sﬁ sﬁ 1 1a chan. Loi
dung tinh chat cia ham EX-OR c6 nga ra bang 1 khi s6 s0 1 1¢, v6i 4 nga
vao, ta dung 3 cong EX-OR dé thuc hién mach nay. Y = (4 ®B)® (C® D).

A
D
D:)D

Hinh: Nga ra bang 1 khi s6 s 1 vao I&.

- Giai doan 2: Thiét ké mach tao bit chén 1& P theo sy diéu khién cta nga vao
I. Gia str ta mudn c6 tong so6 bit 1 cua A, B, C, D, P 1a I¢ khi I = 0 va chan

khiI=1.
| | Sébit1cutaABCD | Y P
0 Lé~ 1 0
0 Chan 0 1
1 Lé 1 1
1 Chan 0 0
Tir bang trén ta thiy: P=1®Y
Vay mach c6 dang:
A —A —
B Y P 2 }Data bits
C D
D | I
I _ I F Parity bit

Hinh: So d& mach cua bit P trong kiém tra chan 18.
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3. Mach kiém chan Ié (Parity Checker)

Néu ta xem mach phat nhu 1a mach c¢6 5 ngad vao thi ngd ra P quan hé véi sd
lugng bit 1 ¢ cac ngd vao cd thé suy ra tir bang sy that trén.

S0 bit 1 cua ABCDI | P
Lé 0
Chéan 1
Nhu vay ta c6 thé dung mach phat trén dé 1am mach kiém tra chan 1é.
Tom lai, mOt hé théng gém mach phat kiém tra chén 1& va mach thu kiém tra
chén 1¢ ta mac chiing voi nhau theo hinh dudi day.

— 1A A I—
—_IB B I
IC , C
D PHAT D KI*M
I P I P
0 0

Hinh: So a6 phat — thu clia mach kiém tra chan 18.
Khi nga véo I ciia mach phat dwa xuéng mirc 0, néu ban tin nhan ding thi nga ra
P ctia mach kiém ciing xuéng mtc 0.
Trén thi truong c6 ban cac IC kiém phat chin 1¢ nhu: 74180 (9bit), 74280 (9 bit),
loai CMOS c6 40101 (9 bit), 4531 (13 bit).
Dud¢i day 1a bang su thét cua IC 74180.

_ ] Nga vao _ Ngira
Tong so 1 ~ » Ton F >
bit d%r ligu | ChAD Le ch?u% Tong 1€
Chan 1 0 1 0
Lé 1 0 0 1
Chan 0 1 0 1
L& 0 1 1 0
X 1 1 0 0
x 0 0 1 1
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CHUONG 5: MACH TUAN TU

v" FLIPFLOP

e FF RS
e FF JK
e FF T
e« FFD

v’ MACH GHI DICH
v/ MACH DEM

« Ddéng bd
Khéng déng bd
Pém vong

l. GIOI THIEU

Trong chuong trudc, ching ta da khao sat cac loai mach to hop, do 1a cac mach
ma nga ra cua nd khong phu thudc vao trang thai trudc do ciia mach. Noéi cach khac,
n6 13 loai mach khong c6 kha ning nhé, mét chire ning quan trong ctia hé thng logic.

Trong chuong nay, ta s€ xét loai mach thur 2 1a mach tuan tu.

- Mach tuan ty 1a mach c6 ngi ra khong nhimng phu thudc vao céc trang thai
ngd vao ma con phu thudc vao trang thai ngi ra trude d6. Ta ndi mach tuan
tw ¢6 tinh nhé. Nga ra Q, ciia mach tuan ty 12 ham logic ciia cic bién nga
vao A, B, C,... vanga ra Q trudc do.

Nghia la: Q, = f(Q,A,B,C,...)

- Mach tuan ty van hanh dudi tac dong cta xung déng ho va dugce chia lam 2
loai: Déng bd va Khong déng bo. O mach déng bd, cac phﬁn tir chiu tac
dong dong thoi cuia xung ddéng hd (Ck) va & mach khong dong bo thi khong
c6 diéu kién nay.

- Phan tir co ban cu thanh mach tuan tu 13 cac Flipflop.

Il. FLIPFLOP
1. Gii thiéu

Mach flipflop (FF) 1a mach da hai ludng 6n tirc mach tao ra séng vudng va c6 2
trang thai cAn bang.

Trang thai cAn bang cua FF chi thay d6i khi c6 xung dong hé tac dong.

Mot FF thuong c6 mdt hoac nhiéu nga vao, va hai nga ra. Tinh nhé ctua FF duoc
thé hién & diém: Trang thai cua FF van duoc gilt nguyén mac du sy tdc dong nga vao
da cham dut.

Hai nga ra cua FF thuong duogc ky hiéu 1a Q (nga ra chinh) va O (ngd ra phuy).
Nguoi ta thudng chi trang thai cua FF boi ngd ra chinh cta nd. Néu hai nga ra c6 trang
thai gibng nhau ta n6i FF ¢ trang thai cAm.

FF c6 thé tao nén tir cic mach chdt (latch).

Piém khac biét gitta mot mach chdt va mot FF 1a: FF chiu tac dong cua xung
d6ng hd con mach chét thi khong.

Nguoi ta goi tén cac FF khac nhau bang cach dua vao tén cac ngd vao cia ching.
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2. ChotRS

a. Chét RS tac dong cao
Du6i day 1a chét RS c6 ngd vao R va S tac dong & mic cao.

R Q

S 0

Hinh: Chét RS tac ddng mrc cao.
Céc trang thai logic ciia mach duogc biéu dién trong bang dudi day.

R| S| Q Q. R | S Q.
8 8 ? (1) Tac dung nh& 8 (1) ?
o1 1] Patse 1| cim
o4 g Patlai Rese o e
1049 =5, (cam) o Dany e

Tir bang trén, ta tom tit hoat dong ciia RS nhu sau:
- Khi R =S =0, ngi ra khong d6i trang thai.
- KhiR=0vaS =1, chdt dugc Set (tac dat Q, = 1).
- KhiR=1vaS=0, chdt duoc Reset (tirc dit Q, = 0).
- Khi R =S =1, chét roi vao trang thai cAm.

b. Chét RS tac dong thap
Duéi déy 1a chbt RS c6 nga vao R va S tdc dong & murc thap.

Ss/R[ a. _
0] 0] Cam § Q
0] 1 1

110 0 -
11 1] a R 0

q , Hinh: Chot RS tac dong mirc thap.
Dé c6 chdt RS tac dong muirc cao dung cong NAND, nguoi ta thém hai cong ddo
O cac ngd vao cua mach.

S Q

R 0
Hinh: Chét RS tac déng murc cao.
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— g QF——— —d3 Qr——

— IR Ol— ——4dR 0Or——

Hinh: Ky hiéu chbt RS tac ddng mirc cao va RS tac dong thap.
3. FlipFlop RS

a. Cau trac tébng quat FlipFlop RS
Trong cac phan dudi day, ta st dung chét RS tic dong muc cao dung cong
NAND. Khi thém nga vao xung Cg cho chdt RS ta dugc FF RS. Duéi day la bang su
that FF RS c6 cac ngd vao R, S va xung dong hd Cx déu tac dong mic cao.

Vao Ra
CK S R Q+
S—
0 X X Q Q
1 0 0 Q
T o | 1] o Cx _
1 1 0 1 R 0
1 1 1 Cam

7 Hinh: FF RS tac dﬁmg mtrc cao.
bé c6 FF xung dong ho tac dong mirc thap, ta thém mdt cong ddo cho nga vao
Ck. Ta dugc bang su that giong nhu trén, ngoai trir ngad vao Cx ddo ngugc lai.

Vao Ra
CK S R Q+
S
1 X X Q Q
0 0 0 Q
ol o | 1] o Cx _
0 1 0 l R 0
0 1 1 Cam

Hinh: FF RS c6 Ck tac dong murc thap.

b. FlipFlop RS c6 nga vao Preset va Clear
Tinh chit cta FF 1a c6 nga ra bat ky khi mé may. Trong nhiéu trudng hop ta can
dat trude nga ra Q=1 hodac Q=0, mudn thé, nguoi ta thém vao FF cac nga vao Preset
(Q=1) va Clear (Q=0). Du¢1 day la dang mach va ky hi¢u cua FF RS ¢6 nga vao Preset
va Clear.

Pr|
S s
Q —'S Pr Q——
CK o —>CK
R 0 —R . O
cl I

Hinh: FlipFlop RS cé nga vao Preset va Clear.
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Bang su that caa FF RS c6 Preset va Clear tac dong thap.

Pr|Cl|Ck| S| R| Q.
00| x| x| x |Cim
0 1 X X X 1
1 0 X X X 0
1 1 0 X X Q
1 1 1 0 0 Q
1 1 1 0 1 0
1 1 1 1 0 1
1 1] 1]1]1]|Cim

c. FlipFlop RS chu t&
Két ndi thanh chudi hai FF RS vdi cac ngd vao xung Ck cia 2 FF c6 muc tac
dong nguoc nhau, ta dugc FF chu t§. Vi cach mic nay, mach thoat khoi trang thai
cam (nhung van roi vio trang thai bat dinh) dong thoi co xung Ck tic dong bang canh.

S,

Q
CKM_{ Cis B
0

> i
Hinh: So d6 FF RS cha t6. .

Hoat dong cua FF dugc giai thich nhu sau: Do Cks cua tang t6 la dao cua Cyy
ctia tang chu, nén khi Cxy = 1, tang cha giao hoan va tang t¢ ngung. Trong khoang
thot gian nay, dir li¢u nga vao R va S dugc dua ra va da o6n dinh & nga ra R’ va S’, tai
thoi diém xung Cx xudng thip, R’ va S’ dugc truyén dén ngara Q va Q.

- Nga ra giao hoan

Cxm
Cks

Hinh: Vi tri xay ra giao hoan.
Dbi véi truong hop R =S = 1 khi Cxy = 1 thi R” =8 = 1, nhung khi Cg xuong
thip thi mot trong hai ngé ra nay xudng thap, do d6 mach thoat khéi trang théai cam,
nhung S’ hay R’ xubng thap trudc thi khong doan trude dugc nén mach roi vao trang

thai bat dinh, nghia 1 Q. c6 thé bang 1 c6 thé bang 0, nhung khéc Q+. Ta c6 bang sy
that nhu sau:

S | R |Ck Q.
o|0 | Q

o 1] 0
1104 1
111 | { | Batdinh
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4. FlipFlop JK
FF JK dugc tao tir FF RS theo so dd sau:

L L
J S Pr Q —J Pr Q—

—a> CK —> CK

KT_DREE — K d o|——
I [

Hinh: Céu tao FF JK cé nga vao Pr va Cl tac dong thap.
Bang su that cua FF JK.

J| K| Q|0 |s5=J0 |R=KQ|Ck Q.
0| 0| 0] 1 0 0 s Q
Oo|0|1]0 0 0 l Q
01|01 0 0 I | Q=0
ol 1]1]0 0 1 l 0
1101] 0| 1 1 0 s 1
1101110 0 0 | Q=1
1111]0 | 1 1 0 J 1
111110 0 1 J 0
Ttir bang trén, ta c6 thé rat gon thanh bang sau:

J| K|Ck| Q.

00| Q

0|14 0

1104 1

111 ]| PaoQ

Két qua trén cho ta thiy: FF JK di thoat khoi trang thai cém va thay vao do la
trang thai dao (khi J=K=1). Nguoi ta lgi dung trang thai nay dé thiét ké mach dém.

5. FlipFlop D
Thiét ké FF D tir FF RS (hoic FF JK) bang cach ndi mot cong dao tir S qua R
(hodc tur J sang K). Dir liéu dugc dua vao nga vao goi la nga vao D.

D SJ Pr Q—— ——D Pr Q—
—c>CK —c>CK
RKCl OF— cl O—

[ I

Hinh: So d6 va ky hiéu FF D.

Chii bién V6 Thanh An Trang 56



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com T6 Tin Hoc
Bang sy that ctia FF D dugc biéu dién nhu sau:

D Ce | Q.
0 \ 0
1 ! 1
6. FlipFlop T
N&i chung 2 nga vao cta FF JK ta dugc FF T. Duéi day 13 bang su that va so do
ky hiéu cta FF T. l 1
T J Pr Q— — T Pr Q—
—> CK —a CK
K ¢l QF— c o

Hinh: Sg’ déNVé ky hiéu FF T.
Bang su that caa FF T dugc biéu dién nhu sau:

T Ck Q.
0 \’ Q

1 \’ 0

7. Mach chét D

_ Mach chét D hoat dong giong nhu FF D, chi khac nhau (")"diém nga vao xung
dong ho Cg dugc thay bang nga vao cho phép G, va taic dong bang muirc chir khong

bang canh.
D G Q.
X 0 Q — D Q—
0 1 0 —
i 1 1 —& 99—

Hinh: Ky hiéu mach chét D.
lll. MACH GHI DICH

1. So dé nguyén tac va van chuyén

Q, Q, Q. Q
Vao nei A B C D
ci.p—]D Q D Q D Q D Q
CK CK CK CK
Cl O Cl O Cl O Cl O
T T
Ccl

Hinh: So d& mach ghi dich don gian.
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Cac FF D ndi chung ngid vao Cx dé duogc tic dong dong thoi, ngd ra Q cua FF
trude ndi voi ngd vao D cua FF sau. Ngi vao Dy cua FF déu tién goi 13 ngd vao cua dir
liéu ndi tiép, cac ngad ra Qa, Qp, Qc, Qp 12 cac nga ra song song, nga ra cua FF cudi
cung (FF D) la ngi ra ndi tiép.

Truge khi mach hoat dong, tac dung mot xung xoa cac ngé vao 5 (dua chan CI
xudng thap roi dua 1én cao nhu cl) dé cac ngaraQa=Qp=Qc=Qp=

Cho dir liéu vao Dy, sau moi xung ddng ho, dir liéu cua ting trude lan luot truyén
qua tang sau. Gia st D, c6 dix liéu 1an lugt vao nhu sau: 3 bit cao, 2 bit thap, I cao, 1
thép. Ta c6 bang su that cua so dd mach nhu sau:

Vao Ra
Cl | Ck | Da[Qa| Qs | Qc| Qp
0 X X 0 0 0 0
1414100 [*0
1Ll d 1111070
1| d 1|1 1]1]0
1 d]olo| 1|11
r1jid]oflolo|1]1
1|4 1|1 ]0]0]1
1 d]oflol1]0]oO0

Cac mach ghi dich dugc phan loai tuy vao sO bit (sd FF), chiéu dich (trai/phai),
cac ngd vao ra (ndi tiép/song song).

2. Vai IC ghi dich tiéu biéu
a. Giéi thiéu
Trén thi truong hién c6 hién co kha nhiéu loai IC ghi dich c6 day du chirc nang
dich trai, dich phai, vao ra noi tiép/song song. Sau day, ching ta khao sat 2 IC tiéu

biéu: IC74164 1a IC dich phai 8 bit, IC 7495 1a IC 4 bit, dich phai, trai, vao ra nbi
tiép/song song.

b. IC 74164
(7)GND
®Vee 0@ 0@ o@ © © (O (©® O

©

A

=

0
D QD Q—D Q—D QD Qr—D Q—D Q—D Q
bCk | Ck | < Ck Ck |Ck |Ck | Ck | —Ck

=

@) @) Cl Cl Cl Cl Cl Cl

Q Q [ Q Q C Q W

MR : Master Reset, tic dong thap. CP: Clock pulse, tac dong canh 1én.

£
(=)
[

=
SIC &
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c. IC 7495

g Hrd> Po Pl Pz

DS -

CPl - g ;:

o7 R R
CK CK Ck Ck
s ah s QH s QN S Q

Qs Q, Q, Q]
Hinh: So d6 mach IC 7495.
Y nghea cdc chén

S: Mode control input. Ds: Serial data input.
Po — P3: Parrallel data inputs. CP1: Serial clock.
CP2: Parrallel clock. Qo — Q3: Parrallel data outputs.

Nep de lieu song song
- Chuan bj dit liéu nga vao Py dén P;.
- Cho S =1, dir liéu duoc d}f&l vao cac nga vao qﬁla cac FF, CP; b1 khg)é, CP,
la nga vao Cy, dir li¢u xuat hién & nga ra Q, dén Q; khi c6 canh xudng cua

Ck.
Nep de lieu nei tiep
- ChoS=0.

- Du:,a dit liéu ndi tiép vao Dg, CP; bi khod, CP; 1a nga yéo Ck, khi ¢6 canh
xuong cua Cg dir li¢u dich tung bit trén cac nga ra Qo dén Q;.
Dech phei
- Nap dir liéu song song.
- DPua dit liéu ndi tiép ¢ Dg va cho Ci tac dong.
Dech trai
- Nobi ngi ra cia FF sau vao ngi vao song song ctia FF trudc.
- P;1a ngd vao nbi tiép.
- Cho S =1 dé céach ly FF trudc véi FF sau.
- CP; la nga vao xung Cy, dir li€u s€ dugc dich trai tng véi canh xuéng cua
xung Cg.

d. 'ng dung ctia mach ghi dich
Mach ghi dich c6 nhiéu ung dung.
- Mot sb nhi phan khi dich trai mot bit, gia tri nhi phe“m,sé du"qc nhan 1én gép
doi. Khi dich phai 1 bit, gia tri nhi phan duoc chia 2 (lay phan nguyén).
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- Trong may tinh, thanh ghi la noi luu tam dir li¢u dé thuc hién céac phép tinh,
cac 1énh co ban nhu: quay, dich phai, dich trai,...

- Ngoai ra, mach ghi dich con nhiing ing dung khac nhu: tao mach dém
vong, bién doi noi ti€p <> song song.

IV.MACH DEM
1. Gi&i thiéu

Loi dung tinh dao trang thai cua FF JK, nguoi ta thuc hién mach dém. Churc nang
cia mach dém la dém s xung Cx dua vao nga vao hodc thé hién sb trang thai c6 thé
cua ngd ra va néu xét khia canh tan s6 cua tin hiéu thi mach dém co chie nang cua
mach chia tan, nghia 13 tin s6 tin hiéu ngd ra 1a két qua ctia phép chia tan sb cia tin
hiéu nga vao cho mot sé nao do.

2. Mach dém déng bd

a. Mach dém doéng bd n ting dém lén

Trong cac mach dém ddng b, cac FF chiu tac dong dong thoi cua xung Cy.

Dé thiét ké mach dém déng bo n tﬁng (vi du n = 4), trudce tién, ta 1ap bang trang
thai, quan sat bang trang thai suy ra cach mac ngi vao JK cia cac FF sao cho mach
giao hoan tao trang thai nga ra ding voi bang da lap. Gia sur FF ¢6 xung Cy tac dong o
canh xudng, véi 4 FF mach dém duoc 2* = 16 trang thai va sé xung dém duogc tir 0 dén
15, véi mach dém 1én, ta c6 bang trang thai dudi day.

Ck | Qo | Q¢ | Qg | Qa | S6 xung dém

Xéa | 0 0 0 0 0
\’ 0 0 ov 1 1
\’ 0 0 1 0 2
\’ 0 ov | 1v 1 3
\’ 0 1 0 0 4
\’ 0 1 14 1 5
\’ 0 1 1 0 6
{ ov | 1v | 1v 1 7
s 1 0 0 0 8
\ 1 0 ov 1 9
\’ 1 0 1 0 10
\’ 1 ov | 1v 1 11
\’ 1 1 0 0 12
\’ 1 1 ov’ 1 13
\’ 1 1 1 0 14
\’ 1w | v | 1v 1 15
\ 0 0 0 0 0

FF A d6i trang thai sau tung xung Cg vay: To =Jpa =K, =1.
FF B doi trang thai neu trudc do Qa = 1, vay: Tg =Jg = Kg = Qa.
FF C dbi trang thai néu truge do Qa=0Q=1,vay: Tc =Jc = K¢ =Q4.Qp.
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FF D ddi trang thai néu trudc d6 Qu =

Ta duoc két qua nhu hinh sau:

Qs = Q¢ = I, vay: Tp=Ip=Kp=Tc.Qc.

0,
D J
J

N

gl

[

=

Ql

Ql
|

L—d

Q, Q.
I
+ A B J_U
J Q J Q
_ &Ck Ck
o—| WUk a o
UL
Ccl

Hinh: Mach dém déng bd n tang dém lén.

b. Mach dém dong bd n ting dém xudng

Gia su FF ¢6 xung Cx tac dong ¢ canh xudng, voi 4 FF mach dém dugc 2* = 16
trang thai va s6 xung dém duogc tir 0 dén 15, v6i mach dém xudng, ta c6 bang trang

thai duoi day.
CK QD Qc QB QA Sé dém
Xéa | 0 ov | ov | 0 0
J 1 1 1 1 15
J 1 1 1v 0 14
J 1 1 0 1 13
J 1 v | oV 0 12
J 1 0 1 1 11
J 1 0 v | 0 10
J 1 0 0 1 9
J v | ov | ov | O 8
J 0 1 1 1 7
J 0 1 v | 0 6
J 0 1 0 1 5
\’ 0 v | ov | 0 4
J 0 0 1 1 3
J 0 0 1v 0 2
J 0 0 0 1 1
J 0 0 0 0 0
FF A doi trang thai sau ting xung Cy vay: Ty =Ja =K, =1.

FF B d6i trang thai néu trudc d6 Q4 =0, vay: Ts=J5=Kg=0,.
FF C doi trang thai néu trude d6 Qa=0Qp=

FF D d6i trang thai néu trudc d6 Q, =

Trang 61

0,vay: Tc=Jlc=Kc=0,.0,.

Qs = Qc = 1, vay: Tp=Jp=Kp= T.0,..

Chii bién Vo Thanh An



Stripe trivrhNie Jeharid 8Hlit Unregistered Version - hitp://www.simpopdf.com

Ta duoc két qua nhu hinh sau:

QA le Qc| QD
R
+ A J B J U C J D J
J Q —J Q —J Q —J Q

KCl o —Kaé YK o Lk CI
T T
Cl

Hinh: Mach dém déng bé n tdng dém xudng.

c. Mach dém doéng bd n ting dém lén, xubng
Dé c6 mach n ting dém 1én hodc xudng, ta dung mot mach da hop 2—1 cb ngd
vao diéu khién C dé chon Q hoidc O dua vao tang sau qua cac cong AND. Trong mach
dudi day, C = 0 mach dém 1én, C = 1 mach dém xuéng.

Q, Q. Q. Q,
R
+ A B v C D J
J QH J QH LJ QH J Q
—cCK CK _qCK CK
«ci ol 3D Hika olB D) Uka ol D! Mk o
nn [
Cc1l
C
o

Hinh: Mach dém déng bé n tdng dém I1én, xudng.

d. Tan sé hoat ddong I&n nhat cia mach dém dong bé n tang
Ta xét mach dém ddng bd n ting dém 1én, ta can dung 2 cong AND. Trong
truong hop tong quat cho n ting, s6 cong AND dung 1a n — 2 nhu vay thoi gian tdi
thiéu d¢é tin hiéu truyén qua mach la:
Tinin = Tprr + (n— 2).Tp anp
Téng sb cuc dai x4c dinh boi:
1 1

fmax = =
T Tpe +(n=2)T} 4

min

D?: gia tang tﬁn‘ s6 lam viéc cua mach, thay vi dung cong AND 2 ngi vao, ta phai
dung cong AND nhiéu nga vao va mac theo kiéu:
To=Jpo=KA=1.
TB=JB=KB=0Q,4
TC=JC=KC=0Q4.Qp
Tp=Jp=Kp=Qa.Q8-Qc
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Nhu vay tan s6 lam vi¢c khong phu thudc vao n va bang:

1 1
f;nax = =

T i TPFF +TPAND

min

e. Mach dém déng bd Modulo — N (N = 2")
Dé thiét ké mach dém modulo — N, trudc nhét ta phai chon sb téng.
S6 tang 13 n phai thoa diéu kién: 2"' <N < 2",
Vi dy: Thiét ké mach dém 10 (N = 10).
Ta thiy 2" =2° < 10 < 2% vay sd tan 1a 4.
C6 nhiéu phuong phap thiét ké mach dém dong bé modulo N. Sau ddy, ta khao
sat hai phuong phap: Phuong phap dung ham chuyén va phuong phap MARCUS.

i. Pheeng phap dung ham chuyen (Transfer function)

Ham chuyén dugc dinh nghia nhu sau: Ham c6 gia tri 1 khi ¢6 sy thay doi trang
thai cia FF va ham c6 gia tri 0 khi FF khong ddi trang thai.

Ta sé& x4c dinh ham chuyén ctua FF JK. Duéi day 1a bang trang thai cia FF JK va
ham chuyén H.

A ala oo olo ole
alalolol=|=|ololx
alo|=a|ol=|lol-|olp
© == oo o= olP
alalo|ala|lololo|lx

|| | | |0

Duing bang Karnaugh ta suy ra dugc biéu thirc cia H:
H=J0+KQ
pé th%ét ké mach dém cu thé, ta s& xac dinh ham H cho tung FF trong mach, so
sanh voi bi€u thirc cuia ham H suy ra J, K cua cac FF.
Vi dy: Thict ké mach dém 10 dong bo dung FF JK.
Bang trang thai cua mach dém 10 va gia tri cia ham H tuong Gng.

Ck | Qo | Qc | Qe | Qa | Qp+ | Qc+ | Qg+ | Qa+ | Ho | Hec | He | Ha
4]0 0 0 0 0 0 0 1 0 0 0 1
2l 1 0 0 0 1 0 0 1 0 0 0 1 1
3]0 0 1 0 0 0 1 1 0 0 0 1
4, |1 0 0 1 1 0 1 0 0 0 1 1 1
5/ | 0 1 0 0 0 1 0 1 0 0 0 1
6L | 0 1 0 1 0 1 1 0 0 0 1 1
7410 1 1 0 0 1 1 1 0 0 0 1
gll]o |1 |1 |1]1]o0o oo 1]|1]1]1
9l | 1 0 0 0 1 0 0 1 0 0 0 1
104 | 1 0 0 1 0 0 0 0 1 0 1 1
Tu bang su that trén, ta théy:
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H,=1=0,+0,=>J,=K, =1
Pé xac dinh Hg, He, Hp ta phai v& bang d6 Karnaugh.

O, Qs
8Qa BQa BQa
EDQQR 00 01| 11 10 QpQ¢ 00 01 ,11 10 B QpQ¢ 00 01 11 10
oo| [[T]|[7] 00 1/ 0. 00 5.
01 (1)1 01 (M) a 01 ™M
11| x | x X X 11| x x [ILx]] x ¢ 1M x |[[x ] x)] x
10 x| x 10 A« |o. 10 ] ] < |
HB:QDQA@}I"@DQAQB H, :QBQA§C+QBQAQC H, :QCQBQA§D+QAQD
=>J,=K;=0,0, =>J.=K.=0;0, =>J:=0:0;0, K =0,
Tur két qua trén ta v€ dugc mach:
QA| QB| Qc QD
~ |
+ A B J_L/ C J‘DL D
J Q J Q —J Q J Q
— &Cxk Ck Ck Ck
Ka o Ka o—| UKa o—| “YHK a 0
n |
Cl

Hinh: Mach dém 10.

ii. Pheeng phap MARCUS

Phuong phap MARCUS cho phép xac dinh cac biéu thuc cua J, K dua vao su
khac nhau cua Q, so v6i Q sau mdi lan tac dong cua xung Cy.

Tu bang trang thai cua FF JK ta co thé rat gon lai bang sau:

Q Q| J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0

Pé thiét ké mach, ta so sanh Q:vaqQ dé c6 duoc bang su that cho J, K cuia ting
FF, sau d6 xac d,inh’J va K. , .
Vi du: Thiét ké mach dém 10 bang phuong phap MARCUS.
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Ck | Qo [ Qc |Qe | Qa] Jbo | Kb | Jc | Kc | JB | KB | Ja | Ka
141 0 0 0 0 0 X 0 X 0 X 1 X
20 0 0 0 1 0 X 0 X 1 X X 1
3l |0 0 1 0 0 X 0 X X 0 1 X
41 | 0 0 1 1 0 X 1 X X 1 X 1
5. 10 1 0 0 0 X X 0 0 X 1 X
6l |0 | 1] 0| 10| x| x| 0] 1]x]x]|1
7010 1 1 0 0 X X 0 X 0 1 X
8l | 0 1 1 1 1 X X 1 X 1 X 1
9l 1 0 0 0 X 0 0 X 0 X 1 X
104 | 1 0 0 1 X 1 0 X 0 x x 1

Tu bang su that trén, ta théy:
J A~ KA =1
Dung bang Karnaugh xac dinh cac ham con lai. Ta thdy rang, FF B va FF C ¢6
thé x4c dinh chung cho J va K vi chliing c6 cung vi tri 1 va vi tri x. FF D dugc xac dinh
Jva K riéng.

8Qa \%

QpQe 00 01 11 10 QpQe 00 01 11 10
00 (1 1) 00 (1)
01 u ! v 01 1
11 X X X X 11 X X X X
10 X 10 LxJ X

Jy =Ky =0,0, Jc = Ke = QBQaA

s8Qa \%

QpQe 00 01 11 10 QpQe 00 01 11 10
00 00 X x| xX) X
01 m 01 X X X
11 X X L X 11 X X X
10 X X X X 10 1| %/ X

JD = QCQBQA KD = QA

Ta duoc két qua nhu trén.
3. Mach dém khéng dong bo

a. Mach dém khéng déng bd n tang dém Ién (n=4)

Trong cac mach dém dong bd, xung Cx khong tac dong dong thoi 1én cac FF.

Ttr bang trang thai ctia mach dém ddng bd n ting dém 1én (trinh bay & trén), ta
thiy néu ding FF JK véi xung dong ho tac dong canh xudng thi c6 thé 1y ngi ra ciia
tang trudc lam xung ddng hd Ck cho tang sau, véi diéu kién cac ngd vao JK déu duoc
dua 1én mtrc cao. Ta dugc mach dém khong déng bo 4 bit, dém lén.

Ta duoc két qua nhu hinh sau:
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0, Q, 0. 0,
+ A + B + C * D J
—{J Q4 —J Q4 qJ Q4 —J Q
JUL I KCk AN &KCk Ck
Ka o {Ka o— L Ka o —Ka 0
cl i i i

Hinh: Mach dém khong ddng bo n tang dém lén.
Dudéi day 1a tin hi¢u ctia xung Cy va nga ra cua cac FF.

0123 456 738 910 11213 141516

JHHHHHHHHHH

Qr 0[1}o[1}o0[1{0 1{o[1}o[

Qs 0 01 130

140

Qc 0 0 0 Of1T 1 1

1¢v0

Qb 00 00O0OO0OO0O0O|ITT1T 1T 1T 11

To hop cac s6 tao bdi cac ngaracac FF D, C, B, A la s6 nhi phan tir 0 dén 15.

b. Mach dém khéng déng bd n ting dém xudng (n=4)
Dé c6 mach dém khong ddng bd n ting dém xudng, ta ndi O cua ting trudce vao
ngd vao Cg cla tang sau. Dudi ddy 1a so d6 mach, so dd xung Ck va so dd cac ngi ra
cua cac FF.

0, Q, 0. 0,
+ A J + B J + C J ’ D
J Q - {J Q J Q —J Q
N _ | &Ck | KCxk LCk | LCxk
KCJQI—KCIQJ KCIQI—KCIQ—
cl ] i i |

Hinh: Mach dém khéng déng bd n tdng dém xudng.
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Duéi day 1a tin hi¢u cua xung Cg va nga ra cua cac FF.
01 2 3 456 7 8 910 1112 13 14 15 16

cJHHHH U HHHH

Qs Ot1(041|041|0¢1|0%1|0¢1[041]|0%1]0

Qg 041 1(0 O41 1(0 O41 1|0 041 1({0 O

Qc 041 1 1 110 0 0 041 1 1 1]0 0 0 O

o(11111111/0000O0O0O00O0

To hop cac s6 tao boi cac ngaracac FFD,C,B, Ala s6 nhi phan tur 15 Xuéng 0.

c. Mach dém khéng déng bd n ting dém lén, xuéng
Pé c6 mach n ting dém 1én hodc xubng, ta ding mot mach da hop 2—1 c6 ngi
vao diéu khién C dé chon Q hodc O dua vao tang sau qua cac cong AND. Trong mach
duéi day, C = 0 mach dém xubng, C = 1 mach dém lén.

Q. Qp Q. Qy
+ A + B + C D J
- Q- LJ Q —J Q J Q
JUL | KC« %::D—‘DCK %}D—? Ck %:b‘ Ck
—IK CI @J —IK CI @J —K CI @j KCl O
o ,T | T |
c O

Hinh: Mach dém khéng déng bd n tAng dém I&n, xudng.
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d. Mach dém khéng dong bé modulo — N (N = 10)
i. Kieu Reset i ) )
bé thiét ké mach dém ki€u Reset, trudc nhat nguoi ta 1ap bang trang thai cho so
dém.

Ck Qp Q¢ Qg Qa Dec
Xoda 0 0 0 0 0
1 0 0 0 1 1
2¢ 0 0 1 0 2
3J 0 0 1 1 3
4] 0 1 0 0 4
5 0 1 0 1 5
64 0 1 1 0 6
74 0 1 1 1 7
8J 1 0 0 0 8
9l 1 0 0 1 9
10 | 0(1) 0 0(1) 0 10

Quan sat bang trén ta thdy, & xung thir 10, néu theo cach dém 4 tang thi Qp va Qg
phai 1én 1 (s6 trong ngodc). Loi dung 2 trang thai nay ta dung mot cong NAND 2 nga
vao dé dua cac tin hiéu vé xoa cac FF, ta duoc mach dém nhu dudi day.

QA QB Qc QD|
+ A + B + C + D J—D
—J QH —J Q4 +—J QH —J Q
J_l_l_l___c CK ,CK #CK CK
Ka o— Ka o— Ka o~ "HKa o
i i i I

Hinh: Mach dém 10 kiéu Reset.

ii. Kieu Preset

Trong kiéu Preset cac nga vao cua cac FF s€ dugc dat trude hodc ndi v&i mot nga
ra nao d6 hodc mot mach to hop c6 nga vao ndi voi cac nga ra cua cac FF dé khi mach
dém dén trang thai thir N thi tat ca cac FF tu dong quay vé 0.

Thuong nguoi ta s€ quan sat bang trang thai va két hop v6i phuong phap
MARCUS dé xac dinh JK cua cac FF va dé dé thiét ké, nguoi ta phan N = 2" N’
(N’<N) r6i két hop hai mach dém n bit va N’

Vi du: Dé thiét ké mach dém 10, ta chi can thiét ké mach dém 5 rdi két hop vai 1
FF (mach dém 2).

Duéi déy 1a bang trang thai cua mach dém 5.
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S6 xung S6 nhi phan S6 thap
Ck vao Qp Qc Qg phan
Xoa 0 0 0 0
1 0 0 1 1
2 0 1 0 2
3 0 1 1 3
4 1 0 0 4
5 0 0 0 0

Gia su FF JK c6 xung Ci tac dong canh xubng. Tir bang trén ta thiy, c6 thé dung
tin hiéu nga ra cua FF B lam xung dong ho cho FF C.

Ckc=Qs
FF C, FF D dung xung Cg cua hé théng va ngd vao JK duogc xac dinh theo
phuong phap MARCUS.

Ck Qp Qc Qs Jo Kp Je Kc
Xoba 0 0 0 0 X 1 X
13 0 0 1 0 X X 1
2) 0 1 0 0 x 1 x
3l 0 1 1 1 X X 1
4 1 0 0 X 1 0 X
5 0 0 0

Ta thay ngay Kp =Kp = 1.
Dung bang d6 Karnaugh xac dinh Jp va Jg.

cQs cQs
Qp o0 01 11 10 Qp o0 01 11 10
0 1

1 o 1 X X
1| x X X X 1 X X X
Jp = Qc. QB JB=QD
Dué6i day 12 mach dém 10 thiét ké theo kiéu 2x5, v6i mach dém 5 c6 duge tir két
qué trén. Q Q Q QDI
+ A L B + C LD* D J
—J Q] J QL MY Q J Q
J_LI_L 1 4 CK | CK d CK I, CK
_ + [ E— + I
Kca oF| —Ka 9F L Kca o—| —Ka o
c1 T | | 1

~ Hinh: Mach dém 10 kiéu 2x5.
IC 7490 1a IC dém 10, c6 so d6 mach véi cac nga vao Reset nhu dudi day.
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R QA| 0, Q. Q,
S —
Rs(2)—}l J R l J
gy Q [y Ql] —J Q LD*J Q
a1 &Ck &Ck INO — Gk
Ka o-| ka oF| Llka o] “ka o
Ro(1) 4
Ro(2) —
B |

Hinh: So d6 mach IC 7490.

Duéi day 1a bang su that cho cac nga vao Reset.

Reset Input Output
Ro(1) | Ro(2) [ Rs(1) | Rs(1) | Qo Qc Qg Qa
1 1 0 X 0 0 0 0
1 1 X 0 0 0 0
X X 1 1 1 0 0 1
x 0 x 0 | Dém | Dém | Dém | BPém
0 x 0 x | Dém | Dém | Pém | Dém
0 X x 0 |Dém | Dém | Dém | BPém
x 0 0 x | Dém | Dém | Pém | Pém

IC 7490 ¢6 thé thwe hign mét trong 2 cdch mic sau:
- Mach dém 2x5. Nbi Q4 vao ngi vao B, xung Cx vao ngi vio A.
- Mach d&ém 5x2. N6i Qp vao ngi vao A, xung Cg vao ngi vao B.
Hai cadch mac trén cho két qua s6 dém khéc nhau nhung cung mét chu ky 10. Tan
sO tin hi€u cua nga ra sau bang 1/10 tan s6 xung Cg.
Dud1 day 1a bang trang thai cho 2 truong hop noi trén.

Q | Qc | Qs | Qa Q | Qc | Qs | Qa
O]l 0| 0] O O]l 0| 0] O
0|00 1 0| 0 1 0
0] 0 1 0 0 1 0| O
0| 0 1 1 0 1 1 0
0 1 ) 1 0| 0] 0
0 1 0 1 o]0/ 0 1
0 1 1 0 0| 0 1 1
0 1 1 1 0 1 0 1
1 0ol o0/ o0 0 1 1 1
1 0 1 1 1 0| O 1

Pém 2x5 Dém 5x2
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4. Mach dém vong
a. Gii thiéu
Mach dém vong thuc chit 1a mach ghi dich trong d6 ta cho hoi tiép tor mQt nga ra
nao d6 vé ngi vao dé thuc hién mot chu ky dém. Tuy dudng hdi tiép ma ta c6 chu ky
dém khac nhau.
Sau day, ta khao sat mdt vai loai mach dém vong phé bién.

b. Hbitiép tir Qp vé Ja va 0, vé K,

Q. Qx Q. Q|
L A B C D _I
J Q J Q J Q J Q
Ck & Ck & Ck _ & Ck
1Kc o KCl O KCl O KCl O

yiE |

Hinh: Mach hoi tiép ttr Qp vé Ja va O vé Ki.
Dbi v6i mach nay, su dém vong chi thdy khi c6 dit trudc nga ra. Ta xét cac vi du
dat trudec Qa =1 va dat trude Qp = Qp = 1, ta dugc bang dudi day.

Ck Qp Qc Qg | Qa | Dec Ck Qp Qc Qg | Qa | Dec
Preset| O 0 0 1 1 Preset| O 0 1 1 3
( 0 0 1 0 2 19 0 1 1 0 6
2l 0 1 0 0 4 24 1 1 0 0 12
3! 1 0 0 0 8 3! 1 0 0 1 9
4 0 0 0 1 1 4 0 0 1 1 3
Dét trwde QA =1 Dét trwdc QA = QB =1
c. Hoitiéptlr 0, vé Java Qp vé K,
QA QB QC QD
L A B C D
J Q J Q J Q J Q
Ck & Ck _ & Ck — & Ck
—KcCl 0 KCl O KCl O KCl O
Ccl

Hinh: Hoi tiép tr 0, vé Ja va Qp vé K.
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Mach nay con c6 tén 1a mach Johnson. Mac c6 chu ky dém mac nhién ma khong
can dat trude. Néu dat trudc, mach s€ cho cac chu ky khéac nhau, tuy vao t6 hop dat

trude. Bang dudi dy 1a chu ky dém mic nhién.

Ck Qp | Qc | Qg | Qa | Dec
Preset| O | O 0 0 0
1 O/0|0 | 1] 1
21 o|lo|[1]1] 3
3l o111} 7
4 11111 1]15
5! 11111 0]14
6y 11110 1]12
74 1100/ 0]| 8
8l [o|o|O|O] O
Khong dat trude
d. Hoitiép tir 0, vé Ja va Qc vé K,
Q, Q Q. Q)
A B C D _I
J Q J Q J Q J Q
Ck Ck & Ck o
—HKCl O KCl O KCl O KCl O
T T
cl ,
Hinh: Hoi tiép tr 0, vé Ja va Q¢ vé K.
Ck Qp | Qc | Qg | Qa | Dec
Preset| 0O | O | O | O 0
1 O/0|0 | 1] 1
2l o|lo|[1]1] 3
3l o] 1|1 ]1] 7
4 11111 0]14
5¢ 11110 1]12
6l 110/ 0/|0]| 8
7 lojlo|lo|O0]| O
Khéng dat trvdc
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CHUONG 6: MACH LAM TOAN

PHEP TOAN V&I S6 BU 1
PHEP TOAN V&I sS6 BU 2
PHEP TOAN VOI SO BU 2 KE CA BIT DAU
MACH CONG
« Ban phan
e Toan phén
e Coéng nhiéu bit
v' MACH TRU
« Ban phan
e Toan phén
¢ Cong tru trong mét mach
v/ MACH NHAN
v/ MACH CHIA

. SOBU

Cho sb duong N, n bit, cac s6 bu cua N dugc dinh nghia nhu sau:

S6 bt 2: (N), =2"—N.

S6bu1: (N); =(N),— 1 =2"-N-1.

Vidu 1: TachoN=1010.

S6 b 2 cua N 1a (N), = 10000 — 1010 = 0110.

VasébulcaaNl1a(N),=0110-1=0101.

Vidy 2: Tacho N=1100 1010 1100.

S6 b 2 ciia N 1a (N), = 0011 0101 0100.

Vasdbu 1 cua N 1a (N); =0011 0101 0011.

Nhan xét:

- Pé cod so bu 2 cua mdt so bat dau tir bit LSB (bit tdn cung bén phai), di

nguoc Ve bén trai, cac s6 s& gilt nguyén cho dén lic gip bit 1 dau tién, sau
d6 dao tat ca cac bit con lai.

ANENENENEN

- Décosdbul tadao tat ca cac bit cua sb do.
Tu nhan xét trén, ta ¢6 thé tao mach vadi s6 bu 1 va bu 2 (hinh dudi).
C

b, _D B,
B,
b,
B
bs :

Hinh: Mach tao s6 bu 1 va bt 2 (3 bit).
Khi C =1, mach tao nga ra la 50 nhi phan bu 1 (cua s0 ngé vao).
Khi C= Q, mach tao nga ra 1a s6 nhi phan bu 2 (ctia s6 nga vao).
Ta xét biéu thirc ngad ra theo cdc ngd vao nhw sau:
B =b®C
B,=b,®(C+b,)
B, =b,®(C+b, +b,)
Khi C = 1, cac nga ra cua cong OR ludn bang 1, cac cong EX-OR ludn c6 1 nga
vao bang 1 nén nga ra la dao cua nga vao con lai.
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B =b®l=h
B,=b,®(1+b)=b, ®1=b,
B, =b,®(1+b, +b,)=b, ®1=b;

Khi C=0.
Bl = b1 ®0= b]
B,=b,®(0+b;)=b,® b,
B3 =b;® (0 +b;+by) =b,® (b; +by)
. Vay tat ca cac bit sau bit dau tién bang 1 (tinh tir bit trong sd nho nhéat - LSB)
déu bi dao trang thai. Pay chinh lasobu2cuab.
Chuing ta c6 thé thiet ké mach tao s6 bu 2 bang cach dung FF RS. Mach nay
dung thudn tién khi can thyuc hién bai todn cong va trir nhiéu bit noi ti€p.
I
3
0] S G:
S Pr Q (B)z

B — o
LR a o
o [
o ,
Hinh: Mach tao s6 bu 2 dung FF RS.
Bit dau, Preset mach dé ngd ra Q = 1, cac cong G, mo, G; dong cho sO B di qua
ma khong bi dao cho dén khi co bit 1 dau tién dén, cong G, m0’ cho xung ddng ho di

qua, FF RS duoc Reset Q = 0 va Q =1, G3 m¢, G, dong, s6 B di qua cong G, va bi
dao. O ngd ra dugc sé bu 2 cua B.

Il. CAC PHEP TOAN NHI PHAN TREN SO BU 1

1. Tru’c‘rng hop N1<N,
Cho s6 2 sb duong Ny va N, ¢ n bit (néu so bit khiac nhau ta phai thém 0 vao,
ma khong lam thay di gid tri, dé ca hai c6 clng sd bit).
Ta tinh:
Nl—N2 =N1—N2+2n— 1 _2n+ 1
:Nl +(2n—N2— 1)_2n+ 1
+(Np) —2"+1
—{2" = [N; + (Np)1] - 1}
=[Ny + (No)i ]y , o 7
Vay N; — N, c6 duogc bang cach cong s6 bu 1 ciia N, vao N, r6i lay bu 1 cua tong
va thém dau trir. Nhu vdy, ta c6 thé thyc hién phép trir chi can dung phép cong va phép
dao.
Vi du: Tinh 1001 — 11010 dung s6 bu 1.
Tacd: N;=01001 (thém vao sb 0 dé c6 5 bit nhu N»).
N, =11010 > (Ny); = 00101
N; —N,= —[N; + (N,);]; =—(01001 + 00101) =— (01110); =—(10001)
Trong hé thap phan day la bai toan: 9,9 — 2619 = —174.
Dé thay dau trir dugce nhéan ra nhu thé ndo, ta viét lai phép toan.
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N; | 01001
N2 | 00101

+

~ Khong c6 s6 tran 13 d4u hiéu cua sé am, ta phai ldy bu 1 va thém dau trir dé doc
két qua cuoi cung: <(01110); =—10001.

2. Trwong hop Ny > N,
Két qua Nj — N; 1a 0 0 hogc s6 duong, phép tinh dugc thuc hién theo qui tac
sau: Cong N; voi (N,); roi cong thém 1 ma khong quan tdm dén s6 nho.

Vidy I: Tinh 110101 — 100110.
N; =110101 va (N,); =011001.
. N 110101
(N»); | 011001
11001110
+ 1
Sé tran—1 | 001111
B0 qua s6 nhé cubi cung ta duoc két qua Ny — N, =001111.
Trong h¢ thap phan day la bai toan: 53,9 — 3810 = 1510
Trong phép tinh trén co s tran chimg t6 két qua 1a s6 dwong. S6 1 cong thém vao

xem nhu ly tir s nhé dem qua.

Vi du 2: Tinh 10110 — 10110.
N, = 10110 va (N,); = 01001

. N | 10110
(N,); | 01001
11111

+ 1

S6 tran—1 | 00000

Trong phép cong dau tién, khong co s tran, két qua xem nhu s6 4m ctia s6 bu va
khi cong thém 1 thi xuat hién s6 tran ma ta da bé qua. Vay N; — N, = 00000.

IIl. CAC PHEP TOAN NHI PHAN TREN SO BU 2
1. Treong hop N1<N,

Céc toan dung sb bu 1 bat tién vi ta phai cong 1 vao, dé tranh viéc ndy, ta ding
phép toan dung s6 bu 2.
Tuong tu, cho 2 s6 nhi phan duong N; va N, c6 n bit.
Ta tinh:
N1 —Nz :Nl _N2+2n_2n
=N +(2"-Ny) -2"
=N+ (Np),-2"
= —{2" = [N; + (N2)o]}
= —[N; + (Nz)z]z ) o ?
Vay N; — N, c6 dugc bang cach cong s6 bu 2 cuia N, vao N, r61 lay bu 2 cia tong
va thém dau trir. Nhu vay, ta dd chuyén phép tinh trir thanh phép tinh cong.
Vi dy: Tinh 1001 — 11010 ding s6 bu 2.

N; =01001 va (N,), =00110.
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Vay N; =Ny = — [N} + (N2)2J =—[01001+00110], = —(01111), =—(10001).
Tuong ti nhu trén, dé thay trir dwgc nhan ra nhu thé nao, ta viét lai phép toan.
N; | 01001
(N»), | 00110
Sé tran—0 | 01111
Khong ¢6 sb tran 1a ddu hiéu ctia s6 4m. Ta phai liy bu 2 va thém dau trir dé co
két qua cubi cung.

+

2. Treong hop Ny >N,
Két qua N; — N, 1a s6 0 hodc s6 duong, phep tinh dugc thue hién theo qui tic
sau: Cong N; v6i (N,), ma khong quan tdm dén s6 nhéG & vi tri 2"

Vidy I: Tinh 110101 — 100110.
N; =110101 va (N), =011010.
N; |110101
(N»), | 011010
Sé tran—>1 { 001111
C6 sb tran, day 1a két qua sd duong. B qua sb nhd cudi cung, khong can bién
dbi ta dugc két qua Ny — N, =001111.
Trong hé thap phan day 1a bai toan: 53, — 38, = 15.

Vi dy 2: Tinh 10110 — 10110.
N = 10110 va (N,); = 01010.

N; | 10110
(N,), | 01010
Sé tran—>1 | 00000
Bo6 qua s tran, ta duoc N; — N, = 00000.

IV.CAC PHEP TOAN DUNG SO BU 2 KE CA BIT DAU

Cho t6i gid, chiing ta thuc hién cac phép toan véi sb khong dau va doi khi xut
hién ddu trir trong két qua. Trong may tinh, déu nay co thé khic phuc dugc bang cach
dung s6 ¢o6 dau.

Véi qui uée chung 1a: S6 duong bit ddu 14 0, sb Am bit ddu 13 1.

Vi dy I: Ta ldy mot s6 s6 am va dwong dbi nhau nhu dudi day (Iuu ¥ 14 hai sé ddi
nhau cong lai phai bang 0).
+10=01010 +15=01111 +23=010111
-10=10110 —15=10001 —23=101001
Co6 thé thay rang, sb 4m ctia mot s6 13 bu 2 ciia nd ké ca bit dau.
V6i cach biéu dién s6 c6 diu, phép toan trir tré' thanh phép toan cong.
N =N, =N; +(-Ny)

Vidy 2: Tinh N; — N, =01110-01001.
N2 =01001 = +910 9 —910 =10111.

Chii bién V6 Thanh An Trang 76



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com T6 Tin Hoc

Cx Cil
1 1 11« Sbnhe
N 0/1110
110111
1 0/0101
c,T D&u?

Bit dau bang 0 chi két qua 1a sb du:ong, b6 sb tran C’,. Vay N; — N, = 00101.
Trong thap phan day la bai toan [14 + (-9)] =

Néu Ni, N, déu duong hoac am, két qua co thé can thém 1 bit do tran sd. Trong
truong hop nay bit tran dau tién thudc két qua C’, 13 bit dau.

Vidu 3: Tinh N; + N, = 01110 + 01001 (Bai toan: 14,¢ + 9;).
Két qua 1a: 010111 (23,0). V6i C’, = 0 1a bit dau.
Cl C
0 1 « Sb nhe
., 01110
0/1001
0 1/0111
D4u =C’,T

Vidu 4: Tinh N; — N, =10010—- 01001 (Bai toan: —14,9 — 9;).
Tuong tu nhu trén: (N,), = 10111.

Cod Cil
1 011 « Sb nho
+ 110010
110111
1 0(1001
Déu = C,QT

Mot lan nira C’, chi bit diu. Két qua la: 101001 =235 (010111 &+23)).
Tir cac két qua trén, ta rut ra qui tac sau:
Néu C, = C, thi C’, 12 bit tran bé di. Néu C, # C, thi C, 12 bit d4u.

Vidy 5: Tinh N; —N,=011101 0110 (Bai toan: 29,y — 64y).
Tuong tu nhu trén, N, phai c6 so bit bang N: N, = 000110 = (N,), =111010.

Cx C
1 11 « S6 nho
N 0{11101
1{11010
1 0{10111
Cc,T D&ul

Truong hgp nay C; = C, nén C’; 1a bit tran, ta bo di.
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Ghi chu:

- Trong tit ca trudng hop, ta luén thyc hién phép cong do d6 co thé bo qua

phép trur.

- Khi hai s6 hang cung d4u thi c6 thé xay ra hién tuwong tran, luc d6 bit dau
doi vé bén tréi 1 bit. Trong céac truong hop khac thi dau ctua két qua cung vi

tri v&1 dau cua so hang.

- Ngoai ra, két qua con dugc xur Iy bang cach so sanh hai s6 nhé C; va C, nhu

noi trén.

V. MACH CONG NHI PHAN

1. Mach céng nhi phan ban phan (Half adder, HA)

La mach cong 2 sd 1 bit.

Vao Ra

alalaloln

== 00|
= |O—=O|T
e l=ll=ll=](e]

Bang s that. Két qué

2. Mach cdng nhj phan toan phan (Full adder, FA)
La mach cong 2 s6 1 bit & cung vi tri trong 2 s6 nhi phan nhiéu bit, ndi cach
khac, day 1a mach cong 2 bit (gia sit thir n) va bit nh¢ tir phép cong 2 bit thor n—1 cta 2

s6 nhi phan d6. Ta c6 bang sy that nhu dudi day.

S=a®b a: S
C=ab b
> C

Cn—1 Bn An Sn Cn
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Dung bang d6 Karnaugh ta xac dinh S, va C,, ta dugc:

S,=Coi ® (A, ® B,)
Co= ABa + Coi(A, ® B,)
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Cnfl ) Sn

Co. S S,
Av § 1 * HA
B, : || HA D_Cn

Hinh: So d& mach va ky hiéu ctia mach cong toan phan.
C¢ thé thay, mach cOng toan phan gom 2 mach cdng ban phan va mgt cong OR.

VI.CONG HAI SO NHI PHAN NHIEU BIT
1. Cdng nbi tiép

Trong cach cong n01 tiép, nguoi ta dung cac ghi dich dé chuyén céc bit vao mot
mach cong duy nhat s6 nhé tir nga ra C, dugc l1am tré 1 bit nhd FF D va dua vao nga
vao C, ;. Vay tdc d6 cua phép cong tuy thudc vao cac xung Cy va sd bit phai thuc

hién.
A, Ja, S
B | Fa
»> Bn
|i Cnfl Cn:|
Q D
Ck | FFD

Hinh: So d& mach cong néi tiép.

2. Cdong song song
Trong cach cong song song, mdi mach cong toan phan dung cho 1 bit, s6 nhé ciia
bit trudc s€ dugc mang qua bit sau, chinh vi 1y do nay ma téc d0 cong con han cheé.
Mudn nang toc do cong, ngudi ta thuc hién phép cong song song dinh trudc sé nhd.

A4 B4 A3 B3 Az Bz A1 B1

| || =
] ] ] ]
FA 4 FA 3 FA 2 FA 1 | 777
T LT T
Gl Si G s G og| Gy,

Hinh: So' d& mach cdng song song.

3. Mach cdng song song dinh trwéc s6 nhé
Dé tiang toc do ctia mach cong song song, ngudi ta tao trudc cac sé nhd dé dua
déng tho1 vao mach cong.
Ttr biéu thirc xac dinh s6 nhé: C, = A,.B, + Cy1(A, @ B)
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Tadat: P,=A,B,vaG,=A, ® B,

Ta xac dinh C;, C,, C;,... nhu sau: P, C,
C =P +CG G, —jJDi
1 1 0l Co

t t
P2 Cl
C =P, + GG, P, ——
C, =Py + PG, + GGG, G,
T —
CO +—> —>
t t
P; C,
P, —
C3 = P3 + C2G3 G
C; = P53 + P,G3 + P1G,G3 + CyG1G1G; 3
P,
G
G, )
CO +—> —>
t, t,

Ta nhan thay thoi gian tinh s nhd bang nhau ¢ tat ca cac ting va bang t; + t, 1a
thot gian truyén qua hai cong AND va OR. Dudi day 1a so d6 mach cOng song song
dinh trudc so nho.

b4 as b3 as bz ar b1 a| CO
L
Tinh G, va P,

G4|P4 |G3|P3 |G,y [P, (G [Py

A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4

Tinh s nh&

b4 as C3b3 az C2 b2 ) C1 b1 a|

PAld bbbl

Tinh tdng
I )
C S4 S3 S2 Sl

Trén thi truong hién c6 IC 7483 (twong duong v6i 4008 cua CMOS) la IC cong 4
bit theo ki€éu dinh trudc s6 nho.
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VDD B3 C4 S3 Sz S1 So Co B4 S4 C4 Co GND B1 A1 S1

1 I 1 I

1 I 1

16 15 14 13 12 11 10 9 16 15 14 13 12 11 10 9

) 4008 )

1 2 3 4 5 6 7 8 1 2 3

7483

4

5 6 7

oo

g o o o ot oo

U0 U0 0O o o o o
A; B2 A, B Ay By Ay Vs Ay S3;A; Bs Vo S; By A

Hinh: So dd chan IC 4008 va IC 7483.

4. Mach céng hai s6 BCD
Dung IC 7483 (hodic 4008) dé cong 2 s6 BCD. , q
’ Hai s6 BCD c¢6 tri tir 0 dén 9 khi cong ’lai cho két qua tir 0 dén 18. BE doc duogc
két qua dudi dang BCD, ta phai hi¢u chinh két qua c6 dugc tir mach cdng nhi phan.
Dudi day la bang tuong duong ctia 3 ma: thap phan, nhi phan, BCD.

$6 nhj phan $é BCD Beo

TP oc

S’=C’4 S’4 3’3 S’z S’1 S=C4 S4 Ss Sz S1 ";l?:o
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 1 1
2 0 0 0 1 0 0 0 0 1 0 2
3 0 0 0 1 1 0 0 0 1 1 3
4 0 0 1 0 0 0 0 1 0 0 4
5 0 0 1 0 1 0 0 1 0 1 5
6 0 0 1 1 0 0 0 1 1 0 6
7 0 0 1 1 1 0 0 1 1 1 7
8 0 1 0 0 0 0 1 0 0 0 8
9 0 1 0 0 1 0 1 0 0 1 9
10 0 1 0 1 0 1 0 0 0 0o | 16
11 0 1 0 1 1 1 0 0 0 1 17
12 0 1 1 0 0 1 0 0 1 o | 18
13 0 1 1 0 1 1 0 0 1 1 19
14 0 1 1 1 0 1 0 1 0 0 | 20
15 0 1 1 1 1 1 0 1 0 1 | 21
16 1 0 0 0 0 1 0 1 1 0 | 22
17 1 0 0 0 1 1 0 1 1 1 | 23
18 1 0 0 1 0 1 1 0 0 0 | 24

Ta nhdn thiy:

Khi két qua <10 ma nhj phan va BCD tring nhau.

Khi két qua > 10, dé c6 duoc ma BCD ta phai cong thém 6 cho ma nhi

phan.
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Nhu vdy, ta s& thyc hién mot mach c6 ngd ra Y = 1 khi phat hién két qua phép

cong > 10.

TP [ Cy | S’ | S5 S| Y
0,1 0 0 0 0 0
2,3 0 0 0 1 0
4,5 0 0 1 0 0
6,7 0 0 1 1 0
8,9 0 1 0 0 0
10,111 O 1 0 1 1
12,131 O 1 1 0 1
14,15] O 1 1 1 1
16,17 | 1 0 0 0 1
18 1 0 0 1 1

Ta khong dung ngd vao S’; vi tmg voi timg cap tri s6 C4S°4S’3S’; giéng nhau thi
S’ =0vaS’; =1 (Y khoéng phu thudc vao S’,).
Dung bang d6 Karnaugh xac dinh Y ta dugc nhu sau:
Y=C4+S°(S’3+8%)

5. Mach cdéng lwu s6 nhé

A4 Cy
YN g7 As
|- Ao S,
A4 Cy Aq S3
As a7 4008 S,
Ao S, B4 Sy
A1 S3 BS
4008 S, B,
Bs Sy B1 Co
B V 4
B>
Y

|— Chuc

: }Do’n Vi

Hinh: So d& mach céng hai s BCD dung IC 4008.

Nhic lai mach cong toan phan FA, nhan 3 bit 6 nga vao va 2 bit 6 nga ra.
bé cong mot chudi sd, nhiéu mach cong toan phan dugc sir dung, sé nhé duge
luu lai dé dua vao mach cong bit cao hon.
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Vidy: Tinh X + Y + Z, v6i X, Y, Z 1a s nhi phan 3 bit.

Yz X3 Y2 X2 Y: X4
Lle— e 1
FA FA FA

z _z, _Iz
Ve dbe/ b LY
FA FA FA FA
e e
Ss Ss Ss S, S/

Hinh: Mach cong 3 sb 3 bit dung FA.
Nguoi ta dung mach cong nay dé thuc hién mot bai toan nhan.
Pé ¢ két cong qua nhanh hon ta c6 thé dung mach nhu hinh duéi day.

Z3 Y3 X3 Z; Y2 Xp Zy Y1 X4
N I N I
FA FA FA
[ s [ s I

Lo e i

FA FA FA
e B

S5 Sy S; S, S

Hinh: Mach cdng 3 s 3 bit dung FA (cai tién).
VII. MACH TRU NHI PHAN

1. Mach trtr nhi phan ban phan
La mach trir 2 s6 1 bit.

Vao Ra
A[b|D|R _
0] 0]0|0| D=a®b 3_ D
01|11 ]| rR=ab
1]o0[1]0 DJ
1]1]0]0 Y

Bang s that. Két qua
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2. Mach trtr nhj phan cé6 sé nhé& (mach trir toan phan)
La mach trir 2 bit c¢6 quan tdm dén s6 nhé mang tir bit trude.

Rn—1 Bn An I:)n Rn
0 0 0 0 0
0 0 1 1 1
0 1 0 1 0
0 1 1 0 0
1 0 0 1 1
1 0 1 0 1
1 1 0 0 0
1 1 1 1 1

Dung bang d6 Karnaugh ta x4c dinh D, va R,, ta duoc:
D,=R, | ® (A, ®B,)

R, =A4.B, +R, (4, ®B,)

Rn—l Dn

) Ay — Dn
A, — . B,—1 SUB
BT Ry Ry — —R,

Hinh: So db va ky hiéu ctia mach tri» toan phan.

3. Trir nhiéu bit
Ta c6 mach trir nhiéu bit bang cach méc song song cac mach trir 1 bit.
A4 B4 A3 B3 A2 B2 A1 B1

— LIl L= L™
SUB 4 SUB 3 SUB 2 SUB1 |77
L] L] L]
Ry DJ R Dy R p| Ri p

Hinh: So d6 mach trtr nhiéu bit.

4. Cdng va trir nhiéu bit trong mét mach
Dé thuc hién phép toan trir, ngudi ta cong véi sd bu 1 va cong thém 1 (cong véi
s0 bu 2). Nhu vay, dé thuc hién phép tinh A — B ta tinh A + (B); + 1. Mach cdng toan
phan dugc sta doi dé c6 thé thuc hién phép todn cong va trir tuy vao nga vao di€u
khién C.
- C=0, tacd mach cong.
- C=1, ta co mach tru.
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B4 B3 B2 Bl
| | | C
e TV T ‘Tl%
- - -
FA 4 FA 3 FA 2 FA 1
L L L
Cl Sd G s G sl G

Hinh: So dd cbng va trtr chung mot mach.
Ta cling ¢6 thé thuc hi¢n mach cong trir theo ki€u mac noi tiép.

Tao s6 bu 2 ]

B
C C=1:Céng
C=0: Trwr
A
cat ) FA
f
FF D |«

, Hinh: Mach cong hodc trir nGi tiép (chung mach).
Néu A, B 1a s6 8 bit, két qua dugc xur 1y b1 mach do so6 tran, thiét ké dua vao
biéu thirc: OV = C, @ Cg hodc OV = A,B, Ss + As BsS,. Khi OV = I nghia 1a c6 s6 tran,
thi Cg 14 bit ddu, Sg 1 1 bit két qua; khi OV = 0 thi Sy 12 bit dau.

VIIl. MACH NHAN

1. Mach co’ ban
Lay vi du nhan 2 s6 4 bit nhu sau:

Y4 Y3 Y2 Y1 Thira Sé 1
X4 X3 X2 X1 Thtra sb 2

P14 P13 P12 Py
P24 P23 P22 P21 Cac tich
Pas Paz Pa2 Pay tirng phan
Pas Paz Paz Pa

Sg S7 86 85 S4 S3 Sz S1 Két QUé
Viée thyc hién phép nhan c¢6 thé chia lam 2 budc. 7
- Tinh céc tich ting phan, dgqc thuc hién bdi cac qéng Al\lD. ’
- Tinh tong céc tich tung phan: Ap dung bai toan tong chuoi so.
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Ys Y3 Y2 Y4 Xs X3 X2 X4

. le

Py; P14 Py Pi3 Py Llplz
v v '

FA FA FA

I I I
P33 Pos[  P3; Ps;

A 4 A 2 4 A\ A 4

FA FA FA

| ] |
P43 P34 P42 P41
¢ ¢ A 4 ¢ A A 4 ¢ Yy

FA FA FA
[ ] [

vy Vv v Vv * vy
FA rL FA rL FA

Sg S7 Se Ss S4 S3 Sy Sy

Hinh: So d6 mach nhan s6 4 bit.
Dung IC cong 4 bit (7483 hodc 4008) mach nhéan 2 s6 4 bit c6 dang nhu dudi

day. b by
B4§3€2511 a4$3€2€1

B4 B3 B2 B1 A4 A3 A2 A]

Cs S4 S35 S, S Co

b3 54535251 7)/_
B4 B3 B2 B1 A4 A3 A2 A1
C4 S4 S3 Sz Sl C0
b4 adsg| az| az| aq %—

pislele

B4 B3 B2 B1 A4 A3 A2 A1
Cs S4 S5 Sy Sy Co

-

P, P, Ps Ps P, P, P, P,

Hinh: So' d6 mach nhan dung IC céng 4 bit.
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2. Mach nhan néi tiép — song song don gian

bl—ﬂ
By,
DSy
b3—ﬂ
a,azadraq _3/ D D Adder Outout
b“_E D D D

Hinh: Mach nhan néi tlep song song don gian.

Trong loai mach nay, 1 trong 2 thira sé duoc dua ndi tiép vao mach, thira s6 con
lai dugc dua song song vao mach.

Thira sb asazaa; duogc dua ndi tiép vao mach, bat dau tir bit LSB (a;). Cac FF D
c6 tac dung dich két qua ctia phép nhan trudc khi dua vao mach cong dé tinh céc tich
tirng phan nay.

Thira s6 bybsbyb, dugc dua song song vao mach nhu hinh trén.

Vi du: Xét bai toan 10x14. Thira s6 tht nhat 1a 1010, thira s6 thtr 2 1a 1110. Qua
trinh nhan dugc giai thich nhu sau:

Ps P, Pe Ps Py Ps P, P

A o o0 o0 O o O o0 o
B o o0 0 1 1 1 0O O
C o o0 o0 O o O o0 o
D 0o 1 1 1 0O 0 0 o
Output 1 o o0 0 1 1 0O O

Ta thiy rang: 10001100, = 140,

Ngé ra A lu6n béng 0 vi LSB ctia s6 nhan bang 0. Ngé ra B c6 gia tri nhan dugc
lam tré 1 bit (1 xung dong hd). Ngé ra C dugc lam tré 2 bit (ludn bang 0 — gidng A).
Ngi ra D dugc lam tré 3 bit. Piéu nay c6 thé so sanh vai bai toan trén gidy nhu dudi

day.

1 1 1 0 Thiasb1

1 0 1 0 Thras62

0 0 0 0

1 1 1 0
0 0 0 0
1 1 1 0
1 0 0 0 1 1 0 O Tich
Mubdn khong str dung mach cong s6 nhiéu bit, ngudi ta sir dung mach theo so do

sau:

dqdzdrdy =1110
b4:1 b3:O bzzl b1:O

-GN

D - Adder H D H Adder H D H Adder [2uput
A B C
Hinh: Mach coéng sb 4 bit.
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Mach trén can (n—1) mach cong va mach tré cho sd nhan n bit. Cac céng AND
cho phép céc bit cta thira s6 thir nhat di qua khi bit cta thira s6 2 1a 1. Thira sb thir
nhit voi sb bit bat ky cho vao mach ndi tiép véi bit LSB dau tién.

Nga ra cong AND th tu sau 4 xung Clock c6 gia tri 1a 1110. Nga ra cong 3 1a
0000 (do b3=0).

Vay Adder A sé tinh gia tri nga ra cong AND 4 bi tré 1 bit va nga ra cong AND 3
la: 11100 + 0000.

0 0 0 0
1.1 1 0 0
1T 1 1 0 0

Tuongq tu, mach cong B cOng s6 nhi phan ¢ ngd ra céng AND 2 véi két qua A
duoc lam tré 1 bit.

1 1 1 0
1 1 1 0O 0 O
1 0O 0 O 1 1 0

Va cong tiép v6i mach cong C, Kkét qua ¢ mach cong A tré 1 bit. Ta dugc két qua
¢ nga ra cua mach cong C.

O 0 O o0 O
1 0O o0 o0 1 1 0O 0
1 O o0 0 1 1 0 O

Luu y: Cac mach trén 1 mach cdng chwa quan tim dén sé nhé.
Dé thiét ké mach cho két qua véi s6 nhé ta thiét ké nhu dudi day.

dqdszdodg =1110

b=l b3=0 b=1 b;=0
b Fa HDoH rFa D H Fa H D | ra [Quipyf
] t t t |
C4 C3 C2 Cl CO

Hinh: Mach nhan sb 4 bit c6 quan tdm s nho.

7 Pé thiét ké mach thuc té dung ghi dich 4 bit c6 nga vao/ra song song va mot chip
4 cong AND (IC 4 cong AND) dé thuc hién bai todn nhan, c6 so d6 nhu dudi day.

d,dzadraq =1110

b4:|1 b3=P b2=|1 blzl()
4 3) 2 J
v v v v
Gl ra G T ra S M G T ra S
\ \ \ Output
J D D D D
Clock T T T )

Hinh: Mach nhan 4 bit dung t6 hop cac IC.
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IX.MACH CHIA

Tuong tu nhu mach nhan, mach chia cé thé xem nhu mot chudi mach trr lién
tiép ctia s6 bj chia va sd chia. Tuy nhién, tuy theo két qua ctia mach trir dwong hay 4m
ma c6 cach xur Iy khac nhau. Duoi day 1a qui tic:

- S6 chia (SC) 16n hon s6 bi chia (SBC) (SBC-SC<0), thuong s6 14 0, dich
phai s6 chia 1 bit, thyc hién bai toan cong so chia va s bi chia.

- SC<SBC (SC-SBC>0), thuong s6lal, dich phai s6 chia 1 bit, thuc hién bai
toan tru 80 chia va so bi chia (cong vdi s6 bu 2).

Pé don gian, ta xét s6 bi chia va s6 chia déu duong (MSB = 0), s6 bi chia gdm 6
bit va s6 chia gdm 4 bit.

V{dy I: Thuc hién bai toan 21, =010101, chia 7,0 =0111,.
Sobu2ciaa7,,=0111,1a(0111),=1001.

101 0 1]/0 1
1. 00 1/}
0 1/{1 1 0 0]
Ti0 1 1 14
1 0f0 1 1 1]
41 0 0 1
17100,005
v SO duv
0 1 1
Thuwong

Dau T trong 6 chi 1én sb 1, tirc 1 két qua phép trir 1a sb am, bude ké tiép 1a doi
va cong voi s chia — cong voi 0111.

Dau T trong 6 chi Ién s6 0, tic la két qua phép trir 1a sb duong, budc ké tiép 1a
dot va trir voi s chia (cong voi s6 bu 2) —cong voi 1001.

Thuong s6 13 s6 ¢6 duoc tir cac so tran, nhu hinh trén.

Két qua thwong 12 011 (3) va sb du 1a 0000 (0).

Bai toan trén cho két qua v&i 3 muc cong/trir. Tuy nhién, néu chia 21 cho 1 ta
can 6 phép cong trir dé co thuong sb 6 bit. Mot cach tong quat, sb mirc cta bai toan
bang véi sb bit ctia sd bi chia (ta ¢6 thé thém vao phép chia trén 3 sé 0 trude sb bi chia
dé c6 duge thuong s6 14 6 bit).

V{dy 2: Thuc hién bai toan 21,, = 010101, chia 6, = 0110,.
Sobu2cuab=0111,1a(0111),=1010.
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‘000010101

10 1 01}/

0 1/0 1 0 1
240 1 1 0
010110‘
790 1 1 0
0 111 0 0 11

20 1 1 0]}
011110‘
210 1 1 01+

1 0[1 0 0 1
\T1o1o
1{0 0 1 11

|  Sb6d

0000 1 1
Thuwong sb

Vi du 3: Thyc hién bai toan 2110 = 010101, chia 5,y = 01102, duoc két qua la 4
du 1. Tuy nhién, trén phép toan ta thiy phép cong voi phep chia cudi cung cho két qua
am (1100), dé diéu chinh ta phai cong vao sd chia va bo qua s tran.

S6bu 2 ctia 5,0=0101,1a (0111), = 1011.

« Cong vao sb chia, dé

diéu chinh sé dw dung.

0000‘10101
10 1 11}
——0 1]/0 1 1 1|
140 1 0 1]
——0 1/1 0 0 0]
10 1.0 1]
0 111 0 1 11
90 1.0 1]+
——1 0]0 0 0 O
T11 0 1 1]+
010111‘
10 1 0 1
0i1 1 0 0}
[ 01 0 1
000 100 1{0 0 0 1
Thuwong sb = 4 S6 duw = 1

Trong mach chia hinh dudi ddy, budc dau tién dugc thuc hién boi cic cong
EXOR trén cung, c6 ngi vao diéu khién lal dé thuc hién bai toan trir. Sau budc thir
nhét, bit tht tu cua mach cong (Sq) s& quyét dinh phép toan sau do la cong (S4=1) hay
trir (S4=0) so bi chia voi s6 chia. S6 nhé cua bai toan cudi cung (budc 6) la bit LSB
ctia thuong s6. Mach cong cudi cung duge thiét ké két hop cac cong AND dé xir 1y két
qua cta s6 du nhu trong hai vi du 2 va 3. Néu két qua cta bai toan & budc 6 co S=1
thi céng AND dugc mé dé thuc hién bai toan cong voi s6 chia dé diéu chinh sb du.
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0 0O 0 Db, D, D, D, D, D d,d,d,d

6 5 4 3 2 1 1727374
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CHUONG 7: BO NHO BAN DAN

THUAT NGU

VAN HANH TONG QUAT

GIAO TIEP V&I CPU

CAC LOAI BO NHO BAN DAN
L] ROM

e PLD

. RAM

v MO RONG BO NHO BAN DAN
e M& rong dé dai tu

e M& rong vi tri nhé
e M& réong dung lugng nhd

l. GIOI THIEU

Tinh wu viét cha yéu cta cac h¢ thdng sd so voi hé thong twong tu 1 kha ning
luu trr mot lugng 1on thong tin s6 va dir liéu trong nhig khoang thoi gian dai hay
ngan. Kha nang nho nay la diéu 1am cho h¢ thong sO tré nén da ning va c6 thé thich
hop v6i nhiéu tinh huong Vi dy, mot may tinh s, bo nh¢ trong chira nhing 1énh ma
theo d6 may tinh c6 thé hoan tit cong viéc ctia minh vé&i sy tham gia it nhat ctia con
nguoi.

B0 nhé ban dan duoc sir dung 1am bo nhé chinh trong cac may tinh nho vao kha
ning thoa man tdc do truy xudt dit liéu ctia bd xtr Iy trung tdm (CPU).

Chuing ta da quen thugc véi cac FlipFlop, do 1a mét thiét bi nhé dién tr. Ching ta
da thay mot nhom cac FF hop thanh thanh ghi dé Iuu trir va dich chuyen thong tin nhu
thé nao. Cac FF chinh 1a cac phan tir nhd tdc do cao dugce dung rat nhidu trong viéc
diéu hanh bén trong may tinh, noi ma dir liéu dich chuyen lién tuc tir noi nay dén noi
khac.

Dir liéu cling co6 thé duoc luu trit dudi dang dién tich cua ty dién, va mét loai
phan tir nhé rat quan trong da dung nguyén tac nay dé luu trir dir liéu v6i mat do cao
nhung ti€u thy ngudn dién nang rat thap.

Bo6 nhé ban dan dugce dung nhu 1a bo nhé trong chinh ctia may tinh, noi ma viéc
van hanh dugc xem nhu wu tién hang dau va ciing 13 noi ma tit ca dit liéu cia chuong
trinh luu chuyén lién tuc trong qua trinh thyc hién mét tac vu cua CPU.

Mic du bd nhé ban din co toc dd 1am viée cao, rat phui hop cho bo nhé trong,
nhung gia thanh tinh trén mdi bit luu trit cao khién cho n6 khong thé 1a thiét bi c¢6 tinh
chat luu trir khdi (mass storage) — 13 loai ¢6 kha ning luu trit hang ti bit ma khong can
cung cip ning luong va dugc dung nhu 1a bd nhé ngoai (dia tir, bang tir,
CD ROM,...). Toc do xu 1y dir li€u cia bd nhd ngoai tuong ddi cham nén khi may tinh
lam viéc thi dit li€u tr by nhé ngoai dugc chuyén vao bg nh¢ trong.

Bing tir va dia tir 1 thiét bi luu trit khdi ma gia thanh tinh trén mdi bit twong ddi
thép. Mot loai bd nhé khdi méi hon 1a bd nhd bot tir (magnetic bubble memory,
MBM) 14 bo nhd dién tir dua trén nguyén tic tir c¢6 kha ning luu trit hang triéu bit
trong mot chip. Véi téc d6 twong dbi cham, nd khong duoc ding nhu bd nhé trong.

_ Trong chuong nay, chung ta nghién ctru ciu tao va to chuc ciia cac bo nhd ban
dan.
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Il. THUAT NG(F LIEN QUAN DEN BQ NHO

bé tim hiéu ciu tao, hoat dong cua bg nho, chung ta bat dau véi mot sb thuét nglr
lién quan dén b nho. o

Ngoai ra dé thyuc hi¢n bai toan cdng nhi€u so ta nén nhd:

Té bao nhd 13 linh kién hay mot mach dién tir dung dé luu trit mot bit don
(0 hay 1). Vi du té bao nhé 1a mot FF, tu duoc tinh dién, mot diém trén bang
tu hay dia tu,...

Tir nhé: 13 mot nhom céc bit (t& bao) trong bd nhé dung bidu dién cac 1énh
hay dit liéu dudi dang s6 nhi phan. Vi du mot thanh ghi 8 FF 1a mot phan tir
nhd luu trii tur 8 bit. Kich thudc cua tir nhd trong may tinh hién dai c6 do dai
tlr 4 dén 64 bit.

Byte: tur 8 bit, day 1a kich thudc thuong dung cia tir nhd trong cdc may vi
tinh.

Dung lwgng: chi sb lugng bit ¢ thé luu trir trong bd nhé. Vi du bd nhé c6
kha ning luu trit 4096 tir nhé 20 bit, dung lwong ciia n6 1a 4096x20, mdi
1024 (1024 = 2'%) tir nhé duoc goi 1a 1K, nhu vay 4096x20 = 4Kx20. Vi
dung lwong 16n hon ta ding 1M (IM=2'K) dé chi 1048576 tir nho...

Dia chi: 13 s6 nhi phan ding xac dinh vi tri cta tir nhd trong bd nhd. Mdi tir
nh¢ dugc luu trir trong by nhd tai mot dia chi duy nhét. Dia chi ludn ludn
duoc biéu dién boi sb nhi phan. Tuy nhién dé d& hiéu ngudi ta dung sb hex,
sd bat phan, sb thap phan.

Tdac vu doc: Read hay con goi 1a felch, mot tor nhd tai mot vi tri ndo do
trong bo nhé dugce truy xuat va chuyén sang mot thiét bi khac.

Tdc vu viét: Ghi, Write hay con goi la store, mdt tor mdi1 duge dat vao mot
vi tri trong bd nha, khi tir méi duoc viét thi tir cii mat di.

Thoi gian truy xudt (access time): s6 do tbc do hoat dong cua bo nhd, ky
hi¢u 13 tace. D6 14 thoi gian can dé hoan tit mot tac vu doc. Chinh x4c d6 1a
thot gian tir khi bo nhd nhan mot dia chi méi cho té1 lac dir 1iéu kha dung &
nga ra by nho.

B nhé khéng vinh civu (volatile): bd nhé can ngudn dién dé luu trit thong
tin. Khi ngat dién, thong tin luu trit bi mat. Hau hét b nhé ban dan 14 loai
khong vinh citu, trong khi b nh¢ tir 1a b nh¢ vinh ciru (nonvolatile).

B§ nhé truy xuit ngdu nhién (Random Access Memory, RAM): d6 1a bo
nh6 ma vi tri cua té bao nhd trong né khong anh huong dén thoi gian doc
hay viét dir liéu vao. Néi cach khac, thoi gian truy xuit nhu nhau déi véi
moi vi tri nhd. Hau hét cac loai bo nhd ban dan 13 loai truy xuét ngéu nhién.
B nhé truy xudt tuin tw (Sequential Access Memory, SAM): d6 13 bd nhé
ma thoi gian doc hay viét dit liéu & cac vi tri khac nhau thi khac nhau.
Nhiing vi du cta loai bd nhé nay la bang tu, dia tir, CD-ROM,... Tbe @6
cua céc loai by nhd nay thuong cham so véi b nhé truy Xuat ngau nhién.
B nhé doc/viét (Read/Write Memory, RWM): bd nhG cé thé viét vao va
doc ra.

B¢ nho chi doc (Read Only Memory, ROM): 1a bd nhd ma ti I¢ tdc vu doc
trén tac vu ghi rat 1on. Vé mat ky thuat, mot ROM cé thé chi duoc ghi mot
lan & noi san xuét va sau do thong tin chi co thé doc ra tir bo nhg. Co loai
nhd ROM c¢6 thé duge ghi nhiéu 1an nhung tac vu ghi kha phirc tap hon tac
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vu doc. ROM thudc loai bd nhé vinh citu va dir liéu duoc luu trix khi da cét
ngudn dién.

B¢ nhdé tinh (Static Memory Devices): 1a by nh¢ ban dan trong d6 dir liéu
da luu trit duwoc duy tri cho dén khi nao con ngudn nudi.

Bé nhé dpng (Dynamic Memory Devices): 13 bd nhé ban dan trong d6 dit
liéu d3 luu trit mudn ton tai phai dugc ghi lai theo chu ky. Tac vu ghi lai
duoc goi 1a lam twoi (refresh).

B¢ nho trong (Internal Memory): chi by nhd chinh cia may tinh n6 luu triv
cac 1énh va dir liéu ma CPU dung thuong xuyén khi hoat dong.

B¢ nho khoi (Mass Memory): con goi la bd nhé phy, n6 chira mot luong
thong tin rat 1on & bén ngoai may tinh. Téc do truy xuat ciia b nhé nay
thuong cham va no6 thudce loai vinh ciru.

. DAl CONG VE VAN HANH CUA BO NHO'

Mic du mdi loai bo nhé c6 hoat dong bén trong khac nhau, nhung ching co
chung mot nguyén tic van hanh ma ching ta c6 thé tim hiéu so luot trude khi di vao
nghién ctru tung loai bo nho.

Mdi hé thong nhé ludn c6 mot sd yéu cau ¢ cac ngd vao/ra dé hoan thanh mot s6
tac vu, do la:

Chon dia chi trong b nhd dé thuc hién viéc doc ra hodc viét vao.

Chon tac vu doc hodc viét dé thuc hién.

Cung cip dit liéu vao dé luu trit vao bo nhd trong trong tac vu viét.

Gui dir li¢u ra tir bd nhé trong tac vu doc.

Cho phép (Enable) hay khong cho phép (Disable) b nhé dap tng ddi véi
lénh doc/ghi ¢ dia chi da goi dén.

Tu cac tac vu ké trén, ta c6 thé hinh dung méi IC nhé ¢6 mdt s6 nga vao ra, voi
nhiém vu tuong Umg nhu sau:

Ngi vao dia chi: Mbi vi tri nhé xac dinh boi mot dia chi duy nhat, khi can
doc dir li¢u ra hoac ghi dir li¢u vao ta phai tac dong vao chan dia chi cua vi
tri nhg d6. Mot IC ¢6 n chan dia chi s& ¢6 2" vi tri nhd. Ky hiéu cac chan
dia chi tir Ay dén A, ;. Vidy, IC c6 10 chan dia chi s& c6 1K = 1024 (2'%) vi
tri nho.
Ngd vao/ra dir ligu: Cac chan dir li¢u 1a cac nga vao ra, nghia la dit li¢u
ludn duge xir Iy 2 chiéu. Thuong 1a dit liéu vao ra chung mot chin nén céc
ngi nay thudc loai ngi ra 3 trang thai. S6 chan dia chi va chan dir liéu ciia
IC xac dinh dung luong nhé cua IC d6. Vi duy, IC ¢6 10 chan dia chi va 8
chan dir li¢u thi dung lugng nhé cua IC d6 la 1Kx8 = 8K bit = 1KB.
Cic ngd vao diéu khién: Mbi IC nhé duoc chon hoic co yéu cau xuét nhép
dir liéu cac chan tuong tng s& duoc tic dong. Ta co thé ké ra mot sd ngi
vao diéu khién nhu sau:

= CS: Chip select — Chon chip — Khi chan nay xuéng thap IC duoc

chon.

= CE: Chip enable — Cho phép chip — Chtrc nang nhu chan CS .

= OE: Output enable — Cho phép xuat — Dung khi doc dir liéu.

= R/W : Read/Write — Poc/Viét — Cho phép doc dit liéu khi chan

nay & murc cao, ghi dit liéu khi chan ndy ¢ muc thap.
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= CAS—RAS: Column Address Strobe — Row Address Strobe —
Chot dia chi cot — Chét dia chi hang. Chi nhimg IC nhé c¢6 dia
chi hang va cot md&i c6 chéan nay.
Hinh duéi ddy cho thay cach v& nhom chan cac IC nhé, m chan dia chi, n chan
dr li€u. Céch vé cac chan dia chi va dir liéu dudi dang BUS.

RIW RIW RIW
L L L
Ag— — Dy
A “—D,

Ag- . Am-i Dy...Dy Do...Dy

m n

Am—l > — Dn—l

Hinh: Cach vé nhom chan IC nho.

IV.GIAO TIEP GIIPA IC NHG VA BO XU LY TRUNG TAM

Trong moi hoat dong c6 lién quan d,én IC nhé déu do bo xir 1y trung tim (Central
Proccessing Unit, CPU) quan ly. Giao tiép gitta IC nhé va CPU mo6 ta nhu hinh dudi
day.

Bus dia chi

CPU IC nh¢ IC nh¢

A A A A

Bus dir liéu ! !

Bus diéu khién

Hinh: Giao tiép giita IC nhé va CPU.

Mot tac vu lién quan dén bo nhé duge CPU thuc hién theo cac budc:
- bit dia chi quan h¢ 1én BUS dia chi.
- Pat tin hidu diéu khién 1én BUS diéu khién.
- Dt liéu kha dung xuét hién trén BUS dit liéu, sdn sang phuc vu.
Di nhién, cic budc trén phai tuan thu gidn d6 thoi gian cia timg IC nhé (s& dé
cap dén khi xét cac loai b nhé).

V. CAC LOAI BO NHO BAN DAN

1. Gié&i thiéu
C6 3 loai b nhé ban dan:
- B0 nhd ban dan chi doc (Read Only Memory, ROM).
- B0 nh6 truy xuit ngiu nhién (Random Access Memory, RAM).

That ra ROM va RAM déu 1 loai bo nhd truy xudt ngau nhién. Nhung RAM
duoc gilt tén goi nay c¢6 1& vi 1y do lich st ra doi cia cac chung loai khac nhau. Pé
phan biét chinh xdc ROM va RAM ta c6 thé goi ROM 1a bd nhd chét (nonvolatile) va
RAM 1a bd nh¢ sdng (volatile) hoic néu coi ROM 1a bd nhd chi doc thi RAM 1a bo
nhé doc duge, viét duge (Read Write Memory).
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- Thiét bi logic lap trinh duoc (Programmable Logic Devices, PLD): c6 thé
n6i diém khac biét gitta PLD véi ROM va RAM 14 qui mé tich hop cua
PLD thuong khong 16n nhe ROM va RAM va cac tac vu cua PLD thi c6
phan han ché.

2. ROM

a. Giéithiéu

Céc té bao nhd hodc tir nhd trong ROM dugc sip xep theo dang ma tran ma moi
phan tr chiém mot vi tri xac dinh boi mot dia chi cu thé va ndi voi ngd ra cia mot
mach giai ma dia chi bén trong IC. Néu mdi vi tri chira mot té bao nhd ta ndi ROM ¢6
t6 chire bit va mdi vi tri 1 mot tir nhé ta ¢6 t6 chue tir. Ngoai ra, dé giam muc d cong
kénh cua mach giai ma, mdi vi tri nhd co thé dugc xac dinh boi 2 duong dia chi:
duong dia chi hang va duong dia chi cft va trong bd nhd c6 2 mach gidi ma nhung
mdi mach ¢6 s6 ngd vao bang Y s6 dudng dia chi ctia ca bd nhd.

b. ROM mat na (Mask Programmed ROM, MROM)

bay la loai ROM duogc ché tao dé thuc hién mét cong viéc cy thé nhu cac bang
tinh, bang luong giac, bang logarit,... ngay sau khi xuat xuéng. Noi cach khéc, cac té
bao nhé trong ma tran nhé da dugc tao ra theo mot chuong trinh xac dinh trudce bﬁng
phuong phap mit na: dua vao cac linh kién dién tir ndi tir dwdng tir qua dwong bit dé
tao ra magt gia tri bit va dé tréng cho gia tri bit ngugc lai.

Duéi day la mo hinh cua mot MROM trong d6 cac 6 vuong la noi chura (hay
khong chira) moét linh kién (diod, transistor BJT, MOSFET) dé tao bit. Mdi nga ra cua
mach giai ma dia chi goi 12 duong tir va dudng ndi té bao nhé ra ngoai goi 1a duong
bit. Khi duong tir 1én mic cao thi té bao nhé duge chon. Khi nhiéu té bao nhé duge

chon cung luc ta n61 by nhd cé td chire tu. o L
Ao Gigi |—fg| JBuemor =R =R
bia A, ma Pudng tir Dudng tw
chi q
dia M M ; - S -
chi S| S| Buwdng bit Buwdng bit
Am-1—> . Logic 0 Logic 1
774
i Vbbb
DPuwong|bit =R o
- - — Duwong tw
&,_’ . _ Duong tw
= bk logic — D&m nga ra 7~ Ve _T_l_m
l l l l Puwong bit —
SRR DPuong bit
@ liéu i
’ Logic 1 Logic 0

Hinh: Mo6 hinh cua MROM.

Néu té bao nh¢ 1a Diod hay BIT thi sur hién dién cua linh kién twong (g voi bit
1 con vi tri trong twong tng voi bit 0. D61 voi linh kién MOSFET thi ngugc lai (mudn
co6 két qua nhu BJT thi thém & nga ra cac cong dém dao).
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Dud1 day la vi du b nhd MROM c6 dung lugng 16x1 voi cac mach gidi ma
hang va cdt (cac mach gidi ma 2 ra 4 cia hang va cot déu dung Transistor MOS va co
cung cau trac).

‘f +

v
v
v

Té bao nhé

Ay L I h dn dn

: L
7 M Gidi ma cot

Giai ma hang
Hinh: Vi du vé b nhé MROM.

Trén thuc té dé don gian cho viéc thuc hién, & mdi vi tri nhd, ngudi ta déu cho
vao mot transistor MOS dugc ché tao 16p SiO, day hon lam tang hi¢u thé ngudng cia
né lén, két qua 1a transistor MOS nay luon khong dan di¢n, céc transistor khac dan

dién binh thuong.
,ﬁvmu_g VDD_Ei Voo H_EI v
Puong tr | L Al T T
Puong|bit
0 1 1 0

Hinh: Transistor MOS co SiO; day hon (cho mikc 1).

Tk

c. ROM Iap trinh dwoc

C6 cau tao giéng nhu MROM nhung ¢ moi vi tri déu c6 cac linh kién ndi vai cac
cau chi. Nhu vay, khi xudt xuéng cac ROM nay déu chua cung mot loai bit (goi 1a
ROM tring), luc st dung, nguoi 1ap trinh thay doi cac bit mong mudn bing cach pha
v& cau chi tai cac vi tri trong ing voi bit d6. Mot khi cau chi da bi pha v thi khong
thé ndi lai dugc, do d6 loai ROM nay cho phép 1ap trinh mot lan duy nhat dé str dung,
néu bj 16i khong thé sira chita dugc.
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AMA
MM

7 I—TT Voo s
=R q Pudng tir =R

Buong t 1 Duwong tw
Puwdng bit| Cau chi Vee Puong|bit DBuwong bit

Hinh: 76 chire bit ciia ROM ldp trinh duoc.

Nguoi ta ¢6 thé dung 2 diod mic nguoc chiéu nhau, mach khong dan dién, dé tao
bit 0, khi 13p trinh thi mot diod dugc phd hong tao mach noi tat, diod con lai dan dién
cho bit 1.

d. ROM lap trinh dworc, x6a dwore bang tia U.V.
Ultra Violet Programmable ROM, U.V. EPROM.
bay la loai ROM rat thuén tién cho nguoi st dung vi cé thé dung dugc nhiéu lan
béng cach x6a va nap lai. CAu tao cua té bao nhd U.V. EPROM la mét transistor MOS
c6 cau tao dic biét goi la FAMOS (Floating Gate Avalanche Injection MOS).

. I
S CbdngndiSilicon ¢ D I
S Cbng ndi Silicon ¢ D

Cuc nén T

Cuc nén

Hinh: Cdu tao bén trong U.V. EPROM.

Trén nén chat ban dan N pha lodng, tao 2 ving P pha dam (P") ndi ra ngoai cho 2
cuc S (Source) va D (Drain). Trong 16p cach dién SiO, gitra 2 cyc nguoi ta cho vao
mot thoi Silicon khong ndi vdi bén ngoai va duge goi la cong ndi. Khi ngudn Vbp
phan cuc nguoc gitta cuc nén va cuc Drain con nhd, transistor khong dan, nhung néu
tang Vpp du 16n, hién tugng thac a6 (avalanche) xay ra, electron du nang lugng chui
qua lop cach dién t6i bam vao cong ndi. Do hién twong cam tng, mot dién 16 P hinh
thanh néi 2 ving ban dan P, transistor trd nén dan dién. Khi cat nguon transistor van
tiép tuc dan dién vi electron khong thé tré vé tai hop voi 15 trong Dé xoa EPROM,
ngudi ta chiéu tia U.V. vao cac té bao trong khoang thoi gian de electron trén cong noi
nhén du nang luong vuot qua 16p dién tré vé vung nén tai hop véi 16 tréng x6a dién 16
P va transistor tr¢ vé trang thai khong dan ban dau.
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LTTVDD

Transistor chon
E)u’c‘)’ng tw _1 E)iém nhé
s i

Buwong|bit FAMOS

Hinh: Cdu tao té bdo nhé.

MJi té bao nhé cia EPROM gdm transiator FAMOS ndi tiép v6i mot transitor
MOS khac ma ta goi 1a transistor chon.

Pé loai bo transistor chon, nguoi ta dung transistor SAMOS (Stacked Gate
Avalanche Injection MOS ¢6 cdu tao twong ty nhu transistor MOS nhung c6 dén 2
céng nam chéng Ién nhau, mot duoc ndi ra cuc Gate va mot dé ndi. Khi céng ndi tich
dién s& lam gia ting dién thé thém khién transistor kho dan dién hon. Nhu vay, néu ta
chon V¢ ¢ khoang gitta VT, va VT, (VT; < V¢ < VT) thi cac transistor khong lap
trinh (khong c6 16p electron ¢ cong n6i) s& din con cac transistor duoc 14p trinh s&

khong dan.
Vbp
j
M Puwong tir

DPiém nho=—=

5 T
Q\D Qy Buong|bit SA;AFOTS_}S

Hinh: Cdu tao ciia té bao nhé SAMOS.
Diém bat loi cua U. V. EPROM la cén thiét bi xoa dit biét phat tia U. V. va mdi
lan x0a tat ca t€ bao nhd trong mot IC déu bi x6a. Nhu vy, nguoi st dung phai nap lai
toan bg chuong trinh.

e. ROM Ilap trinh dworc, x6a dwoec bang xung dién
Electrically Erasable PROM — EEPROM, Electrically Alterable PROM -
EAPROM.
Day la loai ROM Ip trinh dugc va x6a dugc nho xung dién va dac biét cod thé
x6a dé sira chira trén timg byte. Cac té bao nhé EEPROM sir dung transistor MNOS
(Metal Nitride Oxide Semiconductor), c6 cdu tao nhu dudi day.

S G D
= N AN\ A=+ sisN
35 A 3N4
Siozw\/ \ / \ /Sio2
) )

Hinh: Cdu tao cia té bao nhé EEPROM.

Gitra 16p kim loai ndi ra cac cuc va 16p SiO; 1a mét 16p mong chat SisN, — day tir
40nm dén 650nm. Dir liéu dugc nap bang cach ap mot dién thé duong gitra cuc G va S
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(khoang 20¥ dén 25V trong 100ms). Do su khac biét vé d6 dan dién, electron tich trén
bé mit giira 2 10p SiO, va Si;Ny, cac electron nay ton tai khi dd ngit ngudn va lam
thay doi trang thai dan dién cua transistor. Bay gio, néu ap mot dién thé nguogc chiéu
gitra 2 cuc G va S ta s€ dugc mot 16p dién tich trai diu voi truong hop trudc. Nhu vay,
hai trang thai khac nhau cua transistor c6 thé thiét 1ap duoc bdi dién thé nguoc chiéu
nhau.

f. FLASH ROM

EPROM 1la loai nonvolatile, c6 toc do truy xudt nhanh (khoang 120xns), mat do
tich hop cao, gia thanh ré tuy nhién dé xoa va nap lai phai dung thiét bi dic biét va léy
ra khoi mach.

EEPROM ciing 1 loai nonvolatile, c6 toc do truy xudt nhanh, cho phép xo6a va
ghi lai ngay trong mach trén ting byte, mat do tich hop thap, gia thanh cao hon
EPROM.

B6 nhd FLASH tan dung duoc uu diém cua 2 loai ROM néi trén, nghia la tbe do
truy xudt nhanh, mat do tich hop cao va gia thanh thap.

Hau hét FLASH ROM s dung cach x6a dong thoi ca khéi dir liéu nhung rat
nhanh (vai trim ms so v6i 20min ciia U.V. EPROM). Nhitng FLASH ROM thé hé méi
cho phép x0a tirng sector (512 bytes). FLASH ROM c6 thoi gian ghi khoang 10us so
v6i 100us d6i voi EPROM va 5ms d6i voi EEPROM.

g. Gian dé thoi gian cia ROM

Ngoai trt MROM chi dung ché d6 doc, cac loai ROM khac déu sir dung hai ché
do doc va nap chuong trinh.

Nhu vay, ta c6 hai loai gidn do thoi gian: Gidn do thoi gian doc va gian do thoi
gian nap chuong trinh.

Chu ke eec cea ROM

Céc dia chi, cac tinh hiéu R/W va CS dugc cap tir CPU khi can thuc hién tac vu
doc dir li¢u tai mdt dia chi ndao do. Thoi gian dé thuc hién mdt tac vu doc goi 1a chu ky
doc tgc. Trong mdt chu ky doc c6 thé c6 mot s6 thoi gian nhu sau:

. « tre >
Dia chi Dia chi c6 gia tri
0
+—tacc—
— < tn >
Ccs 1 —* tace >
Hi-Z e Hi-Z
v liéu c6
Data Out Dﬁ%%f‘
to t to t3 ty

Hinh: Gidn dé thoi gian cho mét chu ky doc ciia ROM.

- tacc (Address access time): Thoi gian truy xué,t dia chi. Day la thoi gian t6i
da tor luc CPU (ﬁét dia chi lén BUS dia chi dén luc dir liéu cé gié’ tri trén
BUS dir liéu. D61 v6i ROM dung BJT thoi gian nay khoang 30ns dén 90ns,
con loai MOS khoang 200ns dén 900ns.
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- tacs (tace) (Chip select (enable) access time): Thoi gian tham nhap chon
chip. Thoi gian ti da tir lac tin hiéu CS dugc dit 1én BUS diéu khién dén
luc dir ligu co gia tri trén BUS dt liéu. ROM BIJT khoang 20ns, MOS
khoang 100ns. . 7

-ty (Hold time): Thoi gian dir li€u con ton tai trén BUS dir liéu ké tur khi tin
hiéu CS hét higu lyc.

Chu ke viet cea ROM
Gian d6 thoi gian cho mot chu ky nap dir liéu cho EPROM gdm thoi gian nap
(Programmed) va thoi gian kiém tra két qua (Verify).
. Nap 3 Kiém tra

OE-=1 OE =0

bia chi >< >

OE

OE | PGM
Hinh: Gidn dé thoi gian cho mét chu ky nap dir liéu ciia EPROM.

h. Thiét bi logic 1ap trinh dwoc (Programmable Logic Devices,
PLD)

i. Giei thieu

La tén chung cua cac thiét bi c6 tinh chat nhd va c6 thé 1ap trinh dé thuc hién mot
cong vi¢c cu thé nao do.

Trong cong viée thiét ké cac hé théng, doi khi nguoi ta can mot sé mach to hop
dé thuc hién mot ham logic nao do, ma cong viéc nay lap lai thuong xuyén va su thay
d6i mot tham sd ctia ham c6 thé phai thuc hién dé thoa mén yéu cau cua vigc thiét ké.
Néu phai thiét ké cac mach logic co ban thi mach s& rat cong kénh, tén kém mach in,
day ndi nhiu, két qua la do tin cdy khong cao. Nhu vay, s€ rat tién loi néu cac mach
nay duogc ché tao sin va nguoi su dung co thé tac dong vao dé 1am thay ddi mot phan
nao chirc ning cua mach bang cach lap trinh. 6 13 ¥ tudng co so cho su ra doi cia
thiét bi logic 1ap trinh duoc. Céc thiét bi nay c6 thé dugc xép loai nhu bd nhé va gdm
cac loai: PROM, PAL (Programmable Array Logic), PLA (Programmable Array
Array).

Trudce nhit, chiing ta néi qua mot sé qui ude trong cach biéu dién cac phan tir ciia
PLD.

Mot bién trong ham thuong xuat hién véi dang nguyén va dang ddo clia nd nén
chung ta dung 2 cong c6 hai nga ra dao va khong dao.

Mot ndi chét duoc goi 13 ndi cirng (khong thay ddi dugc) dugce vé boi mot dau e
(cham dam). Mot ndi sdng duoc goi 1a ndi mém (dung 1ap trinh) dugc v& boi mot dau
x, ndi sdng thuc chat 1a mot cau chi, khi lap trinh ¢6 thé bi pha bo.

Mot cong c6 nhiéu ngd vao (khi v&) thay thé béi mot ngd vao duy nhat vi nhi¢u
moi noi.
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= D
R

Hinh: Biéu dién cdc méi néi.

11 . PROM )

bé thyc hién 4 ham 4 bién, mach c6 4 nga vao va 4 nga ra.

Co tat ca 16 cong AND 4 ngé vao va duoc ndi chét voi cac nga ra dao va khong
ddo cua céac bién vao, nga ra cadc cong AND 1a 16 t6 hgp cua tich 4 bién (goi 1a duong
tich).

Cac céng OR c¢6 16 nga vao duoc ndi sébng dé thyce hién ham tong (duong tong).
Nhu vay, doi voi PROM viée lap trinh thyc hién & cong OR.

Dudi day 1a so d6 cia PROM (trai) va PROM da dugc 1ap trinh (phai).

A A

D—k—=k—=k [
D
B, B,
23 L
L/ L/
™ ™ N
=3 23
B, B,
D L)
L/
™ ™
=3 23
B, L)
L/
™ ™
=< =<
L/ L/
23 = %
LY L
L/ L/
™ ™
T Yy T YyYy
04 030,04 04 03 0,04

Hinh: So' d6 cdu tao ciia PROM.
iii. PAL q o
Mach tuong tu véi IC PROM, PAL c6 cac cong AND 8 nga vao dugc ndi song
va 4 cong OR mo1 cong OR ¢6 4 nga vao dugc noi chét voi 4 duong tich. Nhu vay
viéc 1ap trinh dugc thuc hién trén cadc duong tich.
O, =A+DB+DC 0, =DCBA+ DCBA
O, =CBA O, = BA+DC
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iv.

PLA

YYYY

s &

%5
H

UUUUUUUUUUUUUUUY

Hinh: So d6 cdu tao ciia PAL.

YYYY

0,03 020

PLA tuong tu nhu hai loai trén nhung céc ngi vao cta cong AND va cic cong
OR déu dugc noi1 song. Nhu vay kha nang 1ap trinh cia PLA bao gom ca hai cach 1ap
trinh cua 2 loai ké trén.

5

5

VUUUUUUUUUUUUUUU

iisl, NSRRIV

YYYY

04 03 0, 04

Hinh: So do cdu tao ciia PLA.

3. RAM (Random Access Memory)

a. Gioi thiéu

Co hai loai RAM: RAM tinh va RAM dong.

RAM tinh ciu tao bdi cac té bao nhé 1a cac FF, RAM dong loi dung cac dién
dung ky sinh gifta cac cyc cua transistor MOS, trang thai tich di¢én hay khong cua tu
twong ung voi hai trang thai ctia bit 1 va 0. Do RAM ddng c6 mat d6 tich di¢n cao,
dung lugng bd nhd thuong rat 16n nén dé dinh vi céac phﬁn tr nhd nguoi ta dung
phuong phap da hop dia chi, mdi tir nhé duge chon khi c6 du hai dia chi hang va cot
dugc 1an luot tic dong. Phuong phap nay cho phép n dudng dia chi truy xudt 2> vi tri
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nhé. Nhu vay, gian d6 thoi gian cia RAM dong thuong khac véi gian d6 thoi gian cua
RAM tinh va ROM.

b. RAM tinh (Static RAM, SRAM)
MGdi té bao RAM tinh 12 mot mach FlipFlop dung Transitor BIT hay MOS.

Han
9 VoD Cot
WL
| L
Ts >< To
AAAA ] T1 T2 [
Ry ,7}7 R, |/777 Y /4 I
W - T7]] LTe
budng bit Puong bit bit bir
l

Hinh: So d6 cdu tao RAM tinh.

Xét SRAM dung Transistor BIT véi hai dudng dia chi hang va cot ta thay: Khi
mot trong 2 dudong dia chi hang hoac ¢t & mirc thép cac té bao khong dugc chon vi
cuc E c6 dién thé thép hai Transistor déu dan, mach khong hoat dong nhu mot FF. Khi
cad 2 duong dia chi hang va cdt Ién cao, mach hoat dong nhu mdt FF, hai trang thai 1
va 0 cta té bao nhd dugc dat trung boi 2 trang thai khac nhau cua 2 dudng bit va bir .

Khi T, dan thi T, ngung, duong bit c6 dong dién chay qua, tao dién thé cao & R,
trong khi d6 dudng bir khong c6 dong dién chay qua nén & R, c¢6 dién thé thip, néu ta
qui udc trang thai nay tuong ung voi bit 1 thi trang thai nguoc lai 1a trang thai T,
ngung T, dan hiéu dién thé & 2 dién tro R; va Ry nguoc lai s€ 1a bit 0. R; va Ry c6 tac
dung bién d6i dong dién qua dién thé.

Déi v6i té bao nhé dung MOS, hai dudng tir ndi Ts, Tg va T,, Ts nén khi mot
trong hai dudong tir & mirc théip T, va T, bi c6 1ap khoi mach, té bao khong dugc chon.
Khi ca 2 Ién cao, mach hoat dong tuong tu nhu trén. Trong mach nay, R; va R, thay
boi T; va T4 va khong can R; va R, nhu mach dung BJT.

Duéi day 1a mach diéu khién chon chip va thuc hién tac vu doc/viét vao té bao
nho. L

CS —
R/IW ] bit
b bit

Data
Hinh: Mach diéu khién chon chip.

OPAMP giit vai trd so sanh dién thé hai duong bit va bir cho ¢ ngi ra mic cao
hodc thap tuy két qua so sanh nay (twong tmg voi 2 trang thai cia té bao nhé) va dir
liu doc ra khi cong dém thir 2 m& (R/W 1én cao).
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Khi cong dém thu nhat md, (R/W xubng thip) dit liéu duoc ghi vao té bao nhé
qua cong dém 1, cong 3 tao ra 2 tin hiéu nguoc pha tir dir lidu vao. Néu 2 tin hiéu nay

cung trang thai voi 2 duong bit va bit ‘cua mach trude do, mach s& khong dbi trang
thai, nghia la té bao nh¢ dang luu bit gidng nhu bit mudn ghi vao thi mach khong thay
do1. Néu dir 1i€u can ghi khac véi dir 1iéu dang luu triy thi FF s€ thay doi trang thai cho
phu hop véi 2 tin hiéu ngugc pha dugc tao ra tir dir li¢u. Bit mdi da duge ghi vao.

Chu ke eec cea SRAM

Gian d6 thoi gian ctia mot chu ky doc SRAM tuong ty nhu gian d6 thoi gian cua
mot chu ky doc ROM, thém diéu kién tin hiéu R/W 1én cao.

Chu ke viet cea SRAM - t

- tas (Address setup time): Thot glan thiét 1ap dja chi. Bay 1a thoi gian dé gia
tri dia chi 6n dinh trén BUS dia chi cho t6i lic tin hiéu CS tac dong.

- tw (Write time): Thoi gian tir lic CS tac dong dén lac dir liéu co gi trj trén
BUS dir li¢u. ‘ 7

- tps va tpy: Khoang thoi gian dir liéu con ton tai trén BUS dir liu ké tir khi
tin hiéu CS hét hiéu luc, bao gdbm thoi gian trudc (tps) va thoi gian sau
(tow).

- tang (Address hold time): Thoi gian gitr dia chi 1a thoi gian tur lace tin hi¢u
CS khéng con tac dong dén luc xuat hién dia chi méi.

1 < twe >
Dia chi Dia chi co6 gia tri
0
tas . taw
J— t N v
RIW 1 —
cs 1 —
= < fon >
Hi-7Z tos A Hi-7Z
. v liéu co
Data in _ aiati et
to t to i3 14

Hinh: Gidan do thoi gian cho mét chu ky viét ciia RAM.

c. RAM dong (Dynamic RAM, DRAM)
Dudi ddy 13 cdu tao cia mot té bao DRAM.

T !
Datain | -~ - + S
S N Ss Bat )
— —_ = ata o
c u
Y 7 VRER

Hinh: T¢ bdo nhé ciia DRAM.

Hinh trén 1a mot cach bicu dién té bao nhé ctia DRAM, trong d6 don gian mot s6
chi tiét dugc dung dé mo ta cac tac vu viét va doc té bao nhd nay.
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Céc khoa tir S; dén S, 1a cic transistor MOS dugc diéu khién bdi céc tin hiéu ra
tr mach gidi ma dia chi va tin hiéu R/ w.

Dé ghi dir liéu vao té bao, cac khoa S, S, déng trong khi S;, S; mé bit 1 thuc
hién viéc nap cho tu C va bit 0 lam cho tu C phéng dién. Sau d6 cac khoa s& mo dé co
lap C voi phén mach con lai. Mot cach 1y tudng thi C s€ duy tri trang thai cua nd vinh
vién nhung thyc té ludn ludn co su i dién qua cac khoa ngay ca khi ching mé do d6 C
bi mat dan dién tich.

Dé doc dit liéu cac khoa S,, S, Sa déng va S; mo, tu C dugce ndi v6i mot mach so
sanh v6i mot dién thé chuan dé xac dinh trang thai logic ctia nd. Pi¢n thé ra mach so
sanh chinh la dr li¢u dugc doc ra. Do S; va S, dong, dién thé ra duoc nbi nguoc lai tu
C dé lam tuoi nd. Néi cach khac, bit dit liéu trong té bao nhd duoc 1am tuoi mdi khi nd
duoc doc.

St dung DRAM, dugc mot thuan loi 1a dung lugng nhé kha 16n nhung phai c6
mot s6 mach phu trg nhu:

- Mach da hop dia chi, vi DRAM lu6n st dung dia chi hang va cdt.
- Mach 1am tuoi dé phuc hoi dit liéu c6 thé bi mat sau mot khoang thoi gian
ngan nao do.

i. ea hep eea che

Nhu di ndi trén, do dung luong DRAM rit 16n nén phai dung phuong phap da
hop dé chon mét vj tri nhé trong DRAM. Mbi vi tri nhd s& duge chon béi 2 dia chi
hang va cot 1an luot xuét hién ¢ ngd vao dia chi.

Vi du v61 DRAM c6 dung lugng 16Kx1, thay vi phai dung 14 duong dia chi, ta
chi can dung 7 dudng va mach da hop 14—7 (7 da hop 2—1) dé chon 7 trong 14
duong dia chi ra tr CPU. B nhé ¢6 cau trac 14 mot ma tran 128x128 té bao nhd, sap
xep thanh 128 hang va 128 c0t, c6 mot nga vao va mgt nga ra dir li¢u, mot nga vao
R/W . Hai mach chét dia chi (hang va cot) 1a cac thanh ghi 7 bit c6 ngd vao ndi véi
ngi ra mach da hop va nga ra nbi véi cic mach giai ma hang va cot. Cac tin hidu RAS
va CAS dung 1am xung ddéng hd cho mach chét va tin hiéu Enable cho mach giai ma.
Nhu vay, 14 bit dia chi tir CPU s¢ lan luot duoc chédt vao cc thanh ghi hang va c0t bdi
céc tin hiéu RAS va CAS roi duoc gidi ma dé chon té bao nhé. Van hanh cia hé théng
s& duoc thiy ro hon khi xét cac gian do thoi gian cia DRAM.
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Ao |
— r<pThanh ghi 7 bit
- ATTITI T T A
EN Giai ma cof
MUX S e H
CPU 147 2 Al
3 @ Ma tran
el 3 128x128
~ z té bao nh&
o >
Aj; "1 Ag @ l T l
Hinh: Da hop dia chi. RIW Data Data

‘s . . . t
ii. Gien ee¢ thei gian cea DRAM moou

Gian d6 thoi gian doc va viét tiéu biéu cia DRAM chi khac nhau vé thoi lugng
nhung c6 chung mot dang, nén ta chi vé mot gian do.

MUX——
RAS — .
CAS N
bia chi Hang Cot
Hi-Z Hi-Z
Data out /\_W

to i bty byt
Hinh: Gidn dé thoi gian ciia DRAM.

Gian d6 cho thiy tac dong cia tin hiéu MUX va céc tin hiéu RAS, CAS. Khi
MUX & muc thap mach da hop cho ra dia chi hang (As...A) va duoc chdt vao thanh
ghi khi tin hiéu RAS xuéng thép. Khi MUX & mtrc cao mach da hop cho ra dia chi cot
(Ai3...A7) va dugc chdt vao thanh ghi khi tin higu CAS xudng thép. Khi ca hai dia chi
hang va cot déu dugc gian ma, dir liu tai dia chi d6 xuat hién trén BUS dir li¢u dé doc
ra hodc ghi vao.

ijii. Lam teei DRAM

DRAM phai dugc lam tuoi voi chu ky khoang 2ms dé duy tri dir liéu.

Trong phan trudce ta da thay t€ bao nhdé cua DRAM dugc lam tuoi ngay khi tac
vu doc duogc thuc hién. Léy vi du voi DRAM véi dung lugng 16Kx1
(16x1024x1=163 84 t€ bao nh6) noi trén, chu ky 1am tuoi 1a 2ms cho 163 84 t€ bao
nhd nén thoi gian doc moi t€ bao phai 1a 2ms/16384 ~122ns. Pay 1a khoang thoi gian
rat nho khong du dé doc té bao nhé trong dicu kién van hanh binh thuong. Chinh vi 1y
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do ndy cac hing ché tao da thiét ké cac chip DRAM sao cho méi khi tic vu doc dwoc
thuwe hign doi v6i mét té bao nhd, tit cd cdc té bao nhé trén ciing mét hang sé dwoc
lam twoi. Didu nay lam gidam mot lugng rat 16n tac vu doc phai thuc hién dé 1am tuoi
té bao nhé. Trd lai vi du trén, tac vu doc dé 1am tuoi phai thuc hién cho 128 hang trong
2ms. Tuy nhién, dé vira van hanh trong diéu kién binh thudng vira phai thuc hién chic
nang lam tuoi nguoi ta phdi dung thém mach phu trg, goi la diéu khién DRAM
(DRAM controller).

IC 3242 cua hang Intel thiét ké dé st dung cho DRAM 16K (hinh dudi).

Ngi ra IC 3242 1a dja chi 7bit dd dugc da hop va ndi vao ngi vao dia chi caa
DRAM. Mot mach dém 7bit kich bdi xung ddng hd riéng dé cap dia chi hang cho
DRAM trong sudt thoi gian lam tuoi. IC 3242 ciing 13y dia chi 14bit tir CPU da hop nd
voi1 dia chi hang va cot da dugc dung khi CPU thuc hién tdc vu doc hay viét. Muc
logic 4p dung cho cic ngd REFRESH ENABLE va ROW ENABLE xac dinh 7bit
nao cuia dia chi xuat hién & nga ra controller cho bai bang dudi day.

REFRESH ROW
ENABLE ENABLE CONTROLLER OUTPUT
High x Refresh address tlr mach dém
Low High Dia chi hang (As...Aq tr CPU)
Low Low Dia chi cbt (A43...A7 tir CPU)
Ao Ao/ A7
T CPU Dia chi da da hop
Refresh Ak A Ars DATA
enab|e— DATA IN —| =2
IC 3242 IC 4116 |OUT
Row. DRAM RAS — DRAM
enable Controller| 16x1K
CAS
nn—=° o
R/W——

Hinh: So @6 mdc IC 3242 vio DRAM.
VI.MO' RONG BO NHO'
1. Gi®i thiéu

Céac IC nhé thuong duoc ché tao voi dung lwong nhé 6 goi han, trong nhiéu
truong hop khong thé théa man yéu cau cua vi¢e thiét ké. Do d6 mo rdng bd nhd 1a
mot viéc lam can thiét. Co6 3 truong hgp phai mo rong bd nhd, ta s€ xét dudi day.

2. Mé& rong do dai tir
Pay 1a truong hop sb vi tri nhé da cho yéu cau nhung dit liéu tai mdi vi tri nhé
khong du. C6 thé hiéu duoc cach mé rong do dai tir qua mot vi du.
Vi du: M6 rong bo nho tir 1Kx1 1én 1Kx8.
Chung ta can dung 8 IC 1Kx1, cac IC nhé nay s& dugc ndi chung BUS dia chi va
cac tin hiéu diéu khién va mdi IC quan 1y mot dudng bit. 8 IC s& van hanh cung lac dé
cho mot tir nho 8bit.
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Ao
Ag
LJLJLJLJLJLJ;{;
Ao...Ag LAO Ao LAO Ao LAO Ao LAO Ao LAO Ao LAO L
CS—e[Cs cs cs cs cs cs cs cs
r/W—R/w | Ur/w | Yr/w | Wr/w | WR/w | LRiw | YRIW RIW
D D D D D D D D
Do
D |
D
D |
D
Ds |
|

Hinh: Mo rong do dai tir 1Kx1—1Kx%S8.

3. Mé& rong vi tri nhé
Pay 1a trudng hop sé bit cho mdi vi tri nhé du theo yéu cau nhung s6 vi tri nhé

khong du.

Vi du: C6 IC nhé dung lugng 1Kx8. M rong 1én 4Kx8, vy can 4 IC nay. Dé
chon 1 trong 4 IC nhd, ta can mot mach giai mi 2 dudng sang 4 duong. Ngi ra cia
mach giai ma lan luot ndi vao céc nga CS cua IC nhd, nhu vay dia chi cia IC nhd s€
khac nhau. Trong vi du nay, IC1 chiém dia chi tir 000H dén 3FFH, IC 2 chiém dia chi
tir 400H dén 7FFH, IC 3 chiém dija chi tir 800H dén BFFH, IC 4 chiém dia chi tur
CO0H dén FFFH.

A1
A

S N
Ay...Ag Ay...Ag

4Cs d4cs

AR/W AR/W
D7...D0 D7---D0

acs
AR/W

Ao...Ag

T
Ny

T
Ny

Il

4. Mé& rong dung lwong nhé
Pay 1a truong hop ca vi tri nhd va do dai cia IC déu khong du dé thiét ké. Bé mo

rong dung luong nhé ta phai két hop ca 2 cach trén.

Hinh: Mo rong vi tri nho 1Kx8—>4KxS8.

Vi du:Mo rong b nhé tir 1Kx4 1én 2Kx8. Can 2 cip IC mic song song, mdi IC
c6 chung dia chi va dugc chon bdi mot mach giai ma 1 duong sang 2 duong.
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Dia chi cta cac IC nhu sau: IC 1(&2): 000H dén 3FFH, IC (3&4): 400H dén

7FFH.

Ag

Ag

A1 —~‘>>J

NS

NS

L

Ao.. A, L Ao.. A, Ao.. A, Ao.. A
4CS CS CS CS
RIW RIW RIW RIW
D,...D, D,...D, D,...D, D,...D,
N N

7T
L5

1
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CHU'ONG 8: BIEN POI AD & DA

v/ BIEN POI SO - TUONG TU (DAC)
¢ DAC dung mang dién trd cé trong luong khac nhau
e DAC dung mang dién trd hinh thang
« DAC dung ngudén dong cé trong luong khac nhau
e Dat tinh ky thuédt cua DAC

v' BIEN POI TUONG TU - SO (ADC)

Mach 14y miu va giw

Nguyén tdc ciia mach ADC

ADC dung dién thé tham chiéu nic thang

ADC gin dang ké tiép

ADC dbc don

ADC tich phén

ADC ludng cuc

ADC song song

l. GIOI THIEU

C6 thé nodi sy bién doi qua lai giita cac tin hiéu tir dang tuong tu sang dang sd (va
nguoc lai) 1a can thiét vi:

- Hé¢ théng xu 1y tin hiéu s6 ma tin hiéu trong ty nhién Ia tin hi€u tuong tu:
can thiét c6 mach ddi twong tu sang s6.

- Két qua tir cac hé thdng s 1a cac dai lwong s6: can thiét phai doi thanh tin
hiéu tuong tu dé co thé tac dong vao cac hé¢ théng vat Iy va thé hién ra bén
ngoai (vi du tai tao 4m thanh, hinh anh,...) hay dung vao viéc diéu khién
sau do (vi du dung dién thé tuong tu dé diéu khién cac van tdc dong co).

Il. BIEN DOI SO —- TWONG TU (DIGITAL TO ANALOG
CONVERTER, DAC)

1. Mach bién déi DAC diing mang dién tré& cé trong lwong

khac nhau
b, LSB Db, L) b, MSB

A8 A5 AT A AT
| | R

Hinh: Mach bién doi DAC dung mang dién tro co trong lwong khac nhau.
Trong mach trén, néu thay OP-AMP bdi1 mét dign tro tai, ta c6 tin hi¢u ra 1a dong
dién.
Nhu vay, OP-AMP giit vai tro bién dong dién ra dién thé, dong thoi nd 1a mot
mach cong.
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—(2°b, +22b, +2'b, + b,)V,.R,

Vy=-Ryd =

3
Ta co: 2°R
= (Q2"b, 42" b,y ..+ 2b, + bV R,
2"'R
X . —Q2"'b  +2"%b  +..4+2b +b,)V
Néu RF = R thi: VO = ( n-1 2'ln_21 1 0) R

Vi du: Khi s6 nhi phan 1a 0000 thi v, =0V, 1111 thi v, =—15V.
Vi Vg = 5V; R =Ry = 1KQ, ta c6 két qua nhu sau:

bs | by | by [ by | Vo (V)
0 0 0 0 0

0 0 0 1 —0.625
0 0 1 0 | —1.250
0 0 1 1 - 1.875
0 1 0 0 | —2.500
0 1 0 1 | —3.125
0 1 1 0 | —3.750
0 1 1 1 —-4.375
1 0 0 0 | —5.000
1 0 0 1 —5.625
1 0 1 0 | —6.250
1 0 1 1 - 6.875
1 1 0 0 | —7.500
1 1 0 1 - 8.125
1 1 1 0 | —8.750
1 1 1 1 -9.375

Mach cé mét s6 han ché nhw sau:
- Su chinh xac tuy thudc vao di¢n tré va mac do on dinh cua nguén tham
chiéu Vx.
- Véi s nhi phan nhiéu bit, thi can cac dién tro co gia tri rt 16n, kho thuc
hién.

2. Mach bién d6i DAC dung mang dién tr& hinh thang

b. LSB b. MSB
) I b, b Tk

A
Y

A
v
N
=

| . 5 I
A A AT A |
2R = 2R | %2}1 | = | F
No L A A = Vo
2% R

Hinh: Mach bién déi DAC diing mang dién tré hinh thang.
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Cho Ry = 2R va 1an luot cho cac bit ¢6 gia tri nhu dudi day.
- Cho by =1, céc bit khac = 0, ta dugc v, =— 8 (V,/ 24).
- Cho b, =1, cac bit khac = 0, ta dugc v, =—4 (V,/ 24).
- Cho b; =1, cac bit khac = 0, ta dugc v, =—2 (V,/ 24).
- Cho by =1, cac bit khac = 0, ta dugc v, =— (V. / 24).
Ta thdy, v, ti 1& v&i gid tri B ctia td hop B = bybybby = v, =— B(Vy / 24).

3. Mach bién déi DAC dung nguén c6 trong lwong khac nhau

b LSB b. MSB
ahk b b ks

Y]

A AT FTRA AT

q 8 Pl

Rs

o0 |2~

Hinh: Mach bién déi DAC diing nguon cé trong leong khdc nhau.
4. Pat tinh ky thuat cia mach bién d6i DAC

a. Bit c6 y nghia thap nhéat va bit c6 y nghia cao nhat
Qua cac mach bién ddi DAC ké trén ta thay vi tri khac nhau cua cac bit trong sd
nhi phan cho gia tri bién doi khac nhau. Noi cach khéc, tri bién doi ciia mot bit tuy
thudc vao trong lugng cua bit do.
Néu ta goi tri toan giai 13 Vi thi bit LSB va bit MSB c¢6 gia tri la:
e [SB= VFS / (2n — 1)
e MSB=Vg2"'/(2"-1).
Piéu ndy dugc thé hién trong két qua cua 2 vi du trén. Hinh dudi ddy 1a dic
tuyén chuyén d6i cia mot sb nhi phan 3 bit.

4 Tuong tw + Twong tw
7 LSB ra FS 7 LSB ra FS
6 LSB < 6 LSB
5LSB 5LSB
4 LSB < 4 LSB
3LSB i 3LSB
2LSB v 2LSB
1LSB 4 - Nhi phan 11LS8B 4 - Nhi phan
.7 véo; i véo;
000 001 010 011 100 101 110 111 000 001 010 011 100 101 110 111
(a) (b)

Hinh: Bic tuyén chuyén déi ciia mét sé6 nhi phdn 3 bit.

Dic tuyén chuyén ddi cua mot s6 nhi phan 3 bit 13 hai hinh trén, (a) la déc tuyén
ly twéng, tuy nhién trong thuc té dé duong trung binh ctia dic tuyén chuyén doi di qua
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diém 0 dién thé tuong tu ra léch 2 LSB (b). Nhu vay dién thé tuong tu ra dugc xem
nhu thay ddi & ngay gitta hai ma sé nhi phan ké tiép nhau. Vi du, khi mi s6 nhi phan
vao 1a 000 thi dién thé twong tu ra 14 0 va dién thé twong tu s& 1én nac ké 000 + 4LSB,
r0i 1én nac ké nita & 001 + LSB... Tri twong ty ra Gng voi 001 goi tat 1a 1LSB va tri
toan giai Vg = 7LSB tuwong Gmg véi sb 111.

b. Sai s6 nguyén lwong héa (quantization error)

Trong su bién dbi, ta thiy Gmg véi mot gia tri nhi phan vao, ta c6 mot khoang
dién thé tuong ty ra. Nhu vay co mot sai s6 trong bién ddi goi 1a sai s6 nguyén luong
hoa va bang %4 LSB.

c. Do phan giai (resolution)

Do phan giai duoc hiéu 14 gia tri thay doi nhod nhét ciia tin higu twong tu ra co thé
c6 khi s nhi phan vao thay dbi. D6 phan giai con duoc goi 1a tri budc (step size) va
bang trong lugng bit LSB.

S6 nhi phann n bit c6 2" gia tri va 2" — 1 bude.

Hiéu thé tuong tu xac dinh boi v, = k.(B),. Trong d6 k 12 d6 phan giai va B, 1a s6
nhi phan. Nguoi ta thuong tinh % do phan giai:

%res = (k / Vgs).100%

V6i s6 nhi phan n bit ta cé:

1.100%

Y%ores = X

Céc nha san xuét thuong dung sb bit ctia s6 nhj phan c6 thé duoc bién doi dé chi
do phan gidi. SO bit cang 16n thi d§ phan giai cang cao (finer solution).

d. Do tuyén tinh (linearity)
Khi dién thé twong tu ra thay doi déu vé6i s6 nhi phan vao ta néi mach bién do6i co
tuyén tinh.

e. Do dung (accuracy)

b6 dung (con goi 1a do chinh xac) tuyét d6i ciia mot DAC 1a hi¢u sO gitra dién
thé tuong tu ra va dién thé ra 1y thuyet trong tng v6i ma sb nhj phan vao. Hai s6 nhi
phan ké nhau phai cho ra hai dién thé twong tu khac nhau dtng 1LSB, néu khéng mach
c6 thé tuyén tinh nhung khong diing.

4 Tuong tw 4 Tuwong tw )
7 LSB|.7aFS 7 LSB|.1aFS Salee?
6 LSB 2 6 LSB o
5LSB 5LSB A
4LSB o 4LSB o
3LSB + 3LSB 5
2LSB -+ 2LsB .
1LSB 4 - Nhi phan 1LSB 2 Nhi phan
. vao, vao,
000 001 010 011 100 101 110 111 000 001 010 011 100 101 110 111
a. Tuyén tinh b. Tuyén tinh nhwng khéng dung.

Hinh: Biéu dién d¢ diing (accuracy) ciia mot sé nhi phan 3 bit.
Trang 114 Chii bién Vo Thanh An



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com T6 Tin Hoc

I1I.BIEN BDOI TUONG TU — SO (ANALOG TO DIGITAL
CONVERTER, ADC)

1. Mach lay mau va giir

Dé bién dd6i mét tin hiéu tuong ty sang s6, mach bién ddi can mot khoang thoi
gian cu thé (khoang 1us dén 1ms) do d6 can gitt muc tin hiéu bién ddi trong khoang
thoi gian nay dé mach c6 thé thuc hién viéc bién dbi chinh xac. D6 1a nhiém vu cua
mach lay méu va gitr.

Hinh dué6i day 1a dang mach ldy mau va gitt co ban: Pién thé twong tu cin bién
d6i duoc 14y mau trong khoang thoi gian rat ngin do tu nap dién nhanh qua tong tro ra
thap ciia OP—AMP khi qua cAc transistor dan va giit gi4 tri nay trong khoang thoi gian
transitor ngung (tu phong rit chdm qua téng trd vao rat 16n cia OP—AMP).

— AN S D -H v

2 a8 2 H v v L °
G

Vv

—I—C T, | s b S D
Y e 5 L T L]

Q|

c o

Hinh: Mach ldy mau va giir co ban. ®)
2. Nguyén tac mach bién d6i ADC

Mach bién d6i ADC gom bd phan trung tdm la mot mach so sanh, con ngé vao
kia ndi dén mot dién thé tham chiéu thay dbi theo thoi gian Vi(®). Khi chuyén dbi dién
thé tham chiéu tang theo thoi gian cho dén khi bang hoic gan bing voi dién thé tuong
tu (vO1 mot sai s6 nguyén luong hoa). Liuc d6 mach tao ma so ra co6 gia tri ing vdi dién
thé Vaorchu’a biét. Vay nhiém vu cia mach tao ma s6 1a thir mot bo sd nhi phan sao cho
hi¢u thé gitra v, va tri nguyén lugng hda sau cung nhé hon ' LSB.

v, — Vs (B),| < lLSB
2" —1 2
Dién thé
twong ty v, — L Ma
So sanh Teo ma Se
Dién thé tham _* | ra
chiéu v,

Hinh: Mach mé ta nguyén tic bién déi ADC.
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3. Mach dbi dung dién thé tham chiéu nac thang
pién thé sert) | start]

twong tw v, — A A 4 4 t
- o ] 1
+ K
Vbac = Vr v
S R A
; _ 3LSBT
DAC n bit
0 Q 2 LSBT VDAC
. ¥ LSBL
Ma sb ra EOC v, LSB
Mach dém n bit { vt
yy T
Cx N— ¢S

Hinh: Mach déi ding dién thé tham chiéu ndc thang.

Mot cach dgn gian dé tao qién thé tham chié}l co dang néc thang 1a dung m(f),t
mach DAC ma s6 nhi phan vao lay dugc tir mach dém 1én (hinh trén). Khi c6 xung ba
dau FF va mach dém duoc dat vé 0 nén nga ra @ cua FF 1én 1, mé céng AND cho
xung Ck vao mach dém. Ngé ra mach dém ting dan theo dang nic thang (Vpac), diy
chinh 1a di¢n thé tham chiéu, khi V; con nho hon V,, nga ra mach so sanh con ¢ muc
thip va O van tiép tuc & muic cao, nhung khi V, vuot qua V, nga ra mach so sanh 1én
cao khién O ¢ muc thip, dong cong AND khong cho xung Cx qua va mach dém
ngung. Podng thoi Q 18n cao bao két thic su chuyén d6i. S6 dém ¢ mach dém chinh 1a

s6 nhi phan tuong Gng véi dién thé vao.
Goi thoi gian chuyén dbi 13 tc. Thoi gian chuyén di tuy thudc vao dién thé can

n

c(max) — f_
CK
Mach d6i nay c6 tdc d6 cham. Mot cach cai tién 1 thay mach dém 1én bai mot
mach dém 1én xuéng (hinh du6i). Néu nga ra mach so sanh cho théy v, nhé hon v,,
mach logic s& diéu khién viéc dém lén va nguoc lai mach s€ dém Xuéng. Néu v, khong
ddi v, s& dao dong quanh tri v, véi hai tri s6 khac nhau 1 LSB.

chuyén d6i. Thoi gian l4u nhét tmg véi dién thé vao bang tri toan giai: ¢

Dién thé
twong ty v, —
So sanh
VDAC = Vr +

DAC n bit

Ma sb ra4

Mach dém Lodi
len/xubng |, ogic Ck

A

Hinh: Mach déi ding dién thé tham chiéu ndc thang cdi tién.
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4. Mach déi lay gan ding ké tiép

Piénthé|
twong tw v, ——
So sanh
v
DAC n bit
Ma L
sb SAR Ck
ra
ﬂ Start

Startﬂ

100

011

010

Hinh: Mach déi ldy gan ding ké tiép.

Mach dbi lay gan dung ké t1ep dung cach tao dién the tham chiéu mét cach co
hiéu qua hon khién viéc chuyén doi ra mi sd n bit chi ton n chu ky xung Cy. Mach
gém: Mach so sanh, mach ghi chuyén dic biét (SAR) va mach DAC (hinh dudi day).

T mach Vao mech DAC - 4 bit
Lso sanh A A A
[ 4 [ 3 [ 2 | 1
& Q] [& q] [& o] [& o —| )—MSB
S R SCIR SCIR SCIR — -
| | | | —
—{ )—LSB
A B - C . D - E F
D Q—pP Q—D Q—D Q—D Q—D Q
CK CK CK CK CK CK

Hinh: Mach SAR.

Mach SAR (hinh trén) 1a mach ghi dich c¢6 két hop diéu khién logic. Luc ¢é xung
bt dau, mach SAR duoc dat vé 0, nga ra DAC duogc lam 1éch 2 LSB dé tao dic tinh
chuyén déi nhu d3 néi trong phan trudce, ké 46 SAR dua bit MSB 1én cao, cac bit khac
bang 0, s6 nay duoc dua vao DAC dé tao dién thé tham chiéu v, dé so sanh véi v,. Tuy
theo két qua so sanh, néu v, > v, thi nga ra mach so sanh & muc thap khién SAR bo di
bit MSB, néu v, < v, thi ngd ra mach so sanh & murc cao, khién SAR giir bit MSB lai.
Tiép tuc nhu vay cho dén khi dén bit cudi ciing ctia SAR, luc d6 v, gan véi v, nhat va
ta duoc két qua chuyén doi trong thoi gian téi da 1a n chu ky xung dong ho.
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5. Mach déi dung tin hiéu déc don

Dién thé chuan tung néc tao béi mach DAC c6 thé duoc thay thé boi mot dién
thé tham chi€u c6 doc lién tuc tao bdi mach tin hi¢u doc 1én (thuong la mach tich
phan).

bién thé B

tvong ty v, —— 3
Sosanh 1 Q > EOC
VDAC = Vr + R é

So sanh 2 Ma Sé ra
gl W
Ck Mach dém n bit

A

Mach tao tin
hiéu doc 1é |-|
iéu doc 1én Start t

Hinh: Mach doi dung tin hiéu déc don.

Xung bat dau dit mach dém n bit vé 0 va khai dong tao mach ddc 1én dé tao v,,
tr mot tri hoi am, khi v, cét truc 0 nga ra mach so sanh 2 lIén cao m& céng AND cho
xung Cx vao mach dém. Khi duong dbc dat trj sb béng tri twong tu can bién doi nga ra
mach so sanh 1 1én cao dua ngd Q cua FF xudng thap, cong AND dong va két thuc su
chuyén d6i. S6 dém duoc ¢ mach ty 18 voi dién thé tuong tu vao. Mach c6 khuyét
diém 1a d6 déc cua v, tiy thudc thong sb RC ctia mach tich phan nén khong chinh xac.

|

Vet

Va, Vip Va —
\Y

Vel

Vc2

Sl

EOC

Hinh: D6 thi ciia mach doi dung tin hiéu déc don.
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6. Mach déi lay tich phan

v, S Irs
a . AMA —
bt VWY —

VrO—/ ® R +
S2 + @}

Mach diéu [~ Startﬂ
khién logic

A

Mach dém n bit —C C
K

EOC —

Hinh: Mach doi ldy tich phan.

Mach nay giai quyét dugc khuyét diém ciia mach bién dbi dung tin hiéu doc don,
nghia la d¢ chinh xac khong tuy thudc vao RC.

Xung bat diu dua mach dém vé 0, mach diéu khién m& khoa S; ctiia mach tich
phan, dong khoa S; dé dua tin hiéu twong tu v, (gia sir &m) vao mach tich phan dong
tho1 mé khoa S,. Nga ra mach tich phan c6 tri am nhé ban dau. Tin hiéu tuong tu vao

duoc 1dy tich phan d6 déc — I‘Q}QC . Khi nga ra tich phan vuot truc 0, ngad ra mach so

sanh 1én cao mo géng AND dua xung Cx vao mach dém. Khéng ké lugng 1éch 4m ban
dau, hi¢u dién thé nga ra mach tich phan la:

va
V,(t) = j— Lt
Gia str v, khong doi trong khoang thdi gian chuyén d6i, ta duoc:
V(f) = v,t
(1) = RC

Néu v, am thi ngd ra mach tich phén la duong déc 1én déu. ‘
Khi mach dém tran (trc dém hét dung luong va ty dong quay vé 0) mach logic
diéu khién m& khoa S, va dong khoa S, dua dién thé tham chiéu v, (duong) dén mach

lay tich phan. Ngi ra mach tich phan by gio 1a dudng doc xudng voi do doc 1a — ;’C .

Khi V| xudng 0, mach so sanh xuéng thip dong cong AND va két thuc qua trinh bién
d6i. S6 dém sau cung cua mach dém ty 1€ voi dién thé tuong tu vao.

Gia str RC khong ddi trong qua trinh bién d6i, tich phan trong thoi gian t, bang
tich phan trong thoi gian t, nén ta cé:
v

a

I =vt,

t, 12 thoi gian dém tir O cho dén khi tran nén:
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— :2 '
fe
_N
fe,
N 13‘1,56 dém sau cung.
Toém lai ta thay s6 dém khong phu thude vao RC.
Hsmn

L

5

v

VI max

Vi

A
v
A
Yy

Ve

EOC Tc —

v

Hinh: D6 thi mach doi tich phan.

7. Mach déi lwéng cwe
Mot cach don gian dé thuc hién chuyén doi m(f)tq tin hi€u tuwong ty ludng cuc lé}
dung mot mach ddo tuong ty va mdt mach so sdnh dé xac dinh v, &m hay duong dé
dao hay khong trude khi dua vao mach ADC don cuc (hinh dudi).

AVAVAVAT S_
R
Va MWL — ADC don cuc

vy
N
Ry s* /;7
@» Didu khién
+ S'&S

Hinh: Mach doi luong cuc.

8. Mach déi song song
Pay 13 mach doi c6 toc dd chuyén ddi rat nhanh, co thé dat vai triéu lan trong 1
gidy, &p dung vao viéc chuyén doi tin hi¢u trong k¥ thuat video. Vi du dé c6 mach 3
doi bit, nguoi ta dung 7 mach so sanh & ngad vao va mot mach ma hda uu tién dé tao
ma sO nhi phan ¢ nga ra (hinh dudi).

. v, , ~ I A A < A ~ A \
- Khivy, < ﬁ , cac nga ra mach so sanh déu 1én cao khién ma so ra la: 000.
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. 2 ~ , £ £ ~ A \
- Khi < v, < ILOF , nga ra mach so sanh 1 xudng thap, ma so6 ra la: 001.

10
2v,

- Khi

3 ~ , A A ~ A \
<v, < % , nga ra mach so sanh 2 xudéng thap, ma so ra la: 010.

Cr nhu thé, ta thdy ma sd ra ty 18 voi dién thé twong tu vao.

v, V,
" 2
7V1/10 h

l _
RE
| 6Vr/10 I
|
R _
5Vr/10 >
|
R § >
4Vr/10 I
R § >
3Vr/10 I
R § >
2Vr/10 >
R _
Vr/10 h

Ri _

Cr

Cs

Cs

Cs

Cs

C.

Ci

3 Ne BOY B

ueT

1]

I ¢S BK

Hinh: Mach déi song song.
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