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Chuong 1 Hé théng s6 va ma sb

CHUONG I

HE THONG SO VA MA SO

Chuong nay trinh bay sy khéc nhau gitfa mach tuong tu va mach sé, cac uu diém
ciia mach sd. Mach sé con goi mach logic, hoat dong & hai trang trai cach biét rat r6 rét,
do do s6 tu nhién thich hop véi hé théng sé nhi phan chi dung hai con s6 0 va 1 thay vi
mudi con s6 0 dén 9 nhu & hé thap phan quen thudc. D€ 1am rd thém vé hé nhi phan,
phép tinh sé hoc co ban va sé c6 ddu, k& ca sb bu 1 va bu 2 cling dudc trinh bay. Tiép
theo 13 hé thap luc phan dung cac con sé 0 dén 9 va mot sé chii cai dé dién ta s6 lugng
hay trang thai ttf 0 dén 15 thap phan. Nia sau cta chucng la cac ma sé ma chinh 13 ma
BCD va ma ASCII thong dung.

1.1 MACH TUONG TU VA MACH SO

Tin hiéu 1a bién thién clia bién do, ma thudng la dién thé hay dong dién, theo
thoi gian. Dudng biéu dién cta tin hiéu 1a dang song.

Mach tuong tu xii ly tin hiéu tuong ty. Tin hiéu tucng ting vdéi tiéng ndi, tin hiéu
tam dién, tin hiéu tudng ting vdi su bién thién cda nhiét do 1a vai vi du vé tin hiéu tuong
tu (hinh 1.1a). Tin hiéu tuong tu c¢o dac tinh:

- Thudng do céc hién tugng tu nhién phét sinh ra va dugc mot cam bién chuyén
thanh tns hiéu dién, vi du tiéng ndi, hinh anh.

- Lién tyc vé bién do nghia 1a cd bét cu ttri s6 nao trong khoang bién thién cla
no, vidu 1V; 1,1V;1,12V; 1,125V...

- Thudng 1a lién tuc vé thoi gian.
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Hinh 1.1 Tin hieu tuong tu va so

Mic khac mach s6 xi ly tin hiéu s6 thudng 1a tin hiéu nhi phan(gom logic 0 va 1
) ¢6 dang song xung ( hinh 1.1b ).véi hai mic bién do: mic cao ( logic 1) vi du bing
5V, va muc thap ( logic 0 ) vi du bing OV. Thdi gian bién thién gitia hai muic, goi thoi
gian chuyén tiép, 1a dot bién ( vo cung ngdn ) nén tin hiéu sé c6 thé xem nhu gian doan
vé bién do. That ra muic cao va muic thip c6 thé ¢6 cs tri sé khac véi hinh 1.1b.

Tin hiéu tuong ty nhu & hinh 1.1a c¢6 thé dugc chuyén déi thanh tin hiéu sé nhu
6 hinh 1.1b bdi mach chuyén déi tuong ty sang s ( Analog to Digital Conventer -
ADC). Di nhién tin hiéu sé ciing dudc phét sinh bdi chinh cac mach sé ( k& ca mdy
tinh) .

Uu diém ctia mach sé.
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Hinh 1.2 Anh huong cua su meo dang va nhieu
Mach s6 c6 nhiéu uu diém so vdi mach tuong tu khién mach sé ngay cang pho
bién. O gan nhu moi 1anh vuc ti do luong, diéu khién dén tinh toan, thong tin ( dién
thoai so thay thé dién thoai tuong tu, truyén hinh sé sé thay thé truyén hinh tuong tu
vv... ). Tuy mach dién tuong tu va cac thiét bi tuong tu cling c6 nhiing dic tinh riéng
khién khong bao gid bi thay thé hoang toan béi mach s6 va véc thiét bi sé.
Sau déy 1a mot s6 uu diém ctia mach sé:
> Kha ning chéng nhiéu va su méo dang cao: Nhiéu la nhiing tin hiéu 16n xon
do chinh mach dién tii tao ra hay tti bén ngoai thAm nhap vao chéng lén tin hiéu dich
thyc biéu thi théng tin ma ta cin xi ly hay truyén di. Ngaoi ra tin hiéu truyén trong
mach dién ti va moi tridng thong tin ( day dién cdp, soi quang, khong gian vv... ) con
bi méo dang. Két qua 1a tin hiéu nhan dudc & mdy thu bi méo dang va bi nhiéu ( hinh
1.2 ). O may thu tin hiéu dudc so sanh véi mot ngudng ( thdi diém so sénh 1a tai gitfa
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thdi gian cta xung bifu thi 1 haoc 0 ) d€ xdc dinh lai hai muc: néu tin hiéu nhd hon
ngudng 1a muc thip, néu cao hon ngudng 1a mic cao. Sau dé dang xung vudng dudc tai
tao giéng nhu & dau truyén. Nhu vy, nhiéu va sy méo dang, ngoai trif khi trdim trong,
khong anh hudng 1én két qua.

> Tu phat hién sai va stia sai: khi nhiéu hay sy méo dang trAm trong thi két qua
nhan dudc bi sai. Diéu hay 1a bing cach ma hod dif liéu nhj phan mot cach thich hop
nguéi ta lam hé thdng mach sé ¢6 kha ning tu biét chd sai va ty stia lai cho dung.

> Luu trii va truy cap dé dang va nhanh chdng: Do tin hiéu sé chi ¢é hai muic
nén viéc luu trf § cdc moi tridng khic nhau ( bd nho ban dan ,bing tu, ... ), va truy cip
rat than tién.

» Tinh todn, ly luan nhanh chdng: Tinh todan y ndi cac phép tinh co ban cong
trii nhan chia va su két hop céc phép todn nay dé giai bai toan phtic tap hon. Ly ludn (
logic ) y néi cac phép so sanh, dich chuyén, phan loai, xép hang vv...Mdy tinh 1a két
hop cdc kha ning tinh todn, ly luan va Iuu trd.

> Do chinh xac va do phan gidi cao: Trong viéc do dac thsi gian, tin s, dién
thé vv... ky thuat s6 cho do chinh xac va do phan gia cao hon k¥ thuat tucng tu.

> Thuan tién cho cong viéc tich hop: Mach sé du 1a mét mdy tinh , mot mang
dién thoai s, vv... chil yéu 1a do mét sé mach co ban nhung dudgc lap di lap lai hang
ngan, hang ttrieu 14n tao nén. Chinh su ldp di l3p lai nay rét than loi cho viéc ché tao
cac mach tich hgp ( Intergrated Circuit 0 IC ). Thuc té da ¢ hang ngan céac IC sé khac
nhau lam céc chic ning tii gian don dén vo cung tinh vi phtic tap.

> D& thiét ké, kdp rap, sta chifa: Do c6 rat nhiéu mach IC cho cac chic ning
khéc nhau, ma cac IC nay gan nhu khong can cac linh kién thy dong hd trg ( khac vdi
cac IC tucng tu bao gid cling can nhiéu 1a tu dién, dién tré vv... chung quanh ) va do
dién thé & cdc noi trong mach s6 chi hodc & miic cao hodc muc thip khién su thiét ké,
13p rap va stia chifa mach s6 d& dang hon mach tuong tu.

Nhuge diém ctia mach sé

Chi nédi uu diém ma khong ndi nhuge diém 1a khong cong bing. Mach s c6 hai
nhugc diém 1én. Trudc tién thé gidi vat ly ta dang séng chu yéu la thé gidi tuong tu:
nhiét do ting lén gidm xudng lién tuc chi khong nhdy vot, chiéc xe ti diing dén lan
banh rdi mdi nhanh dan ché khong dot bién, dang séng biéu thi tiéng néi bién thién lién
tuc ti bién do nay sang bién do khac vv... Do dé dé c¢6 mot lugng vat ly tu nhién lot
dudc vao mach sé hay tii mach sd tac dong tré lai thé gidi ty nhién phai ¢é sy chuyén
d6i. K& dén, trong vai trudng hop mach sé c¢6 thé tdn kém hon. Vi du hé théng truyén
hinh s8, bén canh nhiéu vu diém, trudc mit s& t6n kém hon nhiéu so véi hén théng
truyén hinh tuontg tu nhu hién nay. Tuy nhién trong hau hét trudng hgp mach s6 méi ca
kha ning vé tdc do, do chinh xdc, mdc do phic tap can thiét, vi du may tinh s, bing
deén quang bdo.vv... Su tién trién nhanh chdng cta cong nghé mach tich hgp khién cho
mach sé cang ngay cang ré.




Chuong 1 Hé théng s6 va ma sb

1.2 HE THONG SO NHI PHAN.

C6 nhiéu hé théng so. Thuong dung hang ngay 1a hé thong sé thap phan hay goi
tit he thong 10, dung mudi con s6 ( digit ) 0,1,2,3,..., 9. Khi s6 lugng Ién hon 9 ngudi ta
dung hay hay nhiéu con sé véi quy udc vé gia tri hang khac nhau. Vi du dé dién ta sé
lugng by ngan hai trim nim muoi ba ngudi ta viét 7253 theo quy udc nhu sau;

7253,,=7000+ 200 + 50 + 3

=7x10°+2x10°+5x10"+3 x 10°

Mot vi du khdc 1a dé dién t4 s lugng bén trim biy muoi ldm 1& hai muci tdm ta
viét 475,28 theo quy udc nhu sau:

475,28=400+70+5+0,2+ 0,08

=4x10°+7x10"+5x10°+2x 10" +8x 102

Trong ngdn ngi mach logic va may tinh sé ludgng nhu 5; 202; 7252 1a sé nguyén
con s ¢6 phan 1é ( phan sé ) nhu 5,3; 202,2; 475,28 1a s6 thuic.

1.2.1.Cach goi s6 nhi phan

Mach dién tii rat kho biéu thi, xd ly va luu trif truc tiép céc sé thap phan khéc
nhau, nhung c¢6 thé hoat dong rit bdo ddm & hai trang thai cich biét nhau vi du mot
cong tic dién c6 thé dong ( d€ dong dién di qua lam bong dén sang ) hay hé ( dé khong
c6 dong dién di qua, lam bdng deén tit ), mot transistor ¢ thé ngung din hay din manh,
vv... Do d6 ngudi ta di phét trién hé théng s6 nhi phan, hay goi it hé 2, chi dung hai
con s6 0 val. dé dién ta cac s6 lugng khac nhau ngudi ta dung s ¢6 nhiéu con s6 0 va 1
véi quy udc vé gia tri tuong ty nhu & hé thap phan nhung bay gid s nhan 1a 2" thay vi
10" ( n 1a sé nguyén duong hay am ). Vi du:

I, =1x27+1 x2°+1 x 2 +1 x 2* +1 x2° +1 x 2> +1 x 2" +1 x 2°

=128+6432+16+8+4+2+1=255,

Mot con sé trong sé nhi phan dudc goi 1a mét bit ( viét tit cho Binary ) . Bit dau
( hang diu tan cung bén trai ) ¢d gid tri cao nhat ( 6 vi du trén 1a 1 x 27) va dugc goi
MSB ( Most Significant Bit - bit ¢6 nghia nhat ) bit cudi ( hang tan cting bén phai ) cé
gia tri thdp nhat ( 5 vi du trén 12 1 x 2°) va dugc goi LSB ( Least Significant Bit - bit c6
nghia nhét ) . Vdi s6 thap phan thi phdi néi MSD ( Most Significant Digit ) va LSD (
Least Significant Digit).

Khi mét bit 13 0 du 6 hang nao cling déu c6 trj gid 1a khong (vi 0 x 2" =0). Vi
du:

10010101, =1x2"+0+0+1+2*+0+1x2°

=128+16+4+1
— 149,

S6 nhi phan c6 8 bit nhu & hai vi du trén dudc goi mot byte, sd nhi phan ¢ 4 bit
dugc goi 1a mot nipple. M6t s nhi phan ndi chung dudc goi 1a mét word ( ti ) nhung
thudng dugc dung d€ chi sé c6 16 bit. Con sb 32 bit goi doubleword, 64 bit goi
quaword. Hodc goi 32 bit 1a word, 16 bit la halfword, 32 bit la doubleword.
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Tudng cling can biét cach goi thi tu cdc bit trong sé nhi phan nhiéu bit. Bit LSB
(tan cung bén phai ) ¢ thé dudc goi bit 1 ( bit thii nhét ) nén bit ¢d nghia cao ké 13 bit 2
( bit thd hai ) , vv...Nhung ngudi ta goi bit LSB la bit 0 ( bit thd khéng ) nén bit ¢
nghia cao k& 1 bit 1, vv... Vi du vdi sé nhi phan 8 bit ( mot byte ) thi su goi thi tu cac
bit theo mdt trong hai cach sau:

MSB LSB
So nhi phan: tlol1l1lol1lol1
Thu tu bit : 8 7 6 5 4 3 2 1
Hoac : 7 65 4 3 2 1 1

Trong lanh viyc mach sé va may tinh rét thuén tién néu ta nhé duge su chuyén
déi qua lai gitia s6 thap phan va nhi phan ddi véi cac sé thap phan 0 dén 15 nhu trinh
bay 6 bang 1.1.

Ké dén ta cling can biét mét s6 luy thiia nguyén cta 2'° = 1024 dudgc goi tit la
1K ( doc K hay kilo ), vay trong ngon ngli nhi phan 1K 1a 1024 chd khong phai 1000 (
mot ngan ). Tiép theo:

2 =21 2"=2K

212=22 2"=4K

20=21 21— K K = IM ( Mega)

2% =2 2" =41M=4M

20=21 2*=1K .IM = 1G (Gita)

22=22 2"=4G=4G

Trong dé 1M ( doc Mega hay Meg ) 1a 2*° = 1048576 chd khong phai 1000000 (
mot trieu ) va 1G ( doc Gita ) 1a 2°° = 107374 ché khong phai 1000000000 ( mot ti ).
Ngoai ra 2% =2% .22 = 16G* = 18.446.744073.709.551.616.




Chuong 1 Hé théng s6 va ma sb

Bang 1.1 Thap Phan-Nhi Phan Bang 1.2: tri gia cua 2"
Thap Phan | Nhi Phan n 2" Viet tat
0 0 0 1
; 110 !
3 11 2 4
4 100 3 8
5 101 4 16
6 110 5 32
; 1101010 6 64
9 1001 7 128
10 1010 8 256
11 1011 9 512
12 1100 10 1024 1K
E ﬂ‘l'(l) 11 | 2048 2K
s - 12 | 4096 4K
p 10000 13 | 8192 8K
17 10001 14 16384 16K
32 100000 15 32748 32K
64 1000000 16 | 65536 64K
128 10000000 20 | 1048576 1M
24 | 16777216 16M
30 | 1073741824 1G
32 | 4294967296 4G

1.2.2.Chuyén d6i thap phan sang nhi phan.

That ra it khi ta cAn sy chuyén déi thap phan sang nhi phan ngoai trii cac s nhd
nhu ghi 6 bang 1.1. Con vé nguyén tic thi thuc hién phép chia hai bén lién tiép dé tinh
s6 du. Vi dy, sd thap phan 26

Chiatiepcho2: 0 € 1% 3 * 6 *13 *26

\ A / \ A / v

So du tuong ung : 1 1 0 1 0 LBS

Két qua: 26,,= 11010

Dau tién 26 chia 2 1a 13 du 0; ké dén 13 chia 2 12 6 du 1; 6 chia 2 1a 3 du 0; 3
chia21a 1 du 1; 1 chia 2 12 0 du 1. Tap hop cac s6 du theo thi tu ngudgc lai 13 s nhi
phan mong mudn.

Dai vdi s6 thap phan I6n, cach gon hon 1a tim hiéu s6 lién tiép cau sé thap phan
Vi luy thua ctia 2 c6 gid tri thip hon nhung gan s thap phan nhat. Vi du sé thap phan
627:
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Hiéusé: 627 115 51 19 3 1

Sotru: 512 64 32 16 2 1

) @)@ @) 2)2"
Két qua: 627,,=2° +2°+2° +2*+2' +2°
=1001110011.

DAu tién luy thiia cta 2 gin ( nhung nhé hon ) véi 627 1a 2°= 512, hiéu sé 627 -
512 1a 115. K& dén luy thua cla 2 gin véi 115 nhét 1a 2° = 64, hiéu s6 115 - 64 1a 51,
vv... Bang 1.2 cho biét cdc luy thiia nguyén duong cta 2.

1.2.3.86 nhi phan biéu thi s6 ¢6 nghia I¢.

S6 ¢6 phan 1& ( s6 thuc ) 1a sé ¢d phan nguyén va phan phan sé ma dugc viét
ngin cach nhau béi ddu phdy, goi ddu thap phan & hé thap phan, vi du 725,475. Tuong
ty, & hé nhi phan ngudi ta dung ddu phdy nhi phan dé ngin cach phan nguyén va phin
phan sd, vi du 1101,101. Cach viét s6 1é thap phan da dudc trinh bay & trudc, vi du khac
la:

725,475=7x10°+2x 10" +5x10°+4 x 10" +7x 102 +5x 10°

=7x100+2x10+5x1+4x0,1+7x0,01 +5x0,001
=700+20+5+04+0,07+0,005

Tuong tu, cach viét s6 1é & hé nhi phan ¢6 nghia nhu qua vi du sau:

1101,101=1x2° +1 x2*+0x 2" +1 x2° +1 x 2" +0 x 2% +1 x 2°

=8+4 +1+0,5+0,25+0,125
~ 13,625,

Theo quy udc quéc té ngudi ta dung ddu chdm dé ngin cich phan nguyén va

phén 1é thay vi ddu phay.
1.2.4.Chuyén ddi s6 thap phan 1é sang nhi phan.
Trudc tién xem su chuyén doi phan 1 ( phan phan sd ). D& chuyén déi ta nhan
phan 1& ctia s6 thap phan véi 2, phin nguyén nhan dudc, ma chi ¢é thé 1a 1 hosc 0 1a bit
MSB ctia phan 1é clia s6 nhi phan mong mudn. Tiép theo nhan phan 1é mdi ctia sé thap
phan véi 2 d€ tim bit nhj phan ké va tiép tuc nhu vay cho dén khi phan 1é thap phan hét
(tré thanh 000...). Vi du s phap phan 0,6875:

0,6875 x 2 = 1,3750 bit nhi phan 12 2 ( MSB )

0,3750 x 2 = 10,7500 bit nhi phan la 0

0,7500 x 2 = 1,5000 bit nhi phan la 1

0,5000 x 2 = 1,0000 bit nhi phan la 1 ( SLB)

Két qua: 0,6875,,=10,1011

Vi bit dau tién 1a bit MSB nén céc bit cang vé sau cang cé nghia thip tic cang

6 gia tri nhé nén trong trudng huop vai phép nhan 2 dau khong dan dén phan 1é thap
phan 1a 0 thi ta vin c¢d thé diing hay tiép tuc cho dén khi du s6 1& nhi phan cho sy chinh
xéc cn thiét.

Khi s6 thap phan gém phin nguyén va phan phan sd ta chuyén d6i hai phan
riéng biét rdi két hop lai. Vi du:
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Dabiét: 627, = 1001110011
Va: 0,6875,, =0,1011
Nén: 627,6875,, =1001110011,1011.
1.3. TINH TOAN SO HOC VGI SO NHI PHAN.
Vén dé tinh toan sé hoc véi cac sé nhi phan va cdc mach sé thuc hién cac phép
tnhs s& dugc trinh bay & chuong 10 sau nay. Nhung ngay bay gid nén biét so lugc vé
tinh toan d€ hifu thém vé sé nhi phan.

1.3.1. Cong va tru sé nhi phan.

Ta da biét cong hai s6 thap phan la cong hang don vi trudc, néu téng nhé hon 10
thi viét tong, néu tong ti 10 trd 1én thi viét hang don vi va nhé 1 cho 1an cong hang ké
trén. Viéc cong hai sé nhi phan ciing tao ra sé nhd. Tridc tién xem phép cong hai so nhi
phan 1 bit:

S6 bi cong : 0 0 1 1
+ + + 4+
S6 cong: 0O 1 1 0
Tong: 0 1 1 1 ?
S6 nhd ( Carry )

O trudng hop cudi ciing, 1 + 1 14 2 nhung & hé nhi phan ta viét 0 va nhé 1 cho
hang ké trén. D& y 1a 10 c6 gia tri thap phan 1a 2. khi sé nhi phan ¢ nhiéu bit ta thuc
hién phép cong & bit cé nghia it nhit ( LSB ) trudc va tiép tuc cho dén bit c6 nghia cao
nhét ( MSB). Vi du:

S6 bi cong: 1010 (= 10) 1101 (= 13)
+ +

S6 cong: 1001 (= 9) 1111(=15)

Téng: 10011(=19) 11100(= 28)

Trong phép trii néu sé bi trii nhé hon sé trui, cu thé 1a khi 0 tri di 1, thi phai
muon 1 6 hang cao ké ma 1a 2 & hang dang trii va s muon nay phai trd lai cho hang cao
ké tuong ty nhu hai phép trif hai s6 thap phan. Trudc tién xem trudng hop trui hai s6 bit:

S6 bi tru: 0O 1 1 0

S§ trui: 0 1 0 1

Hiéu: 0 0 1 11
A

S6 muon ( borow)

D&y 1a 0 -1 khong phai 1a 11 ma la 1 véi 1 1a sé muogn. Khi trii hai s6 nhiéu bit
thi s6 mucdn & hang nao phai dudc cong vao vdi so trii clia hang dé trude khi thuc hién
viéc trii. Hay tim hiéu qua cac vi du sau:

S6 bi tru : 1011 1011 1100
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S§ tru: 1001 0101 0111
Hiéu: 0010 0110 0101

Di nhién c6 thé thi két qua giéng nhu & phép trui sé thap phan d6 1a cong hiéu
v6i s trii xem cd bing so bi trii hay khong.
1.3.2.86 nhi phan c6 dau.

Néu chi lién quan dén sé duong k€ ca sé khong thi s6 nhi phan va chuyén nhi
phan sang thap phan 1a nhu da biét trudc. Cac s6 nhi phan nay la s6 khong dau, y ndi la
cac s6 chung chung va tu nhién dugc hiéu la sé duong. Trong tinh toan s6 hoc ngusi ta
dung dau cong (+) dé chi sé duong, diu trii (-) d€ chi sé am. Nhung trong thé gidi mach
logic ( mach s6 ) k€ c4 mdy tinh moi viéc phai dudc bifu thi béi logic 0 va logicl,
khong gi khac. Do d6 phai ¢6 cach dé biéu thi sé nhi phan ¢6 ddu, céch co ban 1a thém
1 bit § ddu ( tan cung bén trai ) d€ chi ddu: bit 0 chi sé duong, bit 1 chi sé 4m. Luc bay
gid ¢ ddu gdm hai thanh phan 14 ddu va bit ddu tién va dé Ién chi tri s6 tuyét ddi cla
gia tri 13 cdc bit con lai. Day 1a cach biéu thi ddu - d6 16n ctia nhi phan. Vi dy:

0 10101 =+21 1 10101 =-21
ddu do 16n ddu do 16n.
Quy udc nay din dén hai biu thi khac nhau cho khéng:
0 00000=+0 1 00000=-0
dau dau

Di nhién d€ tranh nhim 14n gitia bit diu va c4c bit do 16n ngudi ta phai quy dinh
s6 bit do 16n trude dé€ thém cac s o G trude cho du sb bit quy dinh. Vi du quy dinh sé
¢6 du 1a 8 bit trong d6 mot bit ddu va 7 bit do 16n, thi d€ dién ta +21 va - 21 ta phai
viét:

+21=0 0010101
21 =1 0010101

Bit ddu da dudc gach dudi dé chi bit ddu, con trong viét binh thudng khong cé
gach dudi ( bit ddu va céc bit do 16n dudgc viét lién tuc ).

Cach biéu thi ddu - d6 16n cho sé nhj phan ¢é ddu nhu trén khong cho phép thuc
hién cdc phép tinh vi két qua thudng sai. Vi du déi véi sé c6 dau 5 bit:

01000 (+ 8) 01000 (+ 8) 11000 (- 8)
+ + +
01010 (+10) 10010 (-2) 10110 (- 6)
10010 (- 2) 11010 (- 10) 101110 (+ 14)
sai sai bé sai
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O bai toan diu néu bit diu dudc hiéu 1a bit MSB cta do 16n thay vi bit ddu thi
két qua dung.
1.3.3.S6 bul.

V& phuong dién mach dién ti thi mot y dd cta sy biu hti ddu - d6 16n 1a d€ bién
phép trii thanh phép cong, vi du nhu 8 - 2 = 8 + (- 2), nhung rat tiéc 1a y db nay khong
dat dudc vi két qua thudng 1a sai ( & vi du trén 1a sai nhung cling ¢6 trudng hgp dung ).
Do d6 , d€ c6 thé thuc hién cac phép tinh s hoc vdi sé cé dau nhét 1a trong pham vi
mach sé (mdy tinh ) nguoi ta phai tim cac cach biéu thi khac cho sé am.

S6 bu 9 clia mot s6 thap phan dudc dinh nghia qua vi du sau:

e SObUYcla8la9-8=1

e SObu9cia74131a9999 - 7413 = 2586

Tuong tu, s6 bu 1 clia mot s6 nhi phan c¢d n bit 1 hidu sé clia 111...(n bit) va sd
nhi phan dé. Vi du:

S bu 1 cua 10 1a: 11
10
01
SGbulchaldllol la: 111111
101101
010010

Nhan xét 1a khi tri ta chi gdp hai truong hop do 1a 1-1 mala 0 hodc 1-0Omala 1.
Do d6 s6 bu 1 ctia mot s nhi phan nha dudc bing céch doi 0 thanh 1 va 1 thanh 0 (do)
tiic 1dy bu tiing bit. Vi du déi véi sé 4 bit:
S6 bu 1 cia 0010 (2) 1a: 1101
S6 bu 1 ctia 1000 (8) 1a: 0111
Dé thyc hién céc phép toan sé hoc ngudi ta van biéu thi sé ducng 6 dang dau -
d6 16n da néi & trude véi bit ddu 1a 0 nhung biu thi sé am & dang ddu - bu 1 cda do 16n,
di nhién bit ddu 1a 1. Vi du déi vdi s6 c6 ddu 5 bit gdbm bit ddu MSB va 4 bit do 16n:

D& y 1a bit ddu cta sé duong 1a 0 va bu clia né 1a 1 nén ta ¢6 thé néi sé 4m duige
biéu thi béi s6 bu 1 cia sé duong tuong ting. Vi du ddi véi sé 5 bit:
~2=bal(+2)=ba1(00010)=11101
8 =bu1(+8)=bu1(01000)=10111
O hai dong trén ddu = ddu tién c6 nghia 1a " dugc biéu thi béi "
Y dd la thuc hién phép tri hai s6 nhi phan A - B béng cach thuc hién phép cong:
A-B=A+(-B)=A+bul (+B)

-10 -



Chuong 1 Hé théng s6 va ma sb

Bay gid xem phép trii dugc tién hanh ra sao qua vi du:
8-2=8+(-2)=8+bu l(+2):
0 1000 (+38)
0 1101 (bu 1 cda+?2)

0.0 0101 (+5)
bd sai

-11 -



Chuong 11 Cong Logic va dai s6 Boole
CHUONG II

(o z@LJ@fz«' val i $0 B 3 Boole

Mach logic (hay mach sd) xt 1y dif liéu nhi phan. Ngudi ta chi dinh nghia mot sé ham logic
co ban, ma vé phuong dién mach goi 1a cdc cOng co ban. Cac ham logic phiic tap hon dugc thiét
1ap tui cac ham co ban nay. Dai sé Boole dugc dung dé dién t mach logic theo dai sd. N§ 1a cong
cu toan hoc d€ phan tich, thiét ké mach logic. O cudi chuong 13 ban d6 Karnaugh gitp don gian
biéu thuic logic mét cach ¢é hé théng.

2.1 TRANG THAI LOGIC 1 VA 0

Hé Dong
o« o «—
° \ ® \
Den Den
220V [ ] 3 @ 220V ® 2 @
50Hz tat 50Hy sang

Hinh 2.1: Hai trang thai ré rét ciia cong tdc dién
Mot cong tic dién (bat dién) nhu dung phd bién trong nha c6 hai trang thai r6 rét (hinh 2.1):
- Hé : dién khong qua nén dén tit.
- Dodng : dién qua lam den sang.
Ké dén xem diod ban din 13 mot linh kién dién ti c¢6 hai cuc goi la anod va catod (hinh 2.2).
Diod dudc phan cuc thuan khi anod dugc ndi dén cuc duong cia ngudn dién mot chiéu Ve (
c6 hiéu thé 1 volt tré 1én) va catod dén cyc am clia Ve (hinh 2.2a).

Anod +V - catod Anod +V - catod

p q




Chuong II

Cong Logic va dai s6 Boole

(a) Diod dudc phan cyc thuan:
Diod dan dién

(b) Diod dugc phan cuc ngudgc

diod khong dan dién

Hinh 2.2: Diod ban ddn va su phdn cuc
Dién trd R gidi han dong dién trong mach va dudc goi 1a tii ctia mach. Luc by gid c¢6 dong dién

I chay qua diod va mot hiéu thé V xuit hién ngang qua
diod. Hiéu thé V thay doi theo dong I, néu chét ban din la
silicium (ky hiéu Si) thi sy bién thién cta I theo V, goi dic
tinh I-V, 1 nhu hinh 2.3 .0 dién thé ngudng V, xap si 0,6V, diod
xem nhu bit dau dan dién, Iic bay gid dong dién 1a khoang 0,3 dén
0,5mA (miliampe). O ngudng V, xap si 0,7V diod thuc su dén, ltic
bay gid dong dién 1a khoang 3 dén 5 mA, sau d6 dong dién ting

nhanh.

Khi diod khong dugc phan cuc (tic khi Vee = 0)
hay khi diod dudgc phan cuc nghich (hinh 2.2b), trong
mach khong cé dong dién (I= 0) tic diod ngung dan. Nhu
vy ngudi ta c6 thé khong ché diod dé nd hoat dong &
hai trang thai khac nhau ro rét :

- Khong phan cuc (hay phan cyc nghich): diod nguing
dan.

- Phan cuc thuan 6 dong trén vai mA : diod din manh
va hiéu thé ngang qua diod 13 khoang 0,7 volt tr§ 1én (dén
t6i da khoang 0,85V)
cua

Bay gié xem linh kién dién ti quan trong hon :

(mA)

A

V(volt

Hinh 2.3: Ddc tinh I-V tiéu biéu

cua diod Si phdn cuic thudn

Transistor luigng cuc ( Bipolar Junction Transistor - BJT) ma thudng dudc goi tit 1a transistor.
Transistor ¢6 ba cuc goi 13 cuc nén (Base) B, cuc thu (Collector) C, cuc phat (Emitter) E (hinh
2.4). Dién trd Ry dé gidi han dong nén I, dién tré Re noi ¢d dong thu I chay qua 1a tai 6 ng6 ra.

O transistor cd hé thic dong dién co ban:

IC:BIBa

Trong d6 B 1a hé sé6 khuéch dai dong (B con goi hyp ), thudng B 1a vai chuc dén 200. Khi dién thé

& ngd vao (so vdi dat) V; = 0 thi dong nén I = 0 khién dong thu I =

dat) la:

Vo=V Ic Re=Vee - 0=V

0 va dién thé & ngd ra (so vdi

v



Chuong 11 Cong Logic va dai s6 Boole

vee Vcc
Rc
R ~
C ¢ v, V=0
Ry Rg
B s
(o, ’\I/\/\; 0 E © I e VPE‘CAT
B B E
. —+—Dit
= =
Dit
(a) khong phan cuc: Transistor (b) phan cuc thuan mach : Transistor
ngung dan dién thé ra = V. din mach, dién thé ra ~ 0V

Hinh 2.4: Hai trang thdi cila transistor idng ciic
Khi dién thé vaoV, = V. thi dong nén I 16n khién transistor din bao hoa (¥ ndi d4n manh va
dong I khong thé ting hon nifa du I ¢ ting thém), Iic biy gid




Chuong 11 Cong Logic va dai s6 Boole

Thiy néu ddo B thanh B r6i HOAC véi A cho két qua dung (hinh 2.18b va ¢). Di nhién ciing c¢6
thé dao 4 thanh A rdi HOAC véi B. O muc 2.7 ta s& biét cach thiét ké co tinh toan hoc hon.
2.3 HAM (VA CONG) LOGIC KHONG — VA (NAND), KHONG-HOAC (NOR)

VA (AND) theo sau boi KHONG (NOT) 1a KHONG — VA (NAND). Xem truong hop c6 2 bién
sd A va B. Ra ¢ cong VA 13 AB nén ra cong KHONG tiép theo 1a dao ciia AB tirc 13 4B (hinh
2.19):

Y= 4B

Vé ki hiéu thay vi ding cong KHONG nguoi ta chi can them vong tron phti dinh nho sau cong
VA, hinh 2.19 ciing cho thay ki hiéu thudng ma rat pho bién va ki hiéu IEEE/ANSI it duoc dung
hon.

Vao Ra
A B Y _
0 1 1 B— )
1 0 1
1 1 0 _
B L.
Ky hiéu thuong
A
V.
& °
B*

Hinh 2.19: cong KHONG — VA (NAND) va bang su thit
Di nhién céng NAND ciing 4p dung trong truong hop nhiéu ngd vao, vi du khi ¢6 3 ngé vao
A,B,C thira la:
Y=A4BC
Hinh 2.20 cho thiy cach tao cong NOT tir cong NAND. O hinh (a) cac ngd vao cia NAND duoc
ndi chung tirc 14 A=B. Bang sy thit cia NAND cho thay khi A=B=0 thi ra 1a Y=1, Khi A=B=1ra
12 Y=0 nén 1a cong NOT . O hinh (b) vi B dugc ndi 1én cao (B=1) nén bang su that cia NAND
cho thay khi A=0 (va B=1) rala Y=1 va khi A=1 (va B=1)rala Y=0,vay la cong NOT , vé
phuong dién logic thi nhu trinh bay, con phuong dién mach thi hai truong hop (a),(b) c6 khac
nhau chut it. Tuy nhién tam bo qua chi tiét tinh vi va xem ca 2 truong hop déu thuc hién duoc
cong NOT nhu nhau.




Chuong 11 Cong Logic va dai s6 Boole

A J—
—
B
)
B 5v

Y=4

A )

)

Hinh 2.20 cdach tao cong NOT cong NAND

Vidu2.3.1

1ap bang ham logic (bang sy that )cua cong NAND ba ngd vao

Giai

Goi dau vao A,B,C va dau ra 12 Y. Trudc tién tao tic ca cac td hop kha di ciia A,B,C nhu da biét ,
c6 8 6 hop. Ké dén tao logic ABC rdi 1y dao , ¢ bang sy that, budc ABC duoc hiéu nham. Cach
khac 1a nhé quy ludt ctia cong NAND “ra 1a 0 khi tat ca cac ngd vao lal varala 1 & truong hop
con lai” dé viét ngay két qua ra.

Vao Ra
A B C Y
0 0 0 1 —
0 0 1 N A Y=A4BC
0 1 0 1 B
0 1 1 1
1 0 0 1 C
1 0 1 1
1 1 0 1
1 1 1 0

Hinh 2.21: vidu 2.3.1
Vidu2.3.2

chtng t6 khi mot ngd vao cta cong NAND ¢ thap (logic 0) thi tin hiéu & cac ngd vao con lai
khong truyén qua cong NAND duoc.

Giai:

Xem cong NAND hai ngd vao (hinh 2. 19).Khi ng6 vao B dugc giir o thap (B=0) thi du A=0 hay
A=1 Thi ra cling 1a 1 c6 nghia sy thay d01 logic ¢ ngd vao A khong anh huong dén ngo ra hay noi
cach khac tin hiéu vao & A khong truyén qua cong duge (luc bay gio ngudi ta néi cong bi dong ).
Khi cong NAND c6 ba ngd vao (hinh 2.21) ciing vdy. Vi du khi A=0 thi ra Y=1 bt chap trang
thai logic ciia B va C.

Vidu2.3.3

Bang cach 1ap bang su that dé tim lien hé giita A+B va AB

Giai :
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Ta dé dang 13p bang sy that cia A+B va AB so sanh thdy A+B va 4B bang nhau & hai trudng
hop giita va khac nhau ¢ truong hop dau va cudi. Nhu vay khong co hé thire logic nao giita A+B
va AB

Ham (cong) logic KHONG- HOAC (NOR)

HOAC (OR) theo sau boi KHONG (NOT) 1a KHONG- HOAC (NOR). Xem truong hop hai ngd
vao 1a A,B ra & cong HOAC 1a A+B nén ra & cong KHONG tiép theo 1a dao cia A+B tlic A+ B
Y=4+B

Vé ky hiéu nguoi ta thé cong KHONG bang vong tron phit dinh nho sau cong HOAC (xem hinh
2.22). Cong NOR ciing 4p dung cho truong hop nhiéu ngd vio.

VAO RA
A B Y A A+B
0 0 1 Y=4+B
T, T
1 1 0
A Y=A4A+B
B
AV
A
A
>1
D
Ky hiéu thuong ky hiéu IEEE/ANSI

Hinh 2.22: cong KHONG - HOAC (NOR) va bang si thdt

Vidu234

A—
5 —D>

Hinh 2.23:vidu 2.2.4

Neéu dao ngd vao A va B roi méi dua dén cong

NAND thi mach twong duong cong gi ?
D—A—L

N

=

Hinh 2.2.3: vidu 2.2.3

Giai

Lap bang su that gdm cot A va B r6i lay dao
nganh A, B. Thuc hién ham NAND déi véi
A, Btalay logic ra Y giéng nhu ra céng OR

voivao la A, B . Vay cong twong duong 1a OR.

2.4 HAM (VA CONG) LOGIC EX-OR VA EX-NOR

Ham HOAC ¢ truée duoc goi HOAC BAO GOM (Inclusive OR), n6 khong ding nhu nghia
“hodc” hang ngdy va n6 khong giai quyét dugc bai toan cong nhi phan. Ly do 1a khi ca A va B 1a
1 thi Y= 1 thay vi la 0. Mic di HOAC nhu vay van c6 nghia thuc té va van duoc dung nhung
nguoi ta phai dinh nghia mét HOAC LOAI TRU (Exclusive OR goi tit 1a EX-OR hay EXOR hay
XOR) ¥ néi loai trir trudng hop cudi nghia 13 luc by gio khi ca A va B 1a 1 thi Y=0 (xem hinh
2.2.4) ky hi€u la:
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Y=A®B

Bién (ngd Ham (ngd A \
Vao) ra) )
A B Y _,/
v B /j
0 0 1
0 1 1
1 0 0 v
1 1 A =
=1
R

Hinh 2.26: EX-NOR(hay XNOR)
C6 thé biéu thi dinh nghia ctia XOR nhu cho & bang su that theo nhiéu cach ma dan dén nhiéu
mach khac nhau, nhung di nhién 13 twong duwong nhau. Trudc tién c6 hiéu 1a “Y=1 khi A=1 va
A=0 hodc A=0 va B=1” ma dién ta thanh biéu thirc 1 nhu thay & hinh 2.25. Hinh nay ciing cho
thay mach logic, dé ¥ 1a cong NOT duoc thé bang mot vong pha dinh nho.
Mot cach hiéu khac 14 “Y=1 khi HOAC A= 1, HOAC B=1 VA KHONG phai A VA B déu bang
1” ma dién ta thanh biéu thuc 1a:

KHONG

Y=(A+B) o (A4B)

HOAC VA VA

Ttr biéu thire ndy c6 thé vé mach thuc hién dé dang.
EX-OR theo sau bd1 NOT la EX-OR
Hoat dong logic cua EX-NOR dao lai so vo1 EX-OR:

Ky hi€u thuong

A B Y
1 A
0 0 0
0 1 0 B
1 0 1
1 1 —_—
Y=4®B
D
A o
A T/ ATZNTOT
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Vidu2.4.1
Bang cach lap bang sy that nghiém lai Y=(A+B). (4B) chinh 13 ham EX-OR.
Giai:
Trudce tién 1ap cac t6 hop ctia A, B, K¢é dén 1a logic A+B, AB, AB, va sau cung (A+B).( 4B).
Béng su thét cho thay logic sau cung chinh la EX-OR doi véi A,B vay da chimg minh dugc.

A B A+B AB AB (A+B).( AB)
0 0 0 0 1 0
0 1 1 0 1 1
1 0 1 0 1 1
1 1 1 1 0 0

Vidu24.2

Thyc hién mach logic mo6 ta boi hé thire logic

Y=4ABC(A®B)

Giai

Céch thyuc hién 13 ddo A dé co 4 rdi VA vé6i B,C. Mit khac cho A va B qua EX-NOR dé ¢6
A®B . Sau cing VA ABC véi A®B.

ABC

A [>o B Y = ABC(A® B)
° |/ —

) —

A®B

Hinh 2.27: vidu 2.4.2
Mach tich hop logic
O truée, céng logic dugc trinh bay gén nhu chi 1a cac ki hiéu toan hoc hon 13 mét thuc thé vat ly.
Thuc ra cac céng 1a cac linh kién dién tir, véi mot cu trac mach cu thé c6 cac dic tinh k¥ thuat
nhat dinh. Céc cong logic va cac mach logic néi chung dugc ché tao & dang mach tich hop (IC) rat
tién loi cho viéc sir dung.




Chuong 3

Co So Pai So Logic

3.1> Khai niém co ban, cong thiic va dinh ly:

Pai s6 logic do George Booole, nha todn hoc nuéc Anh, sang tao vao gitta thé ki
Xi - so véi dai s6 thuong dai s6 logic don gian hon nhiéu. Tuy dai s6 logic cling diung chit
biéu thi bién s6 nhung bién s6 logic chi 14y gid tri rdt don gian, 1 va 0, khong c6 gid tri thi
ba nao nita. Hon nita, 0 va 1 & dai s6 logic khong chi biéu thi s6 lugng to nho cu thé ma
cht yéu 1a dé biéu thi hai trang thai logic khdc nhau. (vi du dung 1 va 0 dé€ biéu thi: ding
va sai; that va gia; cao va thap; c¢6 va khong; mé va dong.v..v...). Trong dai s6 logic c6 mot
quy tac giong véi dai s6 thudng nhung lai ¢6 mot s6 quy tic khdc hoan toan khac véi dai
s0 thudng, chiing ta can luu y phan biét trong qua trinh hoc tap.

3.1.1> Phép toan logic va ham logic co ban:

1/ Phép todn logic co bdn

Nhu ta da biét, quan hé logic co ban nhat chi

Z, Z:
c6 3 loai: Va, hoac, phu dinh. Vay nén trong dai s6 2 TZ: l
logic ciing chi ¢6 tuong ung 3 phép toan logic co ban
nhat 1a: nhan logic - va, cong logic - hoac, dao logic - # l $
pht dinh. Cac mach dién thuc hién 3 phép toan co Aj Ab)B :) Abs

ban nhat, twong ting 12 céc cong va (and); hoac (or);
dao (not).

Hinh 3-1-1.Ki hiéu logic ctia cic cong co ban

Ngoai 3 phép toan logic co ban nhit trén day ching ta con thudng xuyén gap cac
phép toan logic sau: Va - phu dinh, hoac - phu dinh, va - hoac - pha dinh, cong véi phép
loai trir... Mach dién twong ting thuc hién céc phép toan trén, theo thi tu cac cong: NAND,
NOR, NORAND, XOR biéu thi trén hinh 3-1-2

= L= L=
C
8 B 5
a) b) ¢ d

Hinh 3-1-2.Ki hiéu logic cac cong logic thuong dung



Tuong ting:

Hinh 3-1-2a: céng NAND Z,=A.B (3-1-4)
Hinh 3-1-2b: cong NOR Zs= A+B (3-1-5)

Hinh 3-1-2¢: céng NORAND Zo=AB +C.D (3-1-6)
Hinh 3-1-2d: cong XOR Z,=A®B (3-1-7)

2/ Bién logic va ham logic:

Cac cong thic (3-1-1) + (3-1-7) 1a cdc biéu thic logic, trong d6 A,B,C,D la cic
bién logic dau vao, Z 1a bién logic dau ra, ddu gach trén bién logic biéu thi ham logic dao
cua bién d6. Cong thiic (3-1-1) bi€u thi quan hé Va giita A vé6i B, Z, 1a ham Va cua cdc
bieén A va B. Cong thic (3-1-2) biéu thi quan hé hodc giita A véi B, Z2 1a ham hodc cla
céc bién A va B. Cong thitc (3-1-3) biéu thi Z3 1a ham déo cta bién A. Cong thic (3-1-7)
biéu thi quan hé¢ CONG V&SI PHEP LOal TRir gitta A v6i B, Z7 ham XOR ctia cdc bién A
va B.

N6i chung, sau khi da xac dinh gia tri cac bién dau vao A, B, C... thi gia tri bién
dau ra Z ciing dugc xac dinh theo mot cach don tri. Vay ta goi Z 1a ham s6 logic ctia A, B,
C..., va ta c6 thé viét:

Z=F(A,B,C, .)

Trong dai s6 logic, bién s6 va ham s6 déu chi 14u hai gia tri; thuong diung 0 va 1
biéu thi. Piéu d6 c6 cd s& trong quan hé nhan qua cta céac su kién. Mdi bién so biéu thi
mot diéu kién dé su kién c6 thé phat sinh. Diéu kién d6 chi c6 thé c6 hay khong. Ham s6
biéu thi ban than su kién d6 phét sinh hay khong. S6 0 va 1 biéu thi ky hiéu ctia hai kha

nang doi 1ap nhau dé va trong da s6 truong hop, chiing khong cé y nghia s6 lugng nita.

3.1.2> Cong thitc va dinh ly:

1/ Quan hé giita cdac hang so:

Cong thuc 1: 0.0=0 (3-1-8)

Cong thuc 1" 1+1=1 (3-1-9)

Cong thic 2: 0.1=0 (3-1-10)
Cong thuc 2" 1+0=1 (3-1-11)
Cong thuc 3: 1.1 =1 (3-1-12)
Cong thuc 3" 0+0=0 (3-1-13)
Cong thuc 4: 0 =1 (3-1-14)
Cong thuc 4" 1 =0 (3-1-15)



Nhitng quan hé trén day giita hai hing s6 l1am tién dé cua dai s6 logic. Nghia 1a,

ching 12 céc quy tac phép todn co ban do6i véi tu duy logic.

2/ Quan hé gitta bién s va hang so:

Cong thuc 5:
Cong thuc 5"
Cong thic 6:
Cong thuc 6'":

Cong thuc 7:

Cong thic 7"

A.1=A
A+0=A
A.0=0
A+1=1

A.A=0

A+A=1

3/ Cdc dinh li tuong tu dai so thuong:

1-30)

Luat giao hoan:

Cong thuc 8:
Cong thuc 8"

Luat két hop:
Cong thiic 9:

Cong thuc 9'":

Luat phan phoi:

Cong thuc 10:
Cong thuc 10':

A.B=B.A
A+B=B+A

(A.B).C=A.B.O
A+B)+C=A+B+0)

A.B+C)=AB+A.C

A.BC=(A+B).(A+0C)

4/ Cac dinh 1y dac thu chi ¢6 trong dai s6 logic

Luat dong nhat:

Cong thic 11:
Cong thic 11"

Dinh 1v De Morgan:
Cong thuc 12:

Cong thuc 12"

Luat hoan nguyén

Cong thic 13 A=A

A.A=A
A+A=A

(3-1-16)

(3-1-17)

(3-1-18)

(3-1-19)

(3-1-20)

(3-1-21)

(3-1-22)
(3-1-23)

(3-1-24)
(3-1-25)

(3-1-26)
(3-1-27)

(3-1-28)
(3-1-29)

(3-

(3-1-31)

(3-1-32)



Phuong phdp chitng minh céc cong thiic trén 12 1ap bang tat ca céc gia tri ¢ thé clia
céc bién va tinh tuong tng vé6i vé& phai, vé trdi rieng 1&. Néu dang thiic giita hai vé ton tai
Vv6i tat ca cac gia tri c6 thé thi cong thitc 1a ding. Cong thic 5 va cong thic 13 rat dé
chimg minh. Duéi day sé ching minh lam mau cic cong thitc 10’ va cong thic 12

Vi du 3-1-1. Chitng minh cong thic 10°

A+Bx C=(A+B) x(A+ O)

Giai: 1ap bang tat ca cdc gid tri ¢6 thé ctia bién va tinh nhu sau:

Bdang 3-1-1:

A B C BxC| A+BxC| A+B A+C (A+D)
(A+C)

0 0 0 0 0 0 0

0 0 1 0 0 1 0

0 1 0 0 0 0 0

0 1 1 1 1 1 1

1 0 0 0 1 1 1

1 0 1 0 1 1 1

1 1 0 0 1 1 1

1 1 1 1 1 1 1

Tat ca cac gid tri cha 3 bién A,B,C tao thanh 8 t6 hop. Bang chan Ii cia ham A + B
x C triing v6i ban chan 1f cia ham (A+B)(A+C). Vay cong thiic A + B x C = (A+B) (A+C)
da dugc ching minh.

5) 3 quy tdc vé ddng thirc

a) Quy tdc thay thé

Trong bat ki dang thic logic ndo, néu thay thé mot bién nao d6 bing mot ham so
thi dang thitc van thiét lap.

Quy tic ndy c6 ng dung rat 16n trong bién déi cong thitc dé tao ra cong thitc méi
tr mot cong thitc da biét, ma rong pham vi ting dung cua cong thic da biét.

Vidu:

b) Quy tac tim ddo ciia mot ham sé

Z 1a d4o clia ham s6 Z s& c6 dugc tir Z bang cdch d6i ddu “.” thanh diu “+7 ; “+”
thanh d&u “.”’; “0” thanh “17, “1” thanh “0”, bién s6 thanh dao cua bién s6 d6, dao bién s6

thanh nguyén bién s6.



Vi du:

Khi tim ddo ciia mot ham s6, nhitng gach ngang nao (biéu thi phép todn dao) & trén
nhi€u bién thi van giit nguyén. Ciing cin chu y thi tu vu tién xur 1i cdc ki hiéu: ddu méc,
d&u nhan, dau cong. Vidu , theo thit tu phép tinh phai 1am phép nhan AxB va CxD trudc,
sau mdi t6i phép cong giita chiing. Vay thi tu xr I ki hiéu dé tim déo s& dan t6i két qua

¢) Quy tdc doi ngdu

Ham Z va ham Z’ goi la d6i ngau, khi cac ddu “+” va “.”, v6i cac gia tri “1” va “0”
déi chd cho nhau mot cich tuong ting

Vi d6i ngau 1a twong hd, nén néu mot dang thirc da ton tai doi véi biéu thitc vé trai
va biéu thitc vé& phai, thi doi ngdu clia v€& trai va doi ngiu clia v& phai ciing 12 mot dang
thuc.

Can luu y thit tv vu tién xt If khi tim biéu thitc d6i ngiu

dp dung quy tic d6i ngiu c6 thé 1am cho s6 cong thitc can chitng minh gidm di mot
nita. Sau khi da chiing minh hai biéu thic béng nhau, can ¢t quy tic d6i ngu, cac doi
ngiu clia dang thitc da chiing minh ciing phai bing nhau. Vay nén, khi gi6i thiéu nhitng
cong thuc sau day, chiing ta sé€ khong dua ra cac cong thic dang d6i ngau cta ching.

6) Mot s6 cong thiic thuong dung

7) Nhiing cong thitc XOR (phép cong véi su loai trix)

Dinh nghia phép XOR:

Ham logic XOR =1 khi cac bién A,B 14y céc gia tri khac nhau,

Va XOR = 0 khi cédc bién A, B 14y céc gi4 tri bang nhau.

Tén ham XOR, vi vay, mang ¥ nghia di hoac, hoac tuyét doi

bao cua XOR la:

Ham AxB =1 khi cdc bién A,B 14y cdc gid tri bang nhau

AxB = 0 khi cac bién A,B 14y céac gia tri khac nhau

AxB c6 tén ham tuong duong

1. Luat giaohodn: A®B=B® A

2. Luat két hop: (A®B)®@C=A®B®C)

3. Luat phan phoi: A(B ® C) = AxB ® AxC

4. Cac phép todn cua bién va hang so:

5. Luat d6i ché nhan qua

NeuA®B=C

Thi A®C=BvaB®C=A
Ching minh:

Vi A®B =C



Nen A®B®B =C®B
ADO =B®C
A =B®C

8. Dinh Ii trién khai

3.2 Cac phuong phap biéu thi ham logic
Khi nghién ctiu va xit I nhitng van dé logic, ta c6 thé dung nhitng phuong phap
khac nhau dé biéu thi ham logic tuy theo dic diém clia ham logic xét. Thuong ding 4
phuong phdp. D6 1a bang chan li, biéu thiic logic, bang Karnaugh va so dé logic. Ching ta
khong nhitng can nam viing ting phuong phdp, ma con phai thanh thao chuyén déi tir
phuong phap nay sang phuong phap khéac.
3.2.1 Bang chan li
Bang chan 1i bang miéu ta quan hé giita cic gia tri clia ham s6 twong ing v&i moi
gid tri c6 thé clia bién s
1) Phuong phap liét ké thanh bang chan li
Mbi bién ddu vao c6 thé 14y 2 gid tri 1 va 0, néu c6 n bién diu vao thi c6 2" t6 hop
céc gid tri khdc nhau ctia ching. D€ nhan duoc bang chan Ii, ta phai liét ké tat ca céc t6
hop gid tri clia bién ddu vao va gid tri xdc dinh clia ham diu ra twong tng véi timg t6 hop
do.
Vi du 3-2-1: Hay ké bang chan 1i cua ham s6 sau:
Z=AB+ BC+ CA
Giai: ¢6 3 bién dau vao, tic 1a c6 8 t6 hop cdc gid tri clia ching. Thay gid tri
clia mdi t6 hop vao ham s6 va tinh ra gia tri twong tng, roi liét ké thanh bang 3-2-1 (N6i
chung, dé khoi bo sét, dé khoi trung lap, thudng sip x€p thi tu cic gid tri bién vao theo

tuan tu s6 dém nhi phan).

Bdng 3-2-1:
A B C V4
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1




Vi du 3-2-2: mot béng dén dudng cin dong, ngéit doc lap & 4 noi khdc nhau. Hay
viét ban chan 1i cua ham logic dé.

Giai: goi A,B,C 1a chuyén mach déng ngit & 4 noi, déng dién thi c4c bién lay gid
tri 1, ngat dién thi cac bién 14y gid tri 0. Goi Z la trang thai dén dugc diéu khién, den sing
7Z=1, den tat Z=0. Sau khi suy xét ki, ta ké dugc bang chan Ii 3-2-2

Bdng 3-2-2
A B C D 7 Thuyét minh
0 0 0 0 0| 4 chuyén mach déu ngit, deén tit
0 0 0 1 1| C6 1 chuyén mach déng, dén sang
0 0 1 0 1
0 1 0 0 1
1 0 0 0 1
0 0 1 1 0| C6 2 chuyén mach déng thoi déng,
0 1 0 1 0| dén tat
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
0 1 1 1 1| C6 3 chuyén mach déng thoi diing,
1 0 1 1 1| den sang
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0| Ca 4 chuyén mach déng thoi déng,
den tat

Neéu phai giai quyét mot van dé logic thuc t€, dau tién ta hay lam r6 dau 1a dau vao,
ddu 1a dau ra, dung bién dai s6 bi€u thi ; tiép theo cdn xdc dinh quan hé tuong ting cua
trang thai ddu ra - dau vao. Cudi ciing liét ké bang chan 1i mot cach chinh xéc.

2) Pdc diém bdng chadn I

Bang chan 1i biéu thi ham logic dudi dang s6, né c6 cc dic diém chi yéu sau day:



a- Ro rang, truc quan. Sau khi x4c dinh gid tri bién dau vao thi ¢ thé tra bang chan
1i dé biét gia tri tuong ting ctia ham d4u ra. Vay nén trong cdc s6 tay vi mach s6 déu cé
bang chan 1i dé gidi thiéu chiic nang logic ctia vi mach

b- D€ giai quyét mot nhiém vu thuc t€ & dang véan dé logic, thi bang chan 1 1a tién
nhat. Vay nén trong qua trinh thiét k& logic ctia mach s@, viéc dau tién la phan tich yéu
cau, ké ra bang chan Ii.

Nhugc diém chil yéu clia bang chan 1i 1a s& r6i ram néu bién s6 kha nhiéu, khong
thé diing cac cong thiic va dinh I clia dai so logic dé tinh toan.

Dé don gian, doi khi chi ké t6 hop cdc gid tri diu vao nao twong ing ham s6 14y gid
tri bang 1. Nhing t6 hop thuc t€ sit dung khong can, hoic 1am cho ham séldy gid tri 0 déu
khong can ké ra.

3.2.2. Biéu thitc ham so

Biéu thitc ham s6 dang dai s6 logic dung cdc phép todn va, hoic, ddo biéu thi quan
hé logic giita cdc bién trong ham.

1) Dang chudhn tdc tuyén (tong cdc tich)

Chi can chi y dén t6 hgp gid tri cac bién ndo tuong ting ham c6 gid tri 1 trong bang
chan 1i. Trong t6 hgp da chon, gi4 tri 1 viét nguyén bién, gia tri 0 viét ddo bién, va két qua
viét dugc mot s6 hang dang tich c4c bién tuong tng vé6i t6 hop xét — néu dem cong tit ca
céc s6 hang nhu vay, thi ta duoc dang chuén tic tuyén (Tong cac tich - ORAND) clia ham

logic

Vi du 3-2-3: Hay viét biéu thiic tlr bang chan 1i 3.2.3

Bdng 3-2-3:
A B C Z
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1




Giai: ham Z = 1 tuong ting 4 t6 hgp gia tri cdc bién

ABC =011,101,110,111. C4c s6 hang dang tich c4c bién ABC, ABC, ABC, ABC.
Dang chuén tic tuyén clia ham so:

Z=ABC+ ABC+ ABC + ABC (3-2-1)

Két qua nay c6 chinh x4c khong ? Ching ta c6 thé nghiém lai

Biéu thitc ham s6 chuén tac tuyén c6 tén goi nhan manh hinh thitc chuin cia cic s6
hang dang tich trong biéu thitc. Chiing ta goi s6 hang chuin nay la s6 hang nho nhat.

2) S6 hang nho nhdt

a) Pinh nghia

S6 hang nho nhat 1a mot khai niém quan trong trong dai s6 logic. Nhu & vi du 3-2-
3, Z la ham cta cdc bién AB,C. 3 bién c¢6 8 t6 hop cac gid tri kha di: 000,
001,010,011,100,101,110,111.  Tuwong ung ti_cé__S _s6_ _hang dang tich 1Ia

ABC, ABC, ABC, ABC,
ABC, ABC, ABC, ABC, ABC, ABC ABC, ABC, ABC,ABC,ABC,ABC .bic diém chung
A+B+C
ctia 8 s0 hang nay la:
- Déu c6 3 thira s6:
MGi bién s6 xuat hién chi 1 1an dudi dang thira s6 hoac 1a nguyén bién hoac
la dao bién
Vay chung ta goi 8 s6 hang dang tich c¢6 diac diém trén la s6 hang nho nhat
cua cdc bién A, B, C.

N6i chung, d6i vé6i truong hop n bién, s6 hang dang tich P ¢6 n thira s6; trong P moéi
bién déu xuat hién mot 1an, va chi 1 1an ma thoi, hodc dudi dang nguyén bién, hoac dudi
dang dao bién; P duoc goi l1a s6 hang nho nhat cta n bién, n bién ¢6 tat ca 2" s6 hang nho
nhat. Vi méi bién déu c6 2 trang thdi (nguyén bién va dao bi€n), ma tat ca cé n bién

b) Tinh chdt s6 hang nho nhdt

Bdng 3-2-4: bang chan i toan bo s6 hang nhd nhit cua 3 bién s6



A B C | ABC | ABC | ABC| ABC | ABC| ABC | ABC| ABC
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1

Tu bang 3-2-4, ta nhan thdy cac tinh chit sau cua s6 hang nho nhat:

M@éi s6 hang nhod nhét twong tng véi mot t6 hop gia tri clia bién dé né bang 1, va
chi c6 mot t6 hop ma thoi.

Tich cua hai s6 hang nho nhat bat ki luon bang 0

Téng cua tit ca cdc s6 hang nho nhét luong bang 1

c) 86" hang t6i thiéu la phdn tit co ban cdu triic ham logic

Mot ham logic bat ki déu c6 thé biéu thi duéi hinh thiic 13 téng clia cdc s6 hang nhd
nhat — dang chuén tic tuyén. Hon nita, hinh thic d6 1a duy nhat, tic 13, mot ham logic chi
c6 mot biéu thitc duy nhat biéu thi né duéi dang tdng cac s6 hang t6i thiéu. Khong nhitng
c6 thé viét ra dang chudn tic tuyén ctia ham logic truc ti€p tir bang chan Ii, ma con c6 thé
ding cdc cong thitc va dinh 1i ctia dai so logic, cling c6 thé dung cdch khai trién va bién

déi dé c6 dang chuén tac tuyén

Vi du 3-2-4: hdy viét dang chuén tic tuyén ctia ham s6 Z = AB + BC + CA

Giai: Z=AB+ BC+ CA

Vi du 3-2-5: hdy viét dang biéu thitc s6 hang t6i thiéu clia ham

Giai:

d) Ki hiéu ciia s6 hang nho nhdt

Dé tién viét, thudong gan cho mdi s6 hang nhé nhat mot ki hiéu. Phuong phdp nhu
sau: t6 hop cdc gia tri bién so twong ing véi s6 hang nho nhat dugc xét, chuyén hinh thitc
sO nhi phan sang so thap phan, con s6 nay 1a ki hiéu cta s6 hang nho nhat xét — Vi du,
trong céc s6 hang nho nhat ciia cdc bién A, B, C thi ABC tuong tng t6 hop gid tri 000, tic
12 0,, ki hiéu cia ABC vi vay lam, ; ABC tuong tng t8 hop gid tri 010, tic 1a 2,, ki hiéu
ABC 1am,
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Tuong tuy ABC =m,; ABC =m,; ABC =m,; ABC =m,; ABC=m,; ABC=m,

Hon nita, thuong dung ki hiéu biéu thi cdc s6 hang nho nhat cta dang chuén tic
tuyén; Vi du, trong vi du 3-2-4:

Z= ABC + ABC + ABC + ABC thudng viét thanh

Z=m, + ms + mg + m, = 2.(3,5,6,7)

Tuong tu, trong vi du 3-2-5:

Z=ABC + ABC=m, +m, =Y. (0,7)

3) Dang chudn tdc tuyén ciia ddo ham

Néu ldy téng cic s6 hang nhd nhat tuong ing véi céc t6 hop gid tri cac bién ma
ham 14y gid tri O trong bang chan li, thi ta ¢c6 dang chuin tic tuyén ctia ddo ham. Vi du,
bang chan 1{ 3-2-3 tac6:Z = ABC + ABC + ABC + ABC

Z 12 déo ham cta Z. Néu ta lai 14y déo l4n nita chia Z, va trién khai theo dinh 1i

trién khai, thi ta s& dugc dang chuén tic tuyén ctia Z ma ta da c¢6 & vi du 3-2-3:

4) Dang chudn tdc héi (tich cdc tong)

Dang chuén tic hoi c6 thé nhan dugc bing phuong phap sau:

Tt bang chan 1i tim dang chuén tic tuyén clia ddo ham, sau d6 dung dinh 1i De
Morgan d€ tim dao ctia ddo ham

Vi du, tir phan trén ta da tim dugc Z = ABC + ABC + ABC + ABC

Céc thira s6 clia ham s6 dang chuén tic hoi ¢6 tinh chat sau:

Déu bao goém tat ca cic bién cia ham

Moi bién déu xuat hién mot 14n va chi mot lan trong dang téng clia thira s6, hoic la
nguyén bién, hoac la dao bién.

C4c thira s6 c6 tinh chit néu trén dugc goi la thira s6 16n nhat. Tich céac thira s6 16n
nhat 12 dang chudn tic hoi cia ham s6.

(3-2-2) 1a biéu thiic chia ham Z dang chuan tic hoi.

N6i chung, d6i vé6i trudng hop ham n bién, thira s6 16n nhat 1a mot téng cta n s6
hang, moi s6 hang 1a mot bié€n, xuat hién mot 1an dudi dang nguyén bién hodc dao bién va
chi xuat hién mot 14n ma thoi, n bién ¢ tuong tng 2" thira s6 16n nhat. Bang 3-2-5 1a bang

chan Ii ctia toan bo cac thura s6 16n nhét tuong tng ham 3 bién A, B, C

Bdng 3-2-5:
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A B C | A+B+C | A+B+C|A+B+C |A+B+C|A+B+C |A+B+C|A+B+C| A+B+C
0 0 0 0 1 1 1 1 1 1 1
0 0 1 1 0 1 1 1 1 1 1
0 1 0 1 1 0 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1
1 0 0 1 1 1 1 0 1 1 1
1 0 1 1 1 1 1 1 0 1 1
1 1 0 1 1 1 1 1 1 0 1
1 1 1 1 1 1 1 1 1 1 0

Nhan xét bang 3-2-5, ta thay thira s6 16n nhit c6 cac tinh chit sau;

Moéi thira s6 16n nhat tuong tng véi mot t6 hop gid tri clia bién dé né bang 0, va chi
c6 mot t6 hop ma thoi.

Tong clia hai thira s6 16n nhat bat ki luon luon bang 1

Tich clia tat ca cac thira s6 16n nhat luon bang 0

Cach ki hiéu c4c thira s6 16n nhat nhu sau: t6 hop cdc gid tri bién s6 tuong tng véi
thira s6 16n nhat dugc xét chuyén hinh thiic s6 nhi phan sang s6 thap phan, con s6 nay la ki

hiéu cua thira s6 16n nhat xét — Vi du, trong céc thira s6 16n nhit ctia cac bién A, B, C thi:

A+B+C tuong tng t6 hop 000, chuyén thanh 0,,, ki hiéu M,
A+B+C twong tng t6 hop 001, chuyén thanh 1,,, ki hiéu M,
A+B+C  tuongingtdhop 010, chuyénthanh2,  kihiéu M,
A+B+C  tuongungtdhop 011, chuyén thanh 3, ki hiéu M,
A+B+C twong ting td hop 100, chuyén thanh 4, ki hiéu M,
A+B+C  tuongingtdhop 101, chuyén thanh 5, ki hiéu M
A+B+C  twongtngtéhop 110, chuyénthanh6, ki hiéu M,
A+B+C  tuongingtdhop 111, chuyénthanh7, ki hiéu M,

Céch viét ky hiéu rat thuan tién. Chi y ring m, va M, 1a dao cua nhau:

m, = M,
Vidu: my= ABC M,=A+B+C

m, = MO: A+B+C = ABC

ABC M= A+B+C

e
Il
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ms= V] ,= A+B+C = ABC

Thira s6 16n nhat cling 12 phan tir co ban cau tric ham logic. Biéu thic ham so (3-2-
2) c6 thé viét duéi dang:

Z=M, M\M,M,=101(,1,2,4)

bic diém cac biéu thic ham s6

Mot ham logic dugc biéu thi bing biéu thiic cdc phép toan Va, hoic, ddo ... lién két
céc bién s6 clia n6 véi nhau. uu diém cta phuong phap biéu thitc ham s6 1a:

- Diing cdc ky hiéu logic biéu thi quan hé logic giita c4c bién 1am cho cach viét gon
va tién, tinh khai quat va triru tugng rat cao.

- Rat tién sir dung cdc cong thic va dinh i clia dai s6 logic dé bién d6i, 1am todn.

- Tién cho viéc dung so do logic dé thuc hién ham s6. Chi can dung c4c ky hiéu
logic clia mach dién céng twong tng thay thé phép toan xét trong biéu thiic ham s6, ta
duoc mot so do logic. Van dé nay con duoc gidi thiéu cu thé sau.

Nhuoc diém chli yéu ctia phuong phép biéu thitc ham s6 1a kho xdc dinh gid tri hAam
ung vGi gid tri bién mot cach truc ti€p doi véi cac ham s6 phic tap (khong truc quan
nhubang chan 7).

3.2.3. Bang Karnaugh:

Bang Karnaugh la phuong phaphinh vé biéu thi ham logic, trong d6 céc gia tri ham
ddu ra twong tng t6 hop céc bién ddu vao déu duoc bi€u thi ddy di. Trén co s& bang
Karnaugh cta céc bién, dién cdc s6 hang nho nhat cia ham s6 vao cac 6 tuong tng thi ta
c6 bang Karnaugh cua ham.

1/ Bang Karnaugh cua bién logic:

a/ Hinh 3-2-1 trinh bay bang Karnaugh 3 bién va 4 bién.

b/ Qui tic vé bang Karnaugh cua bién

nhu sau: BC BC
A 00 01 11 10 A 00 01 11 10
- Bang Karnaugh c6 dang hinh chit nhat. O me [ | oo | mo | of |

N bién c6 2" 6, moéi 6 tuong tng vGi mot s6 hang
nho nhét. Vi du hinh 3-2-1, n=3 tuong tng bang
2? =86, n =4 tuong ing bang 2* =16 6.

- Gid tri cdc bién duoc sap xép thi tu
CD

theo ma vong. (Néu khong sap xép thiu tu theo  ABN\ 00 o1 11 10 A s # @i

ma vong thi khong con 1a bang Karnaugh nita). Zc: ‘:1' il L3 LS
Vi du: Su sdp xé€p cua AB va CD déu la 1 i ; 153 ; ;

00, 01, 11, 10(hinh 3-2-1). i 0 [ 9 |1 |,

13




Hinh 3-2-1
Bang Karnaugh dugc xem nhu so do
phan nhu sau. Gia sit cho ma s6 nhi phan la khoi ctia cic s6 hang nho nhat

Mai vong c¢6 thé suy ra tr ma s6 nhi

B;, B,, B,, B, , ma vong tuong tng la G;, G,,
G,, G, thicé thé tinh G, = B,,, ® B, . Cu thé, G, =B, ® B,,; G, =B, ®B;; G, =B; ® B, ;
G;=B,® B,=0@® B, =B, (B,=0). Hinh 3-2-2 1a bang Karnaugh 5 bién va 6 bién.

Bang 3-2-6 1a ma vong tuong ¢ng véi ma nhi phan (3 bit)

CDE DEF
A 000 001 011 010 110 Il 101 100 AA 000 001 GI1 010 110 111 101 100
00 ! 000 | i
o1 001 i
011
11 010
110
IO‘L 111
101
100 |
Hink 3-2-2 (a) Hinh 3-2-2 (b)
Hinh 3-2-2 (a) Hinh 3-2-2 (b)
Hinh 3-2-6
0 0 010 0 0
0 0 1 1|0 0 1
0 1 010 1 1
0 1 1 |0 1 0
1 0 0 |1 1 0
1 0 1 |1 1 1
1 1 0|1 0 1
1 1 1 |1 0 0
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¢/Piac diém bang Karnaugh cta bién:

-uu diém 16n nhét cha bang 12 1am ndi bat tinh ké nhau cla céc s6 hang nho nhat.
Céc 0 ké nhau bat ky trén bang déu c6 cac s6 hang nho nhat déu c6 tinh ké nhau vé logic.
Su sap x&p gid tri cac bién theo ma vong bao dam dic diém quan trong nay.

Tinh ké nhau bao gébm 3 tinh huong sau: cic 6 ké nhau, cdc 6 dau cudi cia hang va
cot, cdc 6 doi xtiing déu phai c6 mot gid tri d6i nhau ctia bién va chi mot ma thoi. Dac diém
ndy clia bang cho phép dé dang nhé va phan biét, kiém tra, tinh todn bing bang, nhat 1a khi
c6 dén 5, 6 bién (xem hinh 3-2-2). Nhu trén da ndi, néu trong 2 s6 hang nho nhét c6 va chi
c6 1 bién 1ay gia tri khac nhau, con tit ca cdc bién khdac déu 1ay gia tri nhu nhau, thi hai s6
hang nhé nhat d6 c6 tinh ké nhau vé logic. Vi du, trong hinh 3-2-1, m, c6 tinh ké nhau vé
logic v6i m;, m, va m,.

Khi cong cac s6 hang nho nhat ¢6 tinh ké nhau, thi bién ddi nhau trong d6 sé bi
khit. Vi du m, +m, = ABC + ABC = AB(C + C) = AB; AB Ia thira s6 chung cia m, vd
m,; m, +m, = ABC + ABC = A C khirmét B va B; m,+m, = ABC + ABC = BC khir
mat A va A.

-Nhuoc diém chi yéu cuia bang Karnaugh: néu s bién tiang thi do phuc tap clia
bang tang nhanh. Vi du néu s6 bién tr 7 trg di thi hinh v€ qda phiic tap, hon nita rat khé
xét doan tinh ké nhau vé logic ctia cdc s6 hang nho nhat. Vi vay, bang Karnaugh chi thich
hop dé€ biéu thi ham logic ¢ s6 bién tir 6 trd lai.

2/ Bang Karnaugh ctia ham logic

a/ Cach vé: c6 3 trudong hop

Truong hop 1: da cho bang chan Ii cia ham.

Trén bang Karnaugh ctia bién, dién gi4 tri 1 vao 6 ma ham ldy gid tri tuong Gng td
hop gid tri céc bién cta 6 xét, dién gia tri 0 vao 6 ma ham ldy gid tri O twong ing t6 hop
gia tri cac bién cua 0 xét.

Vi dy 3-2-5:

Cho bang chan i 3-2-7 (hinh du6i)

Hay v& bang Karnaugh ctia ham Z

Giai:

- DAu tién vé bang Karnaugh cho 4 bién A, B, C, D.

- Tiép theo dién céc gid tri cia ham Z vao céc 0 tuong tng phi hop véi bang chan
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A B C D Z
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1

1 0 0 0 0

1 0 0 1 0

1 0 1 0 0

1 0 1 1 1

1 1 0 0 0

1 1 0 1 1

1 1 1 0 1

1 1 1 1 1

Bang 3-2-7
- Két qua : Hinh 3-2-3
}B\CD 01 11 10

% oo | o0 A CDO., of 11 10 NN 01 1110

01 o |11l o 0 o | 1| 3|2 00 04 L]

" , ) : o1l 4 | 5| 7|6 o1 Lo |1

10/ g | 9o |11]10 L Wl

Hinh 3-2-3 Hinh 3-2-4 a/Céc 6 c6 ghi ki hiéu s6 hang nho nhat

b/ Céc 6 ghi gia tri 1 va 0 cia ham
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Truong hop 2; Pa cho biéu thitc ctia ham dudi dang chuin tic tuyén trén bang
Karnaugh cta bién, dién gid tri 1 vao cdc 0 tuong Gng véi ting s6 hang nho nhat ¢6 trong
biéu thiic, cdc 6 khac déu dién vao gid tri 0.

Vidu 3-2-6

Hay vé bang Karnaugh ctia ham logic

Z =12 (0,3,5,6,9,10,12,15)

Giai:

-Vé bang Karnaugh ctia ham logic

-Dién gia tri

-Két qua: hinh 3-2-4

Trudng hgp 3: cho biéu thitc khong chudn téc ctia ham.

-Bién d6i ham da cho thanh dang téng cic tich

-Trén bang Karnaugh cua bién, dién gid tri 1 vao tit ca cdc 6 tuong ting s6 hang
nhé nhat bao ham trong s6 hang dang tich néi trén, sau d6 dién gid tri 0 vao cdc 0 con lai.

Vi du: 2-2-7:hay v€ bang Karnaugh cia ham Z = (A® B)(C + D)

Giai:

-Bién ham thanh dang téng céc tich:

Z=(A®B)(C®D) = A®B+C+D = AB + AB+ CD

-Xdc dinh méi s6 hang bao gém nhitng s6 hang nhd nhat NP
00 01 11 10

N
nao: 0011:};1
L

oM 1 fo | 0|

AB =my+m, + my+ m;,

\ i
Wy b1

AB=my, +m;; +m;,+m @y tglsls
>

65 =m, +m, + mg +m,, Hinh 3-2-5

-Két qua v€ dugc nhu hinh 3-2-5

(d6i chiéu hinh 3-2-4a)

b/ Tir bang Karnaugh ké ra bang chan 1i va viét biéu thiic:

Bang chan Ii ham dang chuén tdc tuyén va bang Karnaugh déu la duy nhat biéu thi
cho mot ham, chiing tit ¢c6 quan hé chuyén déi nhau. Thuc t€ & cac phan trén da chuyén
déi roi.

U'u diém néi bat nhét ca bang Karnaugh 1a tinh ké nhau vé logic cta céc s6 hang
nho nhit chia ham bi€u thi o rét thanh su lién két hinh hoc cua céc 6 trong bang, do dé dé
dang t6i thiéu hoa ham da cho. Van dé nay sé giang chi tiét & phan sau.

3.2.4. So d6 logic
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Trong mach s6, sau khi diing cdc ki hiéu logic biéu thi mot cau tric logic trén mot
ban v&, ta duoc so d6 logic. So do logic cling 1a mot phuong phap biéu thi ham logic, hon
nita lai c6 vu diém ndi bat 1a rat tiép can thuc t€. Cac ki hiéu '
logic thong thudng déu c6 cau kién dién tir cu thé tuong tng, &
vay nén thuong goi so do logic 1a so d6 mach logic.

1) Cach vé so do logic ctia ham logic Q

Nhu trén da néi, ta dung ki hiéu logic clia mach dién |

tl thay th€ phép tinh logic c6 trong biéu thiic ham logic thi \
dugc so do logic cua ham. al'B _ ¢

Vi du 3-2-8: cho ham Z = AB + BC + CA Hinh 3-2-6

Hay vé so d6 logic cua Z.

Giai: Quan hé nhan logic cua cac bién A va B, B va C, C va A duoc thuc hién bang
céc céng AND. Quan hé, cong logic clia cdc s6 hang AB, BC va CA dugc thuc hién bang
cong OR. Két qué: hinh 3-2-6

Vidu3-2-9:chohaimZ=A®B®C®D

Hay vé so d6 logic cua Z.

Giai: quan hé cong véi phép loai trir gitta cac bién A, B, C, D duogc thuc hién qua
céng XOR — két qua xem hinh 3.2.7

Z

B @@
IR

]

AB C
b) B

Hinh 3-2-7
a) C4u tric hinh thap (tré truyén dat nho);
b) C4u tric noi mit xich (tré truyén dat 16n).
2) Cach xdc dinh biéu thiic tlr so d6 logic

Trén so do logic, tr ddu vao dén dau ra, viét
biéu thiic ham ddu ra cla timg cap, cudi cing duoc |Z
biéu thitc ham logic toan so do.

Vi du 3-2-10: cho so d6 hinh 3-2-8.

Hay viét bi€u thic ham logic clia so d6
Giai: Z, = AB
Z,= ABC ( i
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Z=7,Z,= ABABC

3/ Pic diém cua so do logic

Céc ki hiéu logic trong so d6 logic c¢6 quan hé phit hop véi cdu kién dién tir trong
thuc t€, vay so do logic tuong doi ti€p can thuc t€ cong trinh. Trong cong tac, khi tim hiéu
chitc nang logic ctia mot hé thong s6 nao d6 hay thiét bi duoc diéu khién s6 nao do,
thudng ta can dung so do logic, vi ring so do logic c6 thé Hinh 3.2-8.
biéu thi rd rang chic niang logic timg ting clia cdc mach
dién thuc t€ phic tap. Trong viéc ché tao cac thiét bi s6, viéc dau tién 1a thiét k& logic dé
vé& ra so do logic, 61 chuyén tir so do logic thanh mach dién thuc t€.

3.3 Phuong phdp t6i thiéu hoa ham logic

Truc ti€p thiét k€ so d6 mach logic ham s ¢6 duoc tir bang chan 1i thuong 1a rat
phiic tap. Néu sau khi di dugc thuc hién t6i thi€éu hoa ham logic, néi chung viéc thuc hién
thuan tién hon, khong nhiing chi dung s6 céu kién it hon, ma nang cao dugc do tin cay.
Dudi day sé& néi dén khdi niém t6i thi€u hod, tiép theo s& gidi thiéu 2 phuong phap thudng
dung dé t6i thiéu hoa.

3.3.1 Khdi niém vé t6i thiéu hod

1) Céc loai biéu thitc logic va su thuc hién bing mach dién

Ta da biét, mot ham logic c6 thé ¢6 rat nhiéu bi€u thic khac nhau. Chiing ta c6 thé
phan loai tho céc ham logic thanh 5 loai cén cit vao dac diém va quan hé gitta c4c s6 hang

dang tich trong ham: OR-AND, ANDOR, NAND-NAND, NOR-NOR, NOR-AND. Vi du:

Z=AB+ AC dang biéu thiic OR-AND
Z=(A+C)(A +B) AND-OR

7= ABAB NAND-NAND
Z=A+CA+B NOR-NOR
Z= AB+AC NOR-AND

Khi dung cdc cong logic thuc hién cdc ham logic nay, tién nhat 1a: hia loai dau
ding céng AND va céng OR, loai thit ba dung NAND, loai thit tv dung NOR, loai thit
nam . dung NORNAND
A Hinh 3-3-1 dudi day

AB+RC

Ak B - ohiéu mach dién cac ham

i i trén:

{c)

[s=l ey

AB+AC
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Hinh 3-3-1

Trén thuc t&€, khi ching ta viét mot ham logic dui mot dang nao do6, thi dang c6
dugc khong phai 1a duy nhat. Vi du, biéu thic OR-AND trong cdc vi du trén c6 thé viét
thanh:

Z=AB+ AC (3-31a)

=AB+ AC+BC (3-3-1b)
= ABC+ABC + ABC+ ABC (3-3-1c0

Dung cdc cong AND Va OR thuc hién (3.3.1a) ta ¢6 mach don gian nhét. Noi
chung, néu biéu thic cang don gian thi mach dién ciing cang don gian. Nhung d6i véi cdc
biéu thic dang khdc nhau thi tiéu chuin vé su don gian c6 khdc nhau. Ta s& 1am rd diéu
nay qua vi du vé biéu thiic OR-AND

2) Biéu thiic OR-AND t6i thiéu

a) Thé ndo 1a t6i thiéu

- DAu tién s6 cac s6 hang dang tich phai la it nhat

- Néu diéu kién trén da dam bdo thi s6 bién ciia moi s6 ahngj cling phai 1a it nhat.

Vidu:Z=AC +BC + AB+ AC (3-3-2a)

=AC +BC + AC (3-3-2b)

AB duoc khir bo theo quy tic ciia cong thiic 17. RS rang (3-3-2B) don gian hon (3-
3-2a) vi nd it hon mot s6 hang.

b) ¥ nghia viéc t6i thiéu ho4 biéu thitc OR-AND

Chiing ta tap trung nghién cttu phuong phap t6i thiéu hoa biéu thitc OR-AND, vi
chi can c6 biéu thitc OR-AND t6i thi€u, ta s& dé dang c6 dugc cic biéu thic dang khic
ciing t6i thiéu. C6 hai Iy do: mot 13, mot biéu thiic logic bat ki déu dé dang trién khai thanh
biéu thic dang OR-AND; Hai 12, tir biéu thiic dang OR-AND t6i thiéu, ciing dé dang c6
duoc céc biéu thifc t6i thiéu dang NAND-NAND, NORAND.V.V[]

3.3.2 Phuong phép t6i thi€u hod bang cong thiic
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Dua vao céc cong thic va dinh 1i trong dai so logic dé thuc hién t6i thiéu hod. Vi
trong thuc t€, biéu thic logic rat da dang, lai khong ¢6 mot cach nao hoan chinh nhu mot
quy trinh, nén viéc dat dén mot biéu thic logic t6i thiéu mot cach nhanh nhat s& hoan toan
phuc thuoc kinh nghiém, hiéu biét va thanh thao ctia chung ta.

Cac vi du vé t6i thiéu hoa:

Vi du 3-3-1: Hay t8i thiéu hoshAm Z=ABC+ABC

Giai: Z=ABC+AB C=AB (C+ C)=AB (cong thiic 14)

Vi dy 3-3-2: Hay t3i thiéu héa ham Z = A(BC + B C )+ A(BC +BC)

Gidi: Z=A[(BC+ BC)+(BC+BC)]=A

Vi du: 3-3-3: Hay t6i thiéu hod hAm Z = AB + A B CD(E + F)

Gii: Z=AB + ABCD(E + F) = AB (cong thic 15)

Vi du: 3-3-4: Hay t6i thiéu hoi ham Z= AB+ AC+ BC

Gi4i: Z=AB+ AC+ BC=AB+ (A + B)C

= AB+ ABC = AB + C (cong thic 16)
Vi du 3-3-5: Hay t6i thiéu hod hAm Z = AB + AC+ ADE + CD

Gi4i: Z=AB + AC+ CD+ADE = AB + AC +C D (Hé qua cong thic 17)

Viéc khur di s6 hang hay bién trong s6 hang la do ching dugc bao ham trong céc s6
hang khdc. Diéu nay khéc han dai s6 thuong!

Vi du 3-3-6: Hay t6i thiéu hod ham Z = AB + BC + BC + AB

GiaiZ=AB +BC + BC+ AB

Z=(AB +BC +AC +AC)+(BC+AB)
Z=(AB + BC+AC)+(BC + AB+AC)
Z=(BA+BC+AC)+(BC + AB+AC)
Z=(BC+AC)+(AB+AC)

Z=BC+ AB+AC

Cich giai trén day tng vé6i cong thitc 17, thém vao va bét di rat linh hoat. Chang
han néu thém vao hay b6t di AC, thi ham da cho & vi du 3-3-6 ¢6 dang t6i thiéu héa méi:

Z=AB +BC +BC+ AB=AB +BC + AC

Theo cong thic 117, ta c¢6 thé chi viét 1 s6 hang AC nhung ngdm hiéu c6 thé gop
n6 vao nhi€éu nhém. Trong vi du nay, thém vao chi mot, nho gop vao hai nhém nén bét di
hai, két qua 1a khir b6t 1 s6 ahngj. Trong trudng hop téng quat, ta thudng tng dung nhiéu
cong thiic va dinh 1i dé c6 thé t6i thi€éu hod mot ham phiic tap.

Vi du 3-3-7: Hay t6i thiéu héa ham

Z=AD+ AD +AB+ AC+BD +ACEF +B EF + DEFG

Giai:
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- Ding cong thic 14: AD+ AD = A
Z=A+AB+AC+BC+ ACEF + BEF + DEFG
- Diing cong thic 15: Khit bd AB, ACEF

Z=A + AC+BD +BEF + DEFG

- Diing cong thiic 16: Khirbd A trong s6 hang AC
Z=A +C+BD + BEF + DEFG

- Dung cong thitc 17: khit bo DEFG, vay:

Z = A+C+BD + BEF

3.3.3 Phuong phép t6i thiéu héa bang hinh vé

Phuong phap nay dung bang Karnaugh.

1) Quy luat gop (ddn) cac s6 hang nho nhit trén bang Karnaugh

Trén bang Karnaugh clia bién, tat ca cdc s6 hang nho nhat ké nhau déu c6 thé gop
vGi nhau, khi gop lai thi c¢6 thé khir bo bién lién quan. Cu thé, cit 2 s6 hang nhd nhat gop
lai thi khir boé dugc mot bién, ctt 4 s6 hang nhd nhat gop lai (thanh mot s6 hang) thi khir bo
duoc 2 bién, ctt 8 s6 hang nho nhat gop lai thi khir duge 3 bién. N6i téng quat, 2" s6 hang
nhé nhat gop lai (thanh moét s6 hang) thi khir duge n bién. Vi rang 2" s6 hang nho nhéat
cong véi nhau (gop lai), trir cac thira s6 chung ro6i thi con lai 2 " s6 hang dang tich, vira
ding bang toan bo s6 hang nho nhat clia n bién cin khir bo. Ta da biét tinh chat cla s6
hang nho nhat, tdng ctia ching béng 1.

Céac hinh 3-3-2, hinh 3-3-3, hinh 3-3-4 v& tuong ting cic truong hop cé 2.,4,8 so
hang nho nhat dugc gop.

BC CcD CD
ANO00 01 11 10 ABN\ 00 01 11 10 AB\. 00 01 11 10

0 (3]2) 00 _ 00
1 Lle) 01 § 01 ﬂ fs—

(a) ABC+ABC+ABC+ABC=B 11 [13]15 11/ 12 u
\BC o |y 10
A 00 01 11 10 b — i = ~
0 ﬁT] (d) ABCD+ABCD+ABCD+ABCD=AD (H ABCD+ABCD+ABTD+ABCD=BL
1) l_“iJ YD cD

(b) ABG+ABC-ABG.aBC-p  AB\L 0L 11 10 AB\ 00 01 11 10

BC 00 e 00r &

A 00 01 11 10 011 (4| 5 7 6)
0f0) (2]

11 11
14 Le | - :

— 1 1 10 z
(r ABC+ABC+ABGHABTSE e 10r8) 4
fe) ABCD+ABCD+ABCD+ABCD=AB (g ABCD.ABCD+ABCD-ABCD=BD

01

Hiph 3-3-2



BC CD CD
AN 00 01 11 10 AB\ 00 01 11 10 ABN\ 00 01 11 10

0 (5]2) 00 00

1 L]« a0 (5]
(a) ABC+ABC+ABC+ABC=B 11 E 15 1 I.EJ u

v o | pu 10
AN 00 01 11 10 i Y- - -

(d) ABCD+ABCD+ABCD+ABCD=AD (n ABCD+ABCD+ABTD+ABCD=BD

0| (o) "

1

L

5 )

YD
AB

T p——c 00 01 11 10
(b) ABC+ABC+ABC+ABC=B

\CD
AB

00 01 11 1&
00 0 2
BC ; 00\)
AN 00 01 11 10 01| (4|5 |7 ]6) 01
0 .
ﬂ r_"— 11 11
14) a
e L[ 10 2
fe) ABC+ABC+ADC+ ABC=C e & 10/8) ;
el ABCD+ABCD+ABCD+ABCD=AR

(g) ABCD+ABCD+ABCD+ABCD=BD

Hinh 3-3-3,
CD cD
ABN00 01 11 10 CABN00 01 11 10
00 00 U 1 |3 zJ
01| (4] 5 |7 |6) 01
1 L1213 15 1] o4
10 ],Ol{s 9 |n m]
(a) B (b) "ﬁ
CD C
ABN 00 01 11 10 ABN 00 01 11 10
00[ 0 ) 2| 00| o [
01 4 6 01] (4 |5
11| 12 11 11] {12]13
10 ¢ L1 10/ # 12
e D ) &
Hinh 3-3-4
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2) Dung bang Karnugh t6i thi€éu hoa ham logic D
00 01 11 10

N6i chung, quy trinh c6 3 budc AB

. . oof |
- V€& bang so6 hang nho nhat
- GOp cac s6 hang nho nhat = P 2
- Chon s6 hang viét biéu thitc OR-AND t6i thiéu 11 Eﬁ !
Vi du 3-3-8 : Diing hinh v& t6i thiéu hod ham 10 [@EED)
Z=%(1,34,5,10,11,12,13)
Giai : - vé bang Karnaugh cua ham Z : V€& bang
Hinh 3-3-5

Karnaugh cua 4 bién A,B,C,D . Trén hinh danh dau tat
ca cac s0
Hang nho nhat cua ham . Xem hinh 3-3-5
- Gop cac s6 hang nho nhat .
Theo phuong phap da gidi thiéu trude day , khoanh vong cac s6 hang nho
Nhat c6 thé gop . T hinh 3-3-5 , ta ¢6 :
¥(4,5,12,13) =BC

¥(1,3) = ABD
¥(10,11) =ABC
¥(1,5) =ACD
¥3,11) =BCD

- Chon s6 hang viét biéu thiic OR-AND t6i thiéu .
Nguyén tic chon s6 hang :
- Phai bao gom céc s6 hang nho nhat ctia ham
- S6 céac s6 hang dugc chon phai 1a it nhat
- S6 thira s6 cia moéi s6 hang ciing phai 1a it nhat .
Trong vi du nay , ¢6 thé chon BC, ABD, ABC
Vay két qua t6i thi€u hod , ta ¢6:

Z=BC + ABD+ABC

3) Mdy van dé can luu y

- Vong gop phai cang to cang tot . Tuong ting s6 cac s6 hang nho nhat dugc gop lai
cang nhiéu ; do d6, sau khi gop , s6 hang cang it thira s@ .

- Mbi vong gop bao gém it nhat mot s6 hang nhd nhat khong c¢é trong vong khac .
Vong bao gobm céc s6 hang déu da c6 trng vong khéc , thi vong d6 1a thira . Mit khac, moi

s6 hang nho nhat c6 thé dugc sir dung nhiéu lan ( ¢6 mat trong nhiéu vong khdc nhau)
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-Phai khoanh vong sao cho toan bo s6 hang nho nhat cia ham s6 déu c6 cic vong ,
khong sét . Cac thira s6 twong ung cua s6 hang vong gop lam thanh s6 hang cua ham da t6i
thiéu hoa .

- Trong mot so trudng hop , c6 thé c6 nhiéu cach khoang vong, nghia Ia ¢ thé c6
nhiéu vong t6i thiéu . Nhitng ham t6i thiéu nay can dugc so sénh , kiém tra dé chon ra dau
12 ham t6i thiéu thuc su ( t6i thiéu cia tdi thiéu !)

- Khi gop cdc s6 hang nho nhat , nghia 1a khi khoanh vong , ¢6 2 diéu sau day dé
quén : mot 12 , phai nhé ring 4 6 & 4 géc bang Karnangh ciing c6 thé gop véi nhau (xem
hinh 3-3-3g); hai 13, v& vong 16n trudc vong bé sau, kiém tra

xem : mdi vong c¢6 it nhat moi s6 hang nho nhit khong ¢6

NED
trong vong khac. Khong luu y dén nhitng van dé nay , biéu Aﬁog L ,; f%)‘l[ 1l [ lo—i
thitc ham s6 dat duoc khong chéc 12 t6i thiéu . ———— 4
o .2 Ol | ; 1) |L \/_1-_.
Vi du 3-3-9 : Dung hinh vé& t6i thi€éu hod ham iz i =
: I '
7 =%(1,4,5,68,12,12,15) - QlaiEn {
Giai : 10 L |
- V& bang Karnaugh ctia ham Z Hinh 3-3-6.
xem hinh 3-3-6
- Gop cac s6 hang nho nhat.
Tuy vong m, + ms +m,, + m,; , nén vong nay thua. é\mﬂn & i
-Biéu thitc OR-AND t6i thiéu: NEEE !
Z=ACD+ ABD +AC D +ABD I
L
Vi du: 3-3-10: Dung hinh vé t6i thiéu héa ham N :
L .

Giai:

-Bién d6i ham Z thanh dang biéu thiic OR — AND

Z= A®C.B(ACD + ACD)

= A®C + B(ACD+ ACD)
=AC+AC+ABCD+ ABCD
- V& bang Karnaugh nhu hinh 3-3-7
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- Gop cac s6 hang nho nhat.

Luu y cdc 6 4 goc bang c6 thé gop 1a m,, + m, +mg, m,, (n€u gop thanh 2 vong nho
m, , m, va mg, m,, thi vin chua duoc t6i thiéu).

-Viét ham t6i thiéu: Z= AC +AC+B D

4/ Dung bang Karnaugh tim ham OR-AND t6i thiéu ctia ham dao

Néu trén bang Karnaugh cia ham s0, ta gop tét ca cac s6 hang nho nhit ting véi gia

tri O clia ham xét, thi ta dugc biéu thitc OR-AND t6i thiéu cla BC

ham déo Z . AN 00 01 11 10
. RN O[foYlo )1 |(v]
Vidu: 3-3-11: cho Z = AB + BC + CA. Dung hinh v€& tim
ra biéu thitc OR-AND t6i thiéu ctia Z . yejjr |
Giai:
- V& bang Karnaugh clia ham Z Hinh 3-3-8
Hinh 3-3-8

- Gop cac s0 hang nho nhit ing v6i Z =0
my+m, = AB,my+m,= AC
my+m,=BC
- Viét biéu thiic ham OR-AND t6i thiéu ctia Z:
Z=AB+BC+AC
3.3.4. Chuyén déi biéu thitc OR-AND t6i thiéu thanh biéu thitc toi thiéu cac
dang NAND-NAND, NORAND, NOR-NOR
Sau khi nghién ctu xong phuong phdp t6i thiéu héa biéu thiic dang OR-AND,
chiing ta nghi ngay dén véan dé: Lam thé nao tir biéu thiic OR-AND t6i thiéu dé c¢6 dugc
biéu thiic t6i thiéu c4c dang khéc.
1/ Tinh hoan hao cta phép tinh NAND va NOR
Moi phép todn trong dai s logic déu c6 thé qui vé 3 phép toan co ban AND, OR,
Déo. St dung céc phép toan NAND va NOR ciing rat dé dang thuc hién 3 phép toan co
ban trén . Vi du:

Z=A=Al=A+0
Vay phép tinh NAND va NOR la hoan hao, van nang. Cho nén, trong cdc mach

dién vi mach s6, cdc céng NAND va NOR tré thanh céc phan tlr co ban, dién hinh.

2/ Biéu thitc NAND — NAND
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Vi trong cong tdc thuc t€ ta dung nhiéu cong NAND, nén viéc chuyén déi bi€u thitc
OR-AND da t6i thiéu héa thanh biéu thitc NAND-NAND la cong viéc vo cung quan
trong.

Biéu thiic NAND-NAND t6i thi€u phai la:

-Ky hiéu dao it nhat(khong ké dén dao bién, d4o bién coi nhu c6 sin)

-S6 céng NAND can c6 ciing it nhat.

-S6 bién vao it nhat (s6 dau vao clia cdng NAND {t nhat)

D6i véi mach dién 2 cidp cong NAND, dung phuong phdp Ddo 2 lan thi c6 thé
chuyén déi biéu thiicc OR-AND t6i thi€u thanh biéu thiic NAND-NAND t6i thiéu.

Vi du 3-3-12: Hay chuyén déi ham Z = AB+BC+CA thanh biéu thiic

NAND-NAND t6i thiéu.

Giai: 4p dung dinh 1y De Morgan dén cap s6 hang (khong dén cip bién s06):

Z = AB+BC+CA = ABBCCA

Lay dao 1an nita

Z=7 =ABBCCA

Mach dién dung céng NAND thuc hién, xem hinh 3-3-9

3/ Biéu thitc NORAND t6i thiéu:

Chung ta can biéu thitc NORAND t6i thi€éu khi muén ding céng NORAND dé
thuc hién ham logic. N6i chung, cho phép xuat
hién ky hiéu Dao két hop véi NORAND.

C6 hai phuong phdp chuyén déi tir biéu
thdc OR-AND 6i thiéu thanh biéu thic
NORAND 2 cép t6i thiéu.

a/ Ly Dao 2 1an d6i v6i ham Z

Vi du:

Z= AB+CD

Hinh 3-3-9
Z= AB+CD
Mach dién thuc hién Z xem hinh 3-3-10
b/ Tim biéu thic OR-AND tdi thiéu cua Z, sau
dé 1ay dao lan nita
Vidu:Z=AB+ AB
Tim biéu thitc OR-AND t6i thiéu cia Z = AB + AB

ool

Qi

Hinh 3-3-10

27



Ly dao lan nifa, ta c6
Z=17 = AB+AB
Mach dién thuc hién Z xem hinh 3-3-11a (so d6 3-3-11b la két qua phuong phap

lay dao 2 1an noi trén, 16 rang phic tap hon)

4/ Biéu thitc NOR-NOR t6i thiéu

Biéu thitc NOR-NOR t6i thiéu dugc dung khi chiing ta muén thitc hién ham logic
bang céng NOR.

Biéu thiic NOR-NOR t6i thiéu 1a: 7 g

- S6 cong dao it nhat.
- S6 dau vao it nhat
Cach thuc hién ham NOR-NOR t6i
thiéu (2 cap): z
- Tim biéu thitc OR-AND tdi thiéu
cha Z r
- 4p dung dinh Ii De Morgan dé c6
biéu thic t6i thiéu dang AND-OR ﬁ
- Ldy dao 2 lan nita dé c6 biéu thiic
AR Y AB

’ , AB AB
NOR-NOR t6i thiéu b

}

Vi du 3-3-1: Hay viét ham Z = AB +BC +CA dwois Hinh 3-3-11
dang biéu thiic NOR-NOR 16i thiéu.

Giai:
-Tim Z dang OR —AND: NC
00 01 Il 10

Vé bang Karnaugh cua ham Z va gop cac so hang ol o ol 1106

nho nhat tuong tung Z =0 (hinh 3-3-12) il o | 3 !
_ - - - i
Taduoc: Z=AB+BC+CA |
- 4p dung dinh 1i De Morgan dé c6 dang AND-OR:
Hinh 3-3-12

Z=7 = AB+BC+CA = ABBCCA
(A+B) (B+C) (C+A)
Lay dao 2 lan dé c6 dang NOR-NOR:

7=27 = (A+B)(B+C)(C+A) = (A+B)+(B+C)+(C+A)
- Mach dién logic xem hinh 3-3-13
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3.4 Su t6i thiéu héa ham logic rang buoc

3.4.1. Khdi niém rang budc, diéu kién rang budc

1/ Rang budc, phan tir rang budc, di€u kién rang buoc:

"
A

\

a/ Rang buoc: Rang budc 1a khai niém quan trong néi
vé moi quan hé qui dinh 1an nhau gitta cdc bién dang trong l[ ; —
mot ham logic. AB ¢
Vi du: 3-4-1: Ngay 1€ quoc t€ Phu nit 8-3, mot don vi
no t6 chiic chiéu dai phim, vé chi phat cho phu nit cia don vi . Hinh 3-3-13
Hay xem xét van dé logic do.
Giai: Can ctt dé c6 thé liét ké bang chic nang 3-4-1
Bang 3-4-1
Thuoc don vi | Nam hay nit | C6 vé khong | Pugc vao Thuyé&t minh
khong rap khong
Khong Nam Khong | Khong
Khong Nam Co Khong c6 truong hop nay
Khong N Khong | Khong
Khong N Co Khong c6 truong hop nay
Co Nam Khong | Khong
Co Nam Co Khong c6 truong hgp nay
Co Nt Khong | Khong
Co N C6 | Co

Néu dung A, B, C biéu thi céc bién logic tuong ting 3 cot ddu bang 3-4-1, cdc bién

14y gid tri 0/1 twong tng khong /c6 thudc don vi, nam/nit, khong/cé vé, va néu ding Z biéu

thi ham logic Z = 0/1 tuong tng khong/c6 dugc vao rap xem phim, thi ta ¢6 bang chan 1i 3-

4-2 sau:
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Badng 3-4-2 :

A |B | C | Z | Thuyét minh
0 [0 |00

0 |0 |1 |x |Khongxdyra
0O (1 |00

0 |1 |1 |x |Khongxdyra
1 (0|00

I |0 |1 |x |Khong xay ra
1 [1]01]0

1 |1 |1 ]1

Bing 3-4-2 cho biét ring, cdc bi€n A, B, C chi 14y cdc gia tri ¢6 thé 1a 000, 010,
100, 110, 111 va khong thé 13y cdc gid tri 001, 011, 101 vi vé xem phim chi phat cho
phu nit ca don vi. Vay giita cdc bién A, B, C c6 mot quan hé rang budc nhit dinh, hay
la ta goi chiing 12 mdt nhém bién rang budc. Ham logic rang budc 12 ham c6 céc bién
rang budc.

b) Phan tit rang bugc : Céc s6 hang nhé nhat c6 céc td hop gia tri khong x4y ra,
nhu trong vi du 3-4-1, 1a ABC ,ABC,ABC. Nhitng gid tri d6 dudc goi 1a s& hang rang

buoc.

Nhu ta d3 biét vé& s6 hang nhd nhat, mdi s6 hang nhd nhit c6 mot t8 hop gid tri
cdc bién tuong ting dé€ né 14y gi4 tri 1, s6 hang rang budc ludn bing 0 vi t8 hop gid tri
céc bién tuong tng dé€ né 14y gid tri 1 thudc vao gid tri khong xay ra.

c) Piéu kién rang budc : Biéu thifc logic cAu tric bing tdng cdc sd hang rang
budc dugc goi 1a diéu kién rang budc. Vi s6 hang rang budc ludn bing 0, nén tng céc
s6 hang rang budc ciing biing 0, vay diéu kién rang budc bing 0.

2) Phuong phdp biéu thi diéu ki¢n rang bujc

a) Trong bang chan li ding dau “x” bi€u thi, xem vi du bang 3-4-2 trén dy. Gid

tri hAm s& tuong tng t6 hdp gid tri bi€n cla s& hang rang budc cé dau chéo “x”.
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b) Trong biéu thifc logic ding ding thic

diéu kién rang budc bing 0 d€ biéu thi. Vi du, BC
) A 00 01 11 10
tu bang 3-4-2 ta c6 :
_ _ _ 0 0 X X 0
ABC ,ABC,ABC=0hayla Y (1,3,5) =
1 0 X 1 0
0
hay dudi dang OR-AND tdi thiéu :
AC+BC=0 Hinh 3-4-1.

¢) Trong bang Karnaugh ding ddu “x” biéu thi, vi du, tuong ng véi bang 3-4-2
la bang Karnaugh hinh 3-4-1.

3-4-2. T&i thi€u hoa ham logic rang budc

MaAu chét clia van dé 1a dung diéu kién rang budc nhu th€ ndo. N6i chung néu

tan dung diéu kién rang budc thi c6 thé nhan dugc biéu thitc t6i thiu hod.
1) U ng dung diéu kién rang bujc dé toi thiéu hod
a) Phuong phdp cong thiic

Trong phuong phap cdng thifc, tuy yéu ciu, cé thé tuy ¥ cong thém hoic khit bd
s6 hang rang budc. S& hang rang budc bing 0, nén thém bét 0 vio biéu thic logic
khong 1am thay d6i gid tri bi€u thifc d6. Vi du, bang 3-4-2, ta c6 : Z = ABC.

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

b) Phuong phdp hinh vé

Trong phudng phdp hinh v&, tuy yéu ciu, c6 thé tuy y khoanh vong qua s6 hang
rang budc. Vi sd hang rang budc biing 0, nén sy gdp thém né khong 1am thay ddi gia tri

ham s6. Vi du hinh 3-4-1, c6 thé khoanh vong 4 6 giita, ta c6 :
Z=m;+m3+ms+my=C

Phan tich bing 3-4-1, 3-4-2, chiing ta sé& rd y nghia thuc t& cla viéc tdi thi€u hod
diing diéu kién rang budc. Z = ABC nghia 13 ngudi gdc rap chi€u phim phii ki€m tra
vé, lai phdi phan biét gidi tinh va ndi cong tdc cla ngudi ¢6 vé : Phién phic qua. Z = C
nghia 12 ngudi gdc rap chi€u phim chi cdn ki€m tra vé : Thit don gidn. Tuy nhién, diéu
kién rang budc phdi bdo ddm 1a vé chi phat cho phu nif ciia don vi ma thoi. Néu khong,
ngudi khong dudc phép ciing vao xem phim. N6i mot cach tdng quat, can bdo ddm diéu
kién rang budc khi t5i thi€u hod ham logic rang budc. N&u khong, c6 thé sinh ra sai

lam.

31



2) T6i thi€u hod ham logic cé bién logi trit nhau

Trong mdt nhém bién s, néu chi c6 mot bién 14y gi tri 1 thi gid tri cdc bién

khac phdi bang 0. P6 1a cac loai trit nhau.
Vi dy 3-4-2 : Cdc bién A, B, C ctia ham Z 13 loai trif nhau.

Hay ké bang chan 1i clia Z va dung phuong phédp cong thitc, phuong phap hinh
vé& d€ tim biéu thitc him s8 i thiéu dang ORAND.

Gidi :

- Bing 3-4-4 dudi day cédn cd vao khdi niém céc bién loai trit nhau.

Bing 3-4-4 : DAU x BIEU THI TRUGNG HOP KHONG XAY RA

A B C Z
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 X
1 0 0 1
1 0 1 X
1 1 0 X
1 1 1 X

- Duing cong thtic t8i thiéu hod
Z=ABC+ABC+ABC

Piéu kién rang budoc ABC+ABC+ABC+ABC=0
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Z=ABC+ABC+ABC+ABC+ABC+ABC+ABC
=(ABC+ABC) +(ABC+ABC) + (ABC +ABC) +ABC

=AC+BC+(AB+ABC)
=AC+BC+A(B+BC)
=AC+BC+AB+AC)
=(AC+AC)+BC+AB
-=C+BC+AB
=A+B+C
- Dung hinh vé& t6i thi€u vé& bang Be
Karnaugh nhu hinh 3-4-2. A 00 01 11 10
Gop theo khoanh vong ol o (1t [[x)] 1)
my+ms+mg+m;=A ! [1 a z X
m, + mz + mg+my; =B
m; +ms+ms+m;= C Hinh 3-4-2.

Ham t6i thifuhod: Z=A+B+C

D6i v6i ham logic ma cédc bién loai trit nhau, bang chan 1i thudng c¢6 dang don

gian dic biét, vi duy, tir bang 3-4-4 ta ¢6 bang 3-4-5.

Béng 3-4-5
Bién Ham Z
A 1
1
C 1
Ham logic c6 biéu thitc dang tdng céc BC
bi€n :Z=A+B+C A 00 01 11 10
3) Vi du vé t6i thiéu hod L L I
L 1] x 1 1 0
Vi du 3-4-3 : hay td6i thiéu hod ham
Z=AC+ABC
diéu kién rang budc BC=0 Hinh 3-4-3.
Giai :
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- Dling cong thic
Z=AC+ABC=AC+ABC+BC=C(A+AB)+BC=AC+ BC+BC

Z=AC+ B

- Dung hinh vé& (hinh 3-4-3)

- GOp khoang vong
my+m; +my +ms= B
ms + m; = AC

Z= B+AC

Vi du 3-4-4 : Cho bang chan i cia ham logic rang budc (bdng 3-4-6). Hiy tim
bi€u thiic t6i thi€u hod ctia ham dang OR- AND va dang AND-OR.

Gidi : T bang chin 1i 3-4-6 vé bang Karnaugh hinh 3-4-4.

Badng 3-4-6 :
A B C D Z
0 0 0 0 1
0 0 0 1 0
0 0 1 0 1
0 0 1 1 1
0 1 0 0 0
0 1 0 1 1
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 X
1 0 1 1 X
1 1 0 0 X
1 1 0 1 X
1 1 1 0 X
1 1 1 1 X
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CD

AB 00 01 11 10
00 1 0 1 1
01 0 1 1 0
11 X X X X
10 1 1 X X
Hinh 3-4-4.

- Tim dang OR-AND :

Khi khoanh vong m;y, m;;, m;,, m;3, my,, m;s dugc tdn dung x& li godp, ta co :

Z=BD+BC+BD+A (3-4-1)
- Tim dang AND-OR :
Néu trén day gdp cédc sd hang rang budc vao vong cdc 0 gid tri 1, thi & day ta
chia s6 hang rang budc thanh hai nhém :
mj, va myy g0p vao cdc 6 gid tri 0, con my,, my;, m;; va mys gop vao cic 0 gia tri
1.Tacé: Z=ABCD+BD (3-4-2)
LAy d4o l1an nifa ta ¢6 :
Z=Z=ABCD+BD
~ABCD BD
=(A+B+C+D)(B+D)

Can thuyé&t minh thém diéu sau ddy ; haim Z (3-4-1) va ham d3o Z (3-4-2) khong
don gidn 12 ddo clia nhau, néu quén di diéu kién rang budc. N6i cich khdc, néu khong
c6 diéu kién rang budc thi (3-4-1) va (3-4-2) khong thé 1a cac biéu thic ddo cta nhau.
Xuat xit ctia ching 12 do trong qué trinh xtt 1i cdc s6 hang rang budc, ta gop tat cd vao
vong céc 6 gia tri 1 d€ di dé€n (3-4-1_, nhung lai chia ching thanh hai nhém d€ di dén
(3-4-2). Mu6n 13y ddo dé chuyén ddi qua lai hai bi€u thic ham s6 (3-4-1) va (3-4-2), ta

phdi tan dung diéu kién rang budc.
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CHUONG 4
MA CH LOGIC TO HOP

4.1 PAC PIEM CG BAN VA PHUGNG PHAP THIET KE CUA MACH
LOGIC TO HQP

4.1.1. Phuong phap bi€u thi va phan tich dic di€m co ban va chifc niing logic
ctia mach logic td hgp

Cin cif vao dic di€m va chic ning logic, chiing ta phan loai mach s& thanh hai
loai chinh : mach t§ hop va mach diy (mach diy dudc trinh bay trong chudng sau).

1) Pdc diém co bdan ciia mach té hop

Trong mach s&, mach t8 hgp 12 mach ma tri s6 &n dinh ctia tin hiéu dau ra & thoi
diém bat ki chi phu thudc vao t6 hgp cdc gid tri tin hiéu ddu vao & thdi diém d6. Trong
mach t6 hdp, trang thdi mach dién trudc thdi di€m xét, tic trudc khi cé tic dong cia tin
hiéu diu vao, khong dnh hudng dén tin hiéu diu ra. Pic diém ciu tric mach t& hop 1a
dugc ciu tric nén tir cic cdng logic. VAy cdc mach dién cdng & chuong 2 va cic mach

logic da gip & chuong 3 déu 1a mach t8 hop.
2) Phuong phdp biéu thi chiic ndng logic

Céc phuong phap thudng ding d€ bi€u thi chic ning logic ctia mach t& hop 1a
ham s& logic, bang chan li, so db logic, bing Karnaugh, ciing c6 khi biéu thi bing dd thi

thoi gian dang séng.

D6i v6i vi mach ¢ nhé (SSI) thudng bi€u thi bing ham logic. P&i v6i vi mach
¢ vira thudng bi€u thi bing bang chan li, hay 14 bing chifc ning. Bing chic ning ding
hinh thic bang ké, v6i mic logic cao (H) va mifc logic thap (L), d& md t3 quan hé logic
giffa tin hiéu diu ra véi tin hiéu diu vao clia mach dién xét. Chi cin thay gid tri logic

cho trang thdi trong bang chiic ndng, thi ta ¢6 bang chén li tuong Gng.

Nhu hinh 4-1-1 cho biét, thudng c¢6 nhiéu tin hiéu dau vao va nhiéu tin hiéu dau

ra. Mot cach tong quat, ham logic ctia tin hiéu dau ra c6 thé viét dusi dang :

z; = 11(Xy, X2, ey Xp)

X. ——P ——— 7
X ———P , S, > 7.
Z, = 5(x4, Xo, oy X)) Mach tod hp
X ——> —> 7
Hinh 4-1-1
Zin = fn(X1, X2, ooy Xp) So d6 logic khdi mach t& hgp.
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Ciing c6 thé viét dusi dang dai lugng véctd nhu sau :
Z =F(X)

3) Phuong phdp phdn tich chiic nang logic

Chuong 2 ciing da dé cAp. BAy gid gidi thiéu cdc budc phan tich, bit dau tir so
dd mach logic da cho, d€ cudi ciing tim ra ham logic hoic bang chan 1 :

a) Viét biéu thitc : tuin ty tir ddu vao dén du ra (hay ciing c6 thé ngudc lai) viét
ra bi€u thic ham logic cta tin hiéu diu ra.

b) Riit gon : khi can thiét thi rit gon dén toi thi€u biéu thic trén diy bing
phuong phép dai s6 hay phuong phdp hinh vé.

c) Ké bdng chdn Ii : khi cAn thiét thi tim ra bing chan 1i biing cdch tién hanh tinh
todn cdc gid tri ham logic tin hiéu diu ra tuong Wng véi tdng hdp c6 thé cla cdc gid tri
tin hiéu dau vao.

4.1.2. Phuong phap thié't ké& logic mach té hgp

Phuong phap thi€t k& logic 12 cdc budc co ban tim ra sd @6 mach dién logic tir

yéu cau nhiém vu logic da cho.

Vin dé
logic

Bang
chadn1

Bang
Karnaugh

Toai

"] thiecu hoa

A 4

Bieou the
toai

A\ 4

So  dd
logic

Biecu the | Toai
logic "| thieou hoa

Hinh 4-1-2. Céc budc thiét k& mach logic t8 hgp

Hinh 4-1-2 14 qu4 trinh thi€t k&€ néi chung cta mach td hgp, trong d6 bao gdbm 4
budc chinh :

1) Phén tich yéu cdu
Yéu cau nhiém vu tl ctia van dé logic thuc c¢6 thé 1a mot doan vin, ciing c6 thé
12 mot bai todn logic cu thé. Nhiém vu phan tich 1 x4c dinh cdi ndo 13 bién s& dau vao,
c4i ndo 1a ham s& dau ra v mdi quan hé logic giita chiing v6i nhau. Mudn phan tich
ding thi phai tim hiéu xem xét mot cach siu sic yéu ciu thi€t k€. Viéc d6 1a mot viéc
kh6 nhung quan trong trong qud trinh thi€t k€.
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2) Ké bang chén li

N6i chung, diu tién, ching ta liét ké thanh bing vé quan hé tuong Gng nhau
giffa trang thdi tin hiéu dau vao vdi trang thdi ham s6 dau ra. D6 1a bang ké yéu cau
chiic niing logic, goi tic 12 bing chifc ning. Viéc nay c¢6 vé dé va truc quan. Tiép theo,
ta thay gid tri logic cho trang théi, tic 1a ding cdc s6 0, s 1 biéu thi céc trang thai
tuong ng clia dau vao va dau ra. K&t qua ta c6 bang cdc gid tri thuc logic, goi tic 1a 12
bang chan li. P4y chinh 13 hinh thic dai s6 ctia yéu ciu thiét k€.

Can luu y ring tir mdt bang chifc ning c6 thé dudc bang chan 1i khic nhau néu
thay gia tri logic khdc nhau (tifc 12 quan hé logic giita ddu ra vdi dau vao ciing phu
thudc viéc thay gid tri). Vi du, s6 @& mach nguyén 1i hinh 4-1-3 diing 2 chuyén mach A,

B mic ndi ti€p diéu khién béng den Z.

Béng 4-1-1 : BANG CHUC NANG \o—o\>—®—
A R 7

Chuyé Chuyé B6 i
n mach A n mach B ng denZ O
. B ] Nonoin
Ngat Ngat Ta
Ngét Ngét t Hinh 4-1-3. Mach dién hai
- - y chuyén mach néi ti€p.
Noi Noi Ta
N&i N&i t
Ta
t
Sa
ng

Bang chiic ning 4-1-1 c¢6 dugc tir xem xét truc ti€p cdc kha ning c6 thé clia
mach dién hinh 4-1-3. N&u thay th€ gi4 tri logic theo 4 cdch khic nhau thi tif bidng chian
1i 4-1-2a, b, c, d ta dudc cdc biéu thifc logic khéic nhau.

Bing 4-1-2 : BANG CHAN L{ TRONG 4 TINH HUONG THAY GIA TRI
KHAC NHAU

A B Z A B Z

0 0 0 1 1 1
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0 0 0
1 1 1 0 0 0
a) 0 biéu thi ngit va tit b) 0 biéu thi ndi va sing
1 biéu thi ndi va sing Z = A.B 1 biéu thi ngit va
titZ=A+B
A B Z A B Z
0 0 1 1 1 0
0 1 1 1 0 0
1 0 1 0 1 0
1 1 0 0 0 1
¢) 0 biéu thi ngit va sing d) 0 biéu thi ndi va tit
1 biéu thi ndi va tit Z = A.B 1 bi€u thi ngit va sing Z =
A+B

T bang 4-1-2, ta thdy ring ching ta s&€ c¢6 moi quan hé logic khiac nhau néu
thay gi4 tri theo cach khdc nhau. Chiing ta phai ciin c vao gid tri thay thé trang thai dé
xdc dinh ¥ nghia cu thé ctia 0 va 1 (ttic 13 ¥ nghia thuc t& ca bang chan li).

Khi liét k& chitc ning hoic bang chan i, c6 thé khong liét ké cdc t§ hgp trang
th4i tin hiéu diu vao nao khong thé c6 thé c6 hay bi cAm. Nhitng t6 hgp nay ciing c6
thé dudc liét k&, nhung tai ddu ra, § trang thdi tuong ng ta ghi mot dau chéo “x”,
thudng st dung céc trang thdi ddnh dau chéo d€ t6i thiéu hod ham logic.

3) Tién hanh toi thiéu hod

Né&u s6 bién s6 tuong ddi it thi c6 thé diing phudng phap hinh vé. N&u s6 bién s6
tuong d6i nhiéu, khi d6 khong tién duing phuong phap hinh vé&, thi ding phuong phip
dai s0.

4) Vé so do logic

K&t qua viéc tdi thi€u ho4 1a biéu thic logic OR — AND. Cin cif viéc chon Iya
loai c8ng logic cu thé, cin bi€n ddi bi€u thic logic d6 thanh dang phii hgp. Vi du, néu
chon diing cdng NAND thi phai c6 biéu thitc dang AND, néu chon diing c6ng NOR thi
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ohai c6 biéu thitic dang NOR, néu chon diing c6ng NORAND thi phai c6 bi€u thic dang
NORAND.

Can luu ¥ ring, nhitng buSc thi€t k& trén day khong phai 1a bit budc 4p dung
mdy méc, ma 13 nén dugc van dung linh hoat theo tinh hudng cu thé cta thiét k& thuc
té.

Trong hoat dong thuc tién clia loai ngudi, cdc bai todn, va tuong ting cdc mach
dién ctia mach logic t& hop 1a nhiéu khong ké hét. Cdc mach t6 hdp hién nay thudng
gip trong hé thong sd 14 bo ma hod, bo gidi ma, bo chon kénh, bo cong, bo ki€m tra

chin I€& (parity cheeker), ROM, v.v...

Dudi day 1an lugdt giSi thiéu mot s6 mach t6 hdp vé ciu tric mach, nguyén 1i
cong tdc va dic diém cia ching, k&t hop soi sing phuong phap thi€t k& phan tich mach
t6 hap.

4.2 B0 MA HOA
4.2.1 Khai niém ma hoa

N6i mot cach khdi quat, ma hod 1a dung vin tu, ki hiéu hay ma d€ biéu thi mot
ddi tugng xdc ding. C6 thé thay bi€t bao vi du v& mi ho4 trong d5i sdng nhu dit tén cho
tré sd sinh, mdi van dong vién c6 mot sd thay thé trong thi ddu. Tén tré 1a vin tu, van
dong vién ddnh s theo hé d€m thap phan. Vin ty va hé dém thap phan khong tién
diing cho mach s6. Mi ho4 nhi phan la qud trinh ding mi nhi phan d& biéu thi d6i
tugng xét dén (d6i tuong nay la tin hiéu). Ma nhi phan chi ¢6 hai s6 0 va 1, dé dang
biéu thi bing trang th4i mach dién, nén dudc ding rong rai trong mach so. Biéu thi s6
lugng nhiéu thi ting s& bit (Blnary digiT) trong cdch viét s§ duva theo vit ri. M4 nhi
phan 1 bit ¢6 2 trang thai (0, 1) twong tng 2 tin hi€u. Ma nhi phan 2 bit c6 4 trang thai
(00, 01, 10, 11) tuong tng 4 tin hi¢u. Tf;ng quat ma n6i, ma nhi phan n bit c6 2" trang
thi, c6 thé bi€u thi 2" tin hiéu. Vay, d€ ti€n hanh ma ho4 n tin hiéu cin st dung n bit,

theo cong thiic 2" > N.

B6 mi hod 1a mach dién thuc hién thao tic ma hod. Cin ctt vio yéu ciu va dic
di€m khac nhau cia tin hiéu dugc ma hod, chiing ta c6 cdc bd ma hod khic nhau, nhu

bd ma hod nhi phin, b6 ma hod nhi — thip phin, b0 ma hod vu ti€n v.v...

4.2.2. BO ma hoa nhi phan
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B6 mi hod nhi phan 13 mach dién ding n bit &€ ma hod N = 2" tin hiéu. Chiing

ta xét vi du duéi day d€ thuyét minh nguyén 1i cong tdc va qud trinh thi€t k& bd ma ho4

nhi phan.
Vidu 4-2-1
Hiy thi€t k&€ bo ma hod thyc hién ma
V. —> .
hod 8 tin hiéu Yy, Y1, .., Y; theo ma nhi phan. v ___,| B
s g - —> R
Bai giai : ma
1. Phan tich yéu cu. v, 7 heda > 4
b6i tugng dudc ma hod 1a 8 tin hiéu
. Hinh 4-2-1
dau VéO, tic 1a Yo, Yl, . Y7. Can ct vao Céng So d6 Kkhéi yéu Cﬁll thiét k&

thiic N = 2" = 8 ta thdy diu ra 13 mi nhi phan n
= 3 bit, ding A, B, C biéu thi. Xem hinh 4-2-1.

2. Ké bang chén li

Viéc ma hod dugc tién hanh chi véi 1 tin hiéu dau vao & mot thdi diém. O diu
vao khong cho phép c6 ddng thdi tir 2 tin hiéu trd 1én 1a logic 1, titc 1a Yo, Yy, .., Y7
khong ciing nhau. V4y quan hé logic giita ddu ra vdi dau vao c6 thé biéu thi biing bang

chén li hay bang ma hoa.

Badng 4.2.1 :

C B A C B A
Y, 0 0 0 Yo 0 0 0
Y, 0 0 1 Y, 0 0 1
Y, 0 1 0 Y, 0 1 1
Y; 0 1 1 Y; 0 1 0
Y, 1 0 0 Y, 1 1 0
Y;s 1 0 1 Y;s 1 1 1
Y 1 1 0 Y 1 0 1
Y, 1 1 1 Y, 1 0 0

a) Phuong an 1 b) Phuong 4n 2

Diing ma nhi phan 3 bit bi€u thi 8 tin hiéu diu vao c6 thé c6 nhiéu phuong dn
khic nhau, Bing 4.2.1 gidi thiéu 2 phuong 4n. Phuong 4n 1 theo s6 dém nhi phan.
Phuong 4n 2 1a ma chu ki 3 bit.
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3. T6i thi€u hod
Y, + Y7 1a khong ddng thdi. Chi cAn 14y cdc bi€n nio lam cho ham s& diu ra
bing 1 cong lai thi ta c6 bi€u thic tdi thi€u hod dang OR - AND. Tir bing 4.2.1.a
(Phuong 4n 1) ta c6 biéu thifc him s6 dau ra :
C=Y,+Ys5+Ys+ Y,
B=Y,+Y;+ Y+ Y,
A=Y, +Y;+Y5+ Y,
Tu bang 4.2.1.b (Phuong 4n 2) ta ¢6 biéu thifc ham s6 ddu ra :
C=Y,+Ys5+Ys+ Y,
B=Y,+Y3;+Y,+ Y5
A=Y, +Y,+ Y5+ Y
4. V& sd d6 logic
Chon ding c6ng NAND. Vay cin bién d6i dang AND — OR thanh dang NAND.
Cu thé nhu sau.

Phuong an 1

C=Y,+Y,+Y,+Y, = Y,.Y..Y,.Y,
B=Y,+Y,+Y,+Y, =Y,.Y,.Y,.Y,
A=Y, +Y,+Y.+Y, = Y,.Y,.Y,.Y,

Phuong én 2
C=Y,+Y,+Y,+Y, =Y,.
B=Y,+Y,+Y,+Y, = Y,.

=Y,.

-<| -<| -<|
S| x| X

A=Y, +Y,+Y, +Y;

Y,
Ys
Y
5 8 /l: [1< 8 A
I |
|
]

141411

B |
$???Z}?? Y» Y% Y5 Ya % %2 %

s
Yy Vs X5 Y Yy %2

a) Mach phuong an 1 b) Mach phuong an 2
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Can luu y ring, trong so dd logic hinh 4.2.2, sy mi hod clia Y, dudc ngdm dinh :
Khi Y, + Y; déu bing 0, trang th4i ddu ra ctia mach (CBA = 000) 12 mi cta Y.

Trong bai todn phan tich, tir s6 dd logic bd ma hod di cho, ta phan tich mdi quan
hé logic giita dau vao va diu ra, tuan ty cho tin hiéu dau vao d&€n bd ma hod, rdi cin ci
vao mtc logic (0 hodc 1) clia cdc diu ra mach dién, tim ra ma tuong @ng, liét ké thanh
bang ma hoa.

4.2.3 B6 ma hoa nhi — thap phan

B6 mi hod nhi — thap phan 12 mach dién chuyén ma hé thip phan bao gdm 10
chits6 0, 1,2, 3,4, 5, 6,7, 8,9 thinh ma hé nhi phan.

Pau vao 1a 10 chif s, diu ra 12 nhém ma s6 nhi phan, goi 124 ma nhi — thdp phan
(BCD - Binary — Coded — Decima). Céan ct vao cong thiic 2" > N = 10, ta ¢c6 n = 4. Ma
nhi phan 4 bit c6 16 trang thai (tir ma). Chi cin chon 10 tir ma tuy y trong s& d6 1a da dé
biéu thi 10 tin hiéu ddu vao. Vay c6 rat nhiéu phuong 4n. Mot s6 ma nhi — thip phian
thudng dung xem gidi thiéu & 4.2.5. Ciing vdi li do nhu da bi€t & vi du 4.2.1, 10 tin hiéu

diu vao ton tai doc 1ap nhau.

Nguyén li cdng tdc va qud trinh thi€t k&€ ctia bd ma hod nhi — thap phan tuong ty
nhu bd mi hod nhi phan xét § vi du 4.2.1. Duéi day 1dy ma 8421 1a vi du dé thuyét
minh. Bédng 4.2.2 1a bdng ma hod BCD 8421 rit thudng dung

Béng 4-2-2 : BANG MA HOA BCD 8421

¥/ e 8 A
S6 thap D C B A & /i\ /I\ }\
phan lr |
0(Yo) | 0 0 0 0 ' I
1Y) | 0 0 0 1 i
2(Y,) | 0 0 1 0 ' [
=
3(Ys) | 0 0 1 1 %
4Y) |0 1 0 0 % %%
Y5 73 )” Ys Y5 Y4 Y Y: );
5(Ys) | 0 1 0 1
6(Ye) | 0 1 1 0
7(Y-) | 0 1 1 1
8(Yy) | 1 L 0 0 Hinh 4-2-3
9(Yy) | 1 0 0 1 Sc db logic bd ma hoa (diing ma 8421)
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D=Yg+Y, :Y_SY_Q
C=Y,+Y,+Ys+Y,
C=Y,. Y5 Yo,
B=Y,+Y,+Y,+Y,=Y,.Y,Y,.Y,

A=Y, +Y,+ Y +Y, +Y, =Y. Y,.Y..Y,.Y,

©

4.2.4 Bo ma hoa uu tién

Trong cdc bd ma hod xét trén day, tin hiéu dau vao ton tai doc 1ap, (khong c6
tinh hudng c6 2 tin hiéu trd 1én ddng thdi tdc dong). BO ma hod wu tién thi khéc, c6 thé
c6 nhiéu tin hiéu ddng thdi dwa dén, nhung mach dién chi ti€n hanh ma ho4 tin hiéu
d4u vao ndo c6 cAp uu tién cao nhit & thdi diém xét. Viéc xac dinh cip wu tién cho mdi
tin hiéu diu vao 1 cong viéc clia ngudi thi€t k& mach, tat nhién xut phat tir yéu cau
thuc tién. Biy gid chiing ta sé xem xét nguyén li cong tidc va qud trinh thi€t k€& cta bo
mi hod vu tién qua vi du c6 10 diu vao, 4 diu ra.

Vidu 4-2-:

Hiy thi€t k€ mot mach dién t6 hgp dé ma hod nhi phan d6i vdi 10 tin hiéu diu
vao Y, Y1, .., Yo sao cho mic dd uu tién tir cao nhit gidm dan theo chiéu Yo, Ys, ..., Y.

N&u c6 nhiéu tin hiéu dong thdi xuat hién &

dau vao thi chi tin hiéu niao ¢6 mdc uvu tién Yn T
~ o oae Y, — | BomEhoa |

cao nhat trong s6 d6 méi dugc ma hod. Gia :
A 2 s A A N X , PN A L/L/ t/é‘ﬂ B
thiét ca tin hi€u dau vao, lan tin hi€u daura vy, A

déu tich cuc & mic thap.
S¢ d6 khoi b ma hod wu tién.
1. Phan tich yéu cau

Cin ¢t cong thitc 2" > N = 10, vy ta ding ma nhi phan n = 4 bit.
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Béng 4-2-3 : BANG CHUC NANG

Yo Yy Y5 Yo Ys Y. Y5 Y, Y, Y, D C B A
H H H H H H H H H L H H H H
H H H H H H H H L X H H H L
H H H H H H H L X X H H L H
H H H H H H L X X X H H L L
H H H H H L X X X X H L H H
H H H H L X X X X X H L H L
H H H L X X X X X X H L L H
H H L X X X X X X X H L L L
H L X X X X X X X X L H H H
L X X X X X X X X X L H H L
Bdéng 4-2-4 : BANG MA HOA UU TIEN
Yo Yy Y; Yo Ys Y. Ys Y, Y, Y, D C B A
1 1 1 1 1 1 1 1 1 0 1 1 1 1
1 1 1 1 1 1 1 1 0 X 1 1 1 0
1 1 1 1 1 1 1 0 X X 1 1 0 1
1 1 1 1 1 1 0 X X X 1 1 0 0
1 1 1 1 1 0 X X X X 1 0 1 1
1 1 1 1 0 X X X X X 1 0 1 0
1 1 1 0 X X X X X X 1 0 0 1
1 1 0 X X X X X X X 1 0 0 0
1 0 X X X X X X X X 0 1 1 1
0 X X X X X X X X 0 1 1 0

Theo dé bai, s ma hod thuc hién theo mic d6 uu tién Yy dén Y, khi cdc tin
hiéu cling tic dong thi cdc tin hiéu c6é mic vu tién thap khong tic dung, nghia 12 bat ké
mtc logic clia n6 thé€ ndo déu khong dnh hudng dén dau ra.

2. Ké bang chin 1i — Bing ma hod uu tién

Bing chiic ning 4.2.3 phin 4nh yéu cau thi€t k&, mi hod theo cip uu tién,
nhitng bi€n s& tuong ing mifc vu tién thap khong tdc dung gi dén diu ra c6 ddnh dau
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chéo “x”. M4 nhi phan 4 bit ddu ra c6 rat nhiéu phuong 4n, trong bang 4.2.4 13 phuong
dn ma 8421 v4i miic logic am.

3. T6i thi€u hod

Vi ¢6 qud nhiéu bién s6, nén ding phuong phip dai s6 d€ t6i thi€u hod. Chiing
ta s& ding cng NORAND trong s6 dd mach. PAau tién ta tim bi€u thic t6i thi€u hod
cia hg dau ra dudi dang OR - AND ctia ham d3o, r6i 18y ddo dé dudc dang NORAND.
Khi viét hg tir bAng ma ho4 4.2.4, mdt c4ch hinh thic, ta khong can dé y nhitng vi tri c6
dau “x”. K&t qua ta dugc cdc hg dau ra dudi dang NORAND nhu sau :

D=Y +Y, Ys=Yo+Ys

D=Ys+Ys

C=Y, Y, Y7+Y, Y Y. Yo+ Y, Y, Y, Y, Ys +Y, Y, Y, Y, Y, Ys

=Y, Y, Y7+ Y Y Yo+ Y Y, Y5+ Y, Y, Ya

C=Y,Y Y7 +Y,Y, Yo+ Y Y Yo+ Y, Y, Y5+ Y, Y, Ya
B=Y,Y, Y7+ Y, Y, Y, Yo+ Y, Y, Y, Y, Y Y, Yo+ Y, Y, Y, Y, Y. Y, Y, Y2
=Y, Y, Y7+ Y Y Yo+ Y Y Y. Y, Y+ Y, Y, Y. Y, Y2

B=Y,Y,Y7+Y Y, Yo+ Y, Y Y. Y, Y3+ Y, Y, Y. Y, Y
A=Ys+Y,Y, Y7 +Y, Y, Y, Y, Y5+ Y, Y, Y, Y Y. Y, Ya + Y, Y, Y, Y, Y. Y,Y,Y, Y.

A=Yo+Y, Y71 +Y, Y Ys+Y, Y, Y, Y3+ Y,Y,Y,Y,Y:

4. V& sd do logic

Hinh 4-2-5 1a so dd logic thyc hién cdc ham dau ra D, C, B, A duéi dang cé’ng
NORAND.

Chiing ta c6 thé nghiém ching riing so dd hinh 4-2-5 thod min yéu cau thiét k&
bing cdch phan tich logic, tim ra quan hé logic giita dau ra v6i dau vao ctia mach logic

hinh 4-2-5.
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Y9 be. X Ys Y5 Yy V3. X

X
o<

Hinh 4-2-5 B§ ma hoa vu tién

Ching han, néu tit ca dau vao déu tich cyc (mic logic 0) thi DCBA = 0110, day
12 mi tuong tng véi diu vao Yo (c6 mic wu tién cao nhat, cao hon Yg + Y,). Né&u tit c3
diu vao khong c6 tin hiéu (mic logic 1) thi DCBA = 1111, diy 12 mi (ngidm dinh)
tuong ng vdi diu vao Y,,.

4.2.5. Vi mach ¢6 vira (MSI) b6 ma hoa vu tién

Hinh 4-2-6 13 vi mach c& ~ 8 c . D
vira bd ma hod wu tién. Tuy ring _ ‘fi}
hinh 4-2-5 va hinh 4-2-6 c6 d6i '
chd khdc nhau, nhung chiing déu #

c6 mot chic ndng logic duy : |

nhit. DAu vao, diu ra déu tich [ i
cuc mitc thap. Trong hinh 4-2-6, —Ll ’ é
dé don gian, cdc tin hiéu ddu £ EJ f_r

vao dudc ki hiéu 0, 1, 2, ..., 9 %‘ ‘%‘

(thay cho Yo, Yy, Ys, .. Yo). Ciin &

cif vao so db logic hinh 4-2-6, ta viét ra Hinh 4-2-6 B) ma ho4 uu tién (MSI)

biéu thic ham diu ra nhu sau :

| I
J 4 5 § 7
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B=

9+
+9.8 7+9 8.6.5+9.8.6.43+9.8.6.4.21
8.7+8.65+8.6.43+8.6.4.21

4.2.6. Mot s6 ma thong dung

1) Ma nhi - thdp phdn thong dung

Xem bdng 4-2-5

Bdng 4-2-5 : MA NHI — THAP PHAN THONG DUNG

Loai
Vong du | Dich
8421 Du 3 2421 (A) | 2421 (B) | 5211 ..
3 phai
S6 thap phan
0 0000 0011 0000 0000 0000 0010 00000
1 0001 0100 0001 0001 0001 0110 10000
2 0010 0101 0010 0010 0100 0111 11000
3 0011 0110 0011 0011 0101 0101 11100
4 0100 0111 0100 0100 0111 0100 11110
5 0101 1000 0101 1011 1000 1100 11111
6 0110 1001 0110 1100 1001 1101 01111
7 0111 1010 0111 1101 1100 1111 00111
8 1000 1011 1110 1110 1101 1110 00011
9 1001 1100 1111 1111 1111 1010 00001
Téng s6 8421 2421 2421 5211
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Can luu y riing, trong bang 4.2.5, tuy mdi vi tri (bit) chi c6 hai trang th4i 0 va 1,
nhung khong nhit thi€t phdi c6 quan hé vé gid tri chuyén vi clia s& nhi phan (nhu
8421), ma néi chung thi 4 bit lAm thanh mot tif ma dé trd thanh mot ki hiéu ham y xdc
dinh nao d6. Ciing c6 thé néi chinh xdc hon, bang 4.2.5 gidi thiéu céc loai mi 4 bit hai
trang thai.

a) Ma 8421

Trong tir ma 8421, mdi nit 1 dai bi€u cho mot tri s6 c¢6 dinh. N&u cong tat ca tri
s6 clia cdc bit dai bi€u trong tir mi, thi ta dugc tri s& twong Gng clia sd thip phan ma tir
ma dé dai bi€u. Trong ma 8421 thi trong s6 ctia mdi bit 12 cd dinh, nén né thudc laoi
mi c6 trong s6.

b) Ma du 3

Mai du 3 dugc tao thanh tif ma nhi phan biing cdch cong thém 0011 (gid tri s6 3
thdp phan) vao ti ma nhi phan tuong Gng.

c) Mda 2421

Hai loai ma 2421 (A va B) déu 12 ma c6 trong s6, nhung sy’ tudn ty céc bit clia
céc tu fma khéc so nhi phan (trong s6 khong don tri).

d) M 5211

Mai 5211 c6 tinh chat tuong ty ma 2421, d6 1a ma c6 trong sd khong don tri.

e) md vong du 3 (ma Gray du 3)

Mi vong (ma Gray) sé dugc giSi thiéu & badng 4.2.6. ma vong du 3 khong bit
diu tir 0000 nhu ma vong, ma léch di 3 hang. (Tir ma 0010 12 mi hod s6 3 clia ma
vong, lai 1a ma hod s6 0 ctia ma du 3. T ma 0110 12 ma hod s& 4 cta ma vong, lai la
mi ho4 s 1 cia ma du 3 v.v...) M vong du 3 khong phdi 12 ma c6 trong so.

g) Md dich phdi

Mai dich phai c6 dic di€m 13 hai tir ma k& cin bat ki chi khdc nhau 1 bit (trén
bang 4-2-5, ta thdy su dich sang phai cdu cdc bit) ma dich phdi khong tan dung tit c4
cdc trang thai cia ma nhi phan 5 bit. Py 14 nhudc diém loai ma ndy (phdi thém 1 bit so
vGi cac loai ma khac).

2) Ma Gray

Ma gray con goi la ma vong, bang 4-2-6 gidi thiéu bang ma gray 4 bit.
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Bdng 4-2-6 : MA GRAY 4 BIT

S6 thap phan M3 Gray S6 thap phan Mai Gray
0 0000 8 1100
1 0001 9 1101
2 0011 10 1111
3 0010 11 1110
4 0110 12 1010
5 0111 13 1011
6 0101 14 1001
7 0100 15 1000

Ta c6 thé thay ré dic diém ma Gray tir bang 4-2-6 : sy bién ddi gid tri bit § mot
vi tr x4c dinh trong tif ma c6 tinh chat tun hoan véi chu ki ¢& dinh tir tir — ma nay sang
tr — ma khdc. Chu ki cdia bit thit nhat 12 0110, chu ki ctia bit thit hai 12 00111100, chu ki
ctia bit thi ba 1a 0000111111110000 v.v...

Mai Gray khong cé trong s6. Uu di€m chinh ctia ma Gray 1a chi c¢6 1 bit khdc
nhau trong 2 tir mi k& can. Nhugc diém 1 thi€u truc quan.

3) Ma ISO (International Standardization Organization)

Co quan tiéu chudn hod quéc t€ ISO dua ra ma nhi phan 8 bit, chii yé&u dung dé
truyén tin. Ma nay c6 10 chit s6 (0 + 9), 26 chif cdi Anh, va 20 diu, ki hiéu, tit cd 1a 56
ki ty. Xem bang 4.2.7. Trong bang, cic bit dudc bi€u thi bing b, bg, ..., b;. Bit thit 8 12
bit bu d€ bién tir ma bAt ki thanh tif mad c6 s bit 1 1a s& chin, muc dich phdt hién 15i
truyén tin.

Bdng 4-2-7 : MA 1SO

b;bebs
w 000 001 010 011 100 101 110 111
b,bsb,b; I
0000 NUL SP 0 P
0001 1 A Q
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0010 2 B R
0011 3 C S

0100 $ 4 D T

0101 % 5 E §]

0110 6 F \%

0111 7 G U

1000 BS 8 H X

1001 HT |EM |) 9 I Y

1010 LF * J z

1011 + K

1100 : L

1101 CR - = M

1110 4
1111 / 0 DEL

Pic diém cédc ki tu trong bang 4-2-7 nhu sau : cdc chit s6 déu c6 chung 3 bit
b,bgbs = 011, céc chit cdi c6 chung 2 bit b;bs = 10 ; Céc chit s6 dudc chuyén thanh ma
ISO theo ki€u ma nhi phan clia bybsb,b, ; thiic tu cdc chif cdi A + Z (tir 1 dén 26) ciing
la ma nhi phin cta bsbsbsb,b;.

4) Ma ASCII (American National Standard Code for Information Interchange)

Bang 4-2-8 : MA ASCII

b;bgbs
w 000 001 010 011 100 101 110 111
b,b;b,b, §
0000 NUL |DLE |SP 0 @ P \ p
0001 SOH |DCI |! 1 A Q a q
0010 STX |DC2 | “ 2 B R b r
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0011 ETX |DC3 |# 3 C S c s
0100 EOT |DC4 |$ 4 D T d t
0101 ENQ |NAK |% 5 E §) e u
0110 ACK [SYN |& 6 F \Y f v
0111 BEL |ETB |, 7 G U g u
1000 BS CAN | ( 8 H X h X
1001 HT |EM |) 9 I Y i y
1010 LF SUB | * J y4 j z
1011 VT |ESC |+ : K [ k {
1100 FF FS , < L \ 1 ?
1101 CR |GS - = M ] m }
1110 SO RS . > N ) n ~
1111 SI US / ? ¢} J 0 DEL

Ma ASCII, viét tit clia ciict c6 nghia 12 ma chudn qudc gia Mi dé trao d6i tin
tiic. Xem bang 4.2.8. Trong d6. Ma cdc chif s& va chif cdi giong nhu ma ISO trén day.
M3a ASCII thudng dung cho thiét bi thong tin va mdy tinh. ASCII 12 ma 8 bit nhi phan,
v6i 7 bit by =+ b, bi€u thi cdc tin tic va bit thit 8 1a bit parity (ki€m tra chin 1& ding dé
phat hién 16i truyén tin). Bdng 4.2.9 gidi thich cdc ki hiéu chit.

Bdng 4.2.9 : Y NGHIA CAC Ki HIEU CHU CUA MA ASCII

Ki hiéu Y nghia Ki hiéu Y nghia

NUL S6 khong, khong, vo hiéu BS Lui mot khodn ki tu
SOH Bit ddu cla tiéu & | HT Ké bang huéng ngang
STX Bit ddu ctia hanh vin | LF Chuyén dong

ETX K&t thiic ctia hanh vin | VT Ké bang huéng doc
EOT K&t thidc truyén tin -~ | FF Diéu khién chay gidy
ENQ Hoi CR Quay vé dau dong
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ACK Thira nhan SO Dich ra (Shift out)

BEL Chuong SI Dich vao (Shift in)
DLE Chuyén ma (Datlink EM Hét gidy
escape)

DCl1 Piéu khién thiét bi 1 SUB Trir

DC2 Piéu khién thiét bi 2 ESC Chuyén ma

DC3 Diéu khién thiét bi 3 FS Dau phan cach (File
separator)

DC4 Piéu khién thiét bi 4 GS Dau phan cdch géi

(Group separator)

NAK Phti dinh RS Dau phan c4ch ghi

(Record separator)

SYN DPong bo Us D4u phén cdch don vi

(Unit separator)

ETB K&t thic truyén géi tin | SP Khodng trong ki tu
CAN Huy bd DEL Huy bd

4.3.BO GIAI MA

Khi ma hod, mdi tir ma nhi phan déu dugc gdn mdt ham y xdc dinh, tic 12 mdi tir
ma biéu thi mot tin ti¥c hoic mot ddi tugng xdc dinh. Gidi mi 13 qua trinh phién dich
ham ¥ da gan cho tir ma. Mach dién thuc hién viéc gidi ma dudc goi 1a bo gidi ma. Vay
bo gidi ma phién dich tir ma thanh tin hiéu dau ra, biéu thi tin tic von cé. Tuy theo yéu
cAu st dung tin tifc dugc gidi ma, tin hiéu ddu ra c6 thé 1a xung hay mifc dién dp. C6
nhiéu loai bd gidi ma, nhung chiing ta déu c6 nguyén li cdng tdc va phuong phap thiét

k€& tuong tw nhau. Dudi day ta sé thuyé&t minh cu

thé qua vai vi du. Yn
q y C Bo
4.3.1. B) gidi ma nhi phan B Gidi e
Bo gii ma nhi phan phién dich cdc ttma 4 Ma v,
nhi phan thanh tin hiéu dau ra.
Vi du 4.3.1 Hinh 4-3-1 Sa dA mach van cadn
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Hay thiét k& bd gidi ma nhi phan 3 bit.

Bai gidi :
Béng 4-3-1 : BANG CHAN Li CUA BO GIAI MA
C B A Y, |Y, Y, |Ys |Y. |Ys |Ys |Y;
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1

1. Phan tich yéu cAu. Pau vao 12 nhém tif ma nhi phan 3 bit. Pau ra 12 8 tin hiéu
tuong Ung cic ti ma.

2. Ké bang chan li. Xem bang 4-3-1. Can lvu ¥ ring Y, + Y, 1a 8 tin hiéu doc 1ap
nhau tuong tng véi 8 tr ma (Mdi Y 1a modt ham cla cdc bién vao, bdng chan 1i clia n6

la mdt cOt tuong Ung

bén phdi véi 3 cot bién % v Vs 14 ? Y2 1’; <
. . A | . R =
sO bén trdi. Tuy nhién : i [j] ﬁ ' ﬁ i f2r
o . , I 94 []] H] i [
dé tién Igi, ching ta T 1 I
o 11 l [']
gop 8 bdng chan li vao 2949w vy yYYYVYYy YYy YYY !vf 1!!&**! 4
N A |-} | ’'e
l[am mot). = T 1
3. T6i thi€u hod. —kE
Cin cd vao bang 4-3-1, [ ,
ta co : Lo [ ‘ J
r C 5 8 A A

Hinh 4-3-2 B§ giai ma cdng AND ding diot
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Y,=CBA Y,=CBA Y,=CBA  Y,=CBA
Y,=CBA Y,=CBA Y,=CBA Y,=CBA
4. V& sd do logic

Céc ham logic trén day c6 thé diing cdng AND di6t thuc hién (hinh 4-3-2, hinh
4-3-3), hay ciing c6 thé dung cdng NAND (TTL) thyc hién (hinh 4-3-4).

Trong bd gidi ma nhi phan,

¥
x

néu tr ma dau vao cé n bit thi s& ¢6

2" tin hiéu dau ra tuong dng vdi mdi

N ~ A £ ~ N 2 . N = v
tif ma. B gidi mi nay c6 khi con £=t72

dudc goi 12 bd gidi ma bién so, vi

toan bd cdc tr ma cua bi€n sO dau

* % %] ¥

s

vao déu dugc gidi ma. —— i:/
&
i

Hinh 4-3-4 B¢ gidi ma diung NAND

X X[m0

|

&
S —{>=fr

N

¢ 8

Hinh 4-3-4 B) gidi ma dung NAND

4.3.2. B6 giai ma (BCD) - thap D | Giiima Yo
phan C —— T&BCD | : Vi

B gidi ma thyc hién chuyén ddir ~ © —— Sangthap | =
ma BCD thanh 10 tin hiéu diu ra tuong ting A — phéan Yo

10 chit s6 ctia hé thap phan (hinh 4-3-5).

Xem bang chic niang 4-3-2, trong do Hinh 4-3-5. S6 d mach yéu cau.
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H 12 mifc cao, L 12 mic thap, tin hiéu ra tich cuc & mic logic thap.

Baéng 4-3-2 : BANG CHUC NANG CUA BO GIAI MA TU MA BCD SANG

MA THAP PHAN
D C B A Yo Yi Y. Yi Y. Ys Y¢ Y, Ys Y
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L

Béng 4-3-3 1a badng chan 1i dung logic duong. Trong d6, phia trdi 1a ma BCD
8421 dau vao ; bén phdi la diu ra gidi m4, tich cyc & logic 0, 6 tif ma 6 (6 trang thdi) tir
1010 dén 1111 khong dudc dung. Ching khong xudt hién trong tinh hudng binh thudng
clia bo gidi ma. Cdc trang thai ndy dudc ddnh diu chéo “x” trong bang 4-3-3 va trong
cdc bang Karnaugh (hinh 4-3-6).

Téi thi€u hod ham logic diu ra Y, bing phudng phap hinh vé& : bing Karnaugh.
Cu thé, ta tim ham ddo Y; (tuong tng 14y gi4 tri 0), sau d6 14y ddo cia ham d3o d6, ta

s& dudc ham Y, can tim.

Béng 4-2-4 : BANG CHAN L CUA BO GIAI MA TU MA BCD SANG MA

THAP PHAN
D C B A Yo Yi Y. Ys Y. Ys Ye Y, Ys Y
0O 0 0 O o 1 1 1 1 1 1 1 1 1
0O 0 0 1 1 o 1 1 1 1 1 1 1 1
0O 0 1 0 1 1 o0 1 1 1 1 1 1 1
1 1 1 1 o 1 1 1 1 1 1
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BA BA
nC 00 01 11 10 nC 00 01 11
00 1 1 1 1 00 1 1 1
01 1 1 1 1 01 1 1 1
|~ ¥ ¥ ¥ 1|~ . v
10| 1 n v v 0] o 1 v
(a) (h)
RA RA
nC 00 01 11 10 nC 00 01 11
00 1 1 1 1 00 1 1 1
01 1 1 1 1] 01 1 1] 1
1| « ¥ ¥ ¥ 1| « ¥ ¥
10 | 1 1 . v 10| 1 1 v
(d) (e)
BA BA
nC 00 01 11 10 nC 00 01 11
00 1 1 0 1 00 1 1 1
01 1 1 1 1 01 1 1 1
11 ¥ ¥ x ¥ 11 x ¥ ¥
10| 1 1 ¥ ¥ 10| 1 1 v
(2 (h)
RA
e 00 01 1110
00 1] 1 1 1
01 1 1 1 1
1| ~ ¥ v .
10| 1 1 v v
Q)
Hinh 4-3-6.

Bdng Karnaugh ctia ham Yg +

X7

Ham logic t6i thi€éu dang NAND cia chiing 12 :
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00
01

10

neC

nC

01

RA

00
01

10

RA

00
01

10

(c)

01

(f

01
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(a) Y9 =DA (b) Ys=DA

Y,=DA Y,=DA
(c) Y7=CBA (d) Ys=CBA
Y, =CBA Y, =CBA
(e) Ys=CBA (f) Y.+=CBA
Y, =CBA Y,=CBA
(9) Ys=CBA (h) Y.=CBA
Y,=CBA Y,=CBA
(i) Y1=DCBA () Yo=DCBA
Y,=DCBA Y,=DCBA

)t 0y by

SRIENE:

iz 1% '8 SA
Hinh 4-3-7 bao gém 10 cdng NAND va 4 cdng dio

Hinh 4-3-8 1a vi mach MSI (don phi€n) thuc hién gidi ma tir BCD sang thap
phan. IC nay c6 8 cdng ddo va 10 cng NAND 4 du vao. Sy gidi ma cda IC 1a triét dé,
ham logic dau ra x4c dinh don tri. (Can d€ y ring ddi v6i mach hinh 4-3-7, do st dung
cdc gia tri ddu chéo “X” clia ham logic trong t5i thi€u hod dé xay dung sd @6 mach,
nén néu dau vao xudt hién tir ma khong dugc dung, thi du ra c6 thé hudng ting sai).
VAAARASAAA

' 1

I1 I 1
]

T T T

==

L 1 1

LA A&
A

1 5 ,J
Hinh 4-3-8 Vi mach MSI gidai ma BCD sang thip phan
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Nhin xét s6 dd hinh 4-3-8, ta thdy : cdc cong ddo 1a thinh mach dém va bdo
ddm phu tai tiéu chudn d6i véi cac tin hiéu vao A, B, C, D. (SJ @b hinh 4-3-7 biéu thi
phu tai ning, khong dau déi v6i ngudn tin hiéu vao).

4-3-3. Bo giai ma cia hi€n thi ki ty

Trong hé thdng s6, thudng can gidi mi cdc ki tv da ma ho4 nhi phan thanh cic
tin hiéu c6 thé hién thi dudi dang quen thudc clia con ngudi. Vi phuong thifc 1am viéc
ctia cdc linh kién hién thi khac nhau la khic nhau, nén truSc hét ta hiy thuyét minh
ngin gon vé mét so linh kién hién thi ki tu thong dung.

1) Hai logi hién thi sé’

a) Linh kién hién thi bdn dén

Nguyén Ii : 4 "’rl' T‘i o

Mot s6 vat liéu ban dan dic biét nhu hop . |
chit GaAsP, khi 1am thanh chuyén ti&p PN, néu / /
c6 dién 4p thuan dit vao, thi c6 thé biic xa &/t‘ / —/
quang, tic 12 bi€n dién ning thanh quang ning. 75"{"?}’ —_
St dung c4c chuyén ti&€p PN bifc xa quang c6 ﬂ;é:gb EEDNS
thé ché tao cdc linh kién nhu didt phat quang % € f =g é/{

o . - Hinh 4-3-9 Hién thi ban din

LED, dén hién thi 7 thanh hay dén hi€n thi ma a) LED b) den 7 thanh
tran. Vi du : hinh 4-3-9, mach kich sang.

Hinh 4-3-10 gidi
tfflell r/nach dl(;n.(Alung\v dé £ . 5y 15: sy
kich sdng thyc hién bang
cdng NAND (TTL) hay 4
bing tranzito : Trong hinh, P g
BS 12 LED (hay 1 thanh ¥/' o)
trong dén 7 thanh). Céng — f;
M thong hay T bao hoa sé S—— T
lam BS sang. R 1a dién trd

han dong. Pién 4p cOng tac
cta BS ¢& 1,5 + 3V, dong

dién cong tic cia BS cd

Hinh 4-3-10 Mach kich sang

trén dusi 10mA. Piéu chinh R c6 thé lam thay ddi d6 sdng cta BS.
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Pic di€ém co ban :

Quang phd phét xa cda hién thi ban din phit hop vdi cdm thu thi gidc, dién 4p

cong tac thap (1,5 + 3V), thé tich snhd, tudi tho cao (hon ngan gitro 1am viéc), téc do

hudng tng cao (1 + 100ns), c6 nhi¢u mau.

Bing 4-3-4. Gi6i thiéu tham s& hién thi s6 7 thanh.

Bing 4-3-4. THAM SO HIEN THI SO 7 THANH.

Ki hiéu b6 sang (FL) | Bién dp Dong dién bién dp Dong di€én cuc
cong tac do ngudic ngudc ddnh | dai (mA)
thuan (V) | (uA) thing (V)
BS201A | > 15 (7 thanh) | 1,5+ 3V <50 >5 150 (7 thanh)
ES202A > 15 (7 thanh) | 1,5 + 3V <50 >5 150 (7 thanh)
b) DBen hién s6' 7 thanh chéan khong
Nguyén Ii : ~ <
Hinh 4-3-11 gidi thiéu den ol lear
hién thi s6 chan khong. Katot phat Kala)f
xa nhiét dién t, dién trudng clia L _J;_
cuc ludi gia tdc dién tir d€ ching 15v

dl dong ning dap vao anot.
Trén bé mit andt c6 phii

16p huynh quang oxyt kém s€

phdt xa quang mau luc. C4c anot

c6 cu tric hién sd 7 thanh.

Chuyén mach K diéu khioén sy cap dién 4p cho

andt ; anot nao dugc cap dién 4p thi sé phdt sdng.

Mach kich sdng :

Xem hinh 4-3-12. R 1a dién tr§ han dong

gid tri cda R x4dc dinh theo dong colectd cuc dai

Icm cla tranzito T. Khi c6ng NANDM (TTL)

ra muc cao la T bao hoa, thi
E

a

I, ch“"

I
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Hinh 4-3-11 Pén hién s6 7 thanh chan khong

Hinh 4-3-12 Mach kich sang Pén
hién thi s6 chan khong




Thay d6i R sé& diéu chinh do sang hién thi. R, ciing 12 dién trd han dong. R, x4c

dinh theo gid tri gi6i han I, cia cdng NAND (TTL). Khi M ngit, T bdo hoa thi
I =(Von _VBE)XL< I
Ry

Pic diém co ban :

Vé uu diém : dién 4p cong tdc tuong ddi thap, dong diép nhd, hién thi phit hop
thi gidc, 8n dinh va tin cdy, tAm hién thi khd 16n, tudi tho cao.

V& nhugc diém : cAn ngudn dién cong suit ding k& cung cip cho sgi dot, khong
thun tién cho 1dp rdp. Bang 4-3-5 gidi thiéu chi tiéu chd y&u ctia mot s6 dén hién s6 7

thanh chian khong thong dung :

Bdng 4-3-5 : CHI TIEU CHU YEU PEN HIEN SO 7 THANH CHAN KHONG

Ki hiéu bién dp Dong dién | Pién édp Dong dién | Pién dp Dong dién
anot (V) andt (mA) | 1ué6i (V) lugi (mA) | sgi dot (V) | sgi dot
(mA)
YS9-1 20 <2 20 <2 1,2 28
YS13-3 20 <15 20 <3 1,2 28
YS18-3 20 <2 20 <2 1,2 50
YS27-3 20 <25 20 2,5 1,2 80

2) Bj gidi md hién thi

Chiing ta s& thuy€&t minh nguyén li cdng tdc va qu trinh thiét k€ clia bo gidi ma
hién thi qua vi dung b6 gidi ma kich cho hién thi 7 thanh LED.

Vi du 4-3-2 : hiy thié€t k& bo gidi ma hién thi kich chi hién thi 7 thanh LED véi
tin hiéu dau vao 12 ma BCD 8421.

Bai gidi : p
Phan tich ?/éu ciﬁu thi€t ké : P J—*——T:: \ ¢ / —/
Xem sd d6 khoi hinh 4-3- P % 0 ' i g L -_y__
13. o j ~ ra 0/ /
Céc ddu vao D, C, B, A 1a | 44 ~5 v F
ma BCD 8421, trong d6 6 trang d
thdi 1010 + 1111 khong dudc s
dung, ddnh dau chéo “X” dé xi 1i t6i Hinh 4-3-13 B9 gidi mé 7 thanh

- R Ve , A A N
thi€u hod. Tin hi€u daura a, b, .., gla
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dé kich sdang LED tuong @ng ctia hién thi 7 thanh. Cin c mach kich sdng hinh 4-3-10,
tin hiéu diu ra bod gidi ma phai tich cuc & mic thap (LED sdng khi tin hiéu kich mic
thap). Ké bang chan i :

Bdng 4-3-6 : BANG CHUC NANG BO GIAI MA

D C B A a b c d e f g S‘(A),du’d?
hién thi
L L L L L L L L L L H 0
L L L H H L L H H H H 1
L L H L L L H L L H L 2
L L H H L L L L H H L 3
L H L L H L L H H L L 4
L H L H L H L L H L L 5
L H H L L H L L L L L 6
L H H H L L L H H H H 7
H L L L L L L L L L L 8
H L L H L L L L H L L 9
Bdng 4-3-7 : BANG CHAN Li BO GIAI MA

D C B A a b c d e f g

0 0 0 0 0 0 0 0 0 0 1

0 0 0 1 1 0 0 1 1 1 1

0 0 1 0 0 0 1 0 0 1 0

0 0 1 1 0 0 0 0 1 1 0

0 1 0 0 1 0 0 1 1 0 0

0 1 0 1 0 1 0 0 1 0 0

0 1 1 0 0 1 0 0 0 0 0

0 1 1 1 0 0 0 1 1 1 1

1 0 0 0 0 0 0 0 0 0 0

1 0 0 1 0 0 0 0 1 0 0

Béng chifc ning 4-3-6 dugc liét ké tir két qua phan tich yéu cau thiét k&.
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Céc tir ma dau vao cia mia BCD 8421 quyét dinh s& dugc hién thi. Nhung do ciu
trdc khong gian cia cdc LED a,b, ..., g (hinh 4-3-13) ma cdc gia tri tin hiéu dau ra bod
gidi ma dudc xdc dinh sao cho :

- mifc thap L : LED séng

- mtic cao H : LED tit

- cdc LED sdng hinh thanh s6 dugc hién thi.

Béng 4-3-7 1a bang chan 1i tuong ng bang 4-3-6.

T&i thiéu hod

Diing phuong phép hinh v&. Chiing ta chon diing céng NORAND trong sd dd. Do
d6, dau tién ta tdi thi€u hod ham ddo bing dang ORAND d6i vdi cédc gid tri 0 cia ham
diu ra, sau d6 14y ddo thi dugc dang NORAND ddi véi cdc gid tri 1 cia ham dau ra.

Xem cac bang Karnaugh hinh 4-3-14.

Vidu : xét LED thanh a.

T&i thiéu hod dang chuin tic tuyén ddi véi cdc 6 trong bang Karnaugh c6 gid tri
0 d& x4c dinh ham dio :

a=D+B+CA+CA (dang ORAND)

Liy ddo: a=a=D+B+CA+CA (dang NORAND)

(b) b=C+BA+BA

b=C+BA+BA
(c) c=C+B+A
c=C+B+A

(d) d=D+CB+BA+CA+CBA

d=D+CB+BA+CA+CBA

(e) e=CA+BA

e=CA+BA

(f) f=D+CB+CA+BA

f=D+CB+CA+BA

() g=D+CB+CB+BA

g=D+CB+CB+BA
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RA

nC 00 01 11 10
00| 0 1 0 0
01 1 0 0 0
11 X X x x
10 0 0 ¥ %
(a)
RA
nC 00 01 11 10
00| 0 1 0 0
01 0 0 0 n
11 x x ¥ ¥
10 0 0 ¥
(d)
RA
nC 00 01 11 10
00 1 1 0 0
01 0 0 1 0
11 ¥ ¥ x ¥
10 0 0 ' ¥
(8

Béing Karnaugh va ham logic dau ra ctia cic LED hién thia, b, c, d, e, f, g.

Vé sd d6 logic :

RA

nC
00
01

10

neC

nC

00 01 11 10
1] 0 0 0
1] 1 0N 1
x x % x
N 1] x x
(h)
RA
00 01 11 10
00 0 1 1 0
01 1 n 1 1]
11 ¥ ¥ x x
10 1] 1 x x
(e)
Hinh 4-3-14.

RA

00
01

10

nc

So db logic hinh 4-3-15 xuét phdt tir cic ham logic t8i thi€u ho4 bing bang
Karnaugh hinh 4-3-14. Trong hinh 4-3-15, tin hiéu ra tich cuc & mic thap. Vi dy,

DCBA = 1000, s6 dugc hién thi 1a 8 v6i cdc LED abcdefg = 0000000 s4ng.

DCBA = 0101, s6 dudc hién thi 1a 5 véi cdc LED acdfg sdng va be tit.

Mot

dang ki
hiéu mach
clia cong
NORAND
(Vé cd
NORAND,
xem phan

3-3-4-3)

0K 4——

AN -

a

00 01 11 10
0 0 1]
0 0 1]
x x x
1] 1] x
()
RA
00 01 11 10
00 N 1 1 1
01 N 1] 1 n
11 x x Y Y
10 0 0 ¥ x
(f
e f ¥
TR
H Zc
l“ EB
“A
A

—

2’)

¢ 2%

B(2")

o

Al2°)

Hinh 4-3-15 Bo giai ma kich hién thi LED 7 thanh
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4.4.BO SO SANH

Trong céc hé théng s6, dic biét 1a trong mdy tinh, thudng thuc hién viéc so sdnh
hai s8, d€ bi€t s6 nao 16n hon, hay chiing bing nhau. Hai s& cAn so sdnh c6 thé 1a cdc s6
nhi phan, ciing c6 thé 1a cdc ki ty ¢ ma hod nhi phan. Bo so sdnh c6 thé cong tic theo
kiéu noi ti€p hay kiéu song song. 0] chuong nay, ta s€ xem xét nguyén li cong tic va
qué trinh thi€t k€ bo so sdnh song song qua Vi du bd so sdnh s6 nhi phan 4 bit A =
a;a,a;a9 va B = bsb,b,bg

4.4.1. Bo so sanh bing nhau

D9 so sdnh bing nhau 1a mach dién thyc hién chic ning logic xét hai sd ¢6 bing
nhau hau khéng bing nhau.

1) Bj so sanh bdng nhau 1 bit

Xét hai bit a; va b;, goi g; 1a k€t qua so sdnh biing nhau giita a; va b; véi g; = 1
biéu thi a; = b;, g = 0 bi€u thi a; # b;. VAy ta c6 bang chan li 4-4-1.

Béng 4-4-1 : BANG CHAN L{ CUA BO SO SANH 1 BIT

a; b, g Thuy€&t minh
0 0 1 Bing nhau
0 1 0 Khac nhau
1 0 0 Bing nhau
1 1 1 Khdc nhau

Tw béang 4-4-1, ta ¢6
0; :a_ib_i+aibi =m=m
C6 thé diingnhiéu so db thuc hién ham logic trén, hinh 4-4-1a 1a cdng ham tuong
duong, hinh 4-4- ~ 1b1a c6ng NORAND
déu thyc hién chic ning so sanh biang

nhau.

NS

~R

)
Hinh 4-4-1 B so sanh 1 bit
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2) B¢ so sdnh bang nhau 4 bit
B0 so sdnh nhi phin 4 bit A = aja,a;a, vd B = bsb,b;by, ta thiy ring A = B néu a;
=bs, a, =b,, a; = by, ag = by. VAay néu goi g; 1a cdc bod so sdnh 1 bit, chiing ta xay dung
dudc bang chéan 1i 4—4-2.
T bang 4—4-2, ta c6
G=g;.2-81 -8

Véi

g; =a, Db,

g,=2a,®b,

g, =a,®b,

g, =a,9Db,

Bing 4—4-2 : BANG CHAN Li BO SO SANH BANG NHAU 4 BIT

g3 g &g &o G
0O 0 0 0 0
0O 0 0 1 0
0O 0 1 0 0
0o 0 1 1 0
0O 1 0 0 0
0o 1 0 1 0
0o 1 1 0 0
1 1 1 1 0
1 0 0 © 0
1 0 0 1 0
1 0 1 0 0
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1

Viaytaco:

G=g3.2.81-2
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G=a,®b,a,®b,a,®b,a,®b,
G=(a, ®b;)+(a,®b,)+(a,®b,)+(a, ®by)

| &

Hinh 4-4-2 So d logic bd so
sanh biing nhau 4 bit

4.4.2. B0 so sanh

B0 so sdnh 1a mach dién thyc hién chiic ning logic x4c dinh s6 nao 16n hon trong
hai s6 dugc so sanh.

1) Bo so sdanh 1 bit

Xét hai bit a; va b;, k€t qué so sdnh ;= 1 biéu thi a; > b;, m; = 1 biéu thi a; < b;.
Ta c6 bang chan li 4—4-3.

Béng 4-4-1 : BANG CHAN LI CUA BO SO SANH 1 BIT

a, b; l; g Thuy€&t minh
0 0 0 0 a=b,
0 1 0 1 a; < b;
1 0 1 0 a; > b;
1 1 0 0 a;=b;

TU bang4—4-3,ta c6 :
Ii :aib_i m; :a_ibi
Cin ctt vao ham logic trén day, ta xay dung sd
dd logic hinh 4-4-3.
Hinh 4-4-3 B so sanh 1 bit
2) Bj so sdanh 4 bit
a) Phuong phdp so sdnh hai s6 nhi phdn nhiéu

bit
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Qud trinh so sdnh hai s6 nhi phan nhiéu bit phai bit dau tir bit ¢6 trong sd cao
nhat, cji khi nao bit ¢6 trong s& cao nhit bing nhau thi méi ti€p tuc so sanh dén bit c6
trong s6 thap hon lién ké. Y nghia trong s6 khién viéc so sinh quyét dinh bdi s6 ¢6
trong & 16n. (Vi du quen thudc : so sanh 901 va 899, so sdnh s hang trim 9 > 8, két
luan ludn 901 > 899, khong d€ y dén s& hang chuc va hang don vi clia chiing).

b) Bo so sdnh 4 bit

So sdnh hai s6 nhi phan A = aja,a,;a, vad B = bsb,b,b,

K&t qua so sanh G=1néuA=B ;g =1néua;=b;

L=1néuA>B;l,=1néua;,>b,

M=1nfuA<B;m;=1néua<b

Bing 4—4—4 : BANG CHAN LI CUA L

g £ & L I3 L 1L, 1 L | Thuyét
minh
X X X X 1 X X X 1
1 X X X X X X 1
A>B
1 X X X X X 1
1 1 X X X X 1 1

Béng 4—4-5 : BANG CHAN LI cCUA M

g £ & £ m; m, m; m, M | Thuyét
minh
X X X X 1 X X X 1
1 X X X X X X 1
A>B
1 1 X X X X X 1
1 1 X X X X 1 1

Khi liét ké bing 4-4-4 va 4-4-5, can luu ¥ cdc quan hé phi dinh nhau ctia c4c
bién logic va mot sd gid tri cda bién logic khong dnh hudng gi dé€n ham logic. Vi du :
Xét bing 4—4-4.

69



Hang th nhat, I;= 1 ching t6 a3> bs, g3# 1 (I3= 1 phd dinh g3=1). Vi a; b; ¢
trong s& 16n nhat, nén A > B, L = 1 khong phu thudc gi vao g, g1, g0, I, 1,1 nén tuong
ting v6i cdc ddu chéo “X”.

Hang thi hai, g;= 1 chiing td a;=bs, I3 # 1. 1, = 1 chiing tb a, > b,, vi ching c6
trong sd thit hai, nén A > B, L = 1 khong phu thudc gi vao g,, g1, g0, b, 11, 1, tiong ting
véi cdc dau chéo “X”.

Hang thitba g3 =g, =1 chingtd a3 =bs,a,=b, , s 1, L=1,1, =1
chiing t6 a; > b;, do d6 A > B, L = 1, khdéng phu thudc vao g, g, 1y tuong tng vdi cdc
d4u chéo “X”.

Hang thttwu gz =g, =g =1(a3=bsz,a,=b,, =1L, L=1, 1,1 ]j=1
chitng té ay > by, do @6 A > B, L = 1, gy # 1. Tuong ting cic gid tri # 1 déu ddnh dau
chéo “X”.

Béng 4-4-5 ciing dudc tim hi€u va ké ra mot cich tuong tu.

T bang 4-4-4ta c6 : L =15+ g3.1, + g3gol; + 2322 g1lo.

T bang 4-4-5ta ¢6 : M = m3 + gsm, + g3g-m; + 232, g;my,.

Sd db logic ham L, M thuc hién bing cdng AND va OR trén hinh 4-4-4.

g3, 2, g 12 tin hiéu diu ra. y i

B9 so sdanh bing nhau 1 bit

g, =a, ®b, P éﬁ EEQ—Q

g,=a,®b, !rL @ 1|

g, =a @b, ;J Zr‘J

Sasdy

13, 12, 11, 1() va ms, My, My, My la cac b6

. . Hinh 4-4-4 B so sanh 4 bit.
so sanh 1 bit.

4.4.4. ICMISI b so sanh 4 bit

Hinh 4-4-5 1a vi mach MSI b0 so sanh 4 bit.

Nhin xét s6 d6 hinh 4-4-5, ta thiy ring MSI nay c6 so d& mach phii hop
vdi cdc sd dd bd so sdnh da trinh bay trén, n6é ¢é thém 3 cdng AND va 3 diu vao diéu
khi€na>b,a<b,a=b.

Céc biéu thitc ham logic diu ra L, M, G hoan toan khong khic gi vdi cdc
biéu thiic di din & trén. Bang chan 1y cia bd so sianh 4 bit hinh 4-4-5 13 bing 4-4-6.
Chol=m=0;g= 1, tit s6 dd logic hinh 4-4-5, theo titng cip tir diu ra, ta c6 thé viét

cdc ham dau ra nhu sau :
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L =1+ gl + g2l + 232 gilot g3g2 g1l

=1 +_g312 + 2321 T 88 gilp+ 0 o
=a,b, +a,®bja,b, +a,®b,a, ®b,ab,

+a,@®bya, ®b,a, Db, a,b,

M =m; + gzm, + g3g,m; + 32, giMo+ g3, gim

=m;3 + g3my + g3gom; + g3g, gymo+ 0

Hinh 4-4-5 B6 so sdnh 4

bit (MSI)
a) So d6 mach dién
b) Ki hiéu
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—a,b, +a, ®b,a,b, +a, Db, a, Db,a,

+a,@®b,a, ®b,a, Db, a,b,

G

= 238281808
= 23828180

a,®b,a, ®b,a, ®b,a, Db,

71

L
f/f)f_i’)

M
(A<E)

G
(A=8)



Béng 4-4-6 : BAN CHAN LY BO SO SANH 4 BIT

DPau vao so sdnh Pau vao diéu Paiura
khién
1 m g L M G
asbs ab, a;bl agby
a>b a<b |a=b |A>B |A<B |A=B
a;>b; | X X X X X X 1 0 0
az<bs | X X X X X X 0 1 0
az=bs |a,>b, | X X X X X 1 0 0
az=Db; |a,<b, | X X X X X 0 1 0
az=bs |a,=b, |a;<b; | X X X X 1 0 0
a;=bs |a,=b, |a;=b; | X X X X 0 1 0
az=Dbs |a,=by, |a;,=b; |ay>Dby | X X X 1 0 0
az=bs |a,=by |a;=b; |ay<by | X X X 0 1 0
az=Dbs |a,=b, |a;=b; |ag=Dby | 1 0 0 1 0 0
a;=bs |a,=b, |a;=b; [ay=Dby | O 1 0 0 1 0
az=bs |a,=by, |a;=b; |ag=Dby | O 0 1 0 0 1

4.5.BQ CONG
Thuc hién cdc phép tinh 12 nhiém vu cd ban clla mdy tinh s6. Trong mdy
tinh, cdc phép cdng trlit nhan chia déu quy vé phép tinh cong theo mdt cdch ndo dé, vy
phép cdng la phép tinh co ban nhat clia mdy tinh.
4.5.1. B) cong nita
Bd cdng nita 1a mach dién thuc hién phép cong 2 s6 1 bit. Bang 4-5-1 1a
bang chan 1y ctia phép cong ntta, Si 1a tdng a; va b; 1a cdc s6 hang dudc cong, c; 1a s&
nhd sang bit trong s& 16n hon. Bang chan 1y 4-5-1 chi thyc hién phép tinh d6i véi ban

than hai s6 a;, b; ma khong ké dén s& nhé chuyén vi tir

bit ¢6 trong s6 bé hon. Vay méi c6 tén 1a cdng niva. T o
bang 4-5-1 ta ¢6 : e
Si=ab, +a,b, =a, ®b,
¢ = ab; 4 4
Hinh 4-5-1 13 sd dd logic va ky hiéu bod
cong nta. Hinh 4-5-1 : B) cong nita
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Béng 4-5-1 : BANG CHAN LY BO CONG NUA

a b; Si | Ci
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

4.5.2. B cong du :
Bo cong nita khong dap tng yéu cau thyc t&€ cong hai s6 nhiéu bit. Vi du
cong hai s6 A = Asara,ap = 1011 va B=bsb,b;by= 1110
bit3 bit2 bitl bit0

1 0 1 1 A

1 1 1 0 B

1 1 0 S& nhé chuyén 1én
1 0 0 1

Qua vi du ta thdy : viéc cong cdc bit 3, bit 2, bit 1 déu kém theo sd nhd,
nghia 14 ¢6 3 s6 hang tham gia, gdm 2 bit dudc cong va s6 nhd chuyén 1én tir phép cong
bit trong s6 bé lién ké&. Phép cong cé nhé dudc goi 1a cdng dli, mach dién thyc hién
tuong dng dugc goi 1a bd cong da (Full Adder).

Béng 4-5-2 1a badng chin ly cta bo cdng dd, trong d6 a ;, b; 1a hai bit dugc cong,
Ci.1 12 s6 nhé chuyén 1én tir bit i - 1 (bé lién k&) s; 12 tong va c; 1a sd nhé (phai chuyén
1én phép cOng dd cha bit i+ 1).
Tién hanh t&i thi€u héa bing bang Karnaugh, xem hinh 4-5-2
Béng 4-5-2 : BANG CHAN LY CUA BO CONG PU

ai bi ci-1 sl si
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
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b. ¢, b c

&, 00 01 11 10 8, 00 01 11 1

0
1 =i
Hinh 4-5-2: Bang Karnaugh cia Oafrjor] Olojo |10
A e . 0 50 i da . I
ham logic dau ra si, ci i1 119 | 10 |1 { i 1J;
L S‘ b Ci

hinh 4-5-2a, ta c6 :
s; =a;b;c,

.C,, +a,b,cit +a;b,ci-i +ab,c,
=a;(b,c,, +b,ci1 +a,(b,ci1 +b,c, )
=a,(b,®c, ,)+a,b, D¢,
=a, ®b, D¢, ,

Tu hinh 4-5-2b, ta c6 :

¢, =ab,c,, +ab,c, +a,b,

= (a_ibi + aib_i)ci—l +a;b,
=(a; ®b;)c;, +a;b,
Ham logic cla ¢; khong & dang t8i gidn ma c6 a, @b, gidng nhu trong

ham s;, nhd vdy sd d6 chung lai don gidn. Xem hinh 4-5-3.

Hinh 4-5-3 B cong di. NORANT [ =
FA
a) S¢ do du
% b Gy

b) Ki hi¢u

4.5.3. B cong c6 nhé noi ti€p

Sau khi da gidi thiéu bo cong @i 1 bit, by gid ching ta xem xét bo cdng
s6 nhi phan nhiéu bit. C6 rat nhiéu mach dién khac nhau thuc hién viéc nay. Ta hay
xem xét cu thé bd cong hai s6 nhi phan 4 bit, trong d6 sd liéu dudc cong cic bit dua vao
song song, s& nhd chuyén ndi ti€p tir bit thap nhat 1én.

Hinh 4-5-4 gi6i thiéu bd cong 4 bit dugc ciu tric bing 4 bd cong du 1 bit.
Vi phdi dgi s6 nhd tir FA bit thdp hon dua 1én, nén phép FA cia bit cao thyc hién sau
phép FA ctia bit thap. S6 nhS chuyén ndi ti€p tir FA bit thdp 1én, titng budc mot theo s&
bit.

Uu diém clia bo cong céc bit song song c6 nhd ndi ti€p 1a : mach dién don
gidn. Nhuge diém clia né 13 : t6c do thap. PE nang cao tdc d6 phép cong, ta phai tim
céch rit ngin thdi gian thyc hién FA cia bit cao, trong d6 c6 cdch s& nhé chuyén sém

t61 FA cua bit cao.

74



G, G C, Co

Hinh 4-5-4 by cong 4 bit.

4.6. BO) CHON KENH

Bo chon kénh con goi 12 bd don

kénh (MUX) cling go 1a bd chon dir li€éu (DATA i
SELECTOR). Bd chon kénh thuc hién dudi I—EBH_L_
dang mot mang cidc cong NORAND (hay Q?\\

logic co ban ctia bd chon kénh 13 duéi su diéu

ORAND). Ung dung ctia n6 rat rong. Chic ning J j \
R S |

khién ctia tin hiéu chon (n ddu vio diéu khién)

thuc hién sy chon ra mot kénh (trong s6 2" kénh

diu vao) d€ thong tin hiéu kénh dugc chon dén

Hinh 4-6-1 : B chon kénh (MUX)

daura (1 daura).

Hinh 4-6-1 gidi thiéu bd chon kénh c6 4 diu vao dé chon.
Trong hinh, B va A 1 n = 2 d4u vao diéu khién, D;, D,, D, Dy 12 2" = 4,

diu vao dit liéu dugc chon, Y 13 du ra, con G 1a dau chon chip (cho phép bd chon kénh

lam viéc).

6-1)

6-2)

Tl sd d6 hinh 4-6-1 ta viét ham logic diura :

Y =GBAD, + GBAD, + GBAD, + GBAD,

_ _ _ (4-
~G(BAD, +BAD, + BAD, +BAD,)
Khi G =1 thi Y =0, tifc 1a bd chon kénh bi cAm, né khong lam viéc.
Khi G=0thi Y = BAD, + BAD, + BAD, + BAD, (4-

Kénh nio dugc chon, phu thudc tin hiéu chon (diu vio diéu khién).
Néu BA =00, thi Y =Dy, néu BA=01,thi Y =D;,nfuBA=10thi Y =

D,, néu BA = 11 thi Y = D;. Bing 4-6-1 13 bdng chiic niing ctia bd chon kénh.
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Béng 4-6-1 : BANG CHUC NANG BO CHON KENH

B A D, Db D, D; |G H
X X X X X X |H L
L L L X X X |L L
L L H X X X |L H
L H X L X X |L L
L H X H X X |L H
H L X X L X |L L
H L X X H X |L H
H H X X X L L L
H H X X X H |L H

C6 thé viét rit gon bang 4-6-1 thanh dang don gidn nhu bang 4-6-2
BAng 4-6-2 : BANG CHUC NANG RUT GON CUA BO CHON KENH

B A G Y
X X H L
L L L Dy
L H L D,
H L L D,
H H L D,

4.7. ROM (bd nhd chi doc - Read Only Memory)

ROM con goi 12 bo nhd c6 dinh. Vi dit liéu luu giit trong ROM khong dé
gi thay ddi, dit liéu néi chung khong thay d6i, chi doc ra. Phan tif nhé trong ROM rit
don gidn, do d6 IC c6 dd tich hop cao. C6 nhiéu chiing loai ROM. Cin cif vao phan tf
nhé trong ROM, thi c6 3 loai : ROM di6t, ROM tranzito ludng cuc vd ROM tranzito
trudng (MOS). Cin cit cdch viét dit liéu vao ROM, ciing ¢6 3 loai : ROM c¢6 dinh (ROM
mit na - Maskable ROM), PROM va EPROM. ROM c6 dinh khi ché tao thi nha mdy
nap sin dit liéu thong qua cdng doan mit na, ndi dung dé khong thé thay d6i trong qué
trinh st dung. PROM (ROM c6 thé nap chuong trinh - programable ROM) thi ngudi st
dung c6 thé nap chuong trinh vao (bing mot thi€t bi dic biét), nhung dit liéu chi dugc
vi€t vao PROM mdt 1dn ma thoi, sau d6 khong thé thay ddi. Noi dung lvu giit trong
EPROM (erasable ROM) thi c6 thé thay ddi (viét méi) bing mot thi€t bi dic biét.
Nhung do qud trinh vi€t méi phién phifc, nén thdng thudng chi ti€n hanh doc.

4.7.1. B6 nhé ¢& dinh chi doc (ROM)
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ROM c6 dinh c¢6 3 phan mach : bd gidi mi dia chi, ma tran phin t& nhd,

va mach dién diu ra. Hinh 4-7-1 gi6i thiéu £
mach dién don gidn nhat 1a ROM diot. ﬂ 10 0 (st

Hinh 4-7-1 ROM diét. i, e iil B L0 Lew

Dung phuong phédp phan tich logic, ta viét dugc :
Ham logic tin hi€u trén cdc day tu :
W, =AA, W, :AlA_o Wi ZAIA_O W, =AA

Ham logic tin hiéu dau ra :
D,=W,W,=AA,AA,=AA +A A, =A,

D, =W W, W, =AAAAAA =AA+A A=A A
=A, +A_o

D,
D, =W,W, =A A, A

A Ay, |Dy D, D, D,
0 0 0 1 0 1
0 1 1 0 1 1
1 0 0 1 0 0
1 1 1 1 1 0

Tir bang chan 1y, ta thi'y sd d6 hinh 4-7-1 thuc chat 13 mot bd chuyén ma
tr ma A A, sang ma D;D,D,D,. Qu4 trinh dién ra nhu sau : bo gidi ma dia chi ti€n hanh
gidi ma A Ay, ma tran 4 cdng AND didt (dAu ra ciia AND diot 1a day bit, du vio cda
AND di6t 1a day tir qua di6t ndi day bit twong tng) va bd ddo (mach dién diu ra) thuc

hién ma héa ddi véi tin hiéu diu ra bod gidi ma. Cudi cling ta c6 ma D;D,D,D,,.
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Trong mach dién hinh 4-7-1, cdc tir ma cua 3°

tinh hiéu dau vao va diu ra c6 quan hé don tri. Vi vay, S j‘ik- ;1;~ ';;“J
ngudi ta thudng xem tif ma dau vao A A, l1a dia chi cia H_El'.: ':;{p. 5
tr ma D;D,D D, dugc luu git trong ROM, con ban than H:H - i
D;D,D,D, dugc xem 12 ndi dung dit liéu dugc luu gitt § —— =1 [T |
dia chi tuong Gng A;A,. Trong ma trin phan t& nhd, jj’“ w,
dudng ngang d€ chon tir goi tit 1a day tir, dudng doc dé —J:jh ET ?:“] y
chon bit goi tit 12 day bit. Chd giao nhau gifta day tit day P i i
bit dugc goi 13 phin ti nhd. Tai phan t& nhd, néu c6 & & 4 %
dist thfi dit liéu luu giit 12 1, néu khong cé dist thi dit }ﬁ‘;"t:azlihd

liéu luu gitr 1a 0. N6i dung dir li€u luu gilf trong ma trén ctia ROM NMOS

nhS khong thé thay ddi sau khi hoan thanh ché tao ra
ROM, tifc 1a chi doc ma khong viét dudc ...

Hinh 4-7-2 12 ma trin phan t& nhé ding tranzito trudng MOS (cé ndi
dung nhé nhu mach hinh 4-7-1). Tai phin tif nhg (ndi giao nhau giita dy tir va day bit)
néu c6 tranzito MOS thi ndi dung luu gitt 12 1, n€u khong c¢6 thi 1a 0. Chi luu y tin hiéu
day tir tich cuc & mifc cao. (Ciing c6 thé ding tranzito ludng cyc d€ cu tric ma trin
nhd ctia ROM).

Khi ch€ tao ma trin nhé clia ROM, cin cif ndi dung can luu giit ma thiét
k€& mit na. Piéu nay chi c6 10i khi s lugng sdn xudt 16n (vi thé tdc mit na va cdc cong
doan lién quan t6i thdi gian, gid thanh cao). Trong trudng hdp sd lugng sin xuat khong
16n, ding PROM kinh t& hon.

4.7.2. B4 nhé chi doc ¢6 thé ghi rinh tw (PROM)
Khi xuit xudng, PROM c6 cdc phan tif nhé déu

12 1, ngudi st dung cin ¢t ndi dung cin luu trit ma tly y chon

phan ti nhé nao khong thay d6i (1), phin ti nhé nao phai thay

ddi (0) dé thyc hién thao tdc viét vao bd nhé. Nhung chi mot
1an vi€t ma thdi. Hinh 4-7-3 :

Hinh 4-7-3 gi6i thiéu mot phan t& nhé PROM, Phin tif nh¢ PROM
gdm c6 mot tranzito ludng cuc va mdt cAu chi (hdp kim Ni, Cr ...) Khi xuit xudng, cau
chi clia cdc phan tif nhg déu thong. Ngudi sit dung mudn ghi bit 1 vao phan tif nhé nao
thi gilf nguyén cau chi, mudn ghi bit 0 vao phan t& nhé nao thi 1am ciu chi dit bing
dong dién di 16n theo quy dinh. CAu chi cda phan tif nhé dit roi thi khong c6 cdch gi
ndi lai nhu cii dugc, tic 12 khong thay d6i ndi dung dugc nita.
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Ngoai hinh thifc cau chi, ngudi ta con ché tao PROM ding didt Schottky
thay th& phuong dn ciu chi trén. Khi xudt xudng, tit ci cdc diot Schottky déu ngit (&
trang thdi phan cuc ngugc), tuong tng bit 0. D€ tao ra bit 1, ngudi st dung phai dit dién
4p ngudc di 16n dé€ diot Schottky danh thing tao thanh chip cuc thong mach vinh vién.

4.7.3. Bo nhé chi doc c6 thé viet lai (EPROM)

« X A 2 A ~, g 2y°
Thyc tién ludn c6 nhu cau stta chira, ddi méi s L
: (vr cGng tha o)

mot s6 dit liéu ndo d6 trong ROM, do viy ngudi ta khong 5 s | z
théa min véi ROM c& dinh va PROM. EPROM gii quyét ; / !
va ddp tng nhu ciu trén, nén cé tng dung rong rii. Hién \_‘L_,d: ;
nay EPROM st dung phin t& nhé trén co s§ tranzito ,_7,) ) £~
FAMOS (Floating - gate Avalanche - injection Metal Oxide hapie X

Hinh 4-7-4.

Semiconductor - Ban din oxyt kim loai phun - cuc c6ng thic o
Keét cau tranzito FAMOS

lii thd ndi). Hinh 4-7-4 trinh bay két ciu tranzito FAMOS.
N6 cd ban 12 tranzito MOS cuc cong S; kénh P. Pi€m khdc biét ciia n6 1a cuc cong hoan
toan bi SiO, c4ch li, nén & trang thdi “bdng bénh” va c6 tén cyc cdng thi ndi. Cyc nay
von khong mang dién, nén khong c6 kénh din giita cuc ngudn S vi cuc ming D,
tranzito FAMOS & trang thdi ngit. Nhung néu dit dién 4p tuong ddi 16n (-30V ching
han) giita D va S, 1am cho chuyén ti€p PN giita cyc mang D va d&€ bi d4dnh thing thic
1ti, dién t trong ving nghéo kiét nhd dién trudng manh gia t6c 16n bay tir ving P* ra
ngoii. Do tdc dd cao, c6 mot phan tir xuyén qua 16p oxyt tuong ddi méng d€ tdi cuc
cOng tha ndi, ching dugc ton trit & dién tich § cuc cdng khong c6 16i thoat di, nén bio
tdn 14u dai tai cuc c8ng. (O 100°C, mot ndm suy gidm chua t6i 1%). Piéu chinh bién do
va thdi gian clia dién 4p giita DS, thi c6 thé diéu khién lugng dién ti¥ phun vao. Khi cuc
cong da c6 dd nhiéu dién ti (dién tich 4m) thi c6 thé tao ra kénh din gitta D va S 1am
cho tranzito FAMOS tré thanh thong. Néu dung tia cuc tim hodc tia X chi€u vao
tranzito FAMOS lam trung hoa dién tich & cuc cong,

_fg
kénh din bi€n mat, tranzito FAMOS trd lai trang thdi Loiyp j”:";?
ngit. D€ tién ti€n hanh viéc khit bd kénh din, khi bao T = T =Famzs
g61, ngudi ta d€ mot cra s6 thach anh cho viéc chi€u ﬁ_:‘:—_-%. ——:;'T}‘_
xa khi can. | ”’ZI" —
Hinh 4-7-5 gidi thieu EPROM ciu triic i -7z

tranzito trudng, mdi phan ti nhé gdbm mdt tranzito
MOS néi ti€p v6i mdt tranzito FAMOS. Day tir diéu  Hinh 4-7-5: Ma tran nhé EPROM
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khién cuc c6ng. Khi xuit xudng, tit cA FAMOS déu & trang thdi hd mach. Ngudi st
dung cin ctt vao dit liéu can lvu gitt, dua xung dién 4p Am vao diy bit dd chon, lai diéu
khién day tit cho MOS theo dia chi thong dAn. FAMOS & day bit dd chon sé& danh thing

~ ~ LN N g e
thac 1, phun dién t& vao cyc cong clia nd.

Khi doc ra, ddy tir chon hang phan t& nhé, FAMOS nao di cé dién t
phun vio cuc cdng clia né sé& din dién, diy bit twong ting sé& c6 miic cao ; FAMOS nio
khong c6 dién ti phun vao cyc cdng thi hd mach, day bit tudng ng sé cé miic thap.

Can luu y ring tranzito FAMOS c6 thé c6 nhitng hinh thic cau tric khic
véi cau tric dudc gidi thiéu trén day.

4.8. MANG LOGIC LAP TRINH (PLA) |

Hinh 4-8-1 gi6i thi¢u PLA cAu triic tr mot 4 — oty AT

mang cong AND va modt mang cdng OR. Mang cdng

AND thuic hién phép nhan logic cc bién so trong cic tin

hién dau vao A, + A,. Tin hiéu dau ra P, + P,, 1a tich o ae ——2,
T L

A 9 2, [N A F3A N 2 e A = '_"‘Z
(Hoi) cua céac bién sd6 dau vao. Mang cong OR thuc héin - !
b e

phép cong logic cac tich Py + Py, Tin héiu diu ra cla
méang OR (cing 12 clia PLA) 12 tong (tuyén) clia cic  Hinh 4-8-1 : S¢ @b khési céiu triic cha PLA
tich d6. Tém lai, & ddu ra PLA ta c6 ham logic dudi

dang chuin tic tuyén. Ngudi sit dung PLA tiy y thiét k& tdng cia nhifng tich nao, tich clia
nhitng bi€n ndo. Vay ciu tric hinh 4-8-1 dugc goi 12 mang logic 1ap trinh PLA.

Moi ngudi déu biét ring mot ham

. g
logic bét ky d& ¢6 th bidu thi dudi dang chusn tic U E'J &
tuyén (ORAND). Vay diing PLA thuc hién ham logic H}("‘

dang chuin tic tuyén 1a vd ciing thuan tién. Vi ching _‘l:"-l :

ta dua bién logic d&n dau vao PLA, thiét k€& céc tich __‘El']

,_
| =

5|

d
S 7]

Y 2 (g ~ 2 e 2
bang mang AND, sau d6 thi€t k€ cac tong cua cac ¥

tich bing mang OR thi dau ra PLA la ham logic jf"’! —1':“'[ }“]
chuin tic tuyén can co. =0 _I;Ilj
W w -
Qua vi du tuong d6i don gidn dusi tn 1%t 1w in
day, chiing ta s& thdy cu thé nguyén 1y cong tic clia
PLA. Hinh 4-8-2 : Ming cng NAND
PMOS

Hinh 4-8-2 trinh bay mang c6 5 cdng
NAND PMOS. W, + W, 12 bién s& ddu vio Y, + Y4 12 ham s6 dau ra. Pic di€ém cong tac ctia
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tranzito trudng PMOS 1a : Thong dan khi dién ap muc thdp & cuc cong, hd ngit khi dién ap
miic cao & cuic cong, hd ngit khi dién 4p miic cao & cuc cdng. Vay ta c6 bang chifc ning ké &
bang 4-8-1.

Ap dung logic dudng (mtc cao H biéu thi 1, mic thap L biéu thi
0), ta c6 thé vi€t ra cdc ham Y; tir bing 4-8-1 L: |

06 —0—0 —& 2

Yo = WoW, LT
Y, =W W,W, T T
Y, =W, (481 4 *_;t':i
Y, =W, W, e |
Z;
Hinh 4-8-3 PLA 2 cAp mang cdong
NAND.
Bang 4-8-1 : BANG CHUC NANG
W, | Y W, W3 W, |Y, W; Y,
L H L L L H L H
H |H L L H |H H L
L H L H L H
H |L L H H |H
H L L H
H L H |H
H H L H
H H H |L

PLA hinh 4-8-3 gdm 2 mang c6ng NAND PMOS. D€ don gidn hinh vé,
nét chaAm dam bi€u thi tranzito PMOS tai chd giao nhau. Tir hinh 4-8-3 ta c6 :

Z,=Y,Y,

Z,=Y,

Z,=Y,Y, (4-8-2)
Z,=Y,Y,Y,

Z,= ?1

Thay biéu thifc (4-8-1) vao (4-8-2) 4p dung dinh 1y Demoorgan ta c6 :
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Z, = W,W,W, + W, W,
Z, =W,

Z, =W,W, + W,W, (4-8-3)
Z, = W,W, + W,W, + W,W,

Z, = W,W,W,

Tuy ring hinh 4-8-3 cu tric bing hai mang cdng NAND, nhung két qua
clia cdch dau noi thé hién § ham diu ra (4-8-3) chiing td ring so db hinh 4-8-3 tuong
duong hinh 4-8-1. Ding so dd cau tric hinh 4-8-3, dua tin hiéu diu vao dén diu vao
mang trén (W) , ciin ctf tich c4dc bi€n dau vao ma thiét k& vi tri tranzito MOS, rdi cin
ct vio tdng cdc tich ma thi€t k& vi tri tranzito MOS trong mang duéi ; hién nhién d6i
vdi toan bo so dd hinh 4-8-3 (hai mang) thi & diu ra ta c6 ham logic dang chuin tic
tuyén theo yéu cau thiét k€.

Trong PLA dugc IC héa, khong chi c6 mdng OR - AND trén ddy, ma con
c6 cdc bd dio cho tin hiéu ddu vao, va cdc cdng 3 trang thdi dém & diu ra. Vay trén 1
chip , ta c6 thé ciu tric bat cit mang t6 hop nao. N&u thém vio chip d6 mot s6 Flip
FLop (s& gi6i thiéu sau) thi ta c6 thé ciu tric duge cdc mach sd néi chung (bao gdm
mach ddy). Ciing nhw ROM dudc sdn xuit ra thanh cdc loai ROM c6 dinh, PROM,
EPROM, PLA ciing dudc san xuit ra thanh cdc loai PLA c¢d dinh, PLA c6 thé nap
chuong trinh va PLA c¢6 thé viét méi.

Chiing ta c6 thé d€ y thdy ring két cAu mach dién mang cng trong PLA
giong nhau v6i ma tran nhé trong ROM. Ching khac nhau phuong thifc cong tic. Pau
vio PLA 14 cdc bién logic, c6 thé nhiéu bién ddng thdi tic dong. Pau vao ma tran nhd
trong ROM 12 tin hiéu gidi ma dia chi, mdt 1an chi tdic dong vao mot day tir. Gia sl can
thuc hién cting mot ham logic phifc tap nao d6, thi phan tit nhé ctia PLA it hon nhiéu so
véi s6 phan t¥ nhé cia ROM tuong duong. Vi vay tng dung va sin xuat IC PLA ngay

cang rong rai.

4.9. NGUY HIEM CHAY PUA TRONG CAC MACH 10 HQP
Nguy hi€m chay dua la hién tugng trong mach t8 hgp xuat ra tin hiéu gia,
von 12 nhitng xung nhidu qud d6 khi tin hiéu dau vao chuyén d6i trang thai. N&u phu ti
ctia mach xét nhay cdm d6i vdi xung nhiéu nhu Flip Flop ching han, thi cin tim cdch
trit bé nguy hi€m chay dua.
4.9.1. Nguyén nhan sinh ra hién tugng nguy hi€ém chay dua
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Trong mach s6, mot cdng bat ky ma c6 hai tin hiéu dau vao ddng thdi
chuyén ddi trang thdi theo huéng ngugc nhau (vi du tir 01 sang 10) thi c6 thé sinh ra
xung nhiéu & diu ra. Ta minh hoa diéu nay biing c6ng AND (TTL) hinh 4-9-1.

Vi chtic ning ctia céng AND, Z = A. B. Néu AB = 01 hay AB = 10 thi

déng 1€ Z phai luon luén 1a 0.

z
Hinh 4-9-1 : Nguy hi€m chay dua cia é
cong AND
a)Céng AND (TTL); il
b)Piic tinh truuyén dat dién ap 2) 5) P

cia cdng AND;
¢) Xung nhiéu sinh ra do nguy
hiém chay dua

Trong qué trinh chuyén d6i tir 01 sang 10 c6 thé sinh ra xung nhiéu vi :

1. Tin hiéu A, B khong thé dot bién, su chuyén d6i trang thai didu trai
qua thdi gian qué do.

2. Su chuyén ddi trang thai
cta tin hiéu A va B x4y ra ¢6 s6m mudn so
véi nhau (quing dudng truyén tin hiéu
khdc nhau, tré truyén dat cia mach dién

khong hoan toan bing nhau).

Ching han tin hiéu A ting

1én mitc khéa cdng Vopr trude khi tin hidu

B gidm xudéng dén mitc md cdng Voy, khi
d6 & dau ra Z sé& sinh ra xung nhiéu duong. ) 2

Con trong trudng hgp tin hiéu B gidm

Hinh 4-9-2 : B) giai ma nhi phan 2 bit.

a) S¢ dé logic

dén Vopr thi lai khong sinh ra xung nhiéu.  b) Xung nhi&u do nguy hiém chay dua sinh ra

xudng dén Vg trude khi tin hiéu A ting

Vay mach dién c6 nguy hiém chay dua
khong phdi nh4t dinh phdi ¢6 xung nhiéu
dau ra. Tuy nhién, ta khong th€ biét trudc chinh xdc sy sai 1éch gy ra s6m mudn néi

trén. VAy y nghia hién tugng nguy hiém chay dua 1a kha ning sinh ra xung nhiéu.

Hinh 4-9-2 12 mot vi du vé xung nhiéu sinh ra do nguy hiém chay dua.

Gi4 st tin hiéu diu vao chuyén d6i trang thai theo chiéu miii tén trén bang 4-9-2.
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Theo db thi thdi gian hinh 4-9-2b, twong tng sai l&ch thdi gian qud do tin
hiéu A va B c6 th€ sinh ra xung nhiéu diu ra cdng AND M,, tudng tng sai léch thdi
gian tré truyén dat ctia M5 vi Mg c6 thé sinh ra xung nhiéu dau ra c6ng AND M,. D6 1a

nhitng xung nhiéu sinh ra khi BA chuyén tir 01 sang 10 (ddnh du trong bing 4-9-2).

Bang 4-9-2 : Bang chan 1y mach dién - (hinh 4-9-2)

4.9.2. Phuong phap trir bé nguy hi€m chay dua

C6 nhiéu phuong phdp d€ nhan biét mot mach t8 hop cé nguy hiém chay
dua. Phuong phdp truc quan hon cd 12 ké bang chan 1y cho tirng cAp mach dién xét. Tim
xem cdng nao chiu tdc dong cda tin hiéu diu vao ddng thdi 0 sang 1 va 1 sang 0. Phin
dodn kha ning sinh ra xung nhiu § dau ra clia toan mach xét, tifc 13 c6 nguy hi€m
chay dua hay khong. N&u phu tdi cia mach xét nhay cdm vdi xung nhiéu thi cin tim
céch trir bd nguy hiém chay dua. Duéi day gidi thiéu may phuong phap thong dung.

1. Pua vao xung khéa :

Trén hinh 4-9-3 xung 4m p; 1a xung khéa dua vao trong thoi gian qud do
dé khéa cdng M,, M,. (Nhu di trinh bay trén M, va M, c6 nguy hiém chay dua). Xung
p1 phai ddng bo véi chuyén d6i trang thdi tin hiéu vao va khong nhd hon thdi gian qud
do At.

Hinh 4-9-3 : C4c phuong phép trir bé nguy hiém
chay dua
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2. Pua vao xung mao :

Trén hinh 4-9-3, xung duong p, 12 xung diing d&é mé thong mach, dwa vao
sau thdi gian qud d9, lic mach dat dén trang thai n dinh m&i, € md thong M, va M,.
Tin hiéu diu ra cia M, va M, biy gid c¢6 dang xung bé rong bing xung md p,. Vi du
khi tin hiéu dau ra BA = 11, Z; khong tifc thdi chuyén 1én muc cao, chi khi da xuat hién
P2, Z3 md&i hinh thanh xung duong.

3. Mdc thém tu loc :

Vi xung nhiéu do nguy hiém chay dua tao ra 1 rat hep (hep hon thdi gian
qud do At) nén co thé mic thém mot tu dién loc (dién dung khong 16n) & dau ra dé trr
bé. P6 1a C; trén hinh 4-9-3. P6i véi mach TTL, C; c6 dién dung vai trim pF la dd dé
suy gidm bién d6 xung nhiu dén mic khong ding ké.

4. Sita doi thiét ké logic :

Khi nguy hiém chay dua do mdot bi€n s& chuyén d6i trang thai giy ra, thi
c6 thé dung stta ddi thiét k& logic dé trir bd. Xét
vi du sau :

) —

Gia st ham logic da cho la : o U

Z=AB+AC
So d6 logic ctia ham nay 1a dudng
nét lién trén hinh 4-9-4. ,
KhiB=C=1thi: ; | |

Z=AB+AC=A.1+A.l
Z=A+A

Hinh 4-9-4 : Sita d6i thi€t k& logic dé
trit bé neuv hi€m chav dua.

Ham logic nay ching té xuit hién nguy hiém

chay dua khi tin hiéu dau vao A chuyén déi trang N

thdi. Cdn ct cong thic 17 chuong 3 (3-1-36) ta c6 : g
Z=AB+AC=AB+AC+BC A
Tuong dng ta thém cdn Ms (dudng nét dift) o o |Cu Al B

trén sd dd hinh 4-9-4, khi B = C = 1 thi ddu ra M; 1a oo | o fGJT 1

mifc thap, khéa M,, khong thé sinh ra xung nhiéu & t \

BC

|
! SISt |

dau ra M, nira. BC AB

Hinh 4-9-5 1a bang Karnaugh cia ham Hinh 4-9-5 : Bang Karnaugh ciia ham
- 2 . lo iC Z.
logic Z=AB+AC. Ta c6 thé nhdn bi€t nguy .
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hiém chay dua khi xem xét bang Karnaugh : Hai s& hang AC va AB lién k&. (6 ms =
ABC lién ké 6 m; = ABC). Ta ciing dua vao bang Karnaugh ma tim céch trir bé nguy
hiém chay dua = thém vio ham logic mot s& hang tuong tng hai 6 lién ké m; va m,, s6
hang BC (nét dit trén hinh 4-9-5), viy Z = AB+ AC +BC.

Xét thém vi du dudi day :

Vi du 4-9-1 : xét xem mach t& hdp thuc hién ham 6 : Z = ABC+BD+ACD ¢6

nguy hi€m chay dua khi mot bi€n s6 chuyén ddi trang thdi. Néu c6 thi tim cdch trir bé.

CD 3 {bmmmm e :
A 00 |01 i1 10 [Q\ ﬁ\
w 1 [ o [ o i o
ol o [iijf 1 |0 J——anc _ru__»__-:_—j:"_—:fj i
o G = -

Hinh 4-9-6 : bang
Karaugh ciia ham logic. Hinh 4-9-7 : S¢ do logic.

Bai gidi :

V& ban Karaugh ctia ham logic Z= ABC +BD + ACD nhu hinh 4-9-6

Hai s6 hang ABC va BD lién k&, hai s6 hang ACD va BD ciing lién ké. Vay c6
nguy hiém chay dua. (Khi A=C=D=1thi Z=B+B,khi A=B=C thi Z=D+D)

Céch tir bé nguy hiém chay dua 13 thém vao hai s6 hang tuong ing cic 6 lién ké
(nét dut trén hinh 4-9-6) ACD va ABC. Hinh 4-9-7 14 56 db logic cia ham :

Z=ABC+BD+ACD+ACD +ABC

s6 dd tuy phic tap thém, nhung di trir bd nguy hi€ém chay dua.

Chiing ta hidy so sdnh 4 phuong phdp trir bd nguy hiém chay dua da trinh bay
trén ddy. Hai phuong phap du tuong d6i don gidn, khong 1am ting s linh kién. Nhung
chiing bi han ch& & chd phdi tim dugc xung khéa hay xung md3. Nhitng xung nay c6 yéu
cAu chinh x4c cao vé& bé rong va thdi gian. Mic thém tu loc ¢6 vu di€m don gidn, dé
lam, nhung 1am xAu dang séng dau ra, diéu d6 12 khong thé chap nhin trong mot s&
tinh hudng nao d6. Phuong phap stta di thi€t k& logic khd 1a 1y tudng khi cac IC c6 sin

2 R N N ~
cac cong con chua dung dén trong mach.
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CHUONG 5
MACH FLIP - FLOP

5.1. MOT SO CAU TRUC MACH THUGNG GAP CUA FLIP - FLOP
Tin hiéu s& nhi phan 12 tin hiéu co ban trong mach s& FF 1a phan t& cd
ban luu trit (nhd) tin hiéu nhi phan. Vi mot bit tin hiéu nhi phan c6 thé nhan mot trong
hai gi4 tri 0, 1 nén FF t&i thi€u cAn c6 chifc ning sau :
1. C6 hai trang thai 6n dinh, trang thdi 0 va trang thdi 1.
2. C6 thé tié'p thu, luu trit va dua ra tin hi€u vao.
Puong nhién, thuc tién con dé ra cdc yéu ciu khdc. Tiét nay trinh bay
van dé: Mach dién nhu thé ndo ddm bao cdc chic ning néi trén.
5.1.1. Flip Flop RS ¢ ban
1. Cdu triic mach va ky hiéu
Hinh 5-1-1 trinh bay so dd logic va ky hiéu logic ctia Flip Flop RS cd ban.
Mach dién gdm hai c6ng NAND ndi ghép chéo. R,S 1a céc tin hi¢u ddu vio, diu
gach ngang trén ky ty bi€u thi tin hiéu hoat
dong & mic thap (mot khuyén tron trong ky hiéu

logic bi€u thi diéu d6). N6i cach khic, diu vao §

biéu thi khong cé tin hiéu. Q va 6 biéu thi trang

thdi ctia FF, ddng thdi biéu thi dau ra.

r
|

&
mu’c thﬁ'p biéu thi c¢6 tin hiéu, diu vao § mic cao h
A
5

U

2. Nguyén ly lam viéc

Hinh 5-1-1 Flip Flop RS ¢¢ ban.

a) Hai trang thdi én dinh . o .
a) So do logic b) Ki hiéu logic

Khi khong c¢6 tin hi€u, tic Ia
R =S =1, mach c6 hai trang thai 6n dinh - Trang thdi O va trang théi 1. o] day, chiing ta
20i Q=0va Q=112 trang thdi 0, goi Q = 1 va Q =0 1a trang thai 1. O trang thdi 0, vi
Q = 0 hdi ti€p dén ddu vao cng B 1am B ngit, duy tri Q =1. Ma Q =1 lai hdi ti€p dén
dau vao cdng A, cling vdi S=1 lam cho cong A thong, duy tri Q = 0 . Do d6, mach
hoan toan ty dong duy tri trang thai 0. Tuong tu, & trang thdi 1, Q =1 va R =1 lam cho
cSng B thong, duy tri Q=0.Ma Q=0 lai lam cho cng A ngit, duy tri Q = 1. Vay
trang thdi 1 cling dudgc ty gitr.
b) Qud trinh tiép thu tin hié¢u

87



Gi4 sit FF & trang théi 0, ching ta duwa mot xung 4m vao ddu S. Mach
dién s& chuyén bi€n nhanh sang trang thdi 1. Vi xung 4m & diu vao S, sau thdi gian tré
truyén dat 1 cip cong ty thi cong A tir thong sang ngit, ddu ra Q tir 0 sang 1. Lai sau
thdi gian tré truyén dat 1 cAp cdng tpq Nifa, thi c6ng B tir ngit sang thong, ddu ra Qtir1l

sang 0. VAy sau thoi gian 2t,q FF da hoan thanh

J_d—_/ chuyén bién trang thai tir 0 sang 1. Lic nay du cho
'?‘ ~/ mét tin hiéu ddu vio, vi Q=0 da hdi tiép din dén
= d4u vao cng A, FF c6 thé tu dong duy tri trang théi
‘*‘"‘_{LL,H L 1, ma khong trd lai trang th4i 0. Vi thé, xung Am diu

f, L vao dudc goi la xung kich.
Hinh 5-1-2. Gia st FF § trang thail, dua xung 4m vao dau

Dang séng ctia Flip Flop RS cdbin R Qug trinh tuong ty s& xdy ra, sau thdi gian 2t,,
FF chuyén tir trang thdi 1 sang trang thdi 0. (Xem
dang song hinh 5-1-2).

Vi tin hiéu & ddu vao S c6 thé va chi ¢6 thé thiét 1ap FF § trang thdi 1,
tns hiéu ddu vao R c6 thé va chi ¢6 thé x6a FF & trang théi 0, nén thudng goi S 1a diu
vao dit (set) va R 1a d4u vao x6a (Reset).

Néu xem xét qud trinh chuyén bién trang thdi ti mi hon, ching ta s& thiy
ring : vi hai mach NAND ndi ghép chéo nén khong nhitng FF c6 thé ty giit khi khong
c6 tin hiéu, ma con xuit hién qua trinh phin hdi duong trong mac FF mdi khi c¢6 xung
kich tao diéu kién d€ FF nhanh chéng hoan thanh chuyén trang thi. Vi du, trong qué
trinh thi€t 1ap 1, h& S gidm dén mdc md cOng, mic ddu Q sé& ting 1én, hdi ti€p d&n dau
vao cOng B, 1am cho cdng B chuyén tir ngdt sang thong, Q gidm mifc, hdi tiép d&n diu
vio cdng A, lai cang lam cho cdng A ngit siu hon, Q ting mtc hon nita, két qui cing
1am cho Q gidm muc thém ... C& vdy, séng don gi6é dap nhu bdo 4p, nhu thic 1, 1am
cho c¢dng A ngit rat nhanh, c6ng B thong rat nhanh, FF chuyén trang thdi tir 0 sang 1
trong thdi gian cuc ngin. Thong qua dau Reset R, cling c¢6 qué trinh phan hdi duong
tuong ty. Chinh vi th&, dit cho sudn trudc xung kich (xung 4m) khong ddc 1im, thi § dau
ra clia FF ta vin nhan dudc cdc xung ¢ sudn rat doc.

¢) Khong cho phép dong thoi dua tin hiéu vao cd R va S

Khi ding loai FF nay 1lam phan tif nhd, khong dugc phép ddng thdi dua
tin hiéu kich vao c4 hai diu vao R va S, tic 12 trang thdi R =S =0 bi cAm. Do dic tinh
mach cdng NAND, khi R =S =0 thi Q, Q ddong thdi bing 1, phin ti nhd ma khong
phdi 12 trang thdi 0, ciing khong phai 1a trang thdi 1 nhu th€ thi diu con 13 phan ti nhé
nita | mat khdc, khi R va S ddng thi tir 0 vé& 1 (b tin hiéu) thi trang thdi ciia FF 1a bat
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dinh, c6 thé 1a 0, ciing c6 thé 1a 1. Vi ring nhitng nhin t& quyét dinh trang thi FF lic
ndy 12 khong cé cdch ndo biét trude chinh xdc duge, ching han sy khdc nhau rat nhd
dic tinh dong ciia hai cdng NAND hay tinh hudng nhiu & thdi diém xét. Puong nhién,
sau hai ddu vao R va S 12 khéng dong thdi, trang thdi FF c6 thé xdc dinh sau khi bé tin
hiéu.
d) Bdng chiic nang va phuong trinh ddc trung

Ta dung ky hiéu Q" biéu thi trang thai FF trudc khi ti€p thu tin hiéu, goi 1a

trang thai hién tai, dung ky hiéu Q™' biéu thi trang thai FF sau khi ti€p thu tin hiéu, goi la

trang thdi ti€p theo. Quan hé logic giita Q™' va Q", R, S bi€u thi bing bang chiic ning
(bang chan 1y) mo ta su chuyén ddi trang thai x4y ra nhu bang 5-1-1 dudi day.

Béang 5-1-1 : BANG CHUC NANG CUA FLIP FLOP RS CO BAN

Q" R S Q!
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 X
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 X

01 o 1 X 0 > 3 n+1
Hinh 5-1-3 : Bang Karnaugh cua Q
1

d d
Trong bang hai trang thai Q"RS =011, 111 1a bi _ |
cAm, tuong ng danh diu chéo (x) & cot Q™', trong khi rlg-%—
5 thi€u héa ¢6 thé sit dung. Lr_r
Chiing ta ¢6 th€ xem Q", R, S Ia cdc bién |, S | RS
logic Q"' 12 ham logic clia cdc bién trén. Tir bing 5-1- . JL %

1 ta vé& bang Karnaugh ctia Q"*' nhu hinh 5-1-3.

Cin ct vao bdng Karnaugh ta dugc phuong trinh ~ Hinh 5-1-4 : FLip flop RS cd ban ding
cong NOR.

dic trung sau cda FF : o . .
a) So do logic b) Ki hiéu logic
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. (5-1-1)
RS =0 (rang budc tir trang thdi cam)

{Q"“ —S+RQ"
Béng chic ning va phuong trinh dic trung
12 phuong phdp biéu dién s& hoc quan hé logic giita trang thdi hién tai Q", cic
tin hiéu dau vao r, S vdi trang thdi ti€p theo clia Flip Flop RS co ban. Ching miéu ta
diy dd chic ning logic ctia né.
3. Flip Flop RS co bdn diing cong NOR
Xem hinh 5-1-4, so sanh v&i hinh 5-1-1 ta thdy c6 hai diém khéc biét : vi
tri R, S d40 va mifc tich cyc clia tin hiéu ciing ddo (khong c6 diu gach ngang). Cdc dau
vao R, S & mic cao biéu thi cé tin hiéu, § mitc thap bi€u thi khong cé tin hiéu. Cin cit
vio tinh chat cdng NOR, chiing ta c6 thé tim hi€u nguyén 1y cong tdc va viét ra bang

chiic nang, phuong trinh dic trung clia mach nay.

Khi R =S = 0 thi Q, Q dong thdi bing 0, d6 1a trang thdi cAm.
4. Dic diém co bdn
Uu diém : mach don gidn, c6 thé nhd 1 bit 13 co s§ d€ cau tric cac FF
hoan hdo hon.
Nhudc diém : tin hiéu tryc ti€p diéu khién trang thai ddu ra, @ng dung bi

han ché, tin hiéu vao rang budc 1an nhau (khdng & trang thdi cAm).

5.1.2. Flip Flop RS dong b
1. Cdu triic mach va ky hiéu
Pé€ khic phuc nhuge diém cida loai Flip
Flop RS cd ban 12 tryc ti&p diéu khién, ngudi ta thém

N . g N e R N A . LN N e R
vao hai cong diéu khién va mot tin hi€u di€u khién,

A 2 *A A N N P * A e R
nén tin hi¢u dau vao dudc truyén qua cong diéu khién,

xem hinh 5-1-5. C4c cdng A, B 1am thanh Flip Flop RS TTT

co ban, cdc céng C, D 1a cdng diéu khién, CP Ia tin g R

hiéu diéu khién, thuong 12 xung déng hd hoge xung mg | T !

chon mach. Trong ky hiéu logic, diu CP c6 diu A,

tin hi€u nay tich cuc véi sudn duong ctia xung. Hinh 5-1-5 Flip flop RS ddng bo
2. Nguyén Ij lam vigc a) So @6 logic b) Ki hiéu logic

Khi CP = 0, cdc c6ng C, D bi ngit, FF bi cAm, duy tri trang thdi cii. Khi

CP = 1, cic cdng C, D thong thi FF sin sang (ti€p thu tin hiéu), né ti€p thu tin hiéu diu

vao R, S. D& dang thdy ring tinh hudng cong tic cia mach lic nay gidng nhu Flip Flop
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RS co bin. Neu R =0 ; S = 1 ddu ra c6ng C & mifc thap, FF lap & trang thai 1. Ngugc
lai, n€u R = 1, S = 0 d4u ra cdng D & miic thap, FF bi x6a vé trang thdi 0. NEuR =S =
1 thi cdc c6ng C, D déu dua ra muc thap, din d&n Q va Q déu 1a mic cao, d6 12 trang
thai cAm. C6 thé thiy riing bang chifc ning va phuong trinh dic trung bi€u thi quan hé

n+1

logic gitta Q™' véi Q", R, S khong khic gi ciia Flip Flop RS cd ban, ching qua chiing
chi ding trong diéu kién CP = 1. Ttc 1 cdc quan hé logic & bang 5-1-1 ddi vdi Flip
Flop RS dong b chi diing khi nao xuat hién xung dong hd (CP = 1).
3. Mach chét D

Hinh 5-1-6 13 so @ logic mach chdt D, né dugc ciu tao trén cd sé mach
Flip Flop RS dong bo nhim gidi quyé&t van dé rang budc 1an nhau clia c4c tin hiéu dau
viao R, S. Piu ra c6ng C ndi dén cic ddu vao céng A, E. Khi CP = 0, cdng C, E ngit
nén Flip Flop duy tri trang thdi cii. Khi CP = 1 néu D = 0 thi ddu ra C § mic cao, dau ra
E & mtc thap, Flip Flop & trang thdi 0, néu D = 1 thi dau ra C & mifc thdp, ddura E §
mtc cao, Flip Flop § trang théi 1. Vay tiic 1a D & mifc nao thi Q & ding mic 4y. Phuong
trinh dic trung clia mach chét Flip Flop D 1a :

Q™' =D véi diéu kién CP = 1 (5-1-2)

4. Ding cong NORAND dé cdu triic Flip Flop RS dong bo
va mach chét D. (Céng NORAND xem muc 3-3-4-3)
Véi diéu kién tién quyét CP = 1, mach trén hinh 5-

)

1-7a ¢6 bang chiic nang trung hdp v6i bang 5-1-1 va phudng trinh A a
dac trung trung hgp véi phuong trinh 5-1-1, mach trén hinh 5-1-
7b c6 phuong trinh dédc trung tring hgp véi phuong trinh 5-1-2. i

Hinh 5-1-6 : Mach chot D

/i CF

Hinh 5-1-7 : Flip Flop cau triic ttt NORAND
a) Flip Flop RS ddng bé b) Mach chét D ¢) Cong NORAND d) Ki hiéu rit gon cia
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5. Ddic di¢m co bdn ciia Flip Flop RS dong by

Uu diém : Piéu khién chon md mach.
Khi c6 xung ddong ho CP = 1 thi Flip Flop ti€p thu tin
hiéu vao, con néu CP = 0 thi Flip Flop bi cAm.

Nhudc diém : Trong thdi gian CP = 1
tin hiéu vao van tryc ti€p diéu khién trang thii diu ra
ciia FF, c6 m&i rang budc R va S d€ tranh trang théi
caAm, tuy nhién ciu tric ndi mach cda mach chdt D
gidi quyét diéu nay.

5.1.3. Flip Flop RS master slave

Mach nay gidi quyét triét d€ van dé
truc ti€p diéu khién, d6 13 nhude diém cia cic loai
FF trén.

1. Cdu triic mach va ky hié¢u

Trén hinh 5-1-8 c6 hai Flip Flop

RS dong bd ndi ghép diy chuyén véi nhau, mot

Hinh 5-1-8 : Flip Flop RS master slave.
a) S¢ dd logic

la FF master, mét 1a FF slave, xung dong ho b) Ki hiéu logic

cung cdp cho ching 1a ddo nhau (qua mach ddo
D).

2. Nguyén ly lam vi¢c

a) Khi CP = 0, C8ng G, H ngit nén FF master ngit. CP =1, cdng C, D

thong nén FF slave sin sang, n6 ti€p thu tin hiéu diu ra master, do d6 Q = Q,,, Q= G

b) Sau dot bién sudn duong CP

CP = 1 master thong qua cdc cdng G, H ti€p nhan tin hiéu diu vao. Vay :

{gg:s *RQn 6 didu kien CP=1

CP =0 Slave bi ngdt, ddura Q, Q duy tri trang thai c.

¢) Khi sudn 4m xung déng hd CP

CP dot bién xudng 0, master bi ngit. CP dot bién 1én 1, slave ti€p nhan tin hiéu
da dugc master ghi nhd tir thdi gian CP = 1. Nghia 1 slave chuyén d6i trang thdi . Vay :

{le _S+RQ"

5-1-3
RS=0 ( )

v6i diéu kién da xudt hién sudn Am xung dong hd CP.
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Flip Flop RS master slave tuy ring dé master ti€p nhén tin hiéu diu vio trong
khodng thdi gian CP = 1, nhung diu ra lic d6 vAn khong chuyén d6i trang thdi, chi khi
da xuat hién sudn Am xung déng hd CP thi diu ra mdi chuyén trang thdi. Ngudi ta goi
st kién nay 12 kich bing sudn Am. FF c6 trang thdi diu ra khong chiu 4nh hudng truc
ti€p clia cdc tin hiéu dau vao R, S bat ky lic ndo. Vay van dé truc ti€p diéu khién da
dugc gidi quyét. Trén hinh 5-1-8b dau vao CP c6 dau 6 biéu thi riing tinh tich cuc cla
tin hiéu CP 1a sudn Am cua nd.

3. Ddc diém co ban

Uu diém : C4u tric diéu khién master slave di gidi quyét van dé truc ti€p diéu
khién, trong khi CP = 1 ti€p thu tin hiéu, sudn 4m ctia CP kich chuyén trang thi dau ra.

Nhudc diém : Van con rang budc giita R va S khi CP = 1.

5.1.4. Flip Flop JK master slave

1. Cdu triic mach va ky hiéu

Loai Flip Flop RS master slave néi & trén vin con rang budc R va S,
nguyén nhin chinh 1a khi R = S = 1 d4u ra cdc céng G, H déu & mifc thap, din dé&n tinh
hudng khong mong mudn 1a Q,, = 1 va Q_ =1. Can chi y mot diéu sau :

Xét mach Flip Flop RS master slave khi CP =1, Q va 6 khong ddi trang

thdi va 1a ddo

ES
S|

2
<l

Hinh 5-1-9 : Flip Flop
JK master slave.
a) So d6 logic
b) Ki hiéu logic




clia nhau. Chi cAn dem mic cdc ddura Q va Q duwa d&n diu vao ctia G, H thi ¢6
thé khic phuc tinh trang cd Q va Q_ déu biing 1, gidi quyé&t van dé rang budc giita tin

hiéu dau vao.

Pé phan biét véi Flip Flop RS master slave, mach cdi tién khong dung tén R, S
nita, ma 14y tén méi 1a J, K cho cdc dau vao, va tén clia mach cdi ti€n 12 Flip Flop JK
master slave, goi tit 1a Flip Flop JK (hinh 5-1-9).

2. Nguyén ly lam vi¢c

Theo sy trinh bay trén diy vé su cdi ti€n clia Flip Flop JK, ta thdy nguyén
ly cong tic clia né gidng nhu cda Flip Flop RS master slave, chi khdc bdi su tuong

duong sau clia cdc tin hiéu dau vao :

S=1Q, (5-1-4)
R =KQ" (5-1-5)
Ap dung cong thdc (5-1-3) ta ¢6 :
Q"' =S+RQ" =JQ" +KQ"Q" =JQ" +KQ" (5-1-6)

Véi diéu kién da xuat hién sudn am CP.

Cong thic (5-1-6) 1a phuong trinh dic trung cda Flip Flop JK n6 phdn dnh
quan hé logic giita Q™' vdi Q", J, K. Nhg
Q" va Q" phan hdi vé cdng didu khién
G, H ma J va K khong con rang budc 1an
nhau.

3. Tdc dung cdc ddu vao di bj
R, ,S, (di bd : Asymchronous)

a) Céc dau vao dong bo

Bat ky ldc nao thi cdc dau vao J,
K chi tic dong khi c6 sy diéu khién ddng

bo clia xung dong hd CP ; vi vay J, K 1a

diu vao dong bd . (C4c dau vao R, S clia

Flip Flop RS master slave dong bo ciing

12 cdc diu vao ddng bo).

b) Céc dau vao di bo

Pé phin trinh bay trén don gidn, Hinh 5-1-10 : Flip Flop JK master slave.
chua vé& cdc dau vao di bd R, ,S, trén a) S¢ dé logic
hinh 5-1-9a. C6 thé biét vi tri cdc diu b) Ki hi¢u logic
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vao di bd nay trén hinh 5-1-10. Tdc dung cla cdc ddu vao R, ,S, khong chiu diéu
khién ddng bd ctia xung ddng hd CP, vi viy R, ,S, 1a cdc diu vao di bo. Nhu trén hinh
5-1-10a chi r3, R, ndi d&n diu vao B, F, G. Do d6 xung am ddu R, khong nhing x6a
cd master va slave ma con ngit cong G, trong thdi gian CP = 1 khong cho phép J = 1
thi€t 1ap master & trang théi 1, di€u d6 bdo ddm trang thdi 0. Tuong ty S, n6i d&€n dau
vao A, E, H. Xung 4m ddu vao S, bdo dim trang thdi 1. Trén ky hiéu logic (hinh 5-1-
10b), khuyén tron & diu vao Sy, Ry biéu thi tinh tich cuc cia chiing 13 mifc thap.

4. Van dé mot lan chuyén

Trong thdi gian CP = 1 thi master chi chuyén déi trang thdi mot 1an, hién tugng
nay goi 1a mot 1an chuyén. Nhu ta di biét, cdc trang thdi dio nhau ca Q va Q phan
hdi vé H, G tuong ng 1am cho mot trong hai cdng (H hodc G) bi ngit, néu mdt diu vao
c6 tin hiéu thi c6 thé vi chi chuyén ddi trang thdi mot 14n. Vidu khi Q =0, Q = 1, cong
G bi khoa, J khong tac dung, tin hiéu chi c6 thé tir ddu vao K, qua céng H, x6a master
v& 0. Va mdt khi di & trang thai 0 rdi, di tin hiéu K bi€n d6i thé nao, master van duy tri
trang thai 0. Ngugc lai khi Q =1, Q =0 thi H bi khéa, chi ¢6 tin hiéu J méi tic dung,
thong qua cdng G, dit master 1én 1, mot khi da & trang thai 1 roi, master sé& duy tri.

Van dé mot 1an chuyén khong nhitng han ch€ tic dung ctia Flip Flop JK master
slave ma con lam gidm ning lyc chong nhiéu clia né. Ching han, khi CP = 1 ma J, K
ddi trang thai nhiéu 1an thi ciing chi c6 mot 1an chuyén ma thoi. Mit khdc, thdi diém
mot 1an chuyén trang thai d6 c6 thé rdi vao sudn duong, giita xung, hay sudn am cida
xung déng hé CP. Néu nhu khong biét chinh x4dc quy luit tin hiéu J, K thi khong c6 thé
xdc dinh trang théi ti€p theo clia Flip Flop. Vay khi stt dung Flip Flop JK master slave,
thudng déu yéu cau trang thdi J, K duy tri khong d6i trong thdi gian CP = 1. Pa thé thi
qué trinh 1am viéc ctia Flip Flop néi gon lai 13 : sudn duong ti€p thu, sudn 4m chuyén.
Néu nhiéu x&p chdng véi J, K sao cho giy ra mdt 14n chuyén sai trong khi CP = 1 thi tin
hiéu nhiéu d6 ti€p tuc tic ddong dén hé thong. Vay van dé mot 1an chuyén 1a nguyén
nhan lam gidm ning Iyc chong nhi€u cia mach nay.

5. Flip Flop JK master slave trong mét vé IC

Hinh 5-1-11a trinh by so dd logic twong duong ctia Flip Flop JK master slave
trong mdt vé IC. Master bao gdm hai NORAND, slave khd don gidn, CP miic cao cAm,
muc thap cho phép. Nguyén Iy cong tdc khdong khdc mach hinh 5-1-10 néi trén.

6. Pdc diém co bdn ciia Flip Flop JK master slave

Uu di€m : J va K khong bi rang budc 13n nhau, cdc IC ciia ching dugc san xuat

nhiéu, st dung rdng rii, tinh ning uu viét.
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Nhudc diém : Van d& mot 1an chuyén, thudng yéu cau J, K duy tri khong d6i
trong thdi gian CP = 1.

Hinh 5-1-11 Flip Flop JK
master slave trong v6 IC
a) So db logic tuong duong
b) Ki hiéu logic

5.1.5. Flip Flop JK kich biing suon xung (Edge triggered FF)
1. Céu triic mach
Mach trén hinh 5-1-12 1a Flip Flop JK kich bing sudn
xung, né gidi quyét van d& mot 1an chuyén ctia Flip Flop JK
master slave. Khi CP = 0, CP = 1, hay khi sudn duong cta
CP ciéc tin hiéu J, K déu khong tdc dung. Chi trong thdi gian
~ sudn am cda CP thi Flip Flop mé6i chuyén trang thdi theo
phuong trinh dic trung duéi
day : Q™' =JQ" +KQ"
2. Nguyén ly lam viéc
a) Khi CP = 0, cdc cdng G, H bi khéa J, K khong tic

Hinh 5-1-12 : Flip Fl K
in ip Flop J dung, Flip Flop duy tri trang thdi cii.

kich bing sudn xung.
b) Khi CP = 1 c4c c6ng C, D, G, H thong nhung :
Z — — n
Z, = = "=JQ,
Z, = =KQ"Q" =KQ"
QrHl:Zl"'Z%:Qn‘i‘an:Qn
Q™ =7,+Z,=Q"+KQ"=Q"
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Vay FF duy tri nguyén trang, JK déu khong tdc dung.
¢) Khodng thdi gian sudn dudng ctia CP, do tdc dung tré ciia cdc cdng NAND G
va H ma c6ng C, D thong trudc :

Z,=Q" z,=Q"
Ti€p sau méi ¢c6:  Z,=JQ" ; Z,=KQ"
Vi vy :

Qn+l :m:Qn +3Qn :Qn

+1 - =
Q =7Z,+Z,=Q"+KQ"=Q
J va K cling khong tdc dung.

d) Tinh hudng mach trong khodng sudn 4m ctia CD khac hin. Do tdc dung tré
clia cdc cng NAND G va H ma C, D ngit trudc :

2,=7,=0

ma diu ra cdc cdng NAND duy tri Zs = Jan,Z6 =KQ" trong khodng thdi gian

toa nifa. D& dang thdy riing trong t,q d6, cdc cdng NOR A va B, cdc cong AND E va F
cau tric nhu mdt Flip Flop RS cd bén, véi :
S=7.=1Q" R=7, =KQ"

Cin cd vao phuong trinh dic trung cua Flip Flop RS co bén, ta ¢6 :
Q™ =S+RQ" =JQ" +KQ"Q" =JQ" +KQ"
Do Q", Q" phan biét hdi ti€p diu vao H va G nén J va K khong bi rang budc 1an

nhau.
Vay loai mach dién nay khong nhitng c6 tinh niing t6t nhu Flip Flop JK master
slave va c6 dic di€m kich bing sudn Am xung ddng hé CP ma con khong c6 van dé
mot 1an chuyén.
3. Pdc diém co bdn 2
Uu diém : Kich bing sudn am \
xung déng hd CP ; diy la loai FF tinh j’&D

ning wu viét, chdng nhiéu t6t va st [
dung linh hoat. ! 1
Li] ‘
|

. 5d
Nhugc diém : Mach dién dung

/ /
":'—'J Lla T

tdc dung tré clia ciac cdng NAND gidi

~, ~ A A A e z
quy€t van dé mot lan chuyén, do d6 ; . L
J P /

yéu cau cong nghé ché€ tao phdi tinh )
x40 d€ bdo dam mach dién cong tac tin  Hinh 5-1-13 Flip Flop JK kich biing sudn xung.
cdy a) So @6 logic b) Ki hiéu logic
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Hinh 5-1-13 gi6i thiéu thém cdc ddu vao di bd R, ,S, . Cdc ddu vao nay tao
thuan 1¢i trong st dung. Xung Am dau vao § x6a. Trong so dd va ky hiéu logic clia n6,

d4u ngang va khuyén tron biéu thi riing tin hiéu tich cyc & mic thap.

5.1.6. Flip Flop D (mach chét D cdi tién d€ gidi quyét van dé diéu khién truc
ti€p).
1. Céu triic mach dién

Xem hinh 5-1-14 thém vao mach chdt D hai cdng

EvaF. -
2. Nguyén ly lam viéc A //_’f, y
a) Khi CP = 0 SR kg
Cdc cdng C, D bi khéa, Z, = Z, = 1, Flip Flop cd 1#\ h
ban bao gdbm céc céng A, B duy tri trang thdi cii. s L . /Ajl 1
“NéuD=1 thi : L T1 \_TTT |
Z,=DZ,=1.1=0 zjfg 3"_/7& |
Z,=2,7,=1.0=1 ;'_E/ |
CP trong vai trd tin hiéu dau vao d6i véi cong C b

thong, céng D ngit.
-Né/uD:Othi:Z4:1 Z3:O

CP trong vai trd tin hiéu dau vao d6i v6i cong C ngit, cdng D thong.

Hinh 5-1-14. Flip Flop D

b) Thdi gian sudn dudng cua CP.

- Néu D =1 thi D bi ngit, CP chi c6 thé thong qua céng C md, viy
Z,=2,CP=1.1=0.

Z, = 0dan dén ba tic dong sau : mot 1a kich Flip Flop thiét1ap 1,Q=1, Q=0
hai 13 ngit cdng D, ngin trd Z, chuyén sang mifc thap, nghia 13 ngin trd sy tao ra tin
hiéu kich chuyén Flip Flop vé trang thdi 0 ; ba 12 Z; dua dé€n diu vao cong E bdo ddm

Hinh 5-1-14 Flip Flop D Z; =1 do d6 duy tri Z, = 0 sudt thdi gian CP = 1, tdc 12 duy tri tin
hiéu dat Flip Flop G trang thai 1.

Pudng ndi tir ddu ra cong C d&n diu vao cong E goi 12 dudng duy tri trang thai 1
ctia FF. Pudng néi tir diu ra cdng C d&€n diu vao cng D goi 1a dudng ngin trd trang
th4i O ctia FF. Mot khi Z, = 0 duwa dén diu vao cdc cdng D, E va sinh ra cdc tidc dong
né6i trén rdi thi du tin hiéu D c6 thay ddi ciing khong thé dnh hudng dén trang thdi 1 cla
FF.
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- Né&u D = 0 thi c6ng C bi ngit. CP chi c6 thé thong qua c6ng D mé, viy Z, =
7,2,CP=1.1.1=0

Z, = 0 ddn dén hai tic dong sau : mot 12 x6a FEv& 0, Q =0, Q=1 ; hai 12 1am
cho c8ng F bi ngit, bdo ddm Z, = 1, do d6 duy tri Z, = 0, tiic 1 duy tri trang thai 0 cla
FF. Z, = 1 con duy tri Z; § mic thip, ngin trd sy tao ra tin hiéu Z; = 0 kich chuyén FF
vé trang thai 1.

C6 thé thay ring dudng ndi tir du ra cong D dén diu vao cong F vira duy tri FF
& trang thdi 0, vira ngin trd FF chuyén vé trang thdi 1. Chi cin Z, = 0 da dén dau vao

cOng F thi di bién héa thé nao, tin hiéu D ciing khong 1am thay ddi trang thdi ctia FF

dudc nira.
Tém lai :
Q™' = D véi diéu kién da xuat hién sudn duong ctia CP (5-1-7)

Hon nita, khi di c6 tic dung duy tri nguyén trang va ngin trd chuyén d6i sang
trang thai khdc trong sudt qué trinh CP = 1 thi tin hiéu D khong con tdc dong dé€n mach

nita. Vi vdy, ddy 1a mach di€u khién sudn trudc va kich bing sudn duong CP.

3. Tdc dung ciia cdc ddu vao di by
R,R,.S, S,
D€ st dung thém thuin tién, Flip
Flop D con c6 thém cdc tin hi€u tich cuyc | i
mic thdip & cdc dau vao Set (S,S,) va '
Reset (ﬁ, R_d)

Hinh 5-1-15 bi€u thi s6 db logic =~ =———1 —
. N Rdt —t ' &

tuong duong va ky hiéu logic Flip Flop D gl g
trong v4 IC. Ll,D / !

— - !

R, S chi dung trong thgi gian CP = T 11
0, néu khong c6 thé phan tdc dung duy ti 7 L 2

sesadpinicam i ST LT g

ngin trd n6i trén. Chang han khi CP =1 va | | (7 L2 4 g s
FF dang duy tri trang thdi 1. Néu c¢é xung L I _4 i

am ddu vao R thi c¢6 th& xudt hién trang 5 % 5,0,! CP
thdi cAm : Q vd Q ddng thdi mic cao. Hon |
nita, xung 4m R két thic trude CP, do tic Hinh 5-1-15 Flip Flop D trong vé IC
dung duy tri trang thdi 1, FF vin & trang thdi a) So do logic tuong duong
1, con néu CP két thic trudc R thi FF c6 thé b) Kihiéu logic
x6a v& 0. S& dung S d& diat FF vao trang
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thdi 1 ciing gip van dé tuong tu, chi khic 12 né phan tdc dung vdi viéc duy tri trang thdi
0.

R,, S, khong bi trang thdi CP han ché&. Vi du, xung 4m & dau R, 1am FF vé 0,
néu CP = 1 va FF dang duy tri trang thdi 1 thi R, =0 khong chi x6a FF vé 0 ma con
thong qua dudng ndi dén cong C, F bit budc mach dang duy tri 1 ngin trd 0 phai trd
thanh duy tri 0 ngin tré 1. Ciing v6i ly do tuwong tw, xung 4m diu S, ciing c6 thé 1am
cho FF chuyén sang trang thai 1 mot cach tin ciy.

4. Dic diém co ban

Uu di€m : Piéu khién sudn xung, kich véi sudn duong CP, trong thdi gian CP = 1
mach ty gilf nguyén trang.

Nhudc diém : Trong mot sO trudng hdp st dung khong tién bing Flip Flop JK.

5.1.7. Flip Flop CMOS

Cic loai Flip Flop CMOS trong v4 IS c6 dic diém tiéu hao ning lugng rat it,
ning lyc chdng nhiéu rat manh, phit hdp véi nhiéu dién th& ngudn khac nhau. Nh st

dung cdc cdng chuyén mach (xem muc 2-3-3) nén két cAu mach dién don gin.

S} ?‘.
L
¢ e, 4
7oy 7 pE S
| Bl ey 2
\ ™ zfi ’
7 i Master | C |
T
| 110,
|
/ea ‘ &

Hinh 5-1-16 Flip Flop D master slave CMOS.
a) Sd dd logic b) Ki hiéu logic
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1. Flip Flop D ho CMOS

a) CAu triic mach va ky hiéu

Xem hinh 5-1-16 FF master bao gdm cdc cdng NOR 1,2 va c6ng chuyén mach
TG,, FF slave bao gdm cédc cdng NOR 3, 4 va cdng chuyén mach TG, TG, la cdng
diéu khién & ddu vao. TG; 1a cOng diéu khién giita master va slave. C va C 1a cdc tin
hiéu dong hd ddo nhau. Rp, Sp 12 cdc dau vao di bd Reset va Set tich cyc ¢ mifc cao. D
1a tin hiéu vao. Q va Q 1a cdc ddu ra.

b) Nguyén 1y lam viéc

_KhiCP=0, C=1,C =0, TG, va TG, thong, TG, va TG ngit. Tin hién vao D
thong qua TG, dn NOR 1, Z, = D, Z, = D. Nh3 TG, thong, slave tu gift.

-KhiCP =1, C=0 ,C =1, TG, va TG, ngit, TG, va TG; thong. Pudng tin hiéu
viao bi ngdt. Master tu giif nhd dudng hoi ti€p qua TG, Slave chuyén ddi trang thdi theo
muc tin hiéu Z,, tifc 12 dua tin hiéu dau vao D da nhé ra diu ra, vay FF D nay dudc kich
bing sudn dudng CP. Phuong trinh dic trung 1a :

Q™' =D véi diéu kién da xuat hién sudn duong CP (5-1-8).

2. FF JK CMOS

Hinh 5-1-17 FF JK master slave CMOS

Hinh 5-1-17 . so d6 nay 1a ci ti€n cda mach FFD trén day.
Cin citt so dd logic, ta c6 :
D=J+Q"KQ" =JKQ" +KQ"Q"

D=JK+JQ"+KQ"=JQ +KQ"
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Thay vao (5-1-8), ta dugc :

Q™' =JQ" +KQ" véi didu kién da xuit hién sudn duong CP (5-1-9)

Pay 1a phuong trinh dic trung cta FF JK master slave CMOS.

Téc dung tin hiéu ddu vao di bd Rp, Sp cda hai mach hinh 5-1-16 va 5-1-17 1a
giéng nhau.

5.2. PHAN LOAI FLIP FLOP THEO CHUC NANG, SU CHUYEN POI
LAN NHAU.

Céc loai FF trinh bay trong mcu 5-1 trén day : RS master slave, JK master slave,
JK sudn xung, D déu c6 tin hiéu ddng hd diéu khién ; vay chiing dugc goi 1a FF dinh
thdi theo xung déng hd CP. Ciin ctt vao sy khdc biét tinh niing logic duéi tic dung diéu
khién ctia CP, ta phan FF thanh 5 loai : RS, D, T, T’, JK. Céc loai d6 c6 thé chuyén déi
14n nhau theo phuong phdp xac dinh.

5.2.1. Phan loai Flip Flop theo chiic nang

1. Flip Flop RS

a) Pinh nghia

Flip Flop RS 12 mach dién c6 chifc niing thiét 1ap trang thai a| | a
1 (Set) , trang thdi O (Reset) va duy tri (nhg) cdc trang thdi dé cin

clt vdo céc tin hiéu dau vao R, S va tin hiéu déng hd CP. Nhitng !
diéu da trinh bay trong ti€t trén vé RS 1a phi hop vé6i dinh nghia . I | ]

nay. Ky hiéu logic cia mach trén hinh 5-2-1, phuong trinh dic

Hinh 5-2-1 Ky hiéu

trung biéu thi chifc ning logic ctia né 14 :
logic ciia Flip Flop RS.

Qn+l — S+§Qn
RS=0

Véi diéu kién d3 xuat hién sudn 4m CP

(5-2-1)
R=0,S=1  CP(sudnam) thiQ™' =1
R=1,S=0 CP thi Q™' =0
R=0,S=0 CP thi Q™' = Q" (duy tri)
R=1,S=1 trang th4i cap

b) Phuong phdp biéu thi chiic ndng logic
Béang chiic ning 13 bang tin hiéu dau vao kich.
Béng chic nidng cta Flip Flop RS 5-2-1 duing hinh thiic bang liét ké cédc trang

th4i logic d€ bi€u thi chifc ning logic ciia né.
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Béang tin hiéu diu vao kich cta Flip Flop RS 5-2-2 ¢6 phan bén trdi ké ra cac
yéu cAu chuyén ddi trang thdi ctia FF, va c¢6 phan bén phdi ké ra cdc diéu kién tin hiéu
dau vao kich cAn bdo ddm d€ dat dén cic yéu ciu tuong tng. N&u cic diéu kién dudc
bido dam thi FF s& chuyén ddi trang thai theo yéu cAu mot khi xung déng hd cho phép.
Vi du : Yéu cau Q" — Q"' kiéu duy tri 0 — 0 thi diéu kién can 1a S = 0 (khong phu

thudc vao R, R = x). N&u yéu ciu chuyén 0 — 1 thi diéu kiénlailaR=0,S = 1.

Bdng 5-2-1
Q" R S Q™!
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 X
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 X

Béng 5-2-2
Q. Qv R S
0 0 X 0
0 1 0 1
1 0 1 0
1 1 0 X

Nhu trén da néi, cdc quan hé logic clia bang 5-2-1 va 5-2-2 déu c6 chung
mdt di€u kién : d3 xudt hién sudn am CP, néu diéu kién nay khong thda man, FF duy
tri nguyén trang.

Phuong trinh ddc trung va phuong trinh kich.

Phuong trinh dic trung diing ham logic miéu td quan hé giita Q™' véi Q"
va céc tin hiéu dau vao, do d6 né rat tién diing cdng cu todn logic (cdc cong thic va
dinh ly clia dai s6 logic) (5-2-1) 1a phuong trinh dic trung ciia FF RS.

Phuong trinh kich diing him logic ctia tin hiéu dau vao kich biéu thi, phin
sau s€ trinh bay ro hon.

c) P6 hinh trang thdi :
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Hinh 5-2-2 13 db hinh trang th4i
cia FFRS, né6 biéu thi tryc quan quy luit chuyén
“:’“’""’“‘”’” d6i trang thdi cta FF dudi tic dung dinh thdi cia

RS=10/
CP.
Hinh 5-2-2 P4 hinh trang thai Hai vong tron bi€u thi hai trang
cua Flip Flop RS.

thi logic ctia FF. Miii tén biéu thi huéng chuyén
trang thdi. Bén canh mii tén, § trén gach chéo 1a gid tri tin hiéu dau vao kich - tdc 1a
diéu kién chuyén d6i trang thdi.
Hinh 5-2-2 cho biét ring :
KhiQ*=0 Vv6iR=X,S=0 CPthiQ"'=Q"=0
(BE v6iR=0,S =1 CPthiQ™' =1
KhiQ'=1 Vv6iR=0,S=X CPthiQ"'=Q"=1
g[ v6iR=1,S=0 CPthiQ™' =0
d) Do thi thoi gian dang song
D6 thi thdi gian dang séng biéu thi tryc quan quan hé tudng tng nhau vé
mit thdi gian clia cc trang thdi FF, cdc tin hiéu ddu vao R, S va xung ddng hd CP (hinh
5-2-3).
Trén hinh dang séng CP, R, S 13 di biét. P& vé ra dang séng Q, ta cin

chi § :
- Né&u khong cho trude thi cé thé tuy y
gia dinh trang thdi ban dau cda Q. ¢ "’J—’JU_LJ_U_L
- Can ¢ vao bang chiic ning, phuong R f—] L
trinh dic trung hoic db hinh trang thdi dé xdc dinh Su
trang thai Q tiép theo. e 1 [

- Sau khi xuit hién sudn 4m CP thi Q
chuyén d6i trang thai. Moi ldc khdc Q duy tri trang thdi  Hinh 5-2-3 P thi thoi gian
cil. dang song FFRS

Trén diy, 4 phuong phdp biéu thi chic
ning logic véi Flip Flop (a, b, ¢, d) 12 lién quan mat thi€t v6i nhau, c6 thé chuyén héa
14n nhau.

2. Flip Flop D
a) Pinh nghia
Flip Flop D 12 mach dién c6 chifc niing thiét 1ap trang thdi

0 theo tin hiéu dau vao D = 0 va thiét 1ap trang thdi 1 theo tin

hiéu dau vao D = 1 trong diéu kién dinh thdi ctia CP.
|
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Flip Flop D dudc gidi thiéu & ti€t trén thda man dinh nghia nay. Phuong trinh
dic trung ctia FFD hinh 5-2-4 14 :
Q"'=D (5-2-2)
v6i diéu kién da xuat hién sudn duong CP
D=0 CPthiQ"™'=0
D=1 CPthiQ"™'=1
b) Bdng chitc ndng, bdng tin hiéu dau vao kich, do hinh trang thdi va do thi thoi
gian dang séng (bang 5-2-3, 5-2-4 hinh 5-2-5, 5-2-

6). D=0/ maz 7
Trang th4i dau Q = 0, kich biing sudn duong _

ctia CP. Dang séng CP va D 1a da biét. B€ vé dang

song Q, chu y muc D khi  CP. R
Hinh 5-2-5 D6 hinh trang thai cta

FFD
Béng 5-2-3 : BANG CHUC NANG CUA FF D
Q" D Q!
0 0 0
0 1 1
1 0 0
1 1 1
Bang 5-2-4 : BANG PAU VAO KINH CUA FF D
Qn SN Qn+l Qn+l
0 0 0
0 1 1
1 0 0
1 1 1
3 Flip Flop T e TLILLTUTL
a) Dinh nghia : : : .
Flip Flop T 1a mach dién c6 chite ~ ° |—+ =T !
o | L4 L

ning duy tri va chuyén d6i trang thai ty thudc
tin hiéu dau vao T trong dicu kién dinh thdi cia  Hyph 5-2-6 Dang séng cita FF D
CP. Flip Flop JK gi6i thiéu & tiét trén, néu J =K =

T thi tao thanh FF. T ky hiéu nhu hinh 5-2-7. Phuong trinh dic trung cia FF T 1a :
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Qn+l :‘]6” +RQI’1 =T6n +-FQH Qi 15 Ql {Q_
—T®Q" i ﬁ] _ ‘
Voui fAiedu kiean fiad xuaat hiean sodgn aam CP i_ u T
71 e Tl {cP
(5-2-3)

T=0 CP thi Q"
nguyén trang
T=1 CP thi Q"' = Q" chuyén

Q" duy tri

Hinh 5-2-7 Ki hiéu logic FF D

ddi trang thai.
b) Bdng chitc ndng (bdng 5-2-5) bdng dau vao kich (5-2-6) , do hinh trang thdi
(hinh 5-2-8), dé thi thoi gian dang séng (hinh 5-29) ciia Flip Flop T.

Béng 5-2-5 Béng 5-2-6
Q" T Q! Q" — Q™! T
0 0 0 0 0 0
0 1 1 0 1 1
1 0 1 1 0 1
1 1 0 1 1 0

CHEE RNy
.:0/{' i g 1/_\?/—\-\ | L L
a—1 |

Hinh 5-2-8 Hinh 5-2-9

Trang thdi dau cda FF T 1a 0 va kich biing sudn am ctia CP.
4. Flip Flop T’
Flip Flop T’ 12 mach dién chi c6 chifc ning chnvén ddi trano thii trang
diéu kién dinh thdi cia CP. FF T laFF Tma T=1 (Tluén It -~ [ 1L LI L]
Phuong trinh diic trung ctia Flip Flop T’ 1a : PR e U e
_ Hinh 5-2-10 : P4 thi thoi gian
{Q"” =TEQ"=19Q" = Qn (5_2_‘./dang séng cia Flip Flop T’
Véi diéu kién da xudt hién sudn Am CP

5. Flip Flop JK
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a) Dinh nghia :
Flip Flop JK 1a mach dién c6 chifc ning thi€t 1ap tr
1, chuyén d6i trang thai va duy tri trang thdi cin ¢ vao cdc tin
ddng ho CP.

Trong k¥ thuat s6 thudng yéu cau FF c6 4 chic nin

nghia 12 FF JK rit van niing, rat linh hoat. FFJK kich sudn master . 4]
ti€t 5-1 thda man dinh nghia nay. Phuong trinh dic trung clia F Hinh 5-2-11.
trén hinh 5-2-11 1a : Ki hi¢u logic cia FF JK

J=0,K=1 CP thiQ"'=0
J=1,K=0 CP thiQ"'=1
J=1,K=1 CP thiQ"'=Q" chuyén ddi
J=0,K=0 CP thi Q™' =Q"giif nguyén trang.
b) Bdng chitc ndng (5-2-7) , bdng dau vao kich (5-2-8), do hinh trang thdi (hinh 5-
2-12), do thi thoi gian dang séng (hinh 5-2-13) ciia Flip Flop JK.

Bdng 5-2-7 Bang 5-2-8
Qn J K Qn+l Qn SN Qn+l J K
0 0 0 0 0 0 0 X
0 0 1 0
0 1 0 1 0 1 1 X
0 1 1 1
1 0 0 1 1 0 X 1
1 0 1 0
1 1 0 1 1 1 X 0
1 1 1 0
.r"( =1x/
TK = 4 ~ TN VY
S ORROY Y
e,
\_.‘“M—_'/
JK=Xx1/
Hinh 5-2-12 Hinh 5-2-13.
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Trén hinh, trang thdi dau cta FF 13 0, kich biing sudn 4m cta CP. Trong ky hiéu
logic clia 5 loai FF trén, dau CP c6 khuyén tron ching té né hoat dong vdi sudn am,
khong c6 khuyén tron chitng té né hoat dong véi sudn duong. Khi vé do thi thdi gian
dang séng, ta phai dic biét chi y quy u6c nay, chi khi da xuét hién sudn xung CP thi FF
méi chuyén ddi trang thdi theo phuong trinh dic trung clia né, & thdi di€m khéc FF giit
nguyén trang thai.

5.2.2. Sy chuyén déi 1An nhau ciia cac loai Flip Flop dinh thsi theo CP

1. Phuong phdp va y nghia ciia sy chuyén doi

a) Y nghia :

- Pa s6 FF trén thi trudng 13 loai JK, D. K§ thuit s& yéu ciu tit ca cic loai FF.
Néu biét cach chuyén ddi thi c6 thé phat huy tdc dung cta loai FF ¢6 sin.

- Phuong phap chuyén d8i c6 tinh phd bién, do d6 gitip ich nhiéu viéc thiét k&
mach dién.

- Gitip di siu tim hi€u chifc ning logic ctia c4c loai FF.

b) Phuong phdp :

- Phuong phdp chuyén d6i 1a nhitng
___fFdr cong viéc can lam dé€ tim logic chuyén
f } — 7 ddi, @€ tim phuong trinh ham logic tin
25— Toge T 7= 0 hiéu kich ddi véi FF xudt phét (hinh 5-2-

o T | Radtprr | L T 14,
; L | - Dung cong thitc : dung céc
b e s i e — 55 e ] nghiém phuong trinh dic trung dé tim
Hinh 5-2-14 logic chuyén ddi. Céch nay tién cho trinh

Tu duy vé chuyén ddi tit FF dich  bay viét, c6 thé ding dai s§ logic x& 1y, nhung
cin k§ x4o nhat dinh ; trong pham vi 5 loai FF cu thé, ching ta c6 thé nim vitng
phuong phép nay.

- Diing sd do : bang chifc ning, bidng dau vao kich, bdng Karnaugh. Phuong
phdp nay c6 phién phiic chit it, nhung tric quan, it sai.

2. Flip Flop JK chuyén doi thanh Flip Flop D, T, RS

Phuong trinh diic trung ctia FF JK (Flip Flop xuat phat)

Q™ =JQ" +KQ" (5-2-6)
a)JK—>D
Phuong trinh dic trung cta FF D (Flip Flop dich) :
Q"'=D (5-2-7)

108



Dung cong thifc : chuyén dang (5-2-7) sang dang (5-2-6)
Q™ =D=DQ" +Q")=DQ" +DQ’
So sanh véi (5-2-6) , ta co :

{J:K
K=D (5-2-8)

(5-2-8) 1a logic chuyén ddi can tim, ciing 12 phuong trinh diu vao kich cta FF
JK. Dya vao dé ta vé ra mach dién hinh 5-2-15.
Dung sd db :

Cin ct vao bang chiic ning ciia FF D va bang

dau vao kich cta JK d€ liét ké bang st dung JK > D & r---1 o
nhu sau : : >
Bang 5-2-9 : BANG SU DUNG JK — D Aennm =
Mach orP
1 chuydy b
Qn D er+ J K
0 0 0 0 X Hinh 5-2-15
0 | | Mach Flip Flop tir JK trg
x thanh D
1 0 0 X
1 1 1 X 0

Bang chiic ning ctia FF D bi€u thi yéu ciu chuyén ddi. Véi Q", D da xdc
dinh va c6 tic dung dinh thdi cia CP thi Q™' ciing xdc dinh theo bing chifc ning clia
FFD. O day, Q" va Q™' Ia trang thdi hién tai va trang thdi ti€p theo ctia Flip Flop D
(dich) va ciing 12 ctia FF JK (xuét phdt). Viy quan hé tuong tng giita Q" va Q"' ciing
phan dnh yéu ciu kich ctia FF JK, rdi cin ¢t vao bang dau vao kich d6 ma xdc dinh gid
tri twong wng ctia J, K. Gid ti ciia Q" va D quyét dinh gid tri cia Q™', do d6 ciing quyét
dinh gid tri ca J, K. Vay J, K va Q™' nhu nhau, déu 12 ham s ctia Q" va D. Quan hé
ham s6 nay duéi dang bidng dugc goi
la bang st dung.

Tw bang st dung 5-2-9, N o Q° = o
ta v& bdng karnaugh va tim dugc ol o | 1 | ﬂ_}[ x | x
phuong trinh dau vao kich, nhu hinh x| x Uy o |
5-2-16. K&t qud cta hai phuong phédp 1=D K=D

Hinh 5-2-16

(diing cong thic va dung so do) trun
g 8 g g Bdng Karnaugh cta J,K

hgp.
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b)JK>T
Phuong trinh dic trung ctia FE T
Q™ =TQ" +TQ"
So sdnh tryc ti€p védi (5-2-6) ta c6 phuong trinh kich ctia FF JK

N 2.
Bién do6i :

J=T
{ K=T (5-2-9)
Mach dién xem hinh 5-2-7 & phan trén. Cho T =1 ta ¢c6 FF T’
¢)JK - RS
Phuong trinh dic trung cua Flip Flop RS
{le _ S+§Qn Ig a
RS=0 P _g_—‘
|

Hinh 5-2-17
Q"' =RS+RQ" =S(Q +Q")+RQ" Mach Flip Flop tit J,K tr&

., _ . _ thanh RS
=SQ +SQ"+RQ"=SQ +RQ"+SQ"(R+R)
=SQ" +RQ" +RSQ" +RSQ"
=SQ" +RQ" +RSQ" =SQ" +RQ"
. So s4anh vdi phuong trinh dic trung cta Flip Flop JK, ta c6 logic chuyén d4i :

=5 5-2-10)
K=R (5-2-

So dd logic : xem hinh 5-2-17
3. Flip Flop D chuyén doi thanh
Flip Flop JK, RS, T, T’

Phuong trinh ddc trung F‘ Il E:\@}@gggﬁf 7 d_a
cua FF D & - . L‘:—\ Lo 3
n+1 , 5y _1 D—t_!—‘ii:—'#_
D - JK S |
JK:Q™'=1JQ" +KQ" e
PitD=JQ +KQ" (5-2- Hinh 5-2-18
11) Mach Flip Flop Tw D tré
thanh J,K
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Mach dién hinh 5-2-18
Hinh 5-2-19 12 mach dién chuyén d6i theo logic chuyén ddi

219
—rD’ﬁ Lr‘:%

b) Dq—T c) D~T

sau day :

Hinh 5-2-19
Mach Flip Flop T D tré
thanh RS,T,T

D=S+RQ" (5-2-12)

D=TQ +TQ"=T®Q" (5-2-13)

D=Q" (5-2-14)

4. Flip Flop T chuyén déi thanh Flip Flop JK, D, RS
Phuong trinh dic trung

cta Flip Flop T

|
e s e
JK:Q™ =1Q" +KQ" @I ﬂ__iﬁl

| %

o

]

Ding cédc cong thic cla P
ham XOR (xem muc 3-1-2-7) ta bién ddi Hinh 5-2-20
Mach Flip Flop T T tré
thanh JK
T=(JQ +KQ"H®Q"
e X

=0Q +£) Q +1Q +KQQ b\ 00 0L 110

~1Q" +1Q" KQ" Q" ol o ol |1}

=1Q" +JQ"KQ" ojrjrjo]

=JQ +KQ" (5-2-15)

Hinh 5-2-21

Xem hinh 5-5-20 Bang Karnaugh ctia T
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Béing 5-2-10 : BANG SU DUNG T — JK

Q" ] K Q™! T
0 0 0 0 0
0 0 1 0 0
0 1 0 1 1
0 1 1 1 1
1 0 0 1 0
1 0 1 0 1
1 1 0 1 0
1 1 1 0 1

C6 thé di dén két qua trén theo phuong phap ding sd d6 nhu sau :

X4y dung bang st dung T — JK (bdng 5-2-10). Tim logic chuyén d6i
bing bang Karnaugh (hinh 5-2-21).

Tuong tu, ta tim logic chuyén d6i T — D, T — RS nhu sau :

T=D®Q" (5-2-16)

T=SQ +RQ" (5-2-17)

Xem mach dién chuyén ddi hinh 5-2-22

a)T—D a) T —RS

Hinh 5-2-22
Mach dién chuyén d4i Flip
Flop Tw D tré thanh D.RS.

5 Flip Flop RS

chuyén ddi thanh Flip Flop JK, D, T, T Q—D—L
a
Phuong trinh dic trung ctia Flip R Q

Flop RS : B I_TDLJ.—{SS 7 =
Qn+l — S + RQn 1
RS=0 rpP
RS - JK . N .
 =n = Mach Flip Flop T RS tro
JK: Q"™ =JQ +KQ thanh JK.
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So sanh,taco: {S - JQH
R=K
Béng 5-2-11 : BANG SU DUNG RS — JK
Q" J K Qn+1 R S
0 0 0 0 X 0
0 0 1 0 X 0
0 1 0 1 0 1
0 1 1 1 0 1
1 0 0 1 0 X
1 0 1 0 1 0
1 1 0 1 0 X
1 1 1 0 1 0

Vi diéu kién rang budc RS = 0 nén ta phdi ki€m tra. KhiJ=K =1;Q" =0 thi

R=K=1
S=JQ" =1

Khong thda man RS = 0 ta bién ddi lai :

Qn+l :Jan +KQH
=JQ" +KQ"Q"

So sanh lai, ta c6 :

{szJG"
X N{ R =KQ"
" 00 0L 1l 10 ¢ V00 01 11 10 (5-2-18)
A EpE L ! : {LBLEESE Hinh 5-2-23 trén
o ! l ]I 0 HWx 1o to|x ddy 1a  mach dién
(a) (b) chuyén ddi RS — JK
Hinh 5-2-24
Bang Karnaugh : a) R; b) S
(théa man diéu kién rang budc RS = 0).
Ta c6 thé nhan dugc ciing mot két qua nhu trén biing phuong phap ding sd dd
dudi day :

Xay dung bang st dung RS — JK (bdng 5-2-11). Tim logic chuyén ddi bing
bang Karnaugh (hinh 5-2-24). Chd y diéu kién rang budc RS = 0 khi xay dung bang 5-

2-11.

Tuong t, ta tim logic chuyén d6i :
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3 ar—
FR’ aQ 7
P a,; RJ‘ — 0

q
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h
E
S

rp b BT &) 85— T"

Hinh 5-2-25
Mach dién chuyé&n ddi Flip Flop Tir RS
tré thanh a) D; T;¢) T

RS »DJR=P (5-2-19)
S=D
R=TQ"

RS > T = (5-2-20)
S=TQ

RS > T :_n (5-2-21)
S=Q

5.3. PAC TINH CONG TAC XUNG VA CHI TIEU CHU YEU CUA FLIP

FLOP
5.3.1. Pic tinh cong tac xung cia Flip Flop

Muén stt dung chinh x4c FF, khong nhitng cin hiéu chifc ning logic ctia FF, ma

con can nim vitng dic tinh cong tic xung cla FF, tic 12 nhitng yéu cau ma FF dua ra

cho xung ddng hd, tin hiéu diu vao va su phdi hop gifta chiing.

1. Ddc tinh cong tdc xung cua Flip Flop D
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Xét mach FF D trén hinh 5-1-14 (muc 5-1-6) trudc khi xuit hién xung dong hd
thi mach dién & trang thdi chudn bi. Liic ndy, mic tin hiéu diu vao D quyét dinh mic
diu ra cla cdc cong E, F. Khi xuét hién sudn trude xung ddng ho, trang thai diu ra cia
cdc cong E, F. Khi xuit hién sudn trudc xung ddng ho, trang thai ddu ra clia cic cdng
E.,. F thong qua cédc cong C, D diéu khién FF chuyén trang thdi. Viy mifc diu ra E, F
phdi dat dén trang thdi 6n dinh trudc ldc xuat hién sudn truéec xung ddng hd. Nhung tir
lic bit ddu c6 tin hiéu & dau vao D dén lic ddu ra cdc cong E, F di &n dinh phdi qua
mdt khodng thdi gian, goi 12 thdi gian xdc 1ap Ty ca FF. Vay tin hiéu diu vao phdi
dén sém khodng t,, so vdi xung ddong hd CP.

TU hinh 5-1-14 ta thdy ring k& tir tin hiéu d&€n dau vao D, thi diu ra F 6n dinh
phai sau thdi gian tré€ truyén dat 1 cip cdng t,q, diu ra E dn dinh phdi sau thdi gian tré
truyén dat 2 cip cong 2t,q, vay thdi gian xdc 1ap cta Flip Flop D 12 ty, = 2t,. Ti€p theo,
tir khi xudt hién sudn tru6c CP cho dén khi FF hoan thanh chuyén ddi, tic 1a dén khi
trang thdi mdi da Sn dinh, 1a khodng thdi gian tré truyén dat cda FF (t,q). Gi st trang
th4i ban d4u cta FF 14 1, mifc dau ra cdng E 13 thdp, mic diu ra cong F 13 cao. Thé 1a
d& dang thdy ring, xung diu ra céng D cham sau CP thdi gian tré truyén dat 1 cip c6ng
1am cho cdng B tir thong sang ngit vdi thdi gian tré truyén dat ban than cdng B. Cong
A ciing chuyén tir ngit sang thong véi thdi gian tré truyén dat ban thin cdng A. Viy
diura Q, chuyén trang thdi it mifc thap 1én cao c6 thdi gian tré t,, tuong d6i ngdn hon
so vdi thdi gian dau ra Q chuyén trang thdi tif mic cao xudng thap toin = 2tpd, tont =3tpa)-

Ngoai ra, d€ bdo ddm FF chuyén d6i tin cdy, tin hiéu diu vio cin c6 thdi gian
tdc dung di dai. Khi D = 0, k€ tr khi bit ddu sudn duong ctia CP, phi sau t,q thi cdng D
méi dua ra mic thdp ; mic logic nay phan hdi d€n diu vio cdng F mdi sinh ra tic dung
duy tri nguyén trang ngin trd chuyén d6i. Trudc lic dat d&€n sy dn dinh niy, tin hiéu
dau vao khong dugc phép thay ddi, néu ngugce lai, trang thdi mdi cda tin hiéu diu vao
c6 thé phd hoai sy chuyén ddi binh thudng von c6. Vay sau khi xudt hién sudn trudc

CP, tin hiéu diu vao cin phai duy tri thém mot

thoi gian, goi 1a thdi gian duy tri t,. Trong = s ol
b — et -.*.'I
trudng hdp D = 0 thi t, = tpq. | T ;
DN NP X 1A cP TG
Cin c vao thoi gian tré dau ra FF o TR

chuyén trang thdi t,, va thdi gian xdc 12p t, ta

©o i
I
g

c6 thé bi€t do rong can thiét clia xung dong ho.

dd rong (theo mic cao) twy cia CP phai 16n hon Hinh 5'?'1
2 1A ” 0 Dang song cua FFD.
ton A€ phan mach RS co ban trong FF D chuyén (theo mach hinh 5-1-14)
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ddi tin cay. Do rong (theo mifc thap) tw, ctia CP phai 16n hon t, d€ bdo ddm tin hiéu

d4u vao dd thdi gian 6n dinh du ra cong E, F trudc khi xuit hién sudn dudng ctia CP.

Vay chu k¥ xung CP phai 16n hon ty + te tic 12 tan s§ cuc dai cda CP bi han ch€ nhd
1

hon ————. Vidu, t, = 20ns, tyy + tee = Styg = 100ns, f,,,x = 10MHz.
tphl + tset

Xem hinh 5-3-1 bi€u thi quan hé thdi gian vira trinh bay trén day.
2. Ddc tinh céng tdc xung cua FF master slave
Xét mach FF hinh 5-1-11 (muc 5-1-4).
Khi xuat hién sudn duong CP thi tin hiéu diu vao J, K tic dong dén
master. Vi J, K, CP ddng thdi ndi dén céc cong

E, H nén tin hiéu dau vao chi can xuat hién

khong cham hon sy xuat hién sudn duong CP, 7 | |
_,(.__._.T | E—

Véy tSet: O i !
Sau khi xuat hién sudn duong CP. - - tum ::lf_“ -

Su chuyén d8i ctia master chi 7
i Al A

hoan thanh sau thdi gian tré truyén dat 2 cip

c6ng NORAND. Néu thdi gian tré truyén dat

clia c6ng NORAND bing 1,4 1in ciia cong Hinh 5.3.2

NAND thi d6 rong (theo mifc cao) twy clia Xung  Dang séng ctia FFJK masterslave
ddng hd CP can thi€t : tyy > 2,8t,. (theo mach hinh 5-1-11)

Sau khi xuit hién sudn am CP,

Slave chuyén d6i diu vao master bi khéa, nén tin hiéu ddu vao J, K c6 thé khong cin
duy tr, tc 13 t, = 0.

K& tir khi bit ddu sudn Am CP, cho dén khi 8n dinh trang thdi Q, Q 1a
thdi gian tré truyén dat. Vi mach dién cdc cdng C, D rit don gian, ta c6 thé cho ring
thdi gian tré truyén dat cda ching bing nlta cda cong NAND. VAy ty = 1,5t,, t =
2,5t,4. RO rang yéu cau do rong (theo muc thap) tyy clia CP can thi€t 12 tyy > tyy.

Do d6, yéu cau ddi v6i xung dong hd :

Thin = 2,8tpd + 2’5tpd = 5’3tpd
1

fmax =
53t

Hinh 5-3-2 biéu thi quan hé thdi gian.
5.3.2. C4c chi tiéu chi y&u ctia vi mach (IC) Flip Flop
1. Tham sé tinh
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K&t cau mach dién ddu vao, ddu ra cta Flip Flop dudi dang IC rit giong
véi cdc cdng NAND ho TTL. Nhitng dic tinh ddu vao diu ra ciing viy. Nén cdch dinh
nghia va phuong phdp do ludng cdc tham s6 chli y&u clia dic tinh dau vao, diu ra ciing
cd ban gidng nhu ctia cng NAND TTL. Céc chi tiéu chii yéu 1a :

Dong dién nguon I

Trong mach dién c6ng dong dién ngudn khi mitc diu ra thap va khi mic
diu ra cao khdc nhau rat xa. Trong mach dién Flip Flop bao gém rit nhiéu cong,
thudng khong dong thdi thong cd hoic dong thdi ngit cd, nén du trang thdi mach dién
FF thay ddi thi dong dién ngudn ciing khong thay d6i diang k€. Vay thong thudng chi
dua ra mot gi4 tri dong dién ngudn va quy dinh riing tit ci cdc dau vao déu phdi treo
khi do ludng dong dién ngudn.

Dong dién ngdn mach dau vao Ijg

Lan luot ndi dat cdc diu vao, ta do dudc dong dién ngin mach dau vao
tuong ng. C6 thé nhin thiy & cdc hinh 5-1-11 va 5-1-15 ring mdi mot trong cic diu
vio R, S, Ry, Sy, CP, D, J, K v.v... dudc ndi véi mot s6 khdc nhau tranzito nhiéu emito.
Do d6 dong dién ngidn mach diu vao clia ching ciing khong bing nhau. S& tranzito
cang nhiéu thi tri s6 dong dién tuong tng cang 16n.

Dong dién do dau vao Iy

La dong dién chdy vao diu vao xét khi ddu vao dé ndi dén mic cao.
Dong dién Iy cling phu thudc vao s6 tranzito nhiéu emito dudc ndi dé€n dau vao xét.

Mitc tin hiéu dau ra cao Vg va thdp Vo,

Khi FF § trang théi 1, diu ra Q & mic cao, Q & mic thdp. Khi FF & trang
thdi 0, ddu ra Q & mic thdp , Q & mic cao. Vay chi cin do ludng riéng mic du ra Q,
Q khi FF & trang thdi 1 va 0 1a ta dugc Voy va Vor.

2. Tham s6 dong

C6 2 tham s6 dong thudng
dung nhu sau :

Thoi gian tré truyéen dat

trung binh t,,
t,a dugc dinh nghia la thoi

gian tifr khi sudn xung déng hd tdc dong
(vi du, sudn am cda CP déi véi FF JK

Hinh 5-3-3 :

master slave, suon duong cua CP doi 4y oq ooy 48 ruyén dat cita IC Flip Flop
v6i FF D) dén khi trang thdi méi tao ra  a) Kich véi sudn Am
& dAu ra cla FF da 6n dinh (hinh 5-3-3). b Kich v6i sudn duong
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Thong thudng thdi gian tré truyén dat cia ddu ra tif mic cao xudng mic
thap t,y 16n hon tir mdc thadp 1én mic cao tyy,. Trong cdc s6 tay IC, ngudi ta chi cho biét

gid tri trung binh t,.
_ tplh + tphl

pd 2

Khi FF n6i thanh T’ thi tAn s& ddng hd cao nhit cho phép f.... Khi do
ludng ., ta can tién hanh véi phu tii dinh mitc di cho, vi két qua sé& phu thudc vao
tinh trang phu tdi. BAng 5-3-1 va 5-3-2 gidi thiéu cac chi tiéu chili y&u cta IC FF Z63 va
IC FF D62.

Bang 5-3-1 : CHI TIEU CHU YEU CUA FF JK MASTER SLAVE IC Z63B

T=25, Ec =5V
Tham s6 Ky hiéu | Ponvi | Diéu kién do Chi tiéu
. . Pau vao hd mach
Dong dién nguon Ig mA N .. <15
Pau ra khong tai
Dong dién ngin |J,K <15
R IIS mA VI =0
mach dau vao R, S, CP < 1,5
. | LK V=5V <20
Dong dién do dau N
R R, S Iy [la Céc ddu vao <60
vao v
CP khac no1 dat <80
. [], =160L]A
Miic cao daura Vou A% 3+4
A I, = 12mA
Muc thap daura VoL \Y <0,35
R . ; I;=12mA
Tan s6 dong ho cao nhat frax MHz <10
CL = ISPF
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CHUONG 6
MACH DAY

6.1. PAI CUGNG VE MACH DAY
Cin cif dic diém khic nhau vé chifc ning logic va ciu triic mach dién,
mach s6 dugc phan loai thanh mach t6 hop (combinational Circuits) dd gidi thiéu &
chuong 4 va mach day (Sequential circuits) s& dugc trinh bay trong chuong nay.
6.1.1. Pic diém va phuong phap miéu ta chic ning
1. Pdc diém ciia mach day
Trong mach s&, mdt mach dién dudc goi 1a mach diy néu trang thdi diu
ra On dinh & thdi diém xét bat ky khong chi phu thudc vao

2 A N 0 < R 7 N N A N
trang thdi dau vao thdi diém d6 ma con phu thudc ca vao

trang thdi ban than mach dién & thdi diém trudc (trang thdi = — —43

z, = i Fed»

trong) I- 3 mach 17 hap | - J

. = L—'— j

Mach diy c6 dic di€ém nhat dinh phdi bao W r y w Lt

N . 2 . g ’, 2 ) : L : ;;‘1[ Wl e «

gom Flip Flop d€ nhd trang thai von c6. Tu tudng nay thé L {297

hién thanh c4u tric mach nhv hinh 6-1-1 ggi . Hinh 6-1-1

S¢ db khéi mach day
2. Phuong phdp miéu tda chiic nang logic ciia mach day
Theo dinh nghia mach day trén day, cdc Flip Flop da dugc nghién ctu &

n+1

chuong 5 cling 12 mach diy, vi trang thdi diu ra ti€p theo Q™' khong chi phu thudc vao
tin hiéu dau vio ma con phu thudc cd vao trang thdi (trong) Q" voén c6. Phuong phép
miéu td chic ning logic cta Flip Flop ciing thich hgp v6i mach ddy néi chung.
a) Phuong trinh logic

Xét hinh 6-1-1, X (X, Xs , ... X; 12 tin hiéu dau vao § thoi diém xét t,, Z
(21, 23, ..., Zj) 12 tin hi€u dau ra & t,, W (W}, W, ..., wg) 12 tin hi€u dau vao mach nhé & t,
(tic 12 tin hiéu kich déng bd cta FF), Y (y1, Y2, ..., Ye) 12 tin hiéu diu ra mach nhé & t,
(tc trang thai hién tai cia FF). Quan hé giita cdc tin hiéu trén day c6 thé bi€u thi bing

cdc ham logic :

Z(t) =FI(X (t), Y(t)] (6-1-1)
Y (the) = FI(X (), Y(ty)] (6-1-2)
W(t,) =H[X (t,), Y(t,)] (6-1-3)

t. va t,,; 12 hai thdi diém gin nhau. Viyy, ¥, ..., ye 12 trang thdi clia FF
cau tric mach nhd, nén chiing dugc goi 12 tin hiéu trang thdi, hay bién trang thdi, tuong
tng ham Y dugc goi 1a vecto trang thdi, (6-1-2) 1a phuong trinh trang thdi véi Y(t,,) 1a
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trang thdi ti€p theo, Y(t,) 12 trang thdi hién tai. Tuong tu (6-1-1) 12 phuong trinh diu ra,
(6-1-3) 1a phuong trinh kich. N6i riéng trudng hdp Flip Flop, X(t,) = W(t,), Z(t,)=Y(t,).
Vi vay, chi riéng phuong trinh trang thdi (6-1-2) cling di miéu ta chic ning logic cta
FF. P& phan biét v6i mach diy néi chung, § chuong 5, (6-1-2) ctia FF mang mot tén
chuyén biét 1a phuong trinh ddc trung nhu ta da goi.

b) Bdng trang thdi :

Béang liét k& mdi quan hé gilta Z(t,), Y(t,,) va X(t,), Y(t,) goi 12 bing
trang thdi cda mach diy. (Riéng doi véi FF, bang trang thdi c6 tén riéng 1a bdng chifc
nang).

c¢) Po hinh trang thdi :

D6 hinh trang théi 13 hinh vé phdn dnh quy luit chuyén d6i trang thdi va

tinh hinh céc gid tri ddu vao, diu ra tuong tng cia mach day.
d) DBo thi thoi gian :

Do thi thdi gian con goi 13 dang séng cong tic. N6 biéu thi truc quan méi
quan hé tuong Gng cdc gia tri tin hiéu dau vao, tin hiéu diu ra, trang th4di mach dién vé
thoi gian.

Nhu sau nay ching ta s& rd, 4 phudng phdp trinh bay trén diy vé ban chat
déu phan 4nh chiic ning logic mach diy theo cdc khia canh khac nhau, chiing lién quan
va chuyén d6i 13n nhau. C6 thé tiiy y chon diing tiy theo tinh hinh cu thé. Ciing cin luu
y thém riing bing Karnaugh c6 thé miéu ta chiic ning logic mach diy mot cich tién 1i.

6.1.2. Phuong phap cd ban phan tich chiic ning logic mach day

Nhiém vu phén tich 12 tim ra biing trang thdi, do hinh trang thdi, do thi

thdi gian clia mach diy da cho, rdi xdc dinh dic diém cong tdc va chifc ning logic cla

n6. Hinh 6-1-2 13 s6 dd goi y vé qud trinh phan tich nay.
1

1
Phuong trinh L{‘mh thai Phuong trinh ddu ra Phuong trinh kich

Phuong trinh
dac trung

Phuong trinh trang thai

¥
Tinh todn

Susn kich CP

L
Bang trang L}:.ﬁi D6 hinh trang thai D6 thj thoi gian

Hinh 6-1-2 So d6 gdi ¥ qua trinh phan tich mach day

Dudi day dua ra quy trinh phan tich 4 budc :
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1. Viét Phuong trinh :

Cin cif vao mach dién da cho, viét phuong trinh dinh thdi, phuong trinh diu ra,
phuong trich kich, ciing tiic 12 cdc cong thiic logic clia tin hiéu dinh thdi (d6ng ho) tin
hi¢u ddu ra va tin hi€u dau vao.

2. Tim phuong trinh trang thai :

Thay phuong trinh kich vao phudng trinh dic trung ctia Flip Flop tuong tng, ta
s€ tim dugc phuong trinh trang thdi cda mach dién, cling tic 1a phuong trinh trang thai
ti€p theo cida cic Flip Flop. Vi riing trang thdi mach diy bat ky déu nhd cic Flip Flop
cau tric tao ra mach ddy dé ma c6é dugc khd ning nhd.

3. Tinh todn :

Pua tit cd cdc t6 hop c6 thé cia trang thai hién tai va tin hiéu dau vao phuong
trinh trang thdi va phuong trinh dau ra, r6i ti€n hanh tinh todn, tim ra trang thdi tiép
theo va tin hiéu diu ra tuong tng. G day c6 4 diéu chi ¥ :

- Biéu kién dinh thdi tich cyc ctia phuong trinh trang thdi.

- Trang thdi hién tai clia mach dién, tic 1a t8 hgp cdc trang thdi hién tai ctia FF
ciu tric nén mach xét.

- Khong bd s6t mot td hop c6 thé nio clia trang thdi hién tai va tin hiéu dau vao.

- Cin ctf vdo gia tri ban diu da cho (hoic tu cho) cla trang thdi hién tai va tin
hiéu dau vao ma tinh todn I14n ludt c4c trang thdi ti€p theo nhau.

4. V& d6 hinh trang thdi (hodc biing trang thdi, hoic dd thi thdi gian). Xem xét
két qua tinh todn, rdi v& db hinh trang thai. O ddy cin chd ¥ 3 diéu :

- Chuyén d6i trang thai tir hién tai dén ti€p theo, chit khong phai 13 tir hién tai
dén hién tai, hodc tir ti€p theo dén ti€p theo.

- Tin hiéu dau ra 12 ham s6 cda trang thai hién tai, chit khong phdi 12 him s6 cda
trang thai ti€p theo.

- V& @6 thi thdi gian cin luu y ring FF chi chuyén ddi trang théi tuong tng véi
sudn kich clia xung dong hd xuat hién.

Quy trinh 4 budc trén day 1a chung, khong bit budc phdi tuin theo may méc, ma
nén van dung linh hoat tlly tinh hudng cu thé.

6.2.BO PEM

6.2.1. Pic diém va phan loai b d€m

1. Ddc diém co ban

Pé&m 12 kh3 ning nhé dudc s6 xung dau vao ; mach dién thyc hién thao tic d€m

dugc goi 1a bo d€m.
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Pé&m 132 mdt thao tic ¢d ban cyc ky quan trong. Vay bo dé€m dugc st dung vo
cling rong rii, tif cc thi€t bi do chi thi s& d&€n cdc mdy tinh dién tif s& loai 16n, bat ky hé
thong s6 hién dai nao déu hién dién bo d&ém.

2. Phan loai

Ciin cit vao su khac biét clia tinh huéng chuyén ddi trang thdi cda cédc Flip Flop
trong bo d€m, ngudi ta phan thanh hai loai 16n : bd d€m ddng bd va bd dém di bo.
Trong bd d€m ddng bo, cic Flip Flop déu chiu tic dong diéu khién ctia mot xung ddng
hd duy nhat, d6 12 xung d€m dau vao. VAy su chuyén dong trang thdi clia chiing la
ddng bd. Bo dém di bd thi khac, c6 Flip Flop chiu tic dong diéu khién truc ti€p cla
xung d€m diu vao, nhung ciing c¢6 FF chiu tic dong diéu khién cla xung diu ra cla FF
khdc (C6 vai trd dinh thdi ca xung ddng hd). Vay su chuyén d6i trang thdi cia cac FF
khong cung luc, tic 1a di bo.

Cin ct vao su khdc biét vé hé s6 d€m clia bd d&€m, ngudi ta phan thanh cic loai
: BO d€m nhi phan bd d€m thap phin, bo d€m N phan. N&u goi n 13 s6 chif s vi tri
trong ma s6 nhi phan, (ciing tic 12 s6 Flip Flop c6 trong bd d&€m), goi N 1a sd trang thdi
tich cuc (ciling tdc 1a sd trang thdi mad hdo dd dugc ding khi 1p ma) thi d6i v6i bo dé€m
nhi phan N = 2", ddi véi bd d€m thap phan N = 10. B6 dém nhi phan va bd d€m thap
phén 1a trudng hgp riéng clia by d€m N phan. Ta thudng goi N 12 dung lugng bd dém
hoic dd dai d€m bo d&€m, hodc hé s& d€m .

6.2.2. B4 d€m dong b

1. Bo dém nhi phén dong b

B6 d€m nhi phan dong bd néi chung

cAu tric bing Flip Flop T. 7
a) B d€m thuin nhi phan dong bd P
CAu tric mach : (Hinh 6-2-1) B¢ dém nhi phdan dong bo 4 chit s6

Hinh 6-2-1 dudi day la bo dém
thuan nhi phan déng bo 4 chit sd.

B6 d€m cau tric bing 4FFJK ndi thanh loai T va 4 cdng NAND, CP 13 xung
d€m diu vao ; chi ¢6 cdc ddura Q, Q cua FF.

Nguyén ly lam viéc :
Viét phuong trinh :

- Phuong trinh dinh thdi CP, = CP, = CP; = CP, = CP (6-2-1)
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Xung dong bd cta 4 FF déu 1a xung d€m diu vio. Trong mach diy déng bo, cic
xung ddng hd clia cdc FF déu giong nhau, mdi khi mach dién chuyén ddi trang théi, céc
diéu kién dinh thdi néi chung déu ddm bio, vy nén phuong trinh dinh thdi thudng
khong can viét ra.

- Phuong trinh dau ra c6 thé khong cin viét, vi khong c6 tin hiéu diu ra nio
khéic ngoai Q, Q.

- Phuong trinh kich :

T, =1
T, =Q!

’ Qj} ) (6-2-2)
T, =Q/Q;

T, =Q/Q;Q;

Tim phuong trinh trang thai :
Phuong trinh dic trung cda Flip Flop T Q"' = TQ +TQ"
Thay phudng trinh kich vao phuong trinh dac trung, ta c6 :
M =TQ +TQ =1Q] +1Q =Q,
;1 =T,Q +T,Q; =QIQI +QIQ, =Q,Q;
7 =T,Q5 + TQ) =QIQIQ} +QIQQ;
i =T,Q + T,Q =QIQ3Q5 Q] +Q1Q5Q1Q;

Tinh todn :

Gia dinh céc trang thdi Q;Q3Q5Q;] tuin ty, thay vao phuong trinh trang th4i (6-
2-3) ta dugc bang két qud 6-2-1, d6 1a cdc trang thdi ti€p theo Q}"'Qi Q" QI™.

Bing 6-2-1 : KET QUA TINH TOAN

(6-2-2)

Q, Q Q «Q Qi Q" Q" Q"
o |0 |0 (0 |0 0 0 1
o |0 |0 |1 0O 0 1 0
o |0 |1 |0 |0 0 1 1
0o |0 |1 1|0 1 0 0
o |1 o (0 o 1 0 1
o |1 |0 |1 o 1 1 0
0 |1 1|0 |0 1 1 1
0 |1 1 1 1 0 0 0
1 (o |0 |0 |1 0 0 1
1o |0 |1 1 0 1 0
1 Jjo |1t Jo |1 0 1 1
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V& d6 hinh trang thdi.
Tir bang 6-2-1 ta vé& ngay dudc db

P 218 1.~ 0000000 1—+0010—0011—-0100—+0101—0110—0111
hinh trang thdi, d6 12 hinh 6-2-2. . '

Nhén xét hinh 6-2-2 ta thdy mach  {}1;110+1101=1100=1011-1010-+1001-1000
dién 6-2-1 1am viéc cia bd d€m nhi phan dong
b6 4 chif s6. Hinh 6-2-2 : B4 hinh trang thdi cla
b6 d€m

Pic di€m :

Pic diém cta by d€m di néu r6 trong tén “Bo d&€m nhi phan dong bo 4

chit s6” Duéi day trinh bay thém vé su chuyén vi cia bo dém.
Chuyén vi song song :

Mach dién 6-2-1 thuc hién chuyén vi song song. Khai niém chuyén vi da
diing trong bo cong du, tdng cia 1 véi 1 13 0, v6i chuyén vi (nhé) 1én s c6 trong s 16n
hon 13 1. Tir géc dd phép cong sd 1 vao sd cé trong sd bé nhit clia sd nhi phan, dong
thdi tudn tu chuyén vi 1én s6 c6 trong s& 16n hon, kich FF tuong wng chuyén ddi trang
thdi. Phuong thitc chuyén vi song song ctia mach hinh 6-2-1 thé hién & chd tin hiéu
chuyén vi (nhé) tir dau ra Q ctia mot FF dua dén dau vao cia FF trong so 16n bat ky déu
chi ¢6 tré€ truyén dat hai cap cOng 2t,e. Xét thém yéu ciu CP duy tri mifc cao twy, yéu
cau thdi gian chuyé€n clia FF ty, thi chu ky d€m ngén nhit c6 th€ cda bd d&€m (tdc 1a

khodng thdi gian cuc ti€u giita hai sudn Am xung d&ém lién ké) :

TMIN = 2th +tphl + tWH (6-2-4)
VAy tin s& cao nhit cia bo dém 1a :
1
f = 6-2-5
A TMIN ( )

Nhudc di€m cda phuong thic chuyén vi song song 1a phu tii ciac FF
khong déu nhau, cdc FF trong s6 cang bé thi phu tii cang ning, con cidc FF trong s6
cang 16n cang 1dm diu vao chuyén vi.

Chuyén vi néi tiép

Xét mach dién hinh 6-2-3
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Phuong thic chuyén vi ndi

ti€p khong c6 khuyét di€m néi trén cila el
, 2 . n J & T eH B
phuong thic chuyén vi song song, tuy vay, 2| T EIL__‘._{%
B VI __.::_f IS
|

thdi gian chuyén vi tif s6 trong s6 bé nhat

Hinh 6-2-3 B dém thudn dong b

dén sd trong s6 16n nhat lai kéo dai hon. P
chuyén vi néi tiép

Gid st c6 n trong sd, thoi
gian chuyén vi d6 13 thdi gian tin hiéu chuyén vi di qua 2(n-2) cdng @€ tir FF trong s6
bé nhat dén FF trong s 16n nhat. Do d6, tan s cuc dai clia bo d€m chuyén vi ndi tiép

tuong doi thap :
1

" 2(n- 2)t g+t +tyy

(6-2-6)

b) Bo dém nghich nhi phan déng b
So dd logic Hinh 6-2-4
Tuong ty nhu trén, ding phuong phidp phén tich cin ban dé€ tim d6 hinh
trang thai, hinh 6-2-5.

(6-2-6)

0000000 1+=00 10+=00 [ 1«0 1000 10 1—0110—011 1

roQ
! ! :
K@

=1 110110 1—+1100—101 1—10 L0—100 1—1000 cP

Hinh 6-2-5 D6 hinh trang thdi cia bo Hinh 6-2-4 B6 d€m nghich nhi
d&m nghich phan chuyén vi song song déng bd
4 chit s6.

So sanh hinh 6-2-4 véi hinh 6-2-1, ta thiy sy khdc biét ctia bd d€m nghich so véi
bd d&€m thuin 12 ddu ra Q (ddo) cta FF cung cip tin hiéu chuyén vi. Vay tir bd dém
thudn sdn c6, néu ta thdo day néi & ddu Q, rdi ddu ndi vao diu Q, ta s& c¢6 bd d€m
nghich.

¢) B dém thudn nghich nhi phdn déng by

o A ’ A N [N o A A A A .
Kiéu mach co dau vao diéu khién dém thudn, dém nghich.
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Hinh f=2=Aa) Chuven vi song song .

S
BT 7 —

“ | 1
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M L

Hinh 6-2-6 a) Chuyén vi song song
Hinh 6-2-6  b) Chuyén vi ndi ti€p

Hinh 6-2-6 bd d€m nghich nhi phan ddng bo cé dau vao diéu khién xét so dd
hinh 6-2-6. Ta thdy by d€m gém bd d&€m thuin va bd d€m nghich gop lai v6i nhau, c6
thém mot s6 cdng diéu khién. Tin hiéu diéu khién d€m thuan hoic d€m nghich thong
qua cic cong dicu khién dé thyc hién sy diéu khién bi€n bo d€m thanh d€m thuin hay
d&€m nghich. S& dung phuong phap phan tich logic, ta tim db hinh trang thdi nhu hinh 6-
2-7.

Bo dé€m trén diy, ngoai dau vao d€m CP ra con c¢é dau vao diéu khién
d&m thuin hoic d€m nghich. Viy né dugc goi 12 d€m thuin nghich nhi phan dong bod
kiéu c¢6 dau vao diéu khién thuin hoic nghich.

Trong dd hinh trang thai, con s trén diu gach xién biéu thi tri s6 tin hiéu

M diéu khién thuin / nghich, tuong tng M = 1/10.
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1/ L/ 1/ 1/ 1/ 1/ i
0000—0001— 0010— 0011~ 0100— 0101— 0110 — 0]11

I/t ¢+ L
11111101101 1100+ 101l 1010+ 001 « 100D
VI 1/ 1/ v} 1/ v A 1s
; Hinh 6-2-7 B0 hinh
(a PR
trang thai cia bd
o o W 0/ o o0 I g . .
0000000 [+ 0010 0011 +0100 = 0101 «— 0110 — 0111 dém thudn nghich
(17 10/

=00 — 1100 — 101]1=— [010— 1001 — 1000

W 0/ V% 0/ 0/ 0/ 0/
(b)
1/ 1/ 1f I 1/ 1 1/

00002000 12001020011 2= 0100 220101520110 ==0111

g 0/ o/ 0/ 0/ 0/ 0/ 0/

1 .m 0/ )i/
‘ 0/ 0f 0/ {0y 0/ 0f 0/
1

T =1 101100 =10 ===10 10 X100 1 > 1000

Kiéu mach c6 2 dau vao xung dong ho

v vio G Mhyde vy P

G a0 e 2ghich e &P

Hinh 6-2-8 Bo d€m thuin nghich 2 diu vao xung dong
ho
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Hinh 6-2-9 Dang séng b d&€m thuin nghich 2 diu vao xung dong hé.

Xét sd dd 6-2-8. Mach c6 hai ddu vao xung d€m (d6ng hd) . Khi dua xung dong
hd vao diu d€m thuin, lic d6 ddu d€m nghich & mifc thap, chi c6 cdc cdng diéu khién
nta trén thong, cdc cdng diéu khién nira dudi ngit, mach thyc hién dém thuin. Khi dua
xung d6ng hd vio diu d&€m nghich, lic d6 diu d€m thuin & mic thap, chi c6 cic cong
diéu khién nira dudi thong, cdc cong diéu khién nita trén ngit, mach thyc hién d€m
nghich.

Khi d€m thuin, xung chuyén vi (dau ra thuan) sinh ra vao lic tir ma Q,Q;Q,Q; =
1111 (=15,0) chuyén thanh Q,Q;Q,Q; =0000. Khi d€m nghich xung chuyén vi (diu ra
nghich) sinh ra vao lic to ma Q4Q3;Q,Q; =0000 chuyén thanh Q,Q;Q,Q; = 1111 (=15).
Xem dang séng bo dém trén hinh 6-2-9.

Néu cin ting dung lugng dém thi c6 thé mic diy chuyén (ndi ti€p nhau) cic
mach d&€m hinh 6-2-8 ; trong mach mic diy chuyén, dau ra d€m thuin ctia bd d€m phia
trudc nodi vao dau vao d€m thuin clia bdo dé€m sau lién ké, dau ra d€m nghich cta bo
dé&m phia trudc ndi vao diu d€m nghich ctia by d€m sau lién ké.

Trén co s mach dién hinh 6-2-8, ngudi ta thém cac dau vao xo6a, 1ap, vao s6
liéu ; ngudi ta ciing din tin hiéu dau ra cia Q cda 4 Flip Flop ra ngoai, do dé tao thanh
IC b6 d&€m 4 bit, ching han T1193.

2. By dém thdp phéan syl

7

. ) =
T 7o T ® 7 a
I
b £ > F; P F
rle’ Kza <@

Hinh 6-2-10 : B$ d€m thuan thap phan dong bd
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Bo d&€m thap phan 1a bo d€m theo ma nhi - thiap phan. Vi tuong Gng vSi nhiéu
ki€u ma héa clia ma nhi - thip phan , nén ciing c6 nhiéu ki€u bd dém thap phan khic
nhau. O day chi gidi thiéu bd d€m thap phan diing ma nhi - thip phan 8421.

a) Bo dém thudn thdp phdn dong bo (Hinh 6-2-10)

Cadu triic mach dién

Mach dién cu tric bing 4 Flip Flop JK va c6ng chuyén vi (nhd) diu ra
C, xung d€m dau vao l1a CP.

Nguyén ly cong tdc

Vi€t phuong trinh
Phuong trinh dinh théi CP, =CP,=CP;=CP,=CP (6-2-7)
C=Q,Q/
Phuong trinh kich
1=K, =1
= :6 U K=Q (6-2-8)
J; =K, =Q;Q/
J, =Q;Q;Q/K, =Q;

(Piu vao J ctia F, trén hinh 6-2-10 vé& 3 dudng c6 thé hiu ring & d6 c6 cdng
AND 3 diu vao tudng tng).
Tim phuong trinh trang thai
"=1,Q; +KiQ) =Q;
' =1,Q, +K2Q} =Q,Q;Q, +Q,Q;
7 =1,Qs +KaQ) =Q3Q Q5 +Q3Q]Q;
7 =7,Q,K4Q) =Q3Q3Q1Q, +Q/Q;

Tinh toan
B4t du tr gid tri Q,Q3Q5Q; =0000, thay vao phuong trinh trang théi (6-2-9) va

(6-2-9)

phuong trinh diu ra (6-2-7), ta dugc két qua & bang 6-2-2
Bang 6-2-2 : KET QUA TINH TOAN

Q; Q3 Q i 3 > ’f” C
0 0 0 0 0 0 0 I 0
0 0 0 1 0 0 1 0 0
0 0 1 0 0 0 1 1 0
0 0 I I 0 I 0 0 0
0 I 0 0 0 I 0 1 0
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0 1 0 1 0 1 1 0 0
0 1 1 0 0 1 1 1 0
0 1 1 1 1 0 0 0 0
1 0 0 0 1 0 0 1 0
1 0 0 1 0 0 0 0 1
1 0 1 0 1 0 1 1 0
1 0 1 1 0 1 0 0 1
1 1 0 0 1 1 0 1 0
1 1 0 1 0 1 0 0 1
1 1 1 0 1 1 1 1 0
1 1 1 1 0 0 0 0 1
P6 hinh trang thai
Cin ct vao bdng 6-2-2, ta c6 quan | i
n+1 10 — 1111 1010 — 1011 1100

hé chuyén ddi trang thdi Q" sang Q™' va gid tri
diu ra C, do d6 vé dudc dd hinh trang thai hinh
6-2-11.

Can luu ¥ ring, nhitng trang thdi

lién ti€p nhau cta mach dién, mot trang thai

thdi diém xét 1a Q™' d6i véi trang thdi trudc lién

/1 /1 10
/0 /0 /0 0 1

0000 — 0001 — 0010 — 0011 — 0100 « 1101
1 /0
1001 + 1000 -—'QHL +— 0110 « 0101

0 /0 /0 0

& Hinh 6-2-11. D6 hinh trang théi

cia bd dé€m thuin thap phan

ké (& phia trdi bang 6-2-2), déng thdi 1a Q" ddi vdi trang thai sau lién ké (& phia phai

bing 6-2-2), vy nén trong hai hang lién nhau clia bdng 6-2-2, mot trang thdi & phia

phai hang trén s& déng thdi & phia trai hang dudi. K&t qua, khi vé d6 hinh trang théi ta

phai khong bé sét bat ky trang thdi kha di nao d€ c¢6 hinh 6-2-11.

Nhian xét hinh 6-2-11 : Mach

o mﬁ Lnﬁ_mim; dién & hinh 6-2-10 ding 12 b d€m thap phan
0 wm ding ma 8421. Xem db thi dang séng hinh 6-

9, 8 1 J edm i 2-12.
ajm
4 2 L
& L

Gid thi€t bd d€m hinh 6-2-10 la

b6 d€m hang don vi cla hé thap phan. Hinh

6-2-12 chitng td ring khi mach dién chuyén
~ d8i dén trang thai 1001 ( = 9y), tin hiéu

Hinh 6-2-12.
Dang sé6ng bé d&€m thuin phan thip phan

chuyén vi (nhé) trd thanh muc cao, nhung that

ra khong tic dong ngay, ma dgi dén sudn am
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xung déng hd CP thit 10 xuit hién, thi tin hiéu C mdi kich Flip Flop hang chuc ctia hé

thap phan chuyén ddi trang thai, ddng thdi bo d€m hang don vi trd vé 0, tiic mach dién

trd vé trang thai 0000. T4t nhién Flip Flop hang chuc ciing dudc kich bing sudn am.
Trang thai dugc sit dung, trang thai cAm, ty khéi dong.

Nhu da ting néi trude day, nhitng trang thai tr ma dugc dung khi ma hoéa
(bién ma) goi la trang thdi dugc st dung, nhitng trang thdi t ma khong dugc dung khi
mi héa goi 1a trang thdi cAm. Trong hinh 6-2-11, cédc trang thai tr ma 1010 + 1111 1a
trang thai cAm, vi ching khong dugc dung khi ma héa 8421.

Khi vi mdt nguyén nhin nao d6, ching han do nhiu giy ra, mach dién
roi vao trang thdi cAm, dudi tic dong ctia xung ddng hd CP ma mach dién c6 thé trd lai
trang thdi dudc st dung, ta néi mach da c6 thé tu khdi dong.

Dudi tdc dung ctia xung dém diu vao, bd d&€m van cong tac tudn hoan. O
tinh hudng binh thudng, su tudn hoan déu din theo chu ky vé trang th4i ban ddu mdi
chu k¥ goi 12 sy tudn hoan dugc st dung. Ngugce lai, sy tuAn hoan trong trang thdi cAm
goi 14 sy tuAn hoan cAm. Ching ta sé& rd thém tinh hudng nay khi trao d6i & ti€t 6-3 sau
day.

Hinh 6-2-11 chdng t6 ring bd d€m thuin thiap phan theo ma 8421 néi &
trén 13 c¢6 thé tu khdi dong.

b) Bo dém nghich thdp phan dong b

Mach dién hinh 6-2-13

khd don gidn, ching ta d€ dang phdn s

tich theo phuong phdp tuong ty da

dung & trén.

C6 hai cach d€ cau tric | (P
b6 dém thap phan dong bd nhi€u O mynp 6-2-13 Bo d€m nghich thap phan dong
tir bd dém 1 s6. C4ch thi nhat 13 noi bo
day chuyén cdc bd d€m 1 s8, diu ra clia bd d€m trong s6 bé ndi véi dau vao bd d€m
trong s6 16n ti€p theo. Sy 1am viéc clia bd d&€m 1 s6 12 ddng bo, nhung sy 1am viéc gitta

chung 1a di bo.

Céch thit hai 12 ndi diu ra clia bd d€m trong s6 bé vdi tit cd cdc dau vao
ddng bd cia 4FF bo d€m trong s6 16n ti€p theo, cling ndi dén diu vio cong chuyén vi
diu ra ctia bd d€m nay, con cdc xung déng hod clia cic bd d€m déu 12 xung dém dau
vao CP. Trong céch thit hai, khong nhitng tirng bo d€m 1 s& 12 déng bd, ma sy lam viéc
clia toan bd mach ndi ghép d€ d€m nhiéu s6 ciing 1a ddng bd.
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c) B6 dém thudn nghich thdp phén dong bo :

dav ra
dn f ng s JEn thuda

A i i ~

e
L T a=n,. T 70 ol T |
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A ; i I | dém nghecs

Hinh 6-2-14 Bo d&€m thuin nghich thip phan dng bd kiéu diéu khién

Xét hinh 6-2-14 . 4FFJK mic thanh FFT.
Khi tin hiéu thuan/nghich M = 1, bd dém 1a thuan, M = 0 bd dém la

nghich.
Phuong trinh dinh thoi : CP; = CP, = CP; = CP, = CP (6-2-10)
Phuong trinh ddura : C=MQ;Q! (6-2-11)
B=MQ,Q,Q,Q, (6-2-12)
Phuong trinh kich
T, =1
T, =MQ!Q; +MQ, Q, Q,Q,
=MQ!Q, +MQ, (Q} +Q2 +Q%)
T, =MQ;Q} +MQ,Q,Q,Q,Q, (6-
=MQ'Q: +MQ'Q,(Q! +Q1)
T, =MQ!Q} +MQ,Q,Q, +MQ,Q,Q;
= M(Q!Q! +QIQIQ1)MQ,Q,Q,
2-13)

V6i M = 1, tit (6-12-11), (6-12-12), (6-12-13) ta ¢6 :
C=Q!Q" B=0 6-2-14)

T=1 T,=Q/Q, T,=Q/Q T,=QQ}+Q/Q}Q} (6-2-15)
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Thay gid tri (6-2-15) vao phuong trinh dic trung cia FFT la

Q™' =TQ +TQ"

Tac6:Q"=Q; Q"=Q/Q.Q, +QIQ.Q;

P =QIQ5Q: +QIQIQIQL! = (QIQ +QIQ5QNQL +QIQ; +QIQ3QIQ;
(6-2-16)

Gi4 dinh trang thai hién tai, tudn tu thay vao (6-12-14) va (6-12-16) d€ tinh todn,
két qud ta c6 dd hinh trang th4i hinh 6-2-15.

C6 thé thay ring khi M = 1, mach
dién thyc hién d€m thuin thap phan theo

1,00 1,00
ma 8421 va c6 thé ty khdi dong. g — i Lot — 1100
100 1/00 } ’ 1/00 1/00 11 N
Khi M = 0, tr (6-2-11) (6:2-12) "}" ™ 7 M T A
(6_2_13) tacod: 1001 «— 1000 »— 0111 — 0110 — 0101
1/00 1/00 1/00 Voo

110

Hinh 6-2-15 : D6 hinh trang thdi khi M =
1

C=0 B=Q,Q;Q;Q (6-2-17)
T,=1; T, =Q, (Q} +Q} +Q}
T, =Q,Q,(Q: +Q1); T, =Q;Q;Q;
Thay gid tri (6-2-18) vao phuong trinh dic trung cia FFT, dugc phuong trinh

6-2-18)

trang thai nhu sau :

?Jrl — 6‘;
" =Q QI +QI +QNQ; +Q, (Qh +Q +QI Q!
=Q,Q,(Qr+QNH+Q" + Q! (6-2-19)

" =Q,Q5(QI +Q1Q; +Q, Qo ((QL +QIQ!
=Q,Q,Q;Q} +(Q] +Q))Q}

11 =Q/Q,Q;Q, +Q,Q:Q:Q;
Gi4 dinh trang thdi hién tai, tudn ty thay vao (6-2-17) va (6-2-19) d€ tinh
todn, k&t qud ta c6 dd hinh trang th4i hinh 6-2-16.
C6 thé thay ring, khi M = 0, mach dién thuc hién d€m nghich thiap phan
theo ma 8421 va c6 thé tu khéi dong.
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0/00 0/00 0/00 0/00
000 +— 0001 +— 0010 =— 0011 «— 0100
0/01 0/040
1001 —= 1000 — 0111 —= 0110 —= 0101 M B
000 000 0/00 0/00
000
111l

— 111 —

1010 «=— 1011 «— 1100 —— 1101 =

000 0/G0 0/04) 0/00 0.4

(Hinh 6-2-16) P4 hinh trang khi M = 0

B dén 155 trong 55 be 86 dom 156 trong 36 lon héi fheo
% ‘,

- — — | | Phuong phdp ghép
P By * o o o BN S | ndi nhiéu bd d€m thuén
P R nghich thap phan ddng bo
dugc trinh bay § hinh 6-2-

17.
Hinh 6-2-17 C4ch ghép ndi nhiéu by d€m thuin nghich thap Khi b6 dé€m

han dong bo 1 s¢’ thanh nhiéu 6. ey PR
PRl Cong B 7 50 THani et =0 trong s6 bé C =1 thi ¢ bo

dém trong s6 16n M = 1,
T, = 1, n6 s& cong tac ch& do dé€m thuan.

Khi bd d€m trong s& bé B = 1 thi § bd dém trong s6 16n M=1, T, = 1, nd
s& dém nghich.

Khi bd dém trong s6 bé C =B =0 thi & bd dém trong s6 16n M = M =T,
=0, vd n6 nging dé€m.

Xem lai hinh 6-2-14, sd db st dung Flip Flop T, xung CP lién tuc duwa dén
ddng thdi tat cd dau vao ddng hd ciia cdc FF. Trang thdi dau vao T quyét dinh sy
chuyén ddi trang thdi cta FF. T = 1 thi FF phai chuyén d6i, T = 0 thi FF phdi khong
chuyén dai.

Hinh 6-2-18 duéi ddy gidi thiéu mach dién bo d€m thuin nghich st dung
Flip Flop T".
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Hinh 6-2-18a S¢ db logic bo d€m thuan nghich thap phan ddng bd ki€u 2 ddu vao dong hd.

Flip Flop T’ s& chuyén d6i trang thdi mdi khi xung déng hdé dén. Xung CP 1a

phdi di qua cdc cdng diéu khién méi dén dudc dau vao ddng hd cia FF. Viy FF muén

1at thi cdng phdi m&, FF can giif nguyén trang thdi thi c6ng phai déng. Xung d&€m thuin,
xung d&ém nghich dudc dua dé&n bing hai dau vao riéng biét. Khi dua vio xung dé€m

thuin thi b d€m thuc hién d€m thuin. Khi dua vio dau d€m nghich thi b d€m d€m

nghich. Khong cho phép hai dau vao dong thdi c6 xung d€m. Khi ghép ndi by dém, chi

can ndi dau ra d€m thuin clia b d€m 1 s trong s6 bé véi dau vao dé€m thuin clia bo

dém 1 s6 trong s6 16n hon k& ti&p, twong tw cho d€m nghich, nghia 12 ndi day chuyén.

M

G G v 8 Y e B e s o i B
SO s | SURS ) M S oy S s (I st OO
f’% R i Y e |
A — L — (=
& e D (RO
4 )j T Lr 1
Oav ré M
(chugerrs)

Hinh 6-2-18b Dang s6ng bd dém
hinh 6-2-18a trudng hgp d€m thuin

St dung phuong phép phan tich logic, tham khio phan 6-2-2-1c, tuong tu,

ta c6 thé€ tim dd hinh trang thdi cia mach dién hinh 6-2-18a. Con dang séng thi xem

hinh 6-2-18b.
3. Bé dén N phdn dong b

St dung FF, ta c6 thé tiy y xdy dung bd d€m ddng bo v6i hé s6 d€m N
batky (N phan) va dung lugng bat ky. Xem hinh 6-2-19.
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P

Hinh 6-2-19 : B4 d€m dong bd N phan

6.2.3. B6 dém di bo
1. By dém nhi phan di by
Pem Flip Flop T’ mic diy chuyén véi nhau thi dugc bd d€m nhi phan di
bo, k&t cau kha don gidn.
a) BO d€m thuan nhi phan di bd

Cau tric mach dién. Xem hinh 6-2-20
A e s A [ L d— T
Nguyén ly lam viéc : (F—s | Ll
- L

Viét phueng trinh :
Phuong trinh dinh thdoi : CP, = CP,
CP, =Q1, CP;=Q, (6‘%‘20)? i Hinh 6-2-20 : B6 d&m thudn nhi phan
Flip Flop T’ s€ 1at (chuyén doi) moi di bo
khi xung dong hd xuat hién.
Phuong trinh trang thai :
" = Q. véidiéukién xudt hién sudn am CP

1 =

" — Q, v6idiéu kién xuat hién sudnam Q, (6-2-21)

1 _ A" 4 322 PN XA o A
37 =Q; véidiéukién xuat hiénsudndm Q,

Trong (6-2-21) ghi o diéu kién dinh thdi.

Tinh toan
Gia thi€t trang thdi ban dau 1a Q7Q5Q =000, tuan ty thay vao (6-2-21)

dé tinh, ta dudc k&t qua nhu bang 6-2-3.
Bang 6-2-3 : KET QUA TINH TOAN
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Qy Q «Q 3 ) i Piéu kién suon Am

0 0 0 0 0 1 CP,

0 0 1 0 1 0 CP, CP,

0 1 0 0 1 1 CP,

0 1 1 1 0 0 CP, CP, CP;

1 0 0 1 0 1 CP,

1 0 1 1 1 0 CP, CP,

1 1 0 1 1 1 CP,

1 1 | 0 0 0 CP, CP, CP;

Luu y khi tinh d&€n cdc diéu kién dinh thdi : Chi v6i diéu kién xuat hién
sudn xung kich thi FF méi 14t ding nhu phuong trinh quy dinh, néu khong thi FF duy tri
nguyén trang (khong 1at). Vi dy, khi Q1Q3Q! =000 va véi diéu kién sudn Am xung dén
diu vao xuit hién, do CP, = CP nén F, di diéu kién dinh thdi d€ thyc hién 1at theo
phuong trinh Q"' =Q cu thé Q! =0 nén Q"' =1 ma CP, = Q, tuy ring F, 1at tir 0
sang 1, nhung FF kich bing sudn 4m, nghia 13 chua théa min diéu kién dinh thdi, nén
F, duy tri nguyén trang , Q)" = Q%) =0. F; cling khong lat.

Lai xét trang thdi Q;Q3Q; =011 véi diéu kién xuit hién sudn 4m CP, F,
1at truSc, Q, xuat hién sudn 4m lam F, 14t ti€p, Q, xuat hién sudn 4m lam F; 14t sau
ciing, trang thdi bd d€m chuyén tir 011 thanh 100. Trong bang 6-2-3 c6 ghi chi diéu
kién dinh thdi dugc thda man khi bd d€m chuyén trang thdi.

000 — 00 -~ 010 == 01

[ cP ri el s s s 7 8
111 == 110 = 101 =— 100
d’ ——
" PEUNENY aaunay WISy W
PR M S T
Hinh 6-2-21 D6 hinh
trang thdi bo d€m Hinh 6-2-22 Dang séng by dém.
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Hinh 6-2-22 13 dang s6ng, ta thdy ro dic di€m kich biing sudn Am clia cdc
FF b dém.

Nhin xét cdc hinh 6-2-21 va 6-2-22 : Mach dién hinh 6-2-20 14 sd dd bd
d&€m thuin nhi phin 3 s& di bo.

B6 dém thudn di bo kich bang swon dwong (hinh 6-2-23)

Nguyén 1y cong tic clia s6 d6 mach
hinh 6-2-23 ciing gidng so dd mach hinh 6-2-10.
Nhitng Flip Flop T’ dugc st dung trong sd do doi
héi phai kich bing sudn duong. Vay dau vao cida

FF trong s6 16n phai ndi véi ddu ra ddo, Q cia FF

trong s& bé hon ké tiép. Hinh 6-2-23 Bd d€m thuéin nhi
CP,=Q, Cp, = Phandibj kich biing sutn duong.
Q>

Chi cin chi y dic diém diéu kién dinh thdi kich bing sudn duong thi ta
d& dang hi€u dudc mach d€m hinh 6-2-23.

Hinh 6-2-24 1a s6 d6 mach dién d€m thuin nhi phan di bd 3 s6.
J day Flip Flop T° dudc c4u tric tit Flip Flop JK va Flip Flop D.

7 al— [ o— [P @
Hinh 6-2-24 Dung Flip Flop g P i %Fz _ >"}§

<ol Kd B
JK, Flip Flop D.
a) dung Flip Flop JK - = =
N . 5) P ——AsF £ 2l >
b) diang Flip Flop D Eﬁ_ ‘ ola— j‘gq

b) By dém nghich nhi phan di by
Sd d6 bd d€m nay trén hinh 6-2-25 st dung Flip Flop T°.

@ Q Q 5] )
& @ @ Q
P F D F, B F P —bF Tz ! £

J a ] g 27 v 5

Hinh 6-2-25 Kich biing sutn Am, sudn dueng
a) kich biing sun &m b) Kich biing sudn dueng
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Khi khong ngling dua xung dém CP vdo by d€m nghich, tinh hudng
chuyén ddi trang thai ctia mach dién nuh bang 6-2-4, @6 hinh trang thdi hinh 6-2-26 va
dang song hinh 6-2-27.

Béng 6-2-4 : BANG CHUC NANG

Q; Q; Q 3 2 T+ Piéu kién sudn Am

0 0 0 1 1 1 CP, CP, CP;

0 0 1 0 0 0 CP,

0 1 0 0 0 1 CP, CP,

0 1 1 0 1 0 CP,

1 0 0 0 1 1 CP, CP, CP;

1 0 1 1 0 0 CP,

1 1 0 1 0 1 CP, CP,

1 1 1 1 1 0 CP,

000 + 001 «— 010 «— 011

cp JrL2L LI [el 17118
g— LI LI Il
11l — 110 — 101 — 100 sz_
P —
Hinh 6-2-26. A AL BLA B LB
Do hinh trang thai g LI
g 1 am—

Hinh 6-2-27
a) Kich biing sudn 4m
b) Kich biing sudn duong

Hinh 6-2-26 chiing t3 rd rang ring so tri ciia bd d€m la gidm khong ngiing theo
ch& do d€m nghich nhi phan.
c¢) Quy ludt néi ghép cdc bo dém nhi phéan di bé
Su ndi ghép giita cdc bd d€m nhi phan di by kha don gidn. PAu ra Flip
Flop trong s6 bé ndi vio diu xung ddng hd cta Flip Flop trong s6 16n. Quy luat ndi

ghép xem bang 6-2-5.
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Bang 6-2-5 : QUY LUAT NOI GHEP CAC BO PEM NHI PHAN DI BO

Cac kich cua Flip Flop T

Quy luat ndi ghép
Su6n duong Sudn am
Pé&m thuin CP, =Q, CP, =Q,
Pém Ilgthh CPi = Qi_l CPi =Q;,

Trong bang trén CP; 12 xung ddng hd cta Flip Flop Fi, Q,; va Q. 1a tin
hiéu ctia Flip Flop F;; c6 trong s& bé hon lién ké véi F,. N&u dung loai Flip Flop kich
bing sudn duong thi xung dong hd CP; ctia F; n6i vaoQ, , cta F,, , néu ding loai Flip
Flop kich bing sudn am thi CP; ni vio Q;.; dé€ ciu tric bdo d€m thuin. Con dé ciu tric
thanh bd dém nghich thi ngugc lai.

d) Ddc diém bo dém di bo nhi phdn
Uu diém : Céch ndi ghép bd d€m va ciu tric d€m déu don gin.
Nhudc diém : Tan s6 cong tic thip, xung nhidu qua d6 6 trang thdi ma

héa nay sang trang thai ma hoéa khéc 16n.

2. By dém thép phén di by

a) B6é dém thudn thdp phan di bo B
) B¢ an thap phan di b Dp-po—
% ) . A 1 1
Cdu truc mach dién — }
P ,(F’ A’EEL—J
fese? it

So dd hinh 6-2-28 bao gém 4
Flip Flop JK va hai c6ng . CP 13 xung dém Hinh 6-2-28 B d&ém thun thap phan di bo
diu vao, C 1a tin hiéu chuyén vi (nhd) dua
dé&n by d€m trong s6 16n hon.

Nguyén Iy lam viéc

Vi€t phuong trinh
Phuong trinh dinh thoi : CP;=CP CP,=CP,=Q; CP;=Q, (6-
2-22)
Phuong trinh ddura : C=Q}Q! (6-2-23)
Phuong trinh kich
1=K, =1 1,=Q, K,=1
J=K;=1 Ja=Q3Q; Ky=1 (6-2-24)
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nhi€u dudng ndi coi nhu § d6 c6 mach NAND).

2-25)

2 0 2 A N R e N e N 2, . A N N z
(Tam quy udc rang cidc dau vao dé€ trong la ndi vao muc logic 1, dau vao nao cé

Tim phuong trinh trang thai

Thay gid tri (6-2-24) vao phudng trinh déc trung cta Flip Flop JK, ta ¢6 :

Ti&n hanh tinh todn
Gia dinh trang thdi, tudn tu thay vao (6-2-25) va (6-2-23) d€ tinh ra két

Q"' =J,Q, +KQ =Q,
Q' =J,Q, +K2 Q! =Q,Q,
Qi =1,Q, +K, Q} =Q;

Q}"=J,Q, +K:Q} =QiQ2Q, vdi didu kién xudt hién sudn am Q,

v6i diéu kién xuit hién sudn am CP

v6i di€u kién xudt hién sudn am Q,

(6-

v6i diu kién xuét hién sudn am Q,

qua nhu bang 6-2-6 . Khi tinh todn can luu y diéu kién dinh thdi . Chi khi sudn 4m xung

kich tuong @ng xuit hién thi trang thdi Flip Flop m&i chuyén dén trang th4i k& ti€p theo

phuong trinh.

Bang 6-2-6 : BANG TRANG THAI CUA BO PEM THUAN THAP PHAN DI

BO

Qi Q Q Q |Q Q7Y QT

0 0 0 0 0|0 0 110 CP,

0 0 0 1 0|0 1 0|0 CP, CP, CP,
0 0 1 0 0|0 1 110 CP,

0 0 1 1 0|1 0 0|0 CP, CP, CP; CP,
0 1 0 0 0] 1 0 110 CP,

0 1 0 1 0|1 1 0|0 CP, CP, CP,
0 1 1 0 0|1 1 110 CP,

0 1 1 1 110 0 0|0 CP, CP, CP; CP,
1 0 0 0 110 0 110 CP,

1 0 0 1 0|0 0 0] 1 CP, CP, CP,
1 0 1 0 110 1 110 CP,

1 0 1 1 0/ 1 0 0|1 CP, CP, CP; CP,
1 1 0 0 1] 1 0 110 CP,

1 1 0 1 0|1 0 0|1 CP, CP, CP,
1 1 1 0 1] 1 1 110 CP,

1 1 1 1 0|0 0 0|1 CP, CP, CP; CP,
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Vé do6 hinh trang thai "
1110 1010 — 1011 1100

Cin cit vao két qud tinh nl . "
todn & bang 6-2-6 c¢6 th€ v& dd hinh L. & & A ¢
_ . 1111 = 0000— 0001— 0010 — 0011 = 0100 = {101
trang thai nhu hinh 6-2-29. B6 hinh nay ] 1
chitng t ring mach dién c6 so dd & 5 =

1001 «= 1000 <= 0111 < 0110 « 0101

hinh 6-2-28 12 bd dé€m thuin thip phan

/0 i /n /0
di bo theo cach ma héa 8421, hon nira Hinh 6-2-29.

mach dién c6 thé ty khdi dong. Xem Do hinh trang thii by d€m thuin thip phan di bd
dang séng hinh 6-2-30.

7 2 4+ ] 6 7 9 10
pdl L LI .
0, | L f Lt
g 1
¢ =
Hinh 6-2-30.

Dang séng bé d€m thuan thap phan di bd

b) Bé dém nghich thdp phén di bé (hinh 6-2-31)
Phuong phdp phantich nhu trén.

e 7 @ L‘:J@ T 4
G}Ff* » ..
£ @ x T z

Hinh 6-2-31 B dé€m nghich thap phan di b

V& cich ghép ndi cic bo d€m thap phan di bo 1 sd thanh bd d€m nhiéu chif s6 :
ghép ndi diay chuyén, diu ra ctia by dém trong sd bé dudc ndi vio diu vao CP cia bod
dém trong s6 16n hon k& tiép.

¢) Bé dém N phén di b (hinh 6-2-32)
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Hinh 6-2-32 B4 d€m N phan di bo

d) Xéa va cai ddt ban dau cdc bé dém di bo

X6a bo d&€m 1a dua tat ca Flip Flop clia bd d€m vé trang thai 0 trude khi
bit dau cong tic. Poi véi Flip Flop D c6 mach 6n dinh theo nguyén 1y duy tri - ngin trd
thi can chon dau vio Ry 12 mach tin cAy x6a Flip Flop vé 0 (Pau vao R bi trang thdi
xung déng hd CP 4nh hudng). Vi trong bd d&€m di bod, dau vao CP cia cdc Flip Flop c6
thé 1a 1, ciing c6 thé 1a 0.

Cai dit ban ddu 12 1am cho bd d&€m trudc khi bit dau cong tdc phai & sdn
sang trang thdi quy dinh bing c4ch diéu khién dau vao di bd. Cing v6i mot nguyén
nhan da néi trén, d6i véi Flip Flop D duy tri - ngin trd thi can chon dau vao Sy ; dau
vao Sy ndy khong bi 4nh hudng ctia CP (nhu diu vao S). Pdi v6i bo d€m nghich di bo,
diu tién dit tit ca Flip Flop vé trang thdi 1, sau d6 theo trang thai quy dinh ma x6a
nhitng Flip Flop dudc chon vé 0, d€ dat dugc muc dich 13 cai dit ban ddu cho bd dém.
S di nhu vay vi trong bd d&€m nghich di bo, FF trong s6 bé 14t tir 0 sang 1 s& dua ra tin
hiéu chuyén vi (nhd) cho FF trong s6 16n hon, 1am né 14t. Do d6 thong qua diu vao di
bd, diu tién dit tit cd FF & trang thdi 0, sau d6 mdi chon FF d& 1ap 1. N&u ding cdc tin
hiéu ddo nhau ddng thdi dua vao diu Ry, Sy d€ cai dit ban diu thi khong con lo bi 4nh
hudng gi nira.

6.2.4. B dém IC ¢ trung (MSI)

Céc vi mach MSI bd d€m c6 nhiéu ching loai, chiic ning manh, ding
tién 1gi.

1. Vidu phédn tich :

Hinh 6-2-33 13 bo d&€m thuin thip phin dong bo MSI.

Mach dién bao gdm 4 Flip Flop D va nhiéu cdng, 4 dau vao dit liéu A, B,
C, D mot dau 1ap S, mot dau xéa R, hai dau vao P, T bon dau ra Q,, Qg, Qc, Qp va dau
chuyén vi (nhé)

a) Phuong trinh ddu ra va phuong trinh trang thdi
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Phuong trinh dau ra va phuong trinh trang thai
Phuong trinh ddura C=Q, +Q, +T=QQ.T (6-2-26)

IQ" ‘p,s 18 IGD
. 0. 7 7
lgf;a Lo’ i?’g dl 2°
A &l & | &
i i SE, t e <
SRy
T i IR
=1 K TTa T A& &
&Y o L \ — i
28 KA :5 o —I’ T
_f;;‘.:,?f}”

Hinh 6-2-33. B$ d€m MSI

Phuong trinh kich :

»=R+SA+R+S+RPT@Q,

™,

D, =RSA+RS+R PT®R4 =RSA+RSPT+Q,

D,=R+SB+R+S+R PTQ, ®Q. PTQ". +Q,

D, =RSB+RS PTQ", ®Q, PTQ’Q}, 6

D.=R+SC+R+S+R PTQ, +Q, (JBEZ

D. =RSC+RS PTQ" +Q" ® Q.

D, =R+SD+R+S+R PTGZ +6; PTGZ +6; +62 6—)6;

D, =RSD+RS PTQ}Q} PTQLQ;QL @ Q,,
2-27)
Phuong trinh trang thai
Thay gia tri (6-2-27) vao phuong trinh dic trung cua Flip Flop D, ta c6 :
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"' =RSA+RSPT@Q,
»" =RSB+RSPTQ}, ®Q} PTQ,Q},
' =RSC+RSPTQ} Q} ® Q¢

b = RSD +RSPTQ}Q}, PTQAQ;Q¢ © Q.
2:28)

b) 4 ch€ d6 cong tic :

Xoa :

R =0, vdi sy xuat hién sudn duong xung dong hd CP, bd d&€m bi x6a.

Thay gid tri R =0 vao (6-2-28) ,ta cé :

A =0 5 =0 ¢ =0 b =0

Cai dit ban dau.

R =1, S =0, v6i su xuit hién sudn duong CP, bo dé€m thiét 1ap s0, tic 1a duwa dir
liéu dau vao DCBA vio bo dém.

Thay gid tri R=1, S =0 vao (6-2-28), ta c6 :
VoA Q'-B QM'-C  Qy'-D

Duy tri nguyén trang (nho)

R =S =1, PT = 0 v6i sy xuit hién sudn duong CP, bd dém duy tri trang thdi von
c6, tic 1a cam lat.

Thay gid tri R=S =1, PT =0 vao (6-2-28) , ta c6 :

N =Qh p =Qp h=Qg b =Qp
Pém :

R=S=1,P=T=1,bd dm thyc hién chic ning d€m.
Thay gid tri R=S=P =T =1 vao (6-2-26), (6-2-28), ta c6 :
' =Qa
B =QiQ4 +QpQ,Q1
¢ =QeQ3Qh +QEQLQL
b = QuQeQiQ% +QpQL

C=QpQ; (6-2-30)

Néu dit Q4 = Qy, Qg = Q,, Qc = Qs, Qp = Q, thi cdc cong thifc (6-2-29), (6-2-30)
hoan toan tring hop véi cdc cong thite (6-2-9) va (6-2-7) clia bd dém.

(6-2-29)

Thuin thip phan ddng bd. Do d6 c6 thé ding chung bang chic ning, d€ hinh
trang thdi (bang (6-2-2) va hinh (6-2-11)
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Qua trinh bay trén diy, cin cf phuong trinh dau ra v phuong trinh trang thai (6-
2-26) va (6-2-28) c6 thé liét ké thanh bang chiic ning 6-27.
Bdng 6-2-7: BANG CHUC NANG BO PEM HINH 6-2-33

P T R S Cp Chic ndng

H H H H T Dém

X X H L 1 Cai dit ban dau

L H H H X Duy tri nguyén trang

X L H H X DuytriC=0

X X L X 1 Xoda

H biéu thi mic cao, L bi€u thi muc thap, x bi€u thi tuy y, T biéu thi sudn duong

xung ddng hd.
Hinh 6-2-34 1a dang séng ctia bd di€m ; hinh 6-2-34 phan 4nh toan dién tinh

hudng cong tic cia mach dién hinh 6-2-33

D —

{70:’5_9”37«;: T UJduuruuryunuuLnagur
chapren © ] | IR B

' - [

(__ - T 1L LI vr

Datrra | i et
== ;0| R I
i __ " [
9 Rt AN
ﬁo"f‘b’!‘oﬁ?‘é&’; I - /| ! _
iy : 9 9 7 2 3
(G‘?b_t/fﬂ ¥ 1 I‘E g 1 Doy P,
Xos (37 I

Hdong e BindGe

Hinh 6-2-34. Dang séng bo dém
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2) St dung bd d&€m IC cau tric bd d€m N phan

Trén cd s§ cidc bo d€m thuin thap phian (mi hod 8421) va nhi phan dang IC,
bing phuong phdp phdn hdi dé xo4, chiing ta c¢6 thé ciu tric bo d€m N phan.

a) Céac budc cd ban

Gia st S, biéu thi 0, S; bi€u thi 1, ..., Sy -; bi€u thi N-1, Sy biéu thi N. Phuong
phdp phan hdi dé€ xo4 c6 cic budc sau:

- Viét ra mi nhi phan ctia Sy

- Tim logic phan hdi dé xo4 — biéu thiic cia Ry

- V& so dd logic

b) Cong thiic logic phan hdi dé xo4

Logic phan hdi dé xod 1a biéu thituc ham s6 ciia dau xo4d di bd Ry clia bd d€m
IC.

Ry =P =I1Q* (6-2-31)
1-n

1
Trong cong thic : P 1a ma cida trang thai Sy, 11_[ Q" 1a tich cdc gia tri Q cda cdc
-n
FF trang théi 1 tuong tng Sy. Trong mi trang thdi ctia Sy con bao gb IT Q° , d6 1a tich
1-n
cdc gid tri Q cla cdc FF trang thdi O tuong wng Sy. Nhung trong bo d€m N phén st
dung logic phan hoi dé€ xod, vi cdc ma nhi phan S, , 1, SNy, 2, «oes Szn _1 khong dvoc

ding nén dugc 16i dung dé don gidn hod ham logic (i thi€u ho4), k&t qua IT Q° bi
1-n

bd di ca:

Pne e Iet 2

By gid diing bing K&nugh 3 bién 1am vi du dé€ thuyét minh sy ding din ciia (6-
2-32).

N=4 :Sy=S,=100;Sy=P,= Q] ms + my dung dé t5i thiéu
hoa

N=5:Sy=Ss= 110;Py=Ps=Qf Q! mg+m, dung d€ 5 thiéu
hoa

N=6 :Sy=S¢= 110;Py=P=QF Q) my dung dé€ i thiéu
hoa

N=7 :Sy=S;= 111;Py=P,= Q5 Q; Q/ khong don gidn hod
dugc

Vi du trén day rat don gidn nhung minh hoa (6-2-32) 1a chinh xac
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Néu ding bidng Karnaugh 4 bién, 5 bién ciing thiy (6-2-32) 1a diing
¢)Vidu:

Vi du 6-2-1 : Hay uAy dung bd d€m N = 12 biing bo d€m thuin nhi phan déng bo

4 s0.
1- Vi€t ma nhi phan cda Sy
N=12 Sy=Sp,=1100

2- Tim logic ph4n hdi dé xod

Ry =T1Q" =Q, Q3 g L™
1-n
3- V& sd d6 logic &y
Phuong phdp nay ton tai hai van dé:
- Trang thdi qud do Sy cuc ngin Hinh 6-2-35. B$ d€m N =12

- Do tin cy phan hdi xo04 tudng d6i kém

Van dé trang thai qud do Sy

Theo tu tudng trén diy, bd d€m N bit ddu d€m tir S, dén lic dat s6 dé€m Sy _

1

néu thém mot xung d€m thi phai lap tifc bi xod vé O. Thuc t& mach dién phan hdi dé

xod khong 1ap tic vé& O. PAu tién mach chuyén ddi d&n trang théi Sy, 1am cho Ry = P

0. vi Ry = 0 nén bd dé€m reset, trang thdi Sy ti€p theo bi mat 1am triét tiéu tin hiéu Ry

0. Sy tn tai trong thdi gian chitng xap xi tré truyén dat 3 cip cdng. Tuy trang thdi qua

dd ctia Sy 1a cuc ngdn, nhung khong thé thi€u; khong c6 trang thau qua do d6 thi khong

c6 cdch nao tao ra tin hiéu xod vé O.

Van dé do tin ciy phin hoi xod tuong ddi
kém

Vi diic tinh cong tdc xung va tinh hudng phu
tai cda cdc Flip Flop bo dém 1a khong gidng nhau,

lai ludn ludn chiu tdc dong cda nhiéu di nhiéu du

it, nén c6 thé x3y ra tinh trang c6 FF vin con giil
nguyén trang thdi 1, trong khi d6 c6 FF da 1at vé O.
Do Ry = P, ta biét ring chi cAn mot FF 1at vé O thi

Sy mat, rdi tin hiéu Ry = 0 cling mat. Mot khi Ry =0

Hinh 6-2-36. Mach cai ti€n ctia bo dé€m

mat thi FF nao khong kip 14t s& khong c6 cdch nao 14t vé khong nita. Hinh 6-2-36 1a

mach dién gidi quy€t van dé nay. Trong mach cdi ti€n, Elip Flop RS kéo dai Ry = 0 mot

chiit, do d6 bao ddm tin hiéu rét c6 thdi gian tic dung du dai d€ bd d€m xo4 vé 0 chic

chan.

148



Binh thudng Flip Flop RS ciin ban (do cdc c6ng A, B ciu tric nén) & trang thdi 0
dudi tdc dung cta CP,Ry= Q = 1.

Khi bd d€m d€m dén gid tri Sy_; = S;; = 1011, néu xuit hién thém 1 xung dém
CP, vao khodng sudn 4m clia né bd dém lat tr S, _ | dé€n Sy = Sy, = 1100, 1am cho

P =Q,Q3=0,FlipFlopRS canbdnlap 1, Q =1, Q =R, = 0, bd d€m reset vé o,

tiic 12 1at vé S, = 0000. Chi khi ndo bd d€m bit dau d€m lai tir S, sudn duong xung CP
qua c8ng C duge ddo pha rdi mdi lat Flip Flop RS co bdn vé 0, Q =0, Q =1 = Ry (tin
hiéu xo0d vé 0 bi triét tiéu). Vay thdi gian Ry = 0 kéo dai
thém nhiéu; néu ti s6 bé rong xung CP véi chu ki clia né 1a
50% thi thdi gian tuong Gng Ry = 0 1a mot niva chu ki xung
CP.

Néu bd d€m nhi phan ciu tric bing mach kich
bing sudn dudng xung d€m CP thi khong cin cdng NOT ©
nita, mach dién nhu hinh 6-2-37. ~ Hinh6-2-37.

Néu khong c6 yéu cau dic biét cao vé do tin cay, B0 aém nhi phan kich sutin dudng
néi chung ngudi ta vin hay ding mach dién don gidn hinh 6-2-35.

St dung bd dém IC, cau ttriic bd d€m N phan rat don gidn tién 1¢i. Cdch lam nay
ciing kh4 kinh t&. Duing 2 IC bd d€m nhi phan 4 s8 c6 thé cau triic bd d€m N =1 © 256.
Duing 2 IC by d€m thap phan c6 thé cau tric bd d€m N = 1 @ 100. Hinh 6-2-38 biéu thi
bo d€m N = 84

cau tru¢ tr 2IC bo dém thap phan.

Hang o0 ¥ FZT TIF i
- hEng chee < LG e — |
{ e T =l
e @ GGy IGTEE & 244l & @ &a) |
N=70 N=7 N=72 | i
A”a’T x?a*T o~ |I
i |
' A @l
) < &)

Hinh 6-2-38. Bo dém N = 84.
a) So do nguyénly  b) Mach cdi tién
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Hinh 6-2-39 12 bd d€m N = 12 ciu tric tir bo
dém nhi phan di by 4 s6 (IC). Phan trong khung nét
dit 12 so dd logic cia IC. N&i Q4 vd B vé6i nhau thi

dugc bd d€m thuin nhi phan di bd 4 s6. Rdi cin ct

vao quy dinh phdn hdi xod vé 0, ta ndi Qp v6i Rypy Q.
VGi Ry thi by gidh ¢6 bo dém thudn di bo N = 12.
Xung d€m CP dua dén dau vao A.

Hinh 6-2-39. B4 d&m thuan di bd N = 12

6.3. BO NHG

B6 nhd 1a mot linh kién quan trong ctia mach s8. B6 nhé thudng duge dung dé
luu gilr tam thoi dit li€u, 1€nh... Mot Flip Flop c6 thé nhé 1 bit (nhi phéan), mudn nhd ma
nhi phan n bit phai dung n Flip Flop.

6.3.1. B6 nhé ¢d ban

Mach dién nay chi c6 chic ning ti€p nhan tin hiéu nhi phAn mi ho4 va xo4 tin
hiéu di nhég trude. Cin cit vao sy khdc biét trong cdch ti€p nhan tin hiéu nhi phan ma
hod, b nhd cd bdn chia 1am hai loai : hai nhip va mot nhip.

1) C4ch ti€p nhan hai nhip

-
A Bovrs

02
|
a r
/4 L5 7 7z
v o :
2
1
|
& 2

Re

Doy v
Hinh 6-3-1.C4ch ti€p nhan hai nhip

a) Cau truc mach dien

Hinh 6-3-1 1a b nhé 4 bit do cdc Flip Flop RS cd badn ciu tric nén. Mach dién
c6 4 dau vao dit lieu D, D; D, D; mdt dau vao xod, mot diu vao diéu khién ti€p nhin
dirliéu va 4 daura Q, Q; Q, Q,.

b) Qué4 trinh ti€p nhan tin hiéu nhi phdn ma hod

PAu tién phii xod vé 0 : Diing xuyén 4m (goi 1 xung xo4 hay xung Reset) dua

céc FF déu lat vé 0.
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Sau d6 1a nap sd liéu : Dung xung duong (goi 12 xung ti€p nhan hay xung nap
so6liéu) dé m§ thong cic céng 1 © 4, dua tr ma D, D3 D, Dy nap vao bd nhd va luu gitru
lai.

Tir phuong trinh dic trung ctia Flip Flop RS co ban, sau khi xod vé 0:

Q2 Q; Q7 Q' =00000

Khi xung nap xuat hién :
QLT +1 Q:? +1Q£1 + 1an +1=D,D5; D,D;
Vi cd qu4 trinh cong tdc gdm 2 budc, nén dudc goi 1a cdch ti€p nhan hai nhip

2) C4ch ti€p nhan mot nhip (mach dién 6-3-2)

@ i &, g [
¢ q
. 5 5
T
JL
7ép nhsi | i

Hinh 6-3-2. C4ch ti€p nhan mot nhip.

Trong hinh 6-3-2, F, F5 F, F, 1a 4 Flip Flop RS cd ban, D, D; D, D, 12 diu vao s6
liéu, Qs Qs Q, Q, 14 dau ra, ngodi ra con c6 dau vio diéu khién ti€p nhan. Néu xem xét
toan bd cic FF va cdc cdng clia né mdt thé thi mach dién 6-3-2 thuc t€ 13 do 4 mach
chdt D ciu triic nén, véi ddu vao diéu khién ti€p nhan 1a diu vio xung ddng hd cila
mach chét, tic 1a CP.

Phuong trinh  déc

trung ctia mach chot D 1a % % |
Q"+1=D i B " gl -
diéu kién xut hién CP. 7
Viy trong mach di€n
hinh 6-3-2, khi xuit hién /754,;&;;“_ i i \
24 2, & o

xung ti€p nhan, Flip Flop

chuyén ddi trang thai i
Hinh 6-3-3. B$ nhé ti€p nhin mét nhip dung Flip

Flop D.
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Q; +1Q7 +1Q; +1Q +1=D,D; D,D;

tiic 12 bo nhé ti€p nhan va luu gittu tin hiéu nhi phan ma hod. Mach dién nay
hoan thanh chifc ning bd nhé chi trong modt buée, nén duge goi 12 mah ti€p nhan mot
nhip. R6 rang chiing ta c¢6 thé dung cic loai Flip Flop D, RS, JK d€ c4u tric bd nhé co
ban. Hinh 6-3-3 gidi thiéu bd nho 4 bit diing Flip Flop D

3) IC bd nhd ¢o ban

Vi mach bd nhé cd ban bao gdm céc Flip Flop va cic déng diéu khién lién quan
dudc ché tao trong mdt chip. Cin cif vao sy khdc biét vé ciu triic, cdc vi mach bd nhé
phan thanh bo nhd don (chi ¢6 1 bd nhé trong 1 v3) va bd nhé ghép (mot s6 bd nhé
dudc dong goi chung trong 1 vo).

Hinh 6-3-4 1a bd nhé 4 bit dung Flip
Flop D, ngoai ra con hay gédp cac bd nhé kép 2 x !_i‘i_o_h l ?\”H l 5 "]T [ 7 Dh
5,2 x 6 v.v... Cdc bd nhd do mach chét cau tric e

i
7

nén thudng c6 mach chét ciu tric nén thudng cé
mach chét hai chiéu 8 bit, mach chdt 4 bit c6

Hinh 6-3-4.1C b nhé 4 Flip

diu vao xo04 va mach chét kép 2 x 4. IC bd nhé
Flop D

ghép dién hinh c6 bd nh6 4 x 4,8 x 2 v.v...

.6.3.2. B6 ghi dich

B ghi dich ngoai chiic ning luu gilt ra, con c6 chic ndng dich tirng bit theo nhip
xung ddng hd. Dit liéu luu giit trong bd ghi dich dudi tic dung cla xung dich (shist) c6
thé tuin ty dich trdi hay dich phai.

1) B ghi dich mdt huéng Resong song

Hinh  6-3-5 12 bd ghi dich mOt 45 . 155 Poe a6

huéng ciu triic bing Flip Flop D. Paura Q

ctia mdi FF tuan tv ndi dén dau vao D cla ‘
Aung dich

FF ti€p sau; chi c6 dau vao D cia FF thi
o e R e Oy w70 _} P 4 r v
nhat ti€p nhan di liéu. L o | Looi
Cd¢ mdi khi xudt hién sudn duong e—d LILILT

xung dong ho thi dit liéu ma hod dugc dich ’

vao F,, ddng thdi trang thai ctia mdi FF < Nl

ciing dich dén FF ti€p theo. Gid s tif ma

ddu vao 1a 1011, dudi tic dung cdu xung
dich, thi inh huéng dich cda tir ma trong
bd ghi dich nhu béng 6.3.1. C6 thé thffy

Hinh 6-3-5. B9 ghi dich ngt huéng.
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ring, sau khi c6 4 xung CP, tir ma 4 bit 1011 da dich vira hét vao bo ghi dich. Lic nay,

c6 thé 14y ra 4 b6t song song ctia tir ma 1011 tir 4 ddu ra Q cia cac FF.

Bang 6-3-1. TINH HUONG DICH TU MA RTONG BO GHI DICH

CP TUu ma trong bo ghi dich

Tha ty F1 F2 F3 F4
0 0 0 0 0
1 1 0 0 0
2 0 1 0 0
3 1 0 1 0
4 1 1 0 1

Flip Flop cudi ciing (d4u ra Q) c6 thé 1am dau ra ndi ti€p cla tir ma. Mudn thé
chi can qua thdi gian 4 xung déng ho nita thi 4 b6t ndi ti€p clia tir ma duge dich ra &
day. P6 1a phuong phdp dua ra cdc bit ndi ti€p. VAy mach dién hinh 6-3-5 dugc goi 1a

bd ghi dich mot huéng vao ndi ti€p, ra ndi ti€p / song song.

Yoz T D

A ] 1 chd Voo s D
D 0 2 _\ g
P it Aép 7 <‘\:— P % <j\\_ 0/: <F_] \ 0& <:il
i 1 2!

q
P
Ee;y' ahaz L

£ 4
i

o G
4 %g ‘}L 4

Hinh 6-3-6. B ghi dich mot huéng vao ndi ti€p/ song song.

PAu vao bd ghi dich ciing c6 thé ding cich vao song song — Hinh 6-3-6 12 bo ghi

dich vao néi ti€p / song song, ra ndi tiép.
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Khi vao song song thi ding cdch ti€p nhin ra ndi ti€p hai nhip. Nhip thi nhat :
xung xo4 dua dén dau Ry xo4 tat cd cac FF, nhip thit hai : xung ti€p nhian dwa dé€n mé
cdc cong dé ti€p nhan dif liéu & ddu S,.

Trong mot chip IC hién nay, bd ghi dich c6 tir ma dai nhiéu bit.

2) B ghi dich hai huéng

@, a; a, a,
(ghi chua. : | 1
e J T i |
I |
i {9 _\:’[)—JL 7
—— wh o e
Lr_,L._r.! —2— ﬁ Q |
11 4 e I
mach NORAND achotds || | =1Ei [ 3 %
- olich B -
-3-4) 4 Gol. ' == )
URI AR SRS Yoo 26 BED i phor' Yo wos 53D dbe b Tro

Hinh 6-3-7. Bo ghi dich hai huéng.

Xét mach hinh 6-3-7. Dit liéu c¢6 thé tuan ty dich tu F, dén F, (dich phai),
ciing c6 thé dich tir F, dén F, (dich trdi), viy chiing ta goi day 12 bo ghi dich hai
hudng.

Khi tin hiéu dich phai biing 1, cdng AND bén trdi cia machiu NORAND
md thong diu Q cha FF bén trdi thong qua NORAND (da ddo muc logic) vao du
vao D cida FF bén phdi (tvong duong dau Q ctia FF trdi ndi vao D ctia FF bén phii
lién ké&). Vay khi xung dich phai xuét hién, dit liéu dugc dich tr trdi sang phai.
Nguoc lai, khi tin hiéu dich trdi bing 1, thi dit liéu dich tir phdi sang trai. PAu vao
la tin hiéu ddo, qua mach NORAND déo pha, tin hiéu dugc luu git trong bd nhd.
Néu tin hiéu ddu vao khong ddo, thi tin hiéu dugc luu giir 12 ddo.

3) Vimach b ghi dich MSI

W0 sang seag

Dt yad A |
TR #5% { T — |9 ra
o g T det
B r7o e 4
oS /a/f’a;
Hinh 6-3-8. B9 ghi dich MSI
% Dol
; . L ||
g 41;—
.y i s
Aow” =2 ; | : i
2 g '.?fl f‘l

R song w049
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Hinh 6-3-8. B ghi dich MSI
Hinh 6-3-8 1a vi mach bd ghi dich MSI 4 bit hai huéng tinh ndng mach.
Mach dién dung phan ti¥ nhé 12 Flip Flop RS master slave mic thanh FFD, c6 hai
diu Dg (dich phadi) va diu vao dif liéu ndi ti€p D, (dich trdi), mot dau vao xod,
mdt dau vao dong hd CP, 4 dau ra Q, Qg Qc Qp.
4 mach NORAND Iam thanh bd chon lya 4 dudng thong. Cac tin hi€u S, ,
S, diéu khién su chon lva.
Phan tf nhé 12 Flip Flop D, c6 phuong trinh dic trung:
Qn+l — D
Khi S,,S; = 00, tir sd d logic, ta c6:
21-Q, =0k, Q3" =Q5 Q8. QY™ =Qc =QL Q)" =Qp =0}
(6-3-1)
Xung déng hd xuit hién thi bd nhé giit nguyén trang théi.
Khi S,;S; =01,tacéd:

QM=D. =D, Q2" =Qp=Q0:Q0" = Q2= Q2.Q " =Q, =Q¢

(6-3-2)
Véi tdc dung clia xung ddng hhd, bd nhé cdng tic & ché do dich trdi tin
hiéu vao noi tiép.”
Khi S,S;=11,tacé
Qn+1 B D Qn+1_6 C: Qn+1 g B Qn+1 Z\ —A
(6-3-3)
Khi xuat hién xung déng ho, bd nhé ti€p nhan tin hiéu ddu vao song song.

Khi S,S; =10, ta cé:

Qa'=Dr =Dg , Q5" =Q%=0QR , Q" =Q5=Q8.Qp™ = Q¢ =Q&(
6-3-4)

Véi tac dung ctia xung ddng hd, bd nhd cdng tic & ché do dich phai tin hiéu vao
noi tiép.

Néu o diu vao Ry c6 xung duong, thi bo nhé bi xod vé 0. bidng 6-3-2 tém tit
chtic nang bo ghi dich da gidi thi€u nhu trén.
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Bang 6-3-2 BANG CHUC NANG

Chic ning R4 S, S, CP
Xod vé H X X X
gilt nguyén trang L L L T
dich trai L L H T
vao dit liéu song L H H T
song dich phai L H H T

6.3.3. Vi du vé ing dung bd nhé

Bo nhd, dic biét bd ghi dich, c¢6 ting dung rd rong rii : bi€n d6i tir ma nhi phan
tif cdc bit ndi ti€p thanh cdc bit song song va ngudc lai, dung d€ cau tric bd d&€m kiéu
ghi dich rt tién I1¢i v.v... o} day trinh bay 1am vi du vé& bo d€m kiéu ghi dich.

Né&u dem tin hiéu dau ra ctia bo ghi dich phdn hoi theo mot cich xdc dinh dén
diu vio ndi ti€p D, (ddu vio ddng bd cia Flip Flop D F,) thi c6 thé ciu tric thanh bo
d&ém cho nhiéu mia dic thu khdc nhau. Hinh 6-3-9 gidi thiéu mot ciu tric nhu vay.
Dung mach ghi logic phdn hoi khac nhau thi ¢6 dudc cidc bd dém khdc nhau. Duéi day
trinh bay may mach dién thudng dung.

mach figic phin #or

|
N

Hinh 6-3-9. B6 dé€mkiéu ghi dich

1) Bo dé€m vong L
)

. . i, | 0 p)) 0 J
a) Cau tric mach dién P:q&l 2, 24 ‘4t

LAy D, =Q, , ttic 1a ndi ddura Q, clia »

P, vao dau vdo D, cda F,. Vay khi d6 cic Hinh 6-3-10.B0 dém vong

Flip Flop tao thanh mach vong, nén c6 tén la

bd d€m vong ; thyc chit 12 bd ghi dich ty tudn hoa. Hinh 6-3-10 12 bo dé€n vong n = 4.
b) Nguyén li cong tic
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Bing phuong phap phan tich logic, ta c6 thé tim dudc dd hinh tranh thii ctia bod
d&€m vong, nhu hinh 6-3-11

duge dung khong dugc dung
1000 — 0100 (-;)‘000 A{ﬂlﬂl) 1100 —= 0110 1101 —= 1110
0001 «—— 0010 Qlli 1010 1001 «—— 0Ofill 1011 =— 0111

Hinh 6-3-11.B¢ hinh trang thai ciia b d€m vong

Nhan xét hinh 6-3-11: khi tdc dung xung dé€m diu vao CP, mach tuin hoan dich
1, ciing c6 thé tudn hoan dich 0. néu chon ding tudn hoa dich 1 thi c4c trang thi cia bo
d&m 1a 1000, 0100, 0010, 0001. Khi cong tdc, diu tién nén ding xung khdi dong dua bo
dé€m vao trang thdi sit dung, vi du 1000, sau d6 hdy tdc dong CP vao.

¢) Van dé tu khéi dong

i\:—-

D06 hinh trang théi cho ching ta biét riing bd L E ﬂ
dém loai nay khong thé tu khdi dong gid nhu chiu Fj L af-

P

tdc dong clia nhiéu hay su ¢4 ngudn dién ma mach
rdi vao trang thdi khong dugc dung thi bd dém s€ mdi  Hinh 6-3-12. B¢ dém vong
mdi nim trong vong tudn hoan khong dugc ding ; chi 4 bit tw khéi dong
c6 khéi dong lai thi mach mdi c6 thé trd vé trang théi
dudc dung.

Hinh 6-3-12 13 bd d€m vong 4 bit c6 thé tw khdi dong tir sd d6 logic ta c6 phuong
trinh kich

D,=Q} Q3 Q3 D;=Q;

D,=Qs3 D, =Q; (6-3-5)

Thay cdc gid tri trén vao phuong trinh dic trung cta Flip Flop D, ta ¢6 :

+7=QiQ3Q3  Qi=Q
Qn+1_Q3 n+1_Q2 (6—3—6)

Gid dinh trang thdi dau 12 0000, tudn tu thay vao (6-3-6) tién hanh tinh, ta dudc
bang 6-3-3

Béng 6-3-3. BANG CHUC NANG
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2 Q:? Qg an 2+1 Qé1+l Q2n+1 1n+1
0 0 0 0 1 0 0
0 0 0 1 1 0 0
0 0 1 0 0 0 1
0 0 1 1 0 0 1
0 1 0 0 0 0 0
0 1 0 1 0 0 0
0 1 1 0 0 0 1
0 1 1 1 0 0 1
1 0 0 0 0 1 0
1 0 0 1 0 1 0
1 0 1 0 0 1 1
1 0 1 1 0 1 1
1 1 0 0 0 1 0
1 1 0 1 0 1 0
1 1 1 0 0 1 1
1 1 1 1 0 1 1
Hinh 6-1-13 la dd hinh trang th4i cda mach hinh 6-3-12
0000
R 1110 l

I‘I?l.lh 96-3-{3' A}’)ﬁ h\inh l N
gsa:;gé ill;alihi?l;iiﬁl:?g.dem e 0L ——s n:m — m}{ \?!\i on = 100|

I NI

1L Hinl—0tio 1

010 == 0i0] =— 10011
11060

d) bic diém

uu diém ctia bo d&€m vong : tit ca cdc Flip Flop binh thudng chi chon mot Flip
Flop & trang thai 1 (nhitng Flip Flop con lai & trang thdi 0). Vay c6 thé 14y du ra cla
bd d&€m vong tir diu Q ctia céc Flip Flop ma khong cin bo gidi ma. Khi lién tuc c6 xung
CP dau vao, cdc dau ra Q, Q cia céc Flip Flop s& cho ra xung vudéng luan luu. Vi thé

mach dién nay con goi 1a bo phan phdi xung vong.
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Nhudc diém : hiéu suit st dung trang thdi 14 thap, nhé N s6 can N Flip Flop (can
dung nhiéu Flip Flop).

2) B d€m vong xodn

Pic diém cau tret clia bd d€m vong xodn la

D,=Q ? (6-3-7)

Xem so d6 logic va d6 hinh trang thdi ctia mach d€m vong — xoin 4 bit hinh 6-3-
14 ¢6 8 trang thai dudc diing. C6 8 trang thdi khong dudc ding. Mach khong thé tu khdi
dong. Trudc khi d&€m, can thiét 1ap trang thai 0000 cho bd d€m vong — xodn.

Hinh 6-3-14 o& /’j;of ﬁ@ ] f@
Hinh 6-3-15 b d€m vong — xoin L | ‘2 | s i af
c6 thé ty khéi dong P
0000—=1000—1100—>1110 0100~+1010—1101-+01i0
dudc dung khéng dudc dung l
0001+=0011+0111+1111 L001+—00 100101 1011

0000~>1000—=1100=+1 1 10+=1101<-1010+=0100+=100 =00 10

|

0001001101 L1+1111 010110110110

Hinh 6-3-15. B d€m vong xoin 4 bit c6 thé
ty khéi dong.

Dic diém cta bd d€m vong — xoidn 1a chi ¢c6 mdt Flip Flop duy nhit chuyén ddi
trang thdi trong mdi 14n d€m; vay khong tdn tai nguy hi€m chau dua khi gidi ma, hon
nita cdc cong gidi ma déu chi cin hai diu vao. Nhudc di€ém cia bo dé€m vong — xodn
van 12 chua tin dung hét cdc trang thdi bd d€m. Trong bd d€m n bit (n > 3) thi c6 2" —
2n trang thdi khong dugc dung.

2) Bo d&€m kiéu ghi dich d6 dai cuc dai

Y né6i bd dém ki€u ghi dich c6 do dai d€m N = 2" — 1. mach logic phin hdi cla
bd d€m nay ding c6ng XOR. Bing 6-3-4 1a logic phan hdi khin =3 <12

Bang 6-3-4. LOGIC PHAN HOI CUA BO PEM KIEU GHI DICH PO DAI
CUC PAI

B0 ghi dich n bit Logic phdn hoi

3 D3=Q1@Q2,Q1@ Q3
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Ds=Qi 9 Q. Q0D Q4

D5:Q1@Q3,Q1@ Q4

D6=Q1@Q2,Q1@ Q6

D8:Q1@Q3,Q4® QS,Q1®Q5 ® Q6®Q7

4
5
6
7 D;=Q19Q:,Q0® Q
8
9

Dy=Q; ®Qs,Q: ® Qs

10 Dip=Q®Q4,Q:® Qg
11 D;=Q,®Q;,Q:® Qo
12 D=Q9Q,,Q:® Q;,Q,®Q; ® QD Qyy

Hinh 6-3-16 13 sd @ logic va @6 hinh trang thdi cda bd d€m kiéu ghi dich do dai
cuc dai 3 bit. Bt k& nhiéu it 0, logic c6ng XOR 1a O. Vay trong bd d€m nay, trang théi
toan 0 khong dudc ding, cidu thanh
vong khong dugc dung.

Hinh 6-3-16. B4 d&€m kiéu
ghi dich do dai cuc dai 3 bit.
a)Khong thé ty khéi dong;
b)Cé thé ty khéi dong.

001 — 100 — 010 — 101 000 — 100 — 010 — 101— 110

011 < 111 « 110 Ol)D 001 = 0L1 + 1L}

(a) by

Trong bo d€m kiéu ghi dich d6 dai cuc dai thi cdc trang thdi clia bo d€m tuong
ddi dudc tan dung, logic phdn hdi rat don gidn. VAy né kinh t&€ hon bd d€m nhi phan
ddng bo. Nhat 1a khi do dai d&€m khd dai thi vu diém nay cang ro rét.

3) Thuc hién phuong phdp tu khdi dong ctia bd d€m diéu khién ghi dich\

Céc mach co ban ctia bd d€m : vong, vong — xoin, ki€u do dai cuc dai v.v... déu
khong thé ty khéi dong. Mudn giit nguyén cdc trang thii dugc dung cda cic by d€m,
ma mach c6 thé ty khdi dong, ta phai gidi quyét

vin dé d6 nhu du6i day. 1

p . ) L2 o 14
a) Cac budc co ban: e | /be | /e
. N j r—Jf‘. r ljal.—-j‘ ‘—t /g
-Vé ra mach dién co ban va do hinh trang s 4 1 f
| | J
thdi cta né. Hinh 6-3-17 .B6 dm vong — 7)

xoin 3 bit.

a) So dé logic; | ] ‘ Ahing
b) D6 hinh trang thai. | e ding ) f’fff

160 907 — 017 = 117 o i

000 — 700 —= rrg a0

2)



- Stta d6i quan hé chuyén d6i trang thii khong duge dung, thuc hién tu khdi
dong ctia do hinh trang thai.

- Tim logic phdn hdi

b) Vi du : thi€t k& bd d€m vong — xodn 3 bit ¢6 thé ty khdi dong.

Vé ra mach dién cd ban va d6 hinh trang thai cta né

Xem hinh 6-3-17

Stra d6i vong trang th4i khong dude dung, thuc hién ty khdi dong

Cong viéc stta ddi 1a cit ddt vong trang thdi khong dugce dung, ndi ghép trang
thai khong dugc dung tai chd dift vao trang thdi dugc tuong ng d€ thyc hién tu khéi
dong. Xem hinh 6-3-18.

oo 160 ——=— 770

. are
Hinh 6-3-18. P6 hinh
trang thai ciia mach c6 thé tu
khéi dong.
rar

P87 e O] trn 177

Khi ghép ndi trang thdi khong duge ding can chd y ring tr Flip Flop twong tng
bit cao nhat F, dén Flip Flop tuong tng bit thip nhat F, c6 quan hé ghi dich bit ¢& dinh;
trang thdi hién tai clia bit cao hodn todn quyét dinh trang thdi k€ ti€p clia bit thap;
chiing ta chi sita ddi dugc trang thai k& ti€p cla F, (trong vi du nay la F; ). Cin ct vao
vong trang thdi k€& ti€p clia F; 12 1. N&u bd dém lac vao vong trang thii khong dudc
diing, n6 chuyén dén 101, dgi xung CP nita thi ty dong theo cich ghép noi trang thdi
ctia chiing ta, chuyén dén 110.

Tim logic phan hoi.

PAu tién cin ci quan hé logic cin dé ty khdi dong, ta vé ra bang Karnaugh

2 2 N N 1 N N . 2
cla er,Hl (trong vi du nay 1a Q?ZH ), rOi tim ham logic clia er,Hl

Ti€p theo, ta so sénh v6i phuong trinh dic trung -
A QIQt
cta Flip Flop F,, tiic 1a tim ra logic phan hoi. & 00 o1 11 10
T hinh 6-3-18 ta vé bang Karnaugh hinh 6-3-19 ‘]‘ 1 {o o 1 x i
I |L .| I 1
Hinh 6-3-19. Bing Karnaugh
Tt hinh 6-3-19, ta c6: ” n+1
cia Qg
n+l_A~An nA~nN
n =Q1+Q3 Q7% (6-3-8)

Phuong trinh dic trung cua Flip Flop D la:
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Qn+1:D
Vay D3 =Q1+Q3 Q3 (6-3-9)
Vé sd d6 logic

D;=Q7 +Q{ Q5 =Q/'Q3 Q5  xemhinh6-3-20

Hinh 6-3-20. B) dém vong —
xo0in cé thé ty khéi dong.

A
(/L5 ]1
P |

Can néi o rang, néu mach dién c6 nhiéu trang thdi khdng dugc dung, thi trong

s6 d6 c6 trang thdi c6 thé truc ti€p chuyén thanh trang thdi dudc ding, nhitng rang théi
khéc c6 thé qua mot hay nhiéu trang thdi khong duge ding trung gian trude khi chuyén
thanh trang thdi dugc dung. (Thé hién trong d6 hinh trang thai ty khdi dong).

6.4. BO TAO XUNG TUAN TU

Trong céc thi€t bi diéu khién ki thuit s& va mdy tinh s& thudng yéu ciu cdc phép
todn va thao tdc phdi ti€n hanh tuin ty theo quy dinh truéc mdt cach chinh xédc. Do d6
phan diéu khién khong chi tao ra cdc tin hié¢u diéu
khién d6. Phuong phdp hay dung nhat 1a st dung bod

tao xung tuan tu (bd phdt xung nhip) dé tao ra cédc

xung tudn tu cé thi ty thdi gian trude sau; nhung

cung nay lam chuin thdi gian cho sy hiép ddng clia

cic bo phan trong toan may.

Bo tao xung tuan ty thong thudng bao gdm

bd d€m va bd gidi ma nhu hinh 6-4-1a.

R N e s 2 . ce EREES

Xung dong ho thdi gian chuan dugc dua vao g% i =N
dau vao bd d€m. Nhs bd gidi ma s& bi€n ddi cic [ —
trang thdi bo d€m thanh xung tuin u trén cic dau ra # mf_L

2

nhu hinh 6-4-1b. " 1Lt H

B d€m hinh 6-4-1a 1a di bo. Khi xuat hién 5 J J—ll
xung dong hd thi cdc FF khong lat dong thdi ma c6 M
trudc c6 sau so vdi nhau. Ngoai ra, trong mdi 1an 4

Hinh 6-4-1. B6 tao xung tuin ty.
a) So do logic
b) Dang song

chuyén ddi trang thdi, c6 thé c¢6 nhiéu FF cing 14t,

nén sinh ra hién tugng nguy hi€m: chay dua. Do d6,

162



tao ra xung nhiéu & dau ra b gidi ma (cia bo tao xung tudn ty); xung nhiéu ddi khi
dugc goi 12 tap 4m qué d6. Vi du, nhu & hinh 6-4 1b: khi bo d€m chuyén tir 001 thanh
010, gia st F, 1at sang O trudc F, 1at thanh 1, trong thdi gian qua do s& xuit hién trang
thdi 000 (ngdn ngui).

Do d6, ¢6 xung hep sinh ra trén dau ra “0”. Tuong tu, khi tir 011 thanh 100 thi
ciing c6 thé xuat hién xung nhiéu qui d6 trén dau ra “0”. Cdc diu ra khéc ciing c6 thé
xuét hién xung nhiéu qua do. Chiang han, trén day “2” khi tir 101 thanh 110...

C6 nhitng phuong phdp sau diy dé trir bd xung nhiéu qué do :

1) Dung bd d€m vong. Cing ta da xem xét mach dién bo dé€m vong &
ti€t 6-3-3. Vi dau ra Q ctia mdi Flip Flop da 13 xung tuan tu, khong cin bo
gidi mi, nén tuy ring cé thé cé nhiéu FF 1at khi bo d€m chuyén ddi, vin
khong thé sinh ra xung nhidu qua do.

Nhu ta di, nhude diém ctia mach nay 1a khong kinh t&: ¢t ting thém mot

d4u ra phdi c6 thém mot Flip Flop .

2) Dung bd d&m mbi 14n tri s6 d&€m thay ddi chi c6 mot Flip Flop 1at.
Thuoc vé loai nay 13 bd d€m ding ma Gray va bo d€m vong — xodn (bd d€m
Johnson). Vi du: hinh 6-4-2.

7 2 3 5 6
Hinh 6-4-2. B$ tao xung tuin o3 ;& .. cd‘U‘U’\fLFU’I_

ty dung by d€m vong — xoin P ! i T

a) sd dd logic; b) Dang s6ng . . || ,
S —
‘—‘::C——T = | .;,_____
YYYYYPy i— |
YYYYYY i—
o ! 2' } ‘;, _} 5__-_____1;——t___

3) Ung dung phuong phép trir bé hién tugng nguy hi€ém “chay dua” da

giGi thiéu & ti€t 4.9.2. Vi du, ding xung dém diu vao dé kho4 cong gidi ma.

Hinh 6-4-3. Dung xung dong hd dé khoa
cong gidi ma trir bé “chay dua”.
a) Kich biing suon 4m;
b) Kich biing suon duong




Khi kich FF biing sudn 4m CP, diing CP kho4 cdng gidi ma nhu hinh 6-4-
3a. Khi kich FF bing sudn ducng CP thi dung CP khod cOng gidi ma nhu hinh
6-4-3b. Xung diu ra biy gid tuy vin tuin ty theo thdi gian, nhung khong con noi
sdt nhau nira.

St dung by d€m ddng bo c¢6 vé khong sinh ra nhiéu, vi trén 1i thuyét cho
12 tt c4 cdc FF déu 1at ddng thdi. Thuc ra, cidc FF déu khong thé hoan toian nhu
nhau, phu tdi va diy n6i 1p rdp cta cdc FF ciing khong hoan toan gidng nhau,
nghia 13 cdc FF khong hoan toan ddng thdi ciing 14t, ciing tifc 12 khong thé triét
dé trir bd “chay dua” dugc.

6.5. B) NHG RAM VA DUNG CU GHEP PIEN TICH CCD

6.5.1. B) nhé RAM (Random Access Memory — bd nhé doc / vié't)

RAM 13 mot phdn khong thé thiu clda mdy tinh dién tie so. Trudc day,
RAM la bd nhé biing xuyén tir. Hién nay, RAM la bd nhé ban din, ; RAM bdn
din c6 vu diém toc do 16n, thé tich nhd, dung lugng 16n, ti€t kiém dién ning va
dd tin cay cao.

1) Két cau cdu RAM bdn dan

Trong mdy tinh dién ti¥ s, ci chudng trinh va s liéu déu biéu thi bing s&
nhi phan — RAM bdn din 1a vi mach (IC) ¢& 16n, bao gdm hang trim, nghin
phin t& nhé @€ luu giit s6 nhi phan d6. Nhu ra da bi€t, mot phan ti¥ nhS c6 thé
nhé 1 s6 nhi phan (bit). Cin ctf vao s& bit, RAM c6 2 hinh thitc k&t cAu nhiéu tir
1 bit, mdi t8 chifc ¢d sé cia bd nhd chi nhd 1 bit. Vi du, RAM 1024 x 1 13 bo nhé
c6 1024 phan ti nhé 1 bit. Trong k&t cAu nhiéu tir nhiéu bit, mdi t& chic cd s&
ctia bd nhd luu giit nhiéu bit. Vi du, RAM 256 x 4 13 bd nhé c¢6 256 phan ti¥ nhé
4 bit. Tich s6 clia s6 phan ti¥ cd s va sd bit mdi phan tir d6 12 dung lugng cla bo
nhé RAM. Vi du, RAM 16384 x 1 ¢6 dung Iugng 16 Kbit (1 Kbit = 1024 bit).
N6i chung RAM bén din c6 ciu triic nhiéu tir 1 bit.

Hinh 6-5-1 14 so d6 khdi dién hinh ctia RAM, n6 bao gdm cic khoi sau:

- ! v | ]
e o gy —=guar! .| i
Hinh 6-5-1. K&t cdu cua W omr b e oo
RAM. aid S R
» U o . |
fj/ ;‘A/ | |
chor Cﬁ/f ‘—TJ '
7in ke ISy | || Bus g/ ey
i s - /4% VR
P Y o A L B ——
-H_-—--J——-f?f podi

:?iaf'm}:/.re Bus ai ey



a) Bo gidi ma dia chi. Trong RAM c6 rit nhiéu phin t& nh6; dé phan
biét, tiing phan nhé dudc gdn mot dia chi. Mdi 14n doc hoidc viét chi ¢ thé
lam viéc v6i mot phin tif nhé c6 dia chi da cho. Hoic 12 viét vao phan tir xét,
hoic 1a doc ra ndi dung da viét vao truéc d6, qua trinh nay goi 1a truy nhap
xuit bo nhé.Ma nhi phan biéu
thi dia chi cin truy nhap truy xuit dudc dua vao bod gidi ma dia chi. Sau khi
da gidi md, & diu ra ta c6 tin hiéu tich cuc mot diy tuong tng d€ md thong
dudng vao/ra cho tin hiéu dif liéu dudc viét/doc vao phan tf nhé c6 dia chi
do.

b) Piéu khién doc/viét. P&i véi phin tif nhé duge chon theo dia chi,
sy doc ra hay viét vio tuy thudc sy diéu khién ciia tin hiéu diéu khién
doc/viét. Vi du, R/W, mic logic 1 1a doc, mic logic 0 1a viét. Cling c6 RAM
c6 hai trudng day tin hiéu riéng d€ diéu khién doc/viét.

¢) PAu vao/ra. Biang cic diau vao/ra mad RAM trao ddi tin tifc vdi bd
xt 1y trung udng (CPU-Central Processing Unit). Cac dudng day dit liéu 1a
hai chiéu, do tin hiéu diéu khién doc/vi€t ma khi doc, né 1a dau ra; khi viét,
né 1a dau vao. S& dau vao/ra nay phu thudc vao sd bit trong mot dia chi. Vi
du, RAM 1024 x 1 mbi dia chi 12 cia mot phin t nhd nén tuong tng chi cé
mot dau vao/ra. RAM 256 x 4 mdi dia chi 1a cda 1 nhém 4 phin t& nhé nén
tuong dng c6 4 dau vao/ra. Cling c6 RAM day dit liéu vao riéng, dy dit liéu
ra riéng. PAu ra néi chung 12 mach ra 3 trang thdi hay mach hd cuc gép
(colectd)

d) Piéu khién cho chip. Do su han ch& vé kha ning tich hgp RAM
trén mdi chip, bd nhé RAM clia mdy tinh phdi do nhiéu chip RAM ghép ndi
logic v6i nhau. Khi CPU truy nhép truy xuit bd nhd theo dia chi thi dia chi
dé thudng tuong tng tin hiéu chon chip din vao chip RAM nio & mifc tich
cuc thi chip nhim muc dich d6. Né&u tin hiéu chon chip din vao chip RAM
nao & mic tich cuc thi chip d6 dugc chon. Tin hiéu diu ra bd gidi ma cda
chip xét s& diéu khién md thong dudng vao/ra chip RAM khac khong c6 tin
hiéu chon chip & muc tich cuc thi khong dugc chon, nghia la bi ngit khoi lién
hé véi CPU)

e) Ma tran nhé. Cdc phan tif nhé cia RAM thudng dugc bd tri dang

ma trin, goi 12 ma trin nhé. Pau ra bd gidi ma dia chi diéu khién sy n6i/ ngit
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gitta phan tif nhé trong ma tran v6i diu vao/ra clia bd nhé. Phin tif nhé tuong
ing vdi dia chi dugc gidi ma dugc ndi thong, nhitng phan tif khic bi ngit.

Hinh 6-5-2 1a ma trin nhé va \ %o
bo gidi ma dia chi cia RAM thudng 55| 7 bt
dudc bd tri dang ma tran, goi 1a ma o =
trAn nhé. PAu ra bd gidi ma dia chi A
L

diéu khién su ndi/ngit giita phan t¥

nhé trong ma trin véi dau vao/ra

clia bo nhS. Phan tif nhé tuong tng

v6i dia chi duge gidi ma dudc noi

ﬁ bb ary o e
L

thong, nhitng phan t khic bi ngit.

Hinh 6-5-2 la ma trdn nhé va 1
Ay Ap

bd giai ma dia chi cia RAM 1024 x B rdo by b

1. Ma tran nay c6 hinh thic két cau

nhi€u t 1 bit, ciu tric thanh ma trin Hinh 6-5-2. Ma tran nhé RAM

32 x 32, mdi khoi vudng nhd trong hinh 1024x 1 bit

vé& 12 mot phan t¥ nhd; sy ndi thong v6i mach ngoai clia phan ti nhé do tin hiéu
diu ra bo gidi ma dia chi diéu khién. C6 10 day dia chi, tuong Gng 1024 dia chi

clia 1024phan tif nhé. Gidi ma dia chi phan 1am hai: b gidi ma hang va bd gidi

mi cot. Cac day dia chi Ao, ..., A4 12 diu vao bd gidi ma hang. PAu ra bo gidi
ma hang la 32 day X, , X, ..., , X3; 1a cdc ddy chon hang; cidc diy dia chi As,

...y Ag 12 d4u vao bo gidi ma cot. Pau ra bo gidi ma cdt 1a 32 day Yo, Yi,..., Y3
12 cdc day chon cot. Day chon hang X; diéu khién su ndi thong ctia mdi phan ti
nhé trong hang tudng Gng clia ma tran nhé véi day bit. Day chon cot Y; di€u
khién su ndi thong ctia day bit mdi cot tuong tng v6i day du liéu D , D. Vi dy,
khi Xo =1, Yo =1, 32 phan t& nh6 0-0 + 0-31 ctia hang thi nhit trong ma trin
nhé dudc ndi thdng vdi day bit tuong tng. Trong 32 ddi day bit thi chi c6 doi day
dugc Yo diéu khién méi n6i thong véi day dir liéu. VAy chi c6 mdi phan ti nhd
0-0 1a dugc ndi thong véi day dit licu. Phan ti nhé 0-0 trén diy dudc doc hay
dudgc viét, vin dé nay do tin hiéu diy doc/viét diéu khién. N&u 1a doc thi tin tdc
luu trit trong phan t nhé 0-0. Tuong tw, Khi X3, = 1 thi phdn t& nhé 31-31 dugc
nodi thong véi day dir liéu, vdi diéu khién doc/viét, CPU thong qua BU dit liéu,
diu vao/ra, day dit liéu thyc hién doc ra hay viét vao phan ti nhé 31-31.

Hinh 6-5-3 12 mach dién tuong d6i don gidn dung d€ diéu kién doc/viét. Cac

cong 1 + 5 1am thanh bo phan diéu khién doc/viét.
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Khi CS =0;R/W =1thi Kr =0 KW = 1 thyc hién doc.

Khi CS =0:;R/W =0thi Kr =1 KW = I thyc hién viét.

Céc cong 6,7 va ban din MOS T, T, lam R/
thanh mach dau ra 3 trang thdi.

Khi KR =0; Kw =1 thi cdng 11, 12 &

ngit, céng 6,7 sin sang. Dit liéu D qua cdng 8
ddo pha, qua mach 3 trang thdi rdi ra diu ra I/O :
I/0=D =D.

S I

Viy mach da thyc hién doc. - 7!
- —_— st I~

Khi Kr =1; Kw =0 thi cdc cdng 6,7 bi s 503-5:/

ngit, diu ra clia chiing la mic thip lam cho ban

din T,, T, bi khod, mach ra 3 trang th4i thé hién trg Hinh 6-5-3.Mach didu khién
khdng cao. Trong khi d6 cdc c6ng 11, 12 sin sang, doc/viet cia RAM
dudng vao cho tin hiéu di liéu dugc md thong qua

cdc cdng 9,10, 11,12, 13, 14 véiD=1/O va D = | /O, tic thuc hién viét dif lieu vao
bd nhdé.

Khi CS =1; Kr =1; KW = 1, nghfa 12 khi chip RAM khéng dugc chon thi
mach 3 trang théi thé hién trd khang cao va cdc cng 11, 12, ciing bi ngit, I/O bi ngit
khéi D, 5, tdc 1a khong doc, khong viét: RAM da gi6i thiéu & hinh 6-5-2 luu giit 1 bit
& 1 dia chi. Thyc t€ thudng dung luu gift 8 bit hay 16 bit & dia chi. VAay nén phdi ghép
ndi song song cic RAM nhiéu tir 1 bit. Hinh 6-5-4 duéi day gii thiéu 8 chip RAM 1024
x 1 cau tric thanh bd nh6 RAM 1024 x 8 . Trong hinh nay, cdc diy dia chi, day

doc/viét, day chon chip déu ndi song song, con cic day I/0O dudc ding riéng ré.

e

o i T T 1

Hinh 6-5-4. B6 nh6 RAM 1024 5 —rt— ———1—
1 s o d 1 ; e Ty e Ay
x 8 bit dung 8 chip RAM 1024 x f’”“ Ayt Ay i"/”’ﬁ"‘a ’49i J*/’%j" si-
L 702417 _ :. 1024 x 7 | ...... 1‘ 1924 x 1 '

2) Phan t& nhé RAM tinh
Phan tf nhé 13 hat nhan cda bd nhé. Cin ¢t sy khdc biét nguyén 1i 1am viéc,
ching phan thanh RAM tinh va RAM dong. Cin cif vao cong nghé sdn xuit, chiing
phan thanh loai ludng cuc va MOS. Vay hinh thic mach dién rit da dang. Duéi day
truge tién gidi thi€u RAM tinh.
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a) Phan t& nhé NMOS 6

béng ban din ‘ ,—i+—— ~Te -h T g
|| - 77 /4
Mach dién xem hinh 6-5-5. T, va 1% | | o o
T, l1am thanh by ddo pha. Ts va T, cil b
am thanh b6 ddo pha. Ts va T, ciin i | by >
: IOPIE BT TSy T =l &
lam thanh mot bd ddo pha khic. Pau 4/ ! ‘G gy w7
N N 2 . A ?2 e z E . 1 d E j
vao dau ra cua hai by dao pha ndi chéo ‘ L ‘
nhau tao thanh mot Flip Flop RS co Rty 2l |
ban, nghia 1a ciu tric nén phan t& nhd. s :_ = = ﬁ 7 "é’z"’;ﬁ}/
T, théong T; ngit 13 trang thdi O; T, f =
thong va T, ngit 13 trang thdi 1 — T 1a Vs

cic béng ban din diéu khién. Day Xi
diéu khién Ts_ T, thong hodc ngdt do d6 diéu ~ Hinh 6-5-5. Phin tif nhé RAM tinh
khién su noi thong diu ra ctia Flip Flop véi 6 bong ban din MOS
ddy bit. Khi Xi = 1 thi Ts, T¢ thong, do d6 EF thong v6i day bit. Khi X, = 0 thi Ts , T,
ngit, do d6 FF bi ngit khdi day bit. T;, Ty 12 cdc béng ban din diéu khién sy ndi thong
dy bit v6i day dit liéu bang tin hiéu day Y;, nguyén li lam viéc tuong ty Ts , Ts. Khong
phdi mdi phin t nhé déu c6 riéng T, T ndy ; ma T, , Tg 12 diing chung cho ca cot
phan t& nhG (xem hinh 6-5-5). Vay chi phan tif ndo ma cdc gid tri X, , Y; clia n6 déu Ia
1 thi mé6i dudc ndi thong véi day dit lidu, nghia 12 méi c6 thé ti€n hanh doc/viét d6i véi
phin t¥ 6. Ta néi phan t& nhé i-j di duge chon. Bat ki thdi diém nao thi ciing chi c6
mic 1. Nghia 13 khi truy nhdp truy xuat, ldc nao ciing chi c6 mdt phin ti nhé dudc
chon; céc phan ti nhd khac giit nguyén trang théi, tic luu giit khong ddi ndi dung da ghi
vao.

b) Phin t& nhé CMOS 6 béng ban din (xem hinh 6-5-6). Ciu tric va
nguyén li cong tic gidng nhu mach hinh 6-5-5.

e M e
T, + T, 1am thanh Flip Flop RS ¢6 ban. T;, T, 1a | | Vi 1t obd
béng diéu khién sy ndi thong FF véi day bit. T, li;}ag /ﬂ:j' Al
< , VA 2 e A ~ . P o !T;:‘J' ! l ¥ a7
Tg 1a bong di€u khi€n sy ndi thong day bit véi ij/ ‘5;/‘/ ya‘_qL_} | yﬁ[’_’ ‘,f
A ~ 1A o < R 2 N N 2 i : : g ' :i’ ‘
day d}r li€u. Pdc di€ém cua mach nay la bong 8 M 7| - 1% :;5
ban din phu tai cia bd ddo pha loai MOS kénh .‘: EsSESE =
< . A ¥ Az iy
P ting cudng. Phan tr nhd CMOS chi can ti€u |z | - B
ton rat it dién ning (cd pW). Vay rit tién ding N J 2
J

Hinh 6-5-6. Phan t&f nhé RAM
168 tinh 6 béng CMOS



pin thay thé& khi luéi dién bi sy ¢cd nhim giff gin thong tin dd ghi vao bd nhd.

c) Phan tif nhé ludng cyc (xem hinh
6-5-7). Mach gdém 2 tranzito nhiéu emitd ndi +£

vao diy X, doi emitd con lai noi riéng ré vao )

day bit B, B. ay 0
G trang thdi lvu it s6 lieu, dién the day 5, | |y
X ¢3 0,3V, dién thé day bit ¢& 1,1V. Khi d6, S Ay K i, O
!’ e J— A _ /2 =
dong dién cua tranzito thong s& chay ra diy X, iy —A N

16p ti€p gidp bdn din ndi v6i day bit phan cuc

nghich lam hd mach day bit vé6i FF.

Trang thdi phan tu nhé c6 thé 12 0 (T,
thong, T, ngit) hodc c6 thé 1a 1 (, thong, T, Hinh 6-5-7. Phan tif nhd ludng cyc
ngit).

Khi phin tif nhd dugc chon (d€ vao/ra dit liéu), dién the diy X 1én cdo dén cd
2,2V, dién th& day bit bé hon, nén dong dién qua tranzito thong sé chay ra day bit.

Gia st can doc ra, thi chi cin xdc dinh dong dién trén mot day bit c6 hay khong.
Chéng han xét day bit B: trang thai phan tif nhé 1a 1, T, thong, dong dién ra day B ,
qua bo khuyét dai doc ra dién 4p mic 1; trang thdi phan tif nhé 12 0, T, ngit, khdng c6
dong dién ra day E , ddu ra bo khuyét dai doc khong cé tin hiéu (dién 4p mifc 0).

Gia st cAn viét vao gid tri 1, thi sau mach ddu vao ta c6 B =1 B = 0, tuong tng
T, ngit, T, thong. Dong dién cta T, chay ra day bit B. Sau khi day X trd vé mifc thap
thi dong dién cda T, chuyén hudng chay ra diy X, trang thdi phin t& nhS khong thay
d6i, hoan thanh viét vao né gia tri 1. Gia st can viét vao gid tr1 0. Khi d6,B=0, § =1
tuong ng T, thong, T, ngit.

3) Phan ti nhd RAM dong

Phin t nhé dong MOS sit dung dién dung cuc clra (gate) clia béng bdn din
MOS d€ nhé tam thdi dit liéu. Do c6 sy do dién nén dién tich luu giitu trén dién dung
cuc ctra bi suy gidm din. Vay d€ dit liéu lvu giit khong bi mat di, phai bu lugng dién
tich bi do mat biing cich dinh ky nap dién b3 sung cho dién dung cuc clra. Viéc nay
dudc goi la 1am tudi dit liéu bd nhé dong.

Du6i diy gi6i thiéu may loai phin tif nhé dong thudng gip

a) Phan tt nhé dong 4 béng (xem hinh 6-5-8). T, va T, ndi ghép chéo nhau.
Dt li€u (dién tich) luu trit trén C; va C,. Bién 4p trén Cy, C, diéu khién T, T, thong
hoic ngidt. Khi C; nap dién tich (dién 4p trén C, 16n hon dién 4p cit cia T;) va C,
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khong c6 dién tich (dién dp trén C, nhd hon o
dién 4p cdt cta T,) thi T, thong, T, ngit, tuong 7 , afl 7
ing vd&i trang th4i 0 cda phan tir nhé. Khi C, ,r F i *ﬁﬁf’:ﬁ,ﬂm‘:_ |
nap dién tich, C; khong c6 dién tich thi T, oy ";:’—r—\ ; | oy
thong, T, ngit, tuong Ung vé6i trang thdi 1 clia # | 5 k%\l% 7, ﬁ""{
phan ti nhé T5 va T, 14 nhitng béng diéu khién ’ by L o T 1

. N | Tta 2 3
su noi thdong phan ti nhé véi diy bit. Ts va Ty ) F;—" —_W“JL /iy
la mach dién nap truGc cha diy bit, ding ;;;{:;M* & e é'?/j"_ift'/

chung cho tit cd cdc phin t& nhS cling cot .
Hinh 6-5-8. Phan td nhé dgng MOS

trong ma trin nhé. Khi bdt ddu truy nhap truy 4 béng

xuat bd nhé, trén cuc ctra cia Ts va Ty ¢6 xung
nap trudc nén Ts, T ndi thong, do d6 cdc day bit B, B c¢6 mic dién 4p cao vi thong dén
ngudn Ep. Sau khi két thiic xung nap trudc, Ts va T ngit, day bit cich li khdi ngudn
Ep. Nhung do tdc dung cda dién dung phan bd Cy va Cg. Khi d6, mifc dién 4p cao cua
day bit c6 thé duy tri thém mot khodng thdi gian nita. Trong khodng thdi gian nay, gid
st ti€n hanh doc dif liéu, day X c6 miic cao, Ty va T, thong. Gia s phan ti nhé c6 trang
thdi 0 (T, thong, T, ngit) thi G, ¢é mifc cao, G, c6 mic thdp. Liic nay Cy phéng dién
qua T, va T5. Do d6 day bit B bié€n thanh mic thdp. Do T, ngit, diy bit B vin & mic
cao. VAy dif liéu nhé trong phan tir d3 dugc doc ra day bit B va B. Néu lic nay day Y
ciing & mic cao thi tin hiéu sé& dua dén ddu ra cia RAM qua day dit liéu D va D.

Viay mach dién nap trudc cua day bit c6 tdc dung gi? Trong khodng thadi gian Tj,
T, thong, néu day bit khong dudc nap dién truSe thi miic cao ¢ dudgc cla diy B chi do
C, phéng qua T, nap vao Cg . Néu th¢, dién tich trén C, bi suy gidm. Cg c6 gid tri
tham chi 16n hon C; (vi ¢6 nhiéu phan t& ndi vao day bit). Viy cé thé G, khong giit
nguyén mifc cao sau 1 1an doc, tic 1a dit liéu bi mat. Nhd ¢ mach dién nap truée, dién
th€ day bit B con cao hon dién th€ G, mdt it. Vay khi doc dit liéu, dién tich trén C,
khong nhitng khong hé bi suy gidm, ma con dugc lam tuci nhd sy nap dién thém cho C,
qua T,.

Khi ti€n hanh viét, ddu vao dif liéu cia RAM sé& lam thay d4i trang thdi phan ti
nhd thong qua day dit liéu va day bit, tic 12 dua dit 1;iéu vao luu giitu trong phan t¥ nhd.

b) Phan tif nhé dong 3 béng

Xem hinh 6-5-9. Dit liéu luu gitt ¢ dién dung C cda cuc bong T,. Cic day
doc/viét bit va ddy chon tir déu riéng biét. DAy chon doc tir di€u khién béng Ts. Day
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chon viét tir diéu khién béng T,. T, 1 béng ban din mach nap trudc ding chung cho cot

phan tif nhé cla ma tran.

Qua4 trinh doc dién ra nhu sau. Pau tién day *5 7
doc bit dugc nap trude d€n mic cao. Ti€p theo, day diy chon dpc 1 :ji—
chon doc tir 1én mic cao lam cho T; thong. Gia st C E I
dudc nap dién dé€n mitc 16n hon dién 4p cét ctia T, 1am jaj; ] -ﬂ,:I 7 ! ;;i
T, thong. Cp phong dién qua Ts, T, lam cho day doc e A RV
bit  mifc thdp. Gia s C khong c6 dién tich, thi T, T
ngit, Cg khong c6 dudng phong dién, mic dién trén _]l_;/ =5 T :_
day doc bit qua bo khuéch dai doc ra dwa dén dau ra ”;j}[f;{? I i B

bd nhdé.
Khi ti€n hanh viét, day chon viét tir ¢6 mifc
Hinh 6-5-9. Phan tif nhé dong

cao, T, thong, dif liéu viét vao dugc duwa dén day viét
MOS

bit diéu khién mifc dién 4p trén dién dung C qua T;.
Viy da dua dit liéu vao luu giff trong phan ti¥ nhd.

DPién 4p trén C khi doc (tdc mic 6 G,) ngugc pha véi miic dién diy doc bit. Mic
dién day viét bit khi viét cling cao ciing thAp nhu mic & G,. Néu tién hanh doc mot
cach chu ki, dua dit liéu & C ra day doc bit, qua bd ddo pha dua vao day viét bit, roi tié€n
hanh viét lai vio phan ti nhé. P6 1a phuong phdp 1am tudi phan ti nhé mdt cdch chu ki.

) Phan tif nhé dong 1 béng

|

Xem hinh 6-5-10. mach nay chi ding mét & ——
béng ban din MOS va mot tu dién. DIt liéu luu r__f'::':.__ﬂ A
giit & dién dung C,. Béng ban din T didu khién sy G |t
ndi thong dé doc/viét; dua dit liéu tir day bit vao - ij? .
phan tif nhé hodc dua dif liéu tir phan t nhd ra
day bit. Hinh 6-5-10. Phén ti¥ nhé dong

MOS

Khi viét, day bit diéu khién mifc dién trén C, qua T. Khi doc, C, diéu khién mifc
dién trén Cg, tifc dua ra dit liéu. Vi du, trén C, von mic V,, diy bit vén Vg = 0 thi sau
G
C,+Cp

Nhugc di€ém ctia mach nay 1a dién tich trén phan ti nhé C, bi suy gidm mdi 1in

khi doc, mic dién trén day bit1a Vg =V, X

doc. Vay nén cin 1am tuci sau mdi 1an doc. Ngoai ra, do nhiéu phan t ndi vao diy bit

nén gid tri dién dung Cy tuong d6i 16n, Cg>>C,. Dit liéu doc ra c6 mic dién bé; gid tri

171



mtc logic 0 va muc logic 1 trén diy bit khong khdc xa nhau. P& x4c dinh mdc dién
chénh l&ch nhd trén day bit can phdi ding bo khuéch dai doc ra c6 do nhay cao.

Ba loai phan tr nhé dong trinh bay trén diy déu c6 wu nhuge di€m. Mach 4 béng
chi€m dién tich 16n trén chip nhung khong cin mach lam tuoi riéng, qud trinh doc ra
ddng thdi 12 qua trinh 1am tudi; vdy mach phu don gidn. Mach 3 béng gidm dién tich
mdt it nhung yéu ciu cic diy chon doc/viét va diy dit liéu déu riéng bitt, cAn mach
ngoai diéu khién phin hoéi dé€ 1am tuoi; vy diy ndi v6i mach ngoai tuong d6i nhiéu
hon. Mach 1 béng don gidn nhat. Nhung yéu cAu Bo khuyéch dai doc ra d6 nhay cao va
yéu ciu lam tudi sau mdi 1an doc ra. Vay mach dién phu ngoai phic tap. RAM tinh so
véi RAM dong : S8 lugng ban din nhiéu hon, dd tich hop thap hon, nhung khong nhat
thiét dinh ki 1am tuoi, mach phu don gidn, st dung tién.

6.5.2. Dung cu ghép dién tich CCD (Charge Coupled Device)

Dung cu ghép dién tich CCD thudc cdng nghé MOS phit trién tir nim 1970. Uu
diém ctia CCD la c4u tric don gidn, gid thanh ha, d6 tich hop cao, c6 thé ché tao trén
day chuyén cong nghé MOS thong thudng. CCD dudc quan tAm nhiéu, hién nay da ng
dung trong cdc bd nhd, x{ 1i tin hiéu va nhi€p dnh. Nhuge diém ciia CCD la téc doc
cham hon bo nhé ban dan.

Su khéc biét trong nguyén li lam viéc ctia CCD 1a & chd n6 dung dién tich dé
bi€u thi dit liéu, chit khong phai 12 dong hay ap. Vé co ban, CCD 1a mdt bo ghi dich
dong, nén hién nay ding 1am bd nhé ndi ti€p.

1) Cau trdc (xem hinh 6-5-11)

Trén d€ ban dan Silic loai P (hoic loai N),

ngudi ta tao ra mot 16p moéng cdch dién SiO, ¢d
0
1200 A. Trén 16p cach dién nay ngudi ta cho

ling dong mot loat cdc dién cuc 10 x 10 um véi

gidn cdch <3 um. Mdi dién cuc va 16p d€ ban din

vGi 16p cdch dién § gitta ching tao thanh mot tu
dién. Viy CCD 1a mot ddy céc tu dién MOS cqu ~ Hinh 6-5-11. So db mit cit ciia CCD.
triic nén. Nhitng tu dién ndy 13 phan tif nhé ma
c6 hay khong c6 dién tich bi€u thi cdc mitc logic 1 hay 0. Pién tich nap vio c6 thé dich
chuyén tir tu dién no sang tu dién kia tuong ty nhu sy chuyén dich mic trong bo ghi
dich ta da biét.

2) Luu gitr di€én tich
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Gia stf dua dién 4p duong +V, vao dién cyc. Nhitng phan i 16 trong (hat din da
s6) trong 16p Silic bén duéi dién cuc bi ddy di khdi tao thanh mot ting hao kiét (xem
hinh 6-5-12).

D6 day cda tang hao kiét ting Y

+h(>V)

theo do 16n cua dién dp + V,. Khi dién
2y

4p dién cuc 16n hon dién 4o cit cda ciu

~—-- ang = B
tric MOS, + V, > V1, mot rinh loai N Ao0 #IET e
’ Bat T Heis
hinh thanh trén mat d€ Silic bén dudi - ] dinr ———— s
dién cuc d6.
&/ 8}

Trong béng bian din MOS, hai
phia 12 cuc ngudn va cyc mdng, giita Hinh 6-5-12. CCD luu gii dién tich.
chiing c4c hat din da s c6 thé khuéch tdn vé phia d€ Silic, nén qu4 trinh tao ra rinh N
12 kh4 dai hon, c& nhiéu gidy ddng hd. Trudce khi rinh N dugc tao ra, néu c6 dién ti tir
bén ngoai nhip vio ting hao kiét thi né s& khuéch tidn vé phia d€ va tich lii & d6 tao
thanh dién tich luu gitt (Xem hinh 6-5-12b). Viéc nay xay ra nhd tac dung dién trudng.
Né&u khong c6 dién t bén ngoai nhap vao thi khong cé dién tich luu giif tich tu & 16p d&
dudi dién cuc. RO rang phuong phdp luu git

dién tich chi c6 thé luu giit trong thdi gian rat

ngdn. Vi néu thdi gian dd dai thi dién t& nhiét

tran ngap 16p d€, bat ké cé dién tich ngoai nhap

vao hay khong. Néi cach khéc, tién dé 1am viéc

cia CCD phdi la lugng dién tir bén ngoai nhap

va0 16n hon nhiéu s& dién t nhiét. Khu vuc bén
dusi dién cuc c6 thé luu giit dién tich duge goi
1a viing bay dién thé.

3) Chuyén dich dién tich bing cdch
thay ddi thich hop dién 4p dwa vao dién cuc,

dién tich tin hiéu luu giif trong viing biy dién
thé c6 thé chuyén dich tir mién gin dién cucnay
dé&n mién gin dién cyc khdc , hinh 6-5-13. V& 6
dién cuc, dién cuc 1,4 dugc cAp xung doéng hod
pha thit nhit ¢, dién cyc 3, 6 dugc cAp xung

ddng ho pha thit ba ¢;. Dang séng ba pha nhu

q ! i
i | i

le 7;’.:'4_1'.. T/ a7/

- r
&) Deag song
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T . N
hinh 6-5-13d. C4c pha léch nhau g v6i T 1a chu ki xung dong ho.

Hinh 6-5-13a tuong tng thdi diém t; ma ¢, = Vi, ¢; = ¢3 = V3, lic nay tdng hao
kiét hinh thanh bén duéi tit ci cdc dién cyc. Do gidn cdch giita cdc dién cuc rit nhd
nén ting hao kiét clia cdc dién cuc lién thong nhau. Trong ting, dién th& cang gin d&
cang thap. Lic nay dién th€ ¢, cao nhit, nén tuong tng dién thé bé mit d€ Silic dudi
dién cyc 2,5 ciling cao nhat. Néu dién tf nhap vao ving biy dién th€ 2 thi dién tk sé&
tich tu & viing nay va khong chuyén dich.

Hinh 6-5-13b tuong tng thdi di€m t, ma ¢; 1én mic V,, ¢, gidm t6i mitc V,,
van duy tri mic thdp nhat V5. Lic nay tang hao kiét ciia dién cuc 3, 6 siu nhit, dién thé
bé mit d€ Silic dudi dién cyc 3,6 cao nhit. VAy nhitng dién t lic t; & biy dién thé 2,
bay gid dich chuyén sang biy dién thé& 3 (bén canh c6 dién th€ cao hon). G T, bay dién
thé 5 gid thi€t khong c6 dién ti, nén bay gid (t,) ciing khong cé dién ti dich chuyén
sang by dién thé& 6.

Hinh 6-5-13c¢ tuong tng thdi diém t;, khi ma viéc chuyén dich dién tich di hoan
thanh, dién tich da dich sang phdi mot dién cuc va luu giif trong biy dién thé& 3. Trong
qud trinh chuyén dich d6, ¢; lién tuc duy tri mic dién thé thap nhit &€ nhim phong

ngtra dién tich dich sang tréi.

. 1 .
Tu t; dén t; 1a thai gian g chu ky T, dién tich chuyén dich mét khodng giita hai

dién cuc canh nhau. Viy sau mot chu ki T thi dién tich chuyén dich ba khodng cich
dién cyc. Ba dién cuc 1an can nhau cau tric thanh 1 bit ctia bo ghi dich.
Né&u ding hinh dang dién cuc khdc nhau va s pha ddng hd khic nhau thi c6 thé

tao ra nhiéu cach diéu khién diéntich chuyén dich khac nhau.

4) dau vao va dau ra
. x PPN - 3 P21 &
mach CCD thuc tién phdi c6 dau ; ? ?

vio d€ dua dit liéu vao va phai

6 diu ra d€ 14y dit lieu ra. O
diu vao CCD thi dong (hoic ap) }id;? e
phai bién ddi thanh dién tich. §
dau ra ctia CCD thi dién tich
phai bi&n ddi thanh dong (hodc
ap).

Hinh 6-5-14 1a vi du vé mach dién dau vao, dau ra cia CCD.

Hinh 6-5-14. Mach vao va mach ra cia CCD.
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Hai bén diéc cuc cd ban c6 thém cédc dién cuc sau: cuc ngudn vao IS, cuc
méng ra OD, cuc cdng vao OG, cuc cdng ra OG ma cic cuc cdng thyc chat 13 dién
cyc chuyén dich diy din riéng. Khi cong tdc, trén IS va IG déu c6 thién 4p duong
d€ hinh thanh ting hao kiét bén dudi n6. TAng hao kiét nay lién thong vdi ting hao
kiét bén duéi dién cuc chuyén dich nhu hinh vé&. Khi ma dién cuc 1 ¢6 dién thé cao
nhat, ting hao kiét cla né sdu hon tang hao kiét ctia IS , IG. IS (N*) 12 mot ngudn
dién t nhung dién th& IS va IG quyét dinh dién tif c6 nhip vao viing duéi dién cuc
1 hay khong. Néu Vg > Vg thi ngitng nhap. Vay IS, IG va dién cyc 1 tuong tu mot
béng ban din MOS. Dién 4p tin hiéu (dit liéu vao) dua ndi ti€p vao IG hay vao IS
diéu khién quan hé dién th€ tuong ddi clia IS va IG, nghia 1a diéu khién nhap hay
ngitng nhap. Sau khi két thic qué trinh diéu khién nhap dit liéu vao nay, IG trd vé
mic dién th& thap nhat 1am cdch li ngudn dién ti khdi viing biy dién thé bén dusi
dién cuc 1. By gid c6 thé ti€n hanh diéu khién chuyén dich dién tich.

Trong mach ra, trén OG va OD déu c6 thién dp duong, va cé 1 dién trd ndi
ti€p vao mach vong ctia OD. Sau khi dien tich dd chuyén dich dén dién cuc chuyén
dich cudi ciing, néu dién thé trén né thap hon dién th&é OG thi dién tich di qua 16p
dé€ Silic dusi OG d€ nhap vao khu vic mang Ra N*, sinh ra dong dién trong mach
OD, tao ra dién dp tin hié€u ra trén dién trd. Tdc dung cia OG la gidm nhd ghép
dién dung giita dién cyc chuyén dich cudi ciing va OD. Nhd viy gidm nhd 4nh
hudng cla xung dong hd ddi véi tin hidu ra.

Phuong phdp nhip dién tich trén day diy goi la phuong phdp dién. Néu
diing phan ti ban din nhay qung thi c¢6 th& nhip dién tich nhd dién tif kich quang.
Dua vio nguyén li nhap phuong phiap quang c6 thé ché tao mdy anh chat rin —
ghép dién tich.

6.6. THIET K MACH DAY

Thiét k& 1a tdng hdp mach dién, ngugc véi qud trinh phan tich. XuAt phat tir
yéu ciu dé ra, muc dich thiét k& 1a mach logic thod man yéu cau d6. Tl viéc phan
tich mach diy, ta biét ring c6 thé dé dang tim phuong trinh dinh thdi, phuong trinh
kich, phuong trinh ra va vé sd dd logic. Trong ti€t niy ta sé& tap trung tim hiu cong
viéc thi€t k& bo d&€m, dong thdi xem xét nhung nét chinh cong viéc thiét k€ mach
diy néi chung. B d€m 12 mot mach diy tuong d6i don gidn nhung rt di€n hinh.
Phuong phdp thi€t k€ bo d€m ciing rat di€n hinh. VA lai muc dich tim hi€u cong
viéc thi€t k& khong phai d€ gidi quyét van dé thi€t k& bat ki mach diy phic tap
ndo. Trén co s§ nim vitng viéc thi€t k& bd d€m, ta s& cang hi€u siu toan bd nodi
dung chuong nay va sé cé nang luc phan tich gidi quyét nhitng vin dé mach day.
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Véi tinh hinh sdn xuét dai tra cac IC s6 trung, dai quy md hién nay, véi quan diém
ngudi diing, nhiém vu thiét k& c¢6 ddi khdc.
6.6.1. Thi&t k& bo d&€m dong bo
Dudi day gidi thiéu 2 phuong phép thiét k& bo dém ddng bd (c6 thé dung
nhitng phuong phdp khac).
1) Phuong phép thit nhat
a) Céc budc cd ban
- Phan tich yéu ciu thiét k&, xdy dung dd hinh trang th4i ban dau.
- X4c dinh s6 lugng va chiing loai Flip Flop, chon lya sy ma hod trang th4i.
- Tim phuong trinh trang thai va phuodng trinh ra, ki€m tra kha ning tu khdi

- Tim phuong trinh kich
- V&0 dd logic
b) Vi du thiét k€
Vi du 6-6-1: hay thi€t k&€ bo d€m thuan thap phan dong bd.
Bai gidi

Phan tich yéu cau thi€t k&, xy dung do hinh trang thdi ban dau

CP . C
Bo6 d&€m .

»

A 4

Xung d€m

z A 4 .
Tin hiéu chuyén vi

Hinh 6-6-1.M6 hinh yéu cdu ciia bo dém
Hinh 6-6-1. M hinh yéu cau cda bd dém.

B6 d&€m cin c6 mudi trang thai, N = 10, bi€u thi bing S,, Si, ..., So. Cin cif quy

luat d€m thuén thap phan, ta vé ra dd hinh trang thdi ban dau nhu hinh 6-6-2 duéi day.

theo luat d€m thuan. Tudng Gng trang thai So thi

D6 hinh trag thdi phdn 4nh toan dién yéu cau thi€t k&. Trong hinh 6-6-2, S, thay

mit s6 0, S; thay mit so 1, ..., S, thay mit s6 9. 0 & g /0
Duéi tdc dong clia xung dém dua vao, trang théi S¢ =S — S —= 81— S
mach dién phdi chuyén d6i trang thdi tudn ty 0

S9 »— Sg +— S§7 «— Se +— S5

C=1, tuong ng cédc trang thdi khac thi C = 0. 10 AL
Khi bd d€m tir Sy chuyén ddi sang S, thi bo dé€m

Hinh 6-6-2. P4 hinh trang thai ban
dau ctia bo d€m thap phan dong bd
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x6a vé 0, tin hiéu chuyén vi (nh6) kich 14t bd d€m trong s6 16n hon.

Xic dinh s6 lugng va chiing loai Flip Flop, chon lya ma ho4 trang thdi.

Vi2">N=10
Vay n =4, chon Flip Flop JK

4 FF c6 tat ca 16 trang thdi, d€ bi€u thi S, + Sy chi cAn chon 10 trang thdi, nén c6

nhiéu phudng 4n mi hod. Ching ta hiay chon phudng 4n ma ho4 thong dung nhat: ma

8421 (Q4Q5Q:Q1)
S, = 0000,
S5 =0101,

S; =0001,
S¢=0110,

S, = 0010,
S, =0111,

Tim phudng trinh trang thdi, phuong
trinh ra, ki€m tra ty khéi dong

Tim phuong trinh trang thai

Trang thdi k& ti€p va diu ra cla bd
d&€m déu 1a ham sd cla trang thdi xét, ma
trang thai xét va trang th4i k€ ti€p ciia bod
dé&m biéu thi biing trang thdi hién tai va k&
ti€p clia cdc Flip Flop c4u tric nén bd dé€m.
Do vay, cdn c dd hinh trang thdi hinh 6-6-3

ta vé& ra badng Karnaugh clia ddu ra va trang

S;=0011, S,=0100,
Sg=1000, So=1001.
00 0 /0

00000 1—0010—001 10100
/1 JO
1001+-1000+011101 10-_'—0 101
/0 /0 {0 /0

Hinh 6-6-3. P4 hinh trang thii (sau
khi chon cdch ma ho4) ciia b dé€m

th4i k& ti€p bo d&€m. Rbi tir d6 tim dugc phuong trinh trang thdi va phuong trinh ra cda

mach dién.

6 trang thdi 1010 =+ 1111 khdng dugc dung, sé khdng xuat hién trong khi bd dém

lam viéc binh thudng, c6 thé gitip viéc tdi thi€u hod.

Phuong trinh dic trung cta Flip Flop JK 1a

Q™ =JQ"+KQ" (6-6-1)

K&t qua tdi hi€u hod phai dugc viét
dudi dang tuong ty (6-6-1). Vi du bi€u thic
ham s& trang thdi k& ti€p d6 ta tim phuong
trinh kich.

Trong hinh 6-6-4, trang thdi k€ tiép

ctia bo d€m dugc dién vao cic 6, d6 cling la
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Q?Q 00 01 11 0__
00| o001 | o010 | o100 1 0011 |
01 pioy 010 | 1000 | oirl |
“E % ' x ! x ‘ x
01 o0 i 000 ;—A: x

Hinh 6-6-4. Bing Karnaugh trang thai
k& ti€p cia by dé€m



trang thai k& ti€p do ta tim phuong trinh kich.
Trong hinh 6-6-4, trang thdi k€ ti€p ctia bd d€m dudc dién vao cic 9, d6 ciing 1a
trang thai k& ti€p ctia cdc FF c4u tric bd d€m.

n+1 Qn+1Qn+1 n-+1 . Tir d6 ta c6 thé tach

Tuong tng sip x&p trong mdi 6 12
riéng thanh bing Karnaugh trang thdi k& ti€p ctia mdi FF. Rdi dung phudng phap db
hinh @€ tim ra phuong trinh trang thai. Nhung chi cin chi y dic diém sip xép khong

n+1 Qn+1 n+1 n+1

thay ddi cia Q, , ta c6 thé t6i thi€u hod ludn.

n+1 =Q37Q;Q/ Q 4+Q 1Q4
7 =Q7QrQ 3 +(Q 2+Q?)Q?r>] = Q2QQ3+Q7Q3 Q3
Qn+1—6 2Q7 Q 2+Q1 Q2

n+1_61 (6—6—2)
Tim phudng trinh ra
Cin cif dd hinh trang th4i hinh 6-6-3 ta dugc \&Q?
Qlq 00 0L 11 10

bing Karnaugh ctia ham s6 dau ra C nhu hinh 6-6-5.

0 o 1ol o | o

K&t qua t6i thi€u hod 1a: o3 1o ol s
C:QEan (6_6_3) 11
Kiém tra kha nung tu khdi dong ctia bd d€m (| N S P
6 trang thdi khong dudc dung 1011 + 1111 ¢6

x = x X

kha ning tao ra vong tuan hoan khong dugc ding, Hinh 6-6-5. Bang Karnaugh ciia C.
lam cho bd dé€m khong ty khéi dong. Sau khi da tim
phuong trinh trang thdi va phuong trinh ra, biy gid ta can phan tich tinh hudng chuyén
ddi cla cac trang thai khong dudc diing. Néu duéi tdc dung ciia xung d€m dau vio ma
bd d€m khong thé trd vé trang thai dugc dung, tic 1a khong thé tu khdi dong, thi ta phai
tim moi cdch gidi quyét. Ching han, ta chon lai mi hod trang thdi, hoic sira d6i trang
thdi k€ ti€p clia cac trang thii khong dudc dung (nhu cdch ty khéi dong ctia bo d€m
kiéu ghi dich), hoic st dung dau vao di bo cudng ché by d€m vé trang thdi dugc ding
V.V...

Pua cdc trang thai khong dugc dung vao (6-6-3), (6-6-3) tié€n hanh tinh todn, ta
dudc bang 6-6-1 sau:
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Bang 6-6-1: TINH HUONG CHUYEN POI TRANG THAI KHONG PUGC

DUNG.
n n n n 1 1 1 1
Q) Qs Qs Q! ln+ 3n+ ;1+ 1n+ C
1 0 1 0 1 0 0
1 0 1 0 0 0 1
1 1 0 0 1 1 0 1 0
1 1 0 1 0 1 0 0 1
1 1 1 0 1 1 1 1 0
1 1 1 1 0 0 0 0 1
Tl bang ta thiy céc tinh hudng c6 thé xay ra
/0 /1 0 N /0 /1
1010-1011-0100 1100—-1101-0100 1110=1111-0000

DPéu khéi dong duge.
DPong nhat cdc hé so clia (6-6-2) va (6-6-1) ta c6 phuong trinh kich 1a:

J =K, =1

J1,=Q:Q¢ K2=Qf

J3 =K3=Q,Q]

Js=Q3Q7Q K, =Q (6-6-4)

Vé sd db logic:

Cin cif vao dic diém bd d€m ddng bo — xung d€m diu vao 1a xung ddng hd cla
cic FF, dya vao phuong trinh kich (6-6-4) va phudng trinh ra (6-6-3), ta c6 thé vé dugc
s6 do logic nhu hinh 6-2-10.

Né&u viéc chon Iya mi ho4 trang thdi theo cdc ma khéc thi ta c6 thé di dén bod

dé&m thuén thap phian déng bo khic tuong tng (ma du 3, ma Gray du 3...)
Vi du 6-6-2: hiy thiét k& bo d€m thuin déng bod diéu khién dugc, véi M=0 thi N
=6,v6iM=1thiN=3.

. . Ci Chuyén vi
Bai giai: cp Khi N = 6
Phan tich yéu ciu, xdy dung dd hinh ~ Xune dém _
. N C:  Chuyén v
trang thdi ban dau ——= Khi N = 3

KhiM=0thiN=6 MT

KhiM=1thiN=3

Hinh 6-6-6. M6 hinh yéu cdu ctia b
d&m diéu khién
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1,01

——
£ o0 0/ \

e 3 T e 2 JC1C2
00 Si 1700 S M/C

/10 heg Hinh 6-6-7. P4 hinh trang thai ban dau

——— 5 f .

0/00 S 0/00

Xdc dinh s6 lugng va loai FF, chon lya ma trang th4i
2">N=6

Vay n = 3, chon Flip Flop JK

Véi ma hoa Q; Q, Q,, chon

S, =000, S, =001,S,=011, S; = 100, Ss = 101

1/01

— 010 M/ICICy
000 =& 001 o= 01 /I C
/10 1 0/00
Hinh 6-6-8.
101 —— 100 =— 01l Aps ‘. e~
0,00 0/00 Do hinh trang thai (sau khi ma hoa).

Tim phudng trinh trang thdi, phuong trinh ra, ki€m tra tu khdi dong

Q2 Qt
M QS 00 01 11 10

09| 001 010 100 011
01 I 101 000 x X
i) | Hinh 6-6-9. Bang Karnaugh trang thai ké&
| X X = ] Py 2 A P
f 8 tiép cua by dém.
101 oot 010 x ] 000

Ti hinh 6-6-9, t6i thi€u hod xong, ta cé:
Q™ =QI QP'Q3 +Q; Q)
Qgﬂ :62 Q1n6; +MQ1”Q§
[=Q5 Q) +MQ] =[5+ M JQl -QsM Qf (6-6-5)

Phuong trinh ra:
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\{io? N\ a!
MQON 00 o1 11 10 MOIN o0 o1 11 10

00 ! 0 0 0 00

! _ o laololo Hinh 6-6-10.bang Karnaugh
0o [ 1 x| x 01 o | o | x | x diura.
1 % x| x| o . =y a) cua chuyén vi C,

2 . o« x | ox b ox . 2 .

i : b) cua chuyén vi C,.

10 4 [0 X 0 Wl T L 1

- NI e I

Sau khi t6i thi€u hod bang Karnaugh hinh 6-6-10, ta dugc:

C,=Q3Q/ (6-6-6)

C,=MQ; (6-6-7)

V& tinh huéng chuyén ddi cic trang thdi khong dugce diing, xem bang 6-6-2
va bang 6-6-3
Bang 6-6-2: TINH HUONG TRANG THAI KHONG PUGC DUNG KHI M=0

Q?l;\ an Q{] Q?r)1+1 Q2+1 1n+1 C, C,
1 1 0 0
1 1 0 0 0

Bang 6-6-3: TINH HUONG TRANG THAI KHONG PUGC DUNG KHIM = |

Q;? QS an 3n+1 ;1+1 1n+1 C, C,
0 1 1 1 0 0 0 1
1 0 0 1 0 1 0 0
1 0 1 0 0 0 1 0
1 1 0 1 0 0 0 1
1 1 1 0 0 0 1 1
011
Hinh 6-6-11. Tinh hudng chuy: o I
doi trang thai khong dugc din 0/00 0/10 0/00 /10
a) Khi M =0; 110 — 111 — 000 100 — 101 — 000 M/Ci1Cz
b) b)KhiM=1. 1/01 | 1 11

110 111
Hinh 6-6-11 chiing té ring mach c6 kha niing tu khdi dong
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Tim phuong trinh kich
DPong nhat cdc hé s6 clia (6-6-5) va (6-6-1) ta c6:

JzzQSan K3:Q1n

1=Q;Q  K,=MQ]

Vé sd db logic

| i\\._"i
i '
‘ f ! 1
| r 13 ]l A A A
o L Dora e p U7, Hinh6-6-12.B9 dém diéu
__,cl? £ >4 S 4 khién dugc.
J—f S —r @ ‘—Fx a
: ol
7 H i

Dic diém ciia phuong phdp thiét k€ trinh bay trén dy 13 sau khi chon lya ma

hod trang thai thi ding bang Karnaugh tim phuong trinh trang thai, rdi k&t hdp vdi
phuong trinh dic trung ctia FF ma tim ra phuong trinh kich, d€ cudi cting hoan
thanh thi€t k&€ bo d€m dong bd mong mudn.

2) Phuong phép thit hai

a) Cdc budc co ban

- Phan tich yéu ciu thiét k&, xay dung dd hinh trang thdi ban diu.

- Xdc dinh s6 lugng va chiing loai FF, chon lya sy ma hod trang thai

- K& ra bang st dung

- Tim phuong trinh kich va phuong trinh ra

- Vé sd db logic

- Kiém tra kha nung ty khdi dong

b) Vi du thiét k&

Vi du 6-6-3: hdy thiét k& bo d€m nghich thap phan ddng bod

Bai giai:
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Cp B
Bo dé€m nghich )
Xung dém Tin hiéu chuyén vi

Hinh 6-6-13. M6 hinh yéu ciu ciia
bo dém nghich

Phan tich yéu cau thi€t k&, xay dung do fhinh trang thi ban dau

Bd d&€m c6 N = 10 tuong ng cic trang thdi bo d€m 1a S,, Sy, ..., So.
Cin ctf quy luat d€m nghich, ta v& dugc d6 hinh trang th4i ban dau nhu hinh
6-6-14 /0 /O /0 [0
So*—S1+Sr+5354
Hinh 6-6-14. P6 hinh trang thai ban n 1 T /0
diu ciia bd d&€m nghich 1
Se—+Sg—=S7—=56—Ss
/0 /0 /O /O

Xdc dinh s6 lugng va chiing loai FF, chon lya ma ho4 trang théi
Vi2">N=10
Vay n =4. Chon Flip Flop JK.
Dung ma 8421
S, =0000,S, =0001, S,=0010, S3=0011, S,=0100
Ss=0101,S¢=0110, S;=0111, Sg=1000, Se=1001

/0 10 0 /U
Hinh 6-6-15. P6 hinh trang tha 0000000 1+=0010+—001 10100
bo d&m nghich (sau khi mi hod 4 l T 0

100 k1000011 01100101
o0 /0 /0

Ké ra bang st dung

Cin ct @6 hinh trang thdi ké ra bang trang thdi bd d&€m, tir yéu cau chuyén ddi

trang thdi cia bang st dug nhu dudi day (bang 6-6-4)
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Bdng 6-6-4: BANG SU DUNG CUA BO PEM NGHICH

Q7 | Q7 | Q7 | QN | Q" Q™ Q" QM | B | 1iKe | 1Ky | 1K: | 1K,
0 0 0 1 1 0 0 1 1 1x 0x 0x 1 x
0 0 0 0 0 0 0 0 0 0x 0x 0 x x 1
0 0 1 1 0 0 0 1 0 0x 0x x1 1x
0 0 1 0 0 0 1 0 0 0x 0 x x 0 x 1
0 1 0 1 0 0 1 1 0 0x x 1 1x 1x
0 1 0 0 0 1 0 0 0 0x x 0 0x x 1
0 1 1 1 0 1 0 1 0 0x x 0 x 1 1 x
0 1 1 0 0 1 1 0 0 0x x0 x0 x 1
1 0 0 1 0 1 1 1 0 x 1 1 x 1 x 1 x
1 0 0 0 1 0 0 0 0 x 0 0 x 0x x 1

dau vao kich ctia FF; néu nim vitng ki ning thi ¢6 thé sit dung phuong trinh dic trung.

Khi x4c dinh yéu cdu kich (tir yéu ciu chuyén ddi trang th4i) cin st dung bang

Tim phuong trinh kich va phuong trinh ra

Dua vao quan hé logic da biét trong bang sit dung vé& bdng Karnaugh. Tir d6 tim
phuong trinh kich va phudng trinh ra. Xem hinh 6-6-16 va 6-6-17.

Q% Q
QiaQ

00

01l

n
1

(T bang s’ dung 6-6-4, ta truc ti€p rit ra ngay J, = = K, =1)

00 01 11 10
x x x x
1o fofe
x x x x
X x x >
(d) ks =037

1

00 01 1110
x x x x
10 fo |0
x x X x
x x x x
(d) K = Q2 Qf

00

0

0|

x

01

1

0

bd

il

x

x

x

10

£5

(&) 2 = @ Qp+qlal

0

(&) 2 = R} Qr+qQral

x

00

01

» aeiat Qiaof g
QAN w01 111w QTQYN\_ 00 01 11 w0
1 ] » I

x|

x 0 1
x x 0 1
x x X x
x x x X
B
o oo
(0 Ke=0Qf

00} 9 1
m[_x x 0 la
11 x x X b
lg x x x * |
NS
(0 ke =08

Hnh 6-6-16.Bang Karnaugh ctia ddu vao kich
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Q7 Qf 00 0L 11 10

Hinh 6-6-17. Bang Karnaugh cta 00| 1 ! 0 ! 0 0

Av .
chuyén vi B.

1| x |
l
10| ¢ ] 0 x x
Vé sd d6 logic B = Qf Qf Q2 qQ?

Kiém tra kha ning tu khéi dong

St dung c4ch phan tich logic d€ vé& db hinh trang théi, tir d6 thdy dugc mach c6

tu khdi ddong hay khong.

trang thdi, cin ci dd hinh trang thdi ké ra bing st dung rdi dung bing Karnaugh tim
phuong trinh kich. So sdnh véi phuong phdp thit nhit ta thdy chd manh hon 12 ding
bang st dung nén khong cin gidi phuong trinh logic, ding bing Karnaugh dé€ di dén

phuong trinh kich mot cdch dé dang; chd y&u hon 1a c6 ric rdi, d& nham khi xdc dinh

Dic di€ém clia phuong phép thi€t k& thit hai nay 12 sau khi dd chon lya ma hod

yéu cau kich, nhat 12 bd d€m nhiéu sd.

Hai phuong phap dugc gidi thiéu trén 14 rat co ban, phd dung, cé thé 4p dung

nguyén tic clia né vao thi€t k€ mach day néi chung.

hién thi€t k&€ bd dém di bd. N6i chung mach dién bd dém di bd don gidn hon mach dién

6.6.2. Thi€t k&€ bo dém di bd

Dudi diy chon ra mdt phuong phép cd ban tong nhiéu phuong phap c6 thé thyc

bd d&€m ddng bo.

1y

2)

Cic budc cd ban
Phan tich yéu ciu thiét k&, xdc dinh dd hinh trang thdi ban dau
Xdc dinh s6 lugng va loai hinh FF, chon lya ma ho4 trang thdi
Vé dd thi dang séng, chon xung dong hod
Tim phuong trinh trang thai, phuong trinh ra, ki€m tra ty khéi dong
Tim phudng trinh kich
Vé sd d6 logic
Vi du thiét k&
Vi du 6-6-4: hiy thi€t ké bo d€m thuén thap phan di b
Bai gidi:
Phan tich yéu ciu thiét k€&, xdy dung d6 thi hinh trang thai ban dau
N = 10 st dung 10 trang thdi S, Sy, ..., Sg
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LR
diém:

12 d€ phan 4nh toan bd tinh hudéng lam

P Bo dém thuin c

di bo
Xung dém Chuyén vi
Hinh 6-6-18. B d€m thuin thap s
A 15 LA a) M6 hinh by ndém yéu cau
phéin di bo.
¥ 0 [0 /0

So—eSr—8r—eS3—254

/1 lft)

Se—Sge—Sm—B4e+—55
0 /0 G /0

b) P46 hinh trang thii ban ddu

Chon lya ma hod trang thai

Vi2">N =10 vay n = 4, chon Flip Flop D. Chon ma 8421, Q, Q; Q, Q,
S,=0000, S;=0001, S,=0010, S;=0011, S;=0100
Ss=0101, Sg=0110, S;=0111, Sg=1000, So=1001

/0 0 /M /0
Hinh 6-6-19 DﬂﬂHUili—'ﬂUiHﬂli—'ﬂl![}U
Do hinh trang thai (sau ma ho4). 1 ‘? i 10
lﬂiﬂ 1000011 =01 {00101
Chon xung dong hd noo0 0 0
Vé dang song nhu hinh 6-6-20
Khi v& dang séng can luu y 2 AR AL ‘ s 1 1
gl L 1 [ Lol L lwhel

- Quy luat chuyén ‘L 71 L L LI L
d6i trang thdi cia mdi FF do dd | 7
hinh trang thdi quyét dinh. Thoi

R A . N 2 g
diém 14t tuong tng sudn kich 5:

ctia xung dong hd. —

42 [ 7 Le
- Vé sd xung dong 4 L
hd CP phai x4p xi 16n hon N. ¢ !

Muc dich viéc luu y thit hai
Hinh 6-6-20.Dang séng b dém
thuan
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viéc binh thudng clia bo d€m, dat d&€n day dd yéu cau thiét ké:

Tu chifc niing logic cia FF ta biét ring phudng trinh dic trung c6 diéu kién
can 13 xuat hién xung dong hd. Trong d6 thi dang séng, chd nao yéu cau FF lat thi
phdi cung cip xung déng hd véi sudn kich thich hgp. VAy cin ¢t vao hinh 6-6-20 va
hinh 6-6-19, ta c6 thé chon

CP]_ :CP
CP,=Qy (6-6-9)
CP, :Q1

CP,, CP,, CP;, CP, 12 xung dong hd tuong ting ctia cic Flip Flop F;, F,, Fs,
F,.

Khi thod man yéu ciu chuyén ddi trang thdi rdi thi s xung ddng hd cang it
cang tdt. Vi du, d6i v6i F; ching han, xung dong hd cdia né c6 thé 1a CP, hoic 61,
hodc 62 déu dugc. Nhung so sanh chiing vdi nhau, thi nén chon 62 , 63. Vi khi
Q. lat tir 1 vé& 0, yéu cau phai cé sudn duong kich F,. Viy c6 thé diung 61 va CP,
nhung ta chon 61 vi s6 14n bién ddi it hon.

Du6i diy gidi thich thém luin diém trén: “Dudi tién dé thod min yéu ciu
chuyén ddi trang thdi thi s6 xung ddng hd cang it cang t6t”. Néu xung dong hd cang
it thi yéu ciu kich (diéu khién dau vao ddng hd) ciang don gidn. Gid s khong c6
xung ddng hd thi khong cin diéu khién, FF duy tri khong d6i nguyén trang. Gid st
can c6 xung ddong hd mdi khi can chuyén ddi trang thai thi xdc dinh phuong trinh
kich ki€u Flip Flop T’ 1a dugc. Gid st cin c¢6 xung ddng hd ci lic khong can chuyén
ddi trang théi thi phai thém diéu kién diéu khién diu vio ddéng bo dé bio ddm bd
dém rd rang cang phic tap.

Tim phuong trinh trang thai,

phuong trinh ra, ki€m tra ty khdi dong \&
. Qiof™ (
a) Tim phuong trinh trang thai — w o SO -
e e, . 901 poo1 0010 [ 0100 | 0011 |
phuong trinh trang thdi ké ti€p cua moi o oot | oo | 1o 1 orma
| |
FF. Hinh 6-6-21 14 bang Karnaugh cta ul B 1 e | = |
trang thdi k€& ti€p bo d€m. Can luu ¥ ring 0 001 | — iE ”

khi xét trang thdi k€ ti€p cla bat ki
Flip Flop nao, ngoai nhitng trang  Hinh 6-6-21. Bing Karnaugh ciia trang thai thi€t k&

thai khong dudc dung, cé cdc trang tiep cua by dém
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th4i khong kém kich clia xung ddng hd, ching déu dudc ding d€ t5i thidu hod. Vi
du, d6i v6i trang thdi k€ ti€p Qy *1 ¢ia F,, ngoai nhitng trang thai khong dugc diing

S0+ Sis= 1010 + 1111, thi nhitng trang thdi nao khong thod man diéu kién kich

déu dugc dung dé t6i thiéu héa. Néu Q, bat bién hoic 14t tir O sang 1 thi
Qq bt bi€n hodc lat tr 1 sang 0 déu khong thod man di€u kién kich. Xem xét hinh

6-6-19, ta thdy S, S,, S4, Sg 12 cdc trang thdi khong kém kich (sudn duong) ctia CP,.
Xem hinh 6-6-22a. Hinh 6-6-22b 1 bang Karnaugh cta Q; i cling dugc gidi thich

tuong ty (luu y CP, = Cpy)

Qfat r}{m
QAN o0 o1 11 10 QI 00 01 11 10

00
2 00 e x 1 0 x
Hinh 6-6-22. Bang ¥4 € 101" o1
Karnaugh cia trang O w f o0 | 1 | x x | 1 0 | X
thai ké, tié’p. 11 5% % % w Hl x x x
10] x | o | x | x 0] x | 0| x | x
(2) Q™ (v) Q2™

Téi thiéu hod bang Karnaugh hinh 6-6-22- ta c6
;=
Q;"=Q1Q} (6-6-10)
bai véi QQH cua Fs, vi CP; = Q_2 (6-6-9), doi chi€u d6 hinh trang thai hinh

6-6-19, nhitng trang th4i diing xt 1i t5i thi€u hod 1a:

Khong duge dung: Si0+ S5
Q2 bﬁ/t bléﬂ : SO, Sz, S4, S6, Sg, Sg

Q_2 tor 11t sang 0 (Q, tr O sang 1) : Sy, S;

Hinh 6-6-23. bang
Karnaugh ctia trang
thai k& ti€p.




T&i thiu héa bang Karnaugh hinh 6-6-23, ta dugc :
n+l o

Q, =Q;

n+l n

Q =Q

Ta sé& gidi thich viéc dung nhitng trang thai khong kém kich xung déng hd dé t6i

(6-6-11)

thi€u héa nhu sau :

Cin ctf dic diém chifc ning logic ctia Flip Flop, chiing ta biét ring trang thdi k&
ti€p 1a ham s& cla diu vao va hién trang. Trang thii k€ ti€p clia bd d&€m biéu thi bing
trang théi k€& ti€p ctia cdc Flip Flop ciu tric b dém dé. Vay trang thdi k& ti€p cda mdi
FF ciing 12 ham s6 clia ddu vao va hién trang bd dém. Khi bo d€m chuyén d6i dudi tac
dong tin hiéu diu vao, giad st Flip Flop F; nao d6 khong c6 kich clia xung dong hd thi
trang thdi F; bat bién (Q™' _ Q). Xét vi dy hinh 6-6-21, hién trang Q"Q"Q"Q" = 0000,
khi CP dén, trang thdi k& tiép Q' Q" Q" Q"' =0001, Q, tir 0 sang 1, Q, tir 1 sang 0.
Vi Flip Flop D kich biing sudn duong dudc dung trong mach nay, ma CP, = CP, = Q_1
nén F,, F, khong c6 kich, S, dudc ding tdi thiéu héa.

b) Tim phuong trinh ra

Q?Qf
Hinh 6 - 6- 24 : Bang Karnaugh ol & 0001 1110
cta chuyén vi C. ® o0l o|o|o
2 ) Mg 1o flo o
To1 thi€u hoa, ta ¢6 : |
C=Q.Q/ (6-6-12) Tl
10 0 1 x i; % ;

c¢) Kiém tra khd ndng tw khéi dong :
St dung phuong trinh trang thdi va phudng
trinh ra dé phan tich tinh hudng chuyén ddi trang thai khong dudc dung.

Hinh 6-6-25
Tinh huéng chuyén ddi trang thai khong dudc dung.
Béng 6-6-5

TINH HUONG CHUYEN POI CUA TRANG THAI KHONG PUGC DUNG

Q Q Q@ Q |Q" Q" @' Q" |c

1 0 1 0 1 0 1 1 0 CP,

1 0 1 1 0 1 0 0 1 CP, CP, CP; CP,
1 1 0 0 1 1 0 1 0 CP,

1 1 0 1 0 1 0 0 1 CP, CP, CP,
1 1 1 0 1 1 1 1 0 CP,

1 1 1 1 1 0 0 0 1 CP, CP, CP; CP,
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Xem xét hinh 6-6-25 va bing 6-6-5 ta thidy bo d€m di thiét k& c6 thé tu
khdi dong.

Tim phuong trinh kich :

DPong nhdt phuong trinh trang thdi bo d€m (6-6-10) va (6-6-11) véi
phuong trinh dic trung cda Flip Flop D c4u tric nén bd dém ta c6 :

D, =Q;

D, =Q: Q (6-6-13)
D, =Q;

D, =Q;Q}

Vé so do logic
— [
bF,

Q-l k

Hinh 6-6-26 : B) dém thuin thap phan di bo.

cP

Vi du 6-6-5 : Hay thié€t k& bo dé€m nghich thap phan di bo.

Bai gidi :
Xdc 1ap d6 hinh trang thdi ban dau : .
00 00
S-S Sm-S 5,
cp B¢ dém nghich B .fll I A
N=10 |}— d
So—+Sg—=S7rS,—=N
0 /0 0 0

a) M6 hinh yéu cau N N
b) P6 hinh trang thai ban dau

(Hinh 6-6-27) : Bo d€m nghich thap phan

Xic dinh s6 lugng ching loai FF, chon Iya ma héa trang th4i.
Vi2">N=10
Vay n =4, chon Flip Flop D ; chon ma 8421

/0 {0 /0 /0
0000=—000 1+—00 1 000 | 10100
3 1 0 Hinh 6-6-28 : D6 hinh trang thai b dém
1001-+1000—0 111 =0 | 100101 nghich (sau khi ma héa).
/0 /0 n /0
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PURY A 1l te: ;
o Lo i ‘ E Hinh 6-6-29 : Dang séng b dém nghich.
47 1 _ o [T
i Y o N
Chon xung ddng hd :
CP, =CP
CP,=Q
2! (6-6-14)
CP, =Q,
CP4 = Ql
Tim phuong trinh trang thai
Qiot
Hinh 6-6-30 : Bang Karnaugh trang e 00 o1 1 10
e LA A . %01 100 00 0010 | 000
thai ké ti€p bo dé€ém nghich. ™ w : l
011 o011 0100 | 0110 | oOl0l
11 x x x x
100 o111 1000 x x
ofa? Qfqf Q?Q?
0“>\ 00 1l 10 QAN 60 o1 11 10 Q’l}\ 00 011110
00| o x x | 0 0 » | x x | x 00| g x X 0
o1 ¢ x x 0 0Lf ¢ x x x 01 x x 0
1} x x x Ul x x x x I x x x
18] ¢ 1 x x 10 4 x 0 o 10 4 % S .
(a) ot (b) ot () QEH
\Q!O?
AN w o 10
@ 1 oo |1
ol 1 oo |1
Hinh 6-6-31 : Bang Karnaugh trang 1 P |
x
thai k& ti€p cua cac FF. VI S ey s
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T&i thiéu héa bang Karnaugh hinh 6-6-31 :

Q" =QiQ:Q;
n+l __ n
Q3 - Q3 (6—6—15)
Q" =Qi+Q5Q;
Q' =Q
Tim phuong trinh ra :
e R z 3 < QEQT
T61 thi€u hoa bang Karnaugh hinh 6-6- Q? 00 01 11 10
32taco: Wailoe|lo]o
B=Q,Q;Q,Q, (6-6-16) “ololo]o

11 x x x x

Kiém tra kha ning tu khéi dong

10f o 0 x x

Hinh 6-6-32 : Bang Karnaugh cta

chuyén vi B.

Bang 6-6-6 : TINH HUONG CHUYEN POI TRANG THAI KHONG PUGC

DUNG

Q Q Q Q |Q" Q" Q' Q" |B

1 0 1 0 0 0 1 1 0 CP, CP, CP,
1 0 1 1 1 0 1 0 0 CP,

1 1 0 0 0 0 1 1 0 CP, CP, CP; CP,
1 1 0 1 1 1 0 0 0 CP,

1 1 1 0 0 1 1 1 0 CP, CP, CP,
1 1 1 1 1 1 1 0 0 CP,

(Hinh 6-6-33) : Tinh hudng chuyén ddi trang thdi khéng duoc ding.
Tur bang 6-6-6 va hinh 6-6-33 ta thdy bo dé€m tu khdi dong dugc.

Tim ra phuong trinh kich :
D, =QiQ3Q;
D, =Q}
D,=Q:+Q;Q;
D, =Q]

(6-6-17)
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Vé sd d6 logic.

D a

=1 | __FI”‘D_'l_'ﬁ_ﬁ}‘“

cP 4 ><,:2 J— >Fy >Fa
Q4 Q| Q Q

Hinh 6-6-34 : B dém nghich thap
phan di bo.

Phuong phap thiét k& trén day c6 thé 4p dung cho cdc mach diy di bd néi chung.
Chi can chd y tinh dic thu trong viéc chon xung déng hod. Vi du, trong tinh hudng tin
hiéu dau vao bi€n ddi ngdu nhién thi rat khé vé& ra dd thi dang séng ; do d6 viéc chon
xung dong hd cho cdc FF cla bo d€m theo dang séng 1a vo cling phifc tap. Tuy nhién,
phuong phdp thi€t k€ mach diy di bo khong gip khé khiin con chua tim ra.

6.6.3. Thiét k&€ mach day

Thiét k& mach diy néi chung so vdi thi€t k& bd d€m trén ddy c6 ba van dé dic
biét nhu sau :

1. Xay dung do hinh trang thdi tuong d6i khé khin. Thong thudng yéuciu thiét
k& 13 ngdn ngif thong thudng, cé thé 1a mot van dé logic cu thé clia mach diy. Trong
vaAn dé d6 ham chita dit liéu nao d6 cin nhd, bi€u thi bing cdch nao d6 thanh trang thdi
mach ddy, ton tai mot quan hé logic nao d6 giita hién trang, dau vao, diu ra va trang
th4i k€ ti€p. Tr @6 1am thé& nao xdy dung d6 hinh trang thdi 1a cong viéc phan tich cu
thé d6i vdi timg van dé cu thé, vi chua c¢6 quy trinh gi. Chi riéng d6i vdéi bo d€m thi van
dé nay mdi rd rang thé.

2. Can t3i thi€u héa trang thdi. T yéu ciu thi€t k& xay dung db hinh trang thdi
thudng c6 nhiéu trang thai thira. Trang thdi mach diy dugc Flip Flop nhé va thé& hién.
Vay trang thdi cang nhiéu thi s6 FF cin ding cang nhiéu. Né&u thiét k& ddm bdo yéu
cau dé ra, thi mong mudn trang thi cang it cang tot. Chi riéng d6i v6i bd d€m thi méi
1o rang dén thé : bd d€m N c6 N trang thdi ; khong c6 van dé toi thi€u héa trang thdi
doi v6i bo dém.

3. Viéc chon lya ma héa trang thdi ciing khong dé nhu doi v6i bo d€m. Quan hé
giffa cdc trang thdi trong mach diy tuong ddi phiic tap. Ma viéc chon lya ma hoéa trang
thdi lién quan dén tinh phifc tap clia phuong trinh trang thdi va phuong trinh ra, 4nh
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hudng tinh kinh t€ clia phuong 4n kha thi. Cho nén thudng nghién citu, cin nhic, so
sanh, 1am lai d€ c6 thi€t k& t6i vu. Hién tai chua c6 quy trinh vé viéc chon Iya mi héa
trang th4i. Chi riéng d6i v6i bd dém thi quan hé giita cdc trang thi twong doi don gidn,
c6 may loai ma dém thudng diung, phuong 4n ma héa trang thai dé chon.

Trén quan diém clia ngudi sit dung ciac IC mach diy, bi€t phuong phap chung 1a
di. Dudi day ta xét mot vi du thiét k&€ mach day.

Vi du 6-6-6 : Thié€t k€ bo gidm sat dif liéu ndi ti€p. Yéu ciu d6i v6i bo gidm sat
12 : N€u s6 bit 1 lién tuc nhau > 3, thi ddu ra 13 1 (cdc trudng hop khdc clia dau vao chi
c6 gid tri 0 & dau ra).

Bai gidi :

a) Phan tich yéu cau thiét k€&, xdy dung dd hinh trang thdi ban dau. Goi sd bit 1
lién tuc nhau & ddu vao mach 1a m.

m = 0 &ng vdbi trang thdi S,

m = 1 Ung vdi trang thai S,

m = 2 Ung vd4i trang thai S,

m > 3 Ung vd&i trang thdi S

Vay mach cin 4 trang thdi khdc nhau. Cin cit yéu cau thiét k€&, vé ra d6 hinh
trang thdi ban dau nhu hinh 6-6-35. Trong hinh ky hiéu X/Z véi X 1a dau vao, Z 1a dau
ra.

Hinh 6-6-35 cho th4y ring, khi mach dién &

olg
] A .92 9 A N 2 . ~ A 0 a
trang thai ban dau S,, gia st dau vao c6 bit 1 thi dau C‘, L S X/Z
N N z N A N 2 9 A N z f/ﬂ?
ra la 0 va trang thdi k€ tiép 1a S, ; Gia su dau vao co
. X s 1A N N LA e A 1 /e
bit O ti€p theo thi dau ra la 0 va trang thai ké tiép la afo »

So. N&u hién trang bd gidm sdt 13 S, , gid st ddu vao
) A e s v 5y ; S
c6 bit 1 thi dau ra la 0 va trang thdi ké tiép 1a S, ; Gia ":’C/ sir z
!

stt ddu vao c6 bit 0 thi dau ra 12 0 va trang thdi k&

ti€p 1a S, (tifc vé trang thdi ban diu). Hinh 6-6-35 : P4 hinh trang thii
Né&u hién trang bo gidm sit 1a S,, gid st dau

vao ¢6 bit 1, tic 1a da dd 3 bit 1 lién nhau thi diu ra

ban d4u cia bd gidm sit.

12 1 va trang théi k€& ti€p 1a S5 ; Gid st diu vao c6 bit 0 thi ddu ra 12 0 va trang thdi k&
ti€p 1a S,.
b) Ti€n hanh t6i thiu héa trang thdi
GOp trang thdi tuong duong. Trang thdi tuong duong l1a nhitng trang thai hién tai
ndo trong diéu kién diu vio hién tai nhu nhau thi c6 ciing gid tri logic dau ra va cé
ciing trang thdi k€ ti€p. Vay trang thdi tudng duong 14p lai nhau nén cé thé gdp.
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Pé xem xét c6 céc trang thdi tuong duong nhau khong, tir hinh 6-6-35 ta xay
dung bang trang thdi 6-6-7.
Bang 6-6-7 : CAC TRANG THAI BAN PAU CUA BO GIAM SAT

_ Trang thai k& ti€p/ dau ra
Trang thai R ] ]
) ) Pau vao hién tai X
hién tai
X=0 X=1
So So/0 S,/0
S So/0 S,/0
S, Sy/0 Si/1
Ss So/0 S3/1
Nhan xét bang 6-6-7, ta thﬁ’y cédc trang thai S,, S; 1a y ale
afe S — s
tuong duong. N7
Sau khi ti€n hanh i thiéu héa trang thii, ta duoc dd ‘x /
? 1/a
hinh trang thai hinh 6-6-36. /
'5:’
¢) Xac dinh s6 lugng ching loai FF, chon Iya ma héa 777

trang thai.
Hinh 6-6-36 : D6 hinh trang thai

Vi2">N=3 A
sau toi thi€u hoa

Vay n = 2. Chon Flip Flop D.
2 FF ¢6 4 trang thai 00, 01, 10, 11 - Trong s& nhiéu cdch ma héa kha di,
chiing ta chon :
So =00 S, =01 S, =11
V& sau ta phdi xét xem mach dién c6 ty khdi dong khong va da don gidn
nhat chua.
d) Tim phuong trinh trang thai va phudng trinh ra.

Qi Qf
X 00 01
Hinh 6-6-37 : Bing Karnaugh cta 1 0
R % oom | 000 | o000 X
trang thai ké ti€p/ dau ra. "
oo | o1e | o x
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Trang thdi 10 khong dude dung, trong qué trinh t6i thiu héa cin luu y xi 1y dé
dat k&t qud nhu sau :

n+l =X n
{ . Ql (6-6-18)
=X
Z=XQ); (6-6-19)
e) Tim phuong trinh kich
D, =XQ, (6-6-20)
D, =X
g)V& so dd logic
a0
o/a

S r/e
T vt
X v D 71
>F, |7 10

[ ()
Q
cp 1/7
Hinh 6-6-38 : B¢ gidm sdt dit Hinh 6-6-39 : P hinh trang thai
liéu két noi. bd gidm sat.

Hinh 6-6-39 12 dd hinh trang th4i vé tir s6 db logic hinh 6-6-38 . Ta nhan thay
mach tu khéi ddng dugc va kha don gian.
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PHU LUC II
HE PEM VA CHUYEN POI

1. CAC HE PEM THUONG DUNG
1. H¢ thdp phadn

Hé thap phan 1a hé d€m thudng diing nhAt trong sinh hoat va cdng tdc clia
chiing ta. Trong hé nay, c6 10 chit s6 0 = 9 d€ ma héa s& 0 va 9 s& tu nhién dau tién.
Vay cd s6 hé thap phan la 10. Tir s& 16n hon 9, nhd cdch ghi s theo vi tri, trong d6 s6
c6 vi tri bat ky c6 trong s& gdp mudi 1an s6 c6 vi tri bén phai ké né ; ta ¢6 thé dung 10
chit s6 d€ biéu dién moi con s6. Vi du :

143,75=1x10°+4x 10" +3x 10+ 7x 10" + 5 x 107

Mot s& duong S bat ky trong hé thap phan c6 thé khai trién thanh :

S =3k10' Ir-1)

i 12 tht ty vi tri cda s6 tinh tir dAu phan cdch nguyén - phan (i = 0) k; 12 hé
s6 cla s c6 vi sd (tht tu vi tri ciia s0) i, kg = 0 + 9, n€u phan nguyén c6 n chif s& thi
tuong tng i = n - 1 + 0. N&€u phan phin c6 m chif sd thi tuong tng i = -1 + -m. Ding N
thay cho cd s6 10, biéu thic (I - 1) ¢6 dang tong quit cho moi hé dé€m .

S = ZkN! (I -2)
2. H¢ nhi phdin

Hé nhi phan dugc dung rong rii nhat trong mach sd. Trong hé nhi phan,
mdi vi s6 (bit) chi c6 hai khd ning 14y gid tri : 1 va 0. C6 s d&€m ctia hé nhi phan N = 2.

Trién khai s6 nhi phan bat ky theo dang (II - 2), ta c6 :

S =>k2 (I - 3)

vGik;=0, 1

Vidu:

10L,11=1x22+0x2" +1x2°+ 1 x2" +1x2?
3. Hé¢ dém co'so' 8

Trong hé nay, mdi vi s6 c6 8 ma s61a 0 + 8, cd s& 1a 8.

Dang tong quét clia s6 dém hé co s6 8 14 :

S = Yk8' (11 - 4)

v6ik; =0,1,2,3,4,5,6,7

Vidu:

3741=3x8" +7x8 +4x8" +1x8?
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Cuing mot con s6, dang biéu thi trong hé d€m co s6 8 gon hon dang biéu
thi trong hé d€m nhi phan. Nhu sau nay sé rd, sy chuyén ddi 1n nhau clia hai hé nay lai
cyc dé dang, nén trong cdc sdch viét vé trinh tu mdy tinh hay diing hé dé€m co s 8.

4. H¢ dém co'so 16

Trong hé ndy, mdi vi s6 c6 16 mi sd. d6 1a 0,1,2,3,4,5,6,7,8,9, A(10),

B(11), C(12), D(13), E(14), F(15).

Dang tdng quét clia s6 d€m hé cd s6 16 1a :

S =Ykl6'
véik;=0+F
Vidu:
2a,TF=2x16'+Ax 16°+7x 16" + Fx 167
:2);16+10xl+l+£
16 16>
= 42,4961

Hién nay trong mdy vi tinh, da s dung t ma nhi phan 8 bit, 16 bit.
Nhitng tif ma nay c6 thé biu thi gon rd bing s6 trong hé d€m 16 véi 2, 4 vi s6 tuong
ting. VAy trong cdc sdch viét vé trinh ty mdy tinh cang hay ding hé dém co s6 16. Su
chuyén ddi 1in nhau ctia hé nhi phan va hé d€m co s6 16 cling cyc ky dé dang. Nén ting
dung hé d€m cd s6 16 con rong rii hon hé d€m co so 8.
II. CHUYEN POI LAN NHAU GIUA CAC HE PEM
1. H¢ nhi phdn va hé thdp phdn
Tir nhi phan sang thap phan : viét s6 nhi phan du6i dang (II - 3) trién khai
: cOng tat cd cdc sd hang teo gid tri s thip phan, tdng s6 12 dang thiap phan cdia s& nhi
phan da cho. Vidu :
1011015 =1x3+0x2°+1x2'+1x2°+0x2"+1x27
=8+0+2+1+0+0,25
= 11,25,
Luu y : ching ta dung chif sd trong ngoic viét thip dé€ chi cd s6 hé d€m
clia con sd xét.
Tu thip phin sang nhi phan :
a) Phdn nguyén

Trong cic ding thiic dudi ddy, v€ phai 13 s6 nhi phan, v€ trdi 13 s6 thap

Say  =ka2"+ ko 2" + ..+ k2" +kg
=2(ka2"" + ko 12" + ...+ k) + Ko
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173
86
43
21
10

S = DN W

s 1an th 2) :

vi k; = 0,1 dong phan vdi s6 0, 1 trong hé thiap phin, nén ta c6 :

S(10) - k0

=k 2" +k,_ 2" +...+Kk,

=2k, 2" +k, 2" +..+k,)+k,

Nhan xét cac bi€u thifc trén, ta thay :

bit dau tién clia s& nhi phan 12 k, bing s& du khi chia S, cho 2.

bit dau tién cla s6 nhi phan 1a k; bing s& du khi chia thuong s6 ctia phép
chia trudc cho 2.

Tudng ty nhu viy d€ tim toan bd cdc bit clia s nhi phan. Vi du :

2

[NCRE NSO R S RS S L "I )

du 1
du 0
du 1
du 1
du 0
du 1
du 0
du 1

b) Phdn phén :

Trong cic ding thifc dudi day, v€ phdi l1a s6 nhi phan, v€ trdi 1a s6 thap

ko
k
ks
ks

Véy 173(10) = 10101101(2)

S0y = K2+ ko2 + k2704 4k 2™
Nhan 2 v& v6i 2, ta ¢6 :
2S0) -k = k2 + k327 + o+ k2!

Né€u ti€p tuc nhin 2 v€ véi 2 ta lai duge k., 12 phan nguyén cla v€ phai (clia tich

2[2S(10) - kil = ko + (k32" + 4k, 2™

Tuong ty nhu vay, ta tim dudc toan bd cédc bit cda s6 nhi phan. Vi du :
Qud trinh chuyén déi tir 0,8128,¢) sang 0,1101,, nhu sau :

0,8128 x 2 = 1,6250 = 0,6250 + 1 (k)

0,6250 x 2 = 1,2500 = 0,2500 + 1 (k_,)

0,2500 x 2 = 1,5000 = 0,5000 + 1 (k_)

0,5000 x 2 = 1,0000 = 0 + 1 (k_y)

Qud trinh két thic ki phan phan clia tich s6 bing 0.
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2. H¢ nhi phdn va hé dém co sé’ 8

Tu nhi phan sang hé 8

Vi 2° = 8, mdi vi s6 clia hé 8 tuong tng véi mot nhém 3 bit clia s6 nhi phan, bit
dau tir bit 2°. Mudn chuyén ddi tir nhi phan sang hé 8, ddu tién ta phan nhém 3 bit, sau
d6 dun 8 chif s6 cia hé 8 thay cho 8 ma sd tuong ng cda 3 bit.

D3&i véi phdn phan, chia nhém 3 bit bit dau tir 27"

Vidy : 10110101, 00111101, = 265,172,

Qua trinh nhu sau :

Chia nhé6m 010 110 101, 001 111 010

Chuyén ma 2 6 5, 1 7 2

Tu hé 8 sang nhi phan :

Thay mot chit s6 trong s& hé 8 bing nhém 3 bit nhi phin

Vidu:

51 2 30 44

= 101 001 010 011 000 100,

3. H¢ nhi phdn va hé dém co's6’ 16

Tu nhi phan sang hé 16.

Vi 2% = 16, mdi vi sd clia sd hé 16 tuong Gng véi mot nhém 4 bit ctia s6 nhi phén,
bit dau tir bit 2°. Mudn chuyén ddi tir nhi phan sang hé 16, diu tién ta phian nhém 4 bit,
sau d6 dung 16 chit s6 ctia hé 16 thay cho 16 ma s& tudng tng cla 4 bit.

D3&i véi phdn phan, chia nhém 4 bit bit dau tir 27

Vidy : 0101, 1110, 1011, 00100, = SE, B2

Qua trinh nhu sau :

Chia nhém 0101 1110, 1011 0010

Chuyén ma > E, B 2

Tu hé 16 sang nhi phén :

Thay mot chit s6 trong s& hé 16 bing nhém 4 bit nhi phan.

Vidu:

8 F A C 616

= 1000 1111 1010 1100 0110

200



PHU LUC 11
PHUGNG PHAP BIKU THI SO NHI PHAN TRONG MAY TINH

1. S6'trong mdy tinh va gid tri thuc

Trong mach s&, gid tri 0 va 1 ctia 1 bit déu biéu thi biing 2 trang thdi cda
mdt phin logic cd ban (mic dién cao, thip clia cdng hay ctia Flip Flop). Vay diu am,
duong cla s& dugc biéu thi bing cdch nao. R6 rang, diu ciing bi€u thi biing hai trang
thai logic, tic 12 dung 0 hay 1 biéu thi. Phuong phdp don gidn nhat 13, cho thém 1 bit
d&u diing trude : gid tri 0 clia bit ddu biéu thi s6 duong, gid tri 1 clia bit ddu biéu thi s6
am. Vi du ddi v6i s6 nhd hon 1 vé gid tri tuyét doi, sd +0, 1011 trong mdy tinh dugc
biéu thi 12 0,1011, va s6 -0,1011 trong may tinh dugc biéu thi 1a 1,1011. Tic 1a ding
gid tri 0 va 1 ctia phan nguyén biéu thi diAu dudng va 4m clia s& nhi phan nhé hon 1 vé
gid tri tuyét doi. Trong vi du trén, 40, 1011 va -0,1011 1a gi4 tri thuc cda s6 0,1011 va
1,1011 tuong tng trong may tinh.

Duéi diy gidi thiéu 3 dang thudng gip cla s6 trong mdy tinh : ma goc,
ma bu va ma ddo.

Trong mdy tinh nhd va thiét bi diéu khién s6 néi chung déu 4p dung phép
toan ddu phiy c& dinh. Ma gdc, ma bu va ma ddo dugc gidi thiéu ti€p theo day 1a tuong
ing v6i phép todn ddu phiy cd dinh. Khi d6, gia dinh riing trong toan bd phép todn, gid
tri tuyét ddi clia moi s6 déu nhé hon 1. DAu phdy dit truSc bit cao nhit
(2™"). Né&u nhu gid tri tuyét doi cha so thuc t& 16n hon 1 thi phép todn van tién hanh nhu
quy uSc trén nhd qua trinh chuyén ddi thuan nghich i 1& gi tri.

2. M gbe

Trong ma gdc, bit dau dit trudc ddu phiy clia phin s6 (s6 c6 gid tri tuyét
d6i nhé hon 1). S6 duong tuong ng gia tri 0 ctia bit d4u. S6 Am twong tng gid tri 1 cla
bit ddu. Vay s6 duong cé ma goc tring vdi gid tri thuc, s6 Am c¢é ma goc bing gia tri

thyc congl, tic 1a :

X x>0
(¥ agae = 1+|x| x<0

Viy s6 0 c6 hai hinh thiic ma goc :

o 0,0000
migde 11 0000

Ma gdc ¢6 uu diém i tryc quan, don gin, rat tién trong phép nhan. Tich
s6 c6 phan gi4 tri tuyét doi va phan dau. Gi4 tri tuyét d6i clia tich s& bing tich cdc gid

tri tuyét ddi cda thira s6. Dau cla tich theo quy tic logic : cdc thira s6 cling diu
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thi tich s& duong, cdc thira s6 khdc diu thi tich s6 4m. Quy tic logic nay rat dé
thuc hién.
Nhung chiing ta s& gip khé khin néu lam phép cong trir v6i s6 ma gdc.
Vi du: khi cong dai s6, dau tién phdi xét dau cdc s6 hang, sau d6 méi quyét dinh vé
cong trir cdc gid tri tuyét doi. Khi trlr, con phai so sdnh gid tri tuyét d6i, tir d6 mdi dinh
huéng 14y gi trir cho gi, cudi ciing xdc dinh d4u clia hiéu s6. Mdi mot buc nhu vay déu
bit mdy tinh phai thao tdc, vay tat s& lam cho mdy tinh phtc tap 1én va thdi gian lam
tinh kéo dai.
D& tranh khé khin trén trong phép cong trir, hién nay mdy tinh diing rong
rdai ma bu trong phép cOng trur.
3. Ma bu
Pé dé dang vé ma b, xin ddc gia hay xét mot vi du lién quan trong cudc
song ddi thudng sau diy. Gid st liic 06h00 sdng ban phat hién dong ho bi chét véi kim
ddng hd & vi tri 11h00. Ban c6 2 cich d€ chinh kim ddng hd tir vi tri 11h00 dén vi tri
06h00 : c4ch thit nhit dwa kim ngudc chiéu 5 khodng gid (11-5=6), cdch thit hai dua
kim thuin chiéu 7 khodng gid (11 + 7 = 18) ; vi mit dong hd c6 12 khodng gid thdi, cit
vugt 12 thi lai bit dau tir 0, nén dua kim thuan chiéu 7 khodng gid thi kim cling dén vi
tri 06h00. Piéu d6 ching t3 ring, n€u xét riéng mot vi s6 (ma khong d€m chuyén vi tir
vi s6 bén phai lién ké sang) thi 11-5 va 1147 trong hé d€m co s6 12 ¢6 ciing mot két
qua 12 6. Téng cia 5+ 7 = 12. Ta goi 7 12 ma bl clia 5 trong hé 12. 7 =12 - 5.
Tuong tu, trong phép trlt nhi phan, viéc trir di mot s6 nhi phan tr§ thanh
viéc cong ma bu trong hé nhi phan cda s6 do.
Vidu:a=0,1011;b=-0,1001 thi:
0,1011
-0,1001
a+b=0,0010
Chiing ta di dé€n cung k&t qua trén bing cdch : tim ma bu trong hé nhi
phan (cds6 2) ciabla:
[bloses = 10 - 0,1001 = 1,0111

Thuc hién cong v6i ma bu, bd chuyén vi :

0,1011
1,0111 bé chuyén vi
a+ [b]lnz;bu =10,0010 > 0,0010

Chiing ta viét biéu thic téng quat ma bl 2 ctia s6 x nhi phén :
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[] X néu x>0
x| =

b »

O 124x n€ux<0

Vidu : x =-0,1011 [X]usss = 10 - 0,1011 = 1,0101
x =-0,0001 [X]maoa = 10-0,0001 =1,1111
x =-0,0000 [X]maba = 10 - 0,0000 = 0,0000
4. Ma dao

Ma dédo cia s6 nhi phin x 1a chinh né khi x >0 :
[X] ma a0 = X
Con khi x <0 thi gi4 tri ciia mdi bit phdi ddo tir 0 sang 1 va tir 1 sang 0.
Vidu:
x=-0,0110  [x]madzo = 1,1001
x =-0,0001  [X]midzo=1,1110
Xét dic tinh ma ddo qua vi du sau :
x=-0,0110  [X]yzas0 = 1,1001
X + [X] oz a0 = 0,0110 + 1,1001 + 1,1111
X + [X]uz aio + 0,0001 = 10,0000
10 + X = [X]ma azo + 0,0001.
Vay, mdt s6 nhi phan 4m bat ky, néu 14y gid tri tuyét d6i cda né cong vdi ma
dao cda chinh nd, ta ludn duge 1, 1111.
Néu dem tdng s& d6 (gia tri tt ci cdc bit déu 1a 1) cdng v6i 1 & bit cudi (tic
cong thém 2™) thi két qua ludn bing 2.
Do dic inh nay, chiing ta ting dung ma ddo d€ tim ma bu clia mot s6 nhi phan.
Duéi dang s6 thap phan, ta c6 :
24+ x = [X]madao + 27
ma 2+ X=[X]nibn (theo dinh nghia, khi x <0)
Vay : [X]ma vy = [X]ma ago + 27
véin 12 s8 bit sau diu phdy cdia s6 nhi phan.
Vidu:
x =-0,1011 [X]papa = 1,0100 + 0,0001 = 1,0101
X = -0,0001 [X]yzss = 1,1110 +0,0001 = 1,111
x =-0,0000 [X]papn = 1,1111 + 0,0001 = 0,0000
Vay ap dung phuong phédp nay, khi tim ma bl ctia s6 nhi phdn 4m, ta khong phai
lam phép trir nhu trén (theo dinh nghia).
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PHU LUC IV
BO KHUYECH PAI THUAT TOAN

Bo khuyé&ch dai thuit todn 12 phin quan trong trong DAC vad ADC. Véi
dién trd dau vao vd cling 16n, dién trd diu ra vo ciing bé, hé s6 khuyéch dai dién 4dp cuc
16n, kém theo mach phan hdi thich hdp thi bo khuyé&ch dai thuit todn ding d€ xit 1y tin

hi€u vira chinh xdc, lai tin cdy.
8.1.1. Ky hiéu va dic tinh cia bo khuy€&ch dai thuat toan

Law vao
dog  phE

iy viza
gt T

Lo re

Trén ky hiéu bd khuyé&ch dai thuat todn, ddu - ky hiéu diu vao ddo pha
(goi tidt 1a diu d3o), ddu + ky hiéu dau vao déng pha (goi tit 12 diu thuin). Ngoai ra,

con ¢ dau ra va cdc dau ndi véi ngudn mot chiéu.

Sy

d

Tuy su can thiét, chiing ta s& vé day dd nhu sd d6 a hay don gidn nhu so dd b,

hoic chi luu y dé&n tin hiéu nhu so d6 c.

b (¥)
e

- [
1 baizr v O Ve = V-

g FeySor ik )

Pé€ xét dic tinh cia bo khuyéch dai thuit todn, chiing ta hiy gid thiét 1y tudng
héa né (thyc t&€ gia thi€t nay khong dua t6i sai s& dang ké ndo). Bo khuyéch dai thuit
todn 1y tudng c6 dién trd dau vao vd cling 16n, dién trd diu ra bing 0.
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Trong pham vi tuyén tinh :

Vol < [E, av-1

vo=A,(v, —Vv.) (Iv-2)
E

v, —v | =< (IV = 3)
AO AO

Ao 12 hé s& khuyéch dai dién 4p trong khu vyc tuyén tinh, s tri dién hinh
clia Ag = 10* + 10°. Gid st Ec = 10 = 15V, A, = 10°. Ta thdy dién dp ddu vio trong khu
vuc tuyén tinh chi c¢d vai LIV. Mot cach gan ding, dic tinh truyén dat dién ap 1y tudng
héa ctia bd khuyéch dai thuat todn Ay= oo nhu sau :

Két ludn vé dic tinh bo

khuyé&ch dai thuat todn nhu sau :

e (V)
1. Dong dién dau vao biang 0 : " B30 hoa+
LB} 2200k
i,=i=0 ™
2.V, =Vy4 .
0 (- V
Vo
|V+—V_|=—=0 ~ -
0 Bao hoa - _E.

Né&u bd khuyéch dai thuat todn
cong tac trong khu vuc bao hoa thi v, # v..
Khi v, L v. ta c6 bdo hoa +, vy = +E.. Khi v, < v_, ta c6 bdo hoa -, vo = -E.. Dong dién
d4u vao khi nay ciing vain bing 0.
Trd lai dic tinh truyén dat v6i pham vi diu vao tuyén tinh hitu han, ta
thdy : v, ting theo v,, v, ddng pha vdi v,, v, gidm khi v_ ting, v, ngugc pha véi v..
8.1.2. Cic sd dd khuyé&ch dai thuit toan
1. Bj khuyéch dai ddo

B khuyéch dai thuit todn mic thanh

bo khuyé&ch dai ddo nhu sau : diu thuin ndi dat. K
Pién 4p dau vao v, dua vao diu dd qua R, dién 4p -

ra vo phdn hdi dén dau ddo qua Rg.

Viv,=v.=0,nén:

.Yy

i =—L V-4

TR, ( )

i =i, (IV-5)
R

VO:—gRF=—gRF=—Eim (IV-6)
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Biéu thic (IV - 6) chitng t& khiV; ting thi v, gdm, v; gidm thi v, ting. Hé

s6 khuyé&ch dai clia bd khuyé&ch dai ddo bing A, = —% khong phu thudc ban thian bod

1
khuyé&ch dai thuat todn, Ay chi phu thudc thong s6 Rg, R; ctia mach ngoai.
2. By khuyéch dai thugn
Bo khuyéch dai thuit todn
mic thanh bo khuyé&ch dai thuin nhu sau :
dién 4p dau vao v; dua t6i diu thuin qua R,
dién 4p diu ra v, qua phan 4p R,, R, dua t6i
diu dao.
Vi v,=V.
av-17

vai,=1.=0,nén

Vo

vV = R,=v
© R,+R, * !
IV -98)
tir do, ta c6 :L
R, +R
v, =——2v, = Ay, (Iv -9
R2

Biéu thitc (IV - 9) chitng td khi v, ting thi v, cling ting, v; gidm thi v,

gidm theo. Hé s6 khuyé&ch dai cia by khuyéch dai

thuin la : Rr r L
A, ~RiFR: | * "
R, + -
(v - 10) 2O LJ
A, ciing chi phu thudc théng s6 mach 1

ngoai (R}, R,)
3. By khuyéch dai lap
Bo khuyé&ch dai lip 1a bd khuyéch dai thuin dic biét : dau ra ndi vao diu
ddo. Vay vo=v,. (IV-11)
B0 khuyéch dai lip thudng dung d€ kich tdi (yéu cau dong ddng ké).
8.1.3. B so sanh va Trigd Smit
1. Bj so sanh
Hinh bén la bd so sanh 0, vi Ag = co nén khi v, = vi>v.=0 thi vy = +E..

khi v, = v; < v.= 0 thi vy = -E.. B6 so sdnh c6 thé 1am nhiém vu gidm sat 0.
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Hinh bén 1a bd so sanh ngudng Vr. Vi Ay = o nén khi v; > vy thi vy = +E,,
khi v; < vy thi vy = -E.. Piéu chinh chiét 4p 1am thay d6i ngudng vr.

g

Do/ i

BAVAY)

»
[1

o {+
i A
L ¢
[C - - - RO N =
o —[- fb’ v l:"
Y 1 %
)/r.
L .
‘1:

2. Trigo Smit
Hinh bén 1a so do Trigo
Smit dung bo khuyé&ch dai thuit todn.

Vii =1 = 0 nén :

—2 .y, IV —12)

Khi v, tuong d6i am, bo

khuyé&ch dai cong tdc & viing bdo hoa

+, vo = +E..

Viy muc ngudng trén la :

HEC

R .
VT+ =+F21{2EC,VO =+EC khlVI <V,
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Khi v; ting dén ngudng vr, thi v, dot bién tir +E. sang -E., bd khuyé&ch
R, »

dai 1am viéc & vun bdo hoa -, tudng tng véi mic ngudng dudi V, =- R TR O
+
1 2

theo néu v; > vy thi v, = -E..
Pén khi ngudng nao v; gidm dén ngudng dudi vr. thi lai dot bi€n mdi.

Hi€u cdc di€n dp ngudng

R2

R, 2R,

AV=Vp -Vy= mEc_(_R1+R2EC):R1+R2 E. (Iv -
13)

Thay d6i gia tri R;, R, thi diéu chinh dugc AV.

NEuR, =R, thi AV = E, v
_14)

Su phan tich pham vi cong tdc clda Trigd Smit, tém lai nhu sau :

Trang thdi v, Pham vi v;
+E. v, <L .
R, +R,
R2
E IR IR,

So v6i Trigd Smit di gidi thiéu & chuong 7, Trigd Smit ciu trdc tir

khuyé&ch dai thuat todn cang wu viét, vi vay né dudc ting dung rat rong rii.
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