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TUYEN BO BAN QUYEN

Tai li¢u nay thudc loai sadch gido trinh nén cac nguén thong tin co thé
dugc phép dung nguyén ban hoidc trich dung cho cac muc dich vé dao tao va
tham khao.

Moi muc dich khac mang tinh 1éch lac hodc st dung v61 muc dich kinh
doanh thiéu lanh manh sé& bi nghiém cam.

LOI GIOI THIEU



Hién nay ¢ nudc ta hau hét cac hoat dong gﬁa x4 hoi déu gén \{(')ri viéc s dung dién
nang. Dién khong nhitng dugc st dung ¢ thanh phd ma con dugc dua vé nong thon, mién nli
hodc nho céc tram phat dién dia phuong .

Cung voi sy phat trién cta dién nang cac thiét bi dién dan dung ngay cang dugc "dién tir
hoa" nhiéu hon. Chat lwong cia céac thiét bi dién dan dung cling nhu cong nghiép cling khong
ngung dugc cai tlen va nang cao, cling voi su phat trién cia cong nghé mai cac thiét bj da
duogc "sd hoa" rat nhiéu. Vi vay doi hoi nguoi lam viée trong cac nganh, nghé va dic biét
trong cac nghe dién, dién ti khong chi phai hiéu r& vé ban chat ctia cac thiét bi dién thong qua
viée hiéu rd vé cu tao, nguyén 1y lam viéc cua nhiing linh kién dién tir, cac mach dién tir co
ban va ung dung cua chiing ma con pha1 di sau tim hiéu nhitng cong nghé mai - cong nghé sb.

Noi dung mén hoc "K§ thuét so ' nhdm trang bi cho hoc vién nhiing kién thirc co ban va
nhitng k¥ ning can thiét vé k¥ thuat so.

Trong chuong trinh dao tao, mé - dun Ky thuat s6 1a mot trong nhitng mod dun co s¢
phuc vu tot cho cic mén hoc, mé dun vé chuyén nganh dién dan dung va mot sd chuyén
nganh khac nhu Dién cong nghi¢p, Pién tir cong nghiép cling nhu dan dung.

Nhitng kién thirc ma gido trinh Ky thuét sé cung cép gitp cho nguot hoc hoc tét‘hO'n cac
mon hoc va mo dun: Thiét bi nhiét gia dung,‘ thiét bi lanh gia dung, thiét bi tuy dong diéu khién
dan dung ... trong chuong trinh dao tao nghé Pi¢n dan dung.

Cau tric co ban cua gido trinh bao gdm 12 bai:

Bai 1: Co s6 k§ thuét sb;

Bai 2: Cac phan tir 16gic co ban;

Bai 3: Cac phan tir 16gic thong dung;

Bai 4: Mach ma hoa;

Bai 5: Mach giai ma;

Bai 6: Mach don kénh;

Bai 7: Mach phan kénh;

Bai 8: Mach l6gic tudn tu;

Bai 9: Mach nhé ROM,;

Bai 10: Mach nhé RAM,;

Bai 11: Mach chuyén ddi A/D;

Bai 12: Mach chuyén d6i D/A.

Trong qua trinh bién soan, nhom tac gia da tham khao cac tai liéu va gido trinh khac nhu
& phan cubi gido trinh da thong ké.

Chiing t6i rat cam on cac co quan hiru quan cua TCDN, BGH va cac thay cd giao
truong CON Bach ngh¢ Hai Phong cung mét s6 giao vién c¢6 kinh nghiém cua cac truong, co
quan khéc da tao dicu kién giap d& cho nhom tac gia hoan thanh gido trinh nay.

Lan diu dugc bién soan va ban hanh, giég trinh chic chin s& con khiém khuyét; rat
mong cac thay ¢6 giao va nhirng ca nhén, tap thé cua cac truong dao tao nghé va cac co s¢
doanh nghiép quan tam dong goép dé gido trinh ngay cang hoan thién hon, dap ung dugc muc
tiéu dao tao cia mo dun noéi riéng va nganh dién dan dung cling nhu cac chuyén nganh ky
thuat ndi chung.

Moi y kién déng gop xin giri vé dia chi:
Truong Cao dang nghé Bach Ngh¢ Hai Phong
Khoa Dién — Dién tir
S6 196/143 Puong Truong Chinh - Quéan Kién An - TP Hai Phong
Email: khoadienbn@gmail.com
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Tham gia bién soan

1. Chu bién: PGS. TS. Pham Ngoc Tiép
2. Nguyén Long Bién
3. Nguyén Lam Pong
4. Nguyén Thé Chinh



MUC LUC

Loi gi6i thiew L
Bai l: Co sé ky thuats6
1. Khai niém tin hiéu s6, tin hi€u tuong tu

1.1. Tin hi¢u tuong tu

1.2 Tin hiéu s6
2. Khai niém cac h¢ dém va ma
2.1. Cac hé dém thong dung.
2.2. M3 va céac loai ma thong dung.
3. Thuc hién cac phép tinh va chuyén d6i ma
3.1. Céc phép tinh trong k¥ thuat sd.
3.2. Chuyén d6i gitta cac hé ma thong dung.
4. Pai s6 logic
4.1. Khai niém veé dai s6 logic
4.2. Cac ham logic co ban
4.3. Biéu dién ham logic
4.4. Tbi gian ham logic
5. Thyc hién mot sé ham logic co ban
Bai 2: Cac phan tir logic co bin

1. Céc cong logic co ban

1.1. Cong AND

1.2. Cong OR

1.3. Cong NOT

1.4. Cong NAND

1.5. Cong NOR

1.6. Cong XOR

2. Mot s6 tng dung cong logic co ban
2.1 Mach tao xung vudng dung cac cong NOT, NAND ciia IC 4049 va 7400.
2.2 Mach dém dén 8 dung IC 74164
2.3 Mach dém dén 10 dung IC 4017
3. Lip rap va can chinh mot s6 mach dung cong logic co ban
3.1 Lap mach dém 10 dung IC 4017
3.2 Hiéu chinh va thay d6i hiéu tng.
Bai 3: Cac phan tir logic thong dung

1. Mach tao thanh céng NAND

1.1. Tao cong NAND tir di 6t - BJT

1.2. Tao cong NAND tir BJT - FET
2. Mach tao thanh céng NOR
2.1. Tao cong NOR tir di 6t - BIT
2.2.TaocongNOR ty BJT-FET ...
3. Mach tao thanh céng XOR
3.1. Tao cong XOR tir di 6t - BJT



3.2. Tao cong XOR tir BJT - FET
4. Mach so sanh
4.1. So @6 nguyén 1y mach so sanh
4.2. Piac diém va nguyén 1y 1am viéc
5. Mach dung cong collector dé ho
5.1. So d6 nguyén ly
5.2. Pic diém va nguyén 1y 1am viéc
6. Mach dung cong ba trang thai
6.1. So d6 nguyén ly
6.2. Bic diém va nguyén 1y 1am viéc
7. Thuc hién chuyén d6i tir cong logic ndy sang cong 16 gic khac
7.1. Nguyén tic chuyén d6i
7.2. Thyc hanh chuyén do6i

Bai 4: Mach ma hoa

1. Khai niém mach ma héa

1.1. Khai niém

1.2. Nguyén tic va cac loai mach ma
2. Mach ma hoa 8/3 dung cac cong logic co ban
2.1. Phuong phap ma 8/3
2.2. Mach mi hoa 8/3 dung cong Logic co ban
2.3. Lap rap va can chinh mach ma hoa 8/3.
3. Mach ma hoa 10/4 dung IC TTL.
3.1. Phuong phap ma hoa 10/4
3.2. Mach ma hoéa 10/4 dung IC TTL
3.3. Lap rap va can chinh mach ma hoa 10/4 dung IC TTL.
Bai 5: Mach giai ma

1. Khai niém mach gidi ma

1.1. Khai niém

1.2. Nguyén tic xay dung va cac loai mach giai ma
2. Mach giai ma 2/4 dung cac cong logic co ban
2.1. Phuong phap giai ma 2/4
2.2. Mach giai md 2/4 dung cong Logic co ban
3. Mach gidi ma 4/10 dung IC TTL.
3.1. Phuong phap giai ma 4/10
3.2. Mach giai ma 4/10 dung IC TTL
4. Mach giai ma tir BCD thanh 7 doan (LED) hién thi.

4.1. Phuong phap giai ma tir BCD sang hién thi bang LED 7 doan.

4.2. So @6 mach dung IC TTL

4.3. La‘ip rap va can chinh mach

Bai 6: Mach don kénh

1. Khai niém mach don kénh

1.1. Khai ni€ém

1.2. Nguyén tic va cac loai mach don kénh
2. Mach don kénh 4 vao 1 ra.

2.1. Phuong phép thuc hién

......



2.2. Mach dién thuc hién.

3. Mach don kénh 8 vao 1 ra.

3.1. Phuong phap thuc hién.

3.2. Mach dién thuc hién.

3.3. Lap rap va can chinh mach don kénh 8 duong vao 1 dudng ra.
4. Mot sd ung dung cua mach ddn kénh

4.1. BO chon dir li€u (data selector)

4.2. Bién dbi dang thong tin vao song song thanh ra ndi tiép
Bai 7: Mach phan kénh

1. Khai niém mach phan kénh (DEMUX)

1.1. Khai ni€ém

1.2. Nguyén tic va cac loai mach phan kénh

2. Mach phan kénh 2 dau ra

2.1. Phuong phap thuc hién mach phan kénh 2 dau ra.
2.2. So @6 thyc hién dung cong logic co ban

2.3. Lép so dd, kiém tra va can chinh.

3. Mach phan kénh 8 ra dung IC CMOS

3.1. Phuong phap xay dung.

3.2. Céc so dd mach dung IC CMOS

3.3. Lip so d6 va can chinh

Bai 8: Mach logic tuan tw

1. G161 thi€u mach logic tuan tu

1.1 Dinh nghia va phan loai

1.2. Mach R - S Flip — Flop

1.3. Mach J - K Flip — Flop

1.4. Mach D Flip — Flop

1.5. Mach T Flip — Flop

2. Mot s6 mach chuyén d6i va ung dung ctia FLIP-FLOP
2.1. Mot s6 mach chuyén doi thong dung.

2.2 Mt s ung dung cua FF

3. Mach d¢ém (d¢ém thap phén, nhi phan)

3.1. Mach dém Mb dun

3.2. Mach d¢ém khong ddng bo, ddng bo.

3.3. Mach dém vong

3.4. Lap rap va can chinh mot sé mach dém thong dung dung FF.
4. Cac mach ghi dich dir li¢u

4.1 Pinh nghia, cAu tao, phan loai va ing dung

4.2 Thanh ghi dich phai

4.3 Thanh ghi dich trai

4.4. Lap rap va can chinh thanh ghi 4 bit dich phai sir dung FF.
Bai 9: Mach nh¢ ROM

1. Khai niém chung vé ROM

1.1. Khai ni€ém

1.2. Phan loai

2. Cau tric chung cia ROM va céac dang thudng ding



2.1. So @6 khdi cia ROM

2.2. Cac dang thuong thuong gip va ing dung

3. Lap rap va can chinh ROM

3.1. Chuén bj Vat tu va dung cu

3.2. Lép mach

3.3. Thuc hanh do va can chinh.

Bai 10: Mach nh¢ RAM

1. Khai niém chung vé RAM

1.1. Khai niém

1.2. Phan loai

2. Céu triic chung cia RAM

2.1. Céu tric chung cia RAM

2.2. Cac dang RAM thuong thuong gap va ing dung
3. La‘ip rdp va can chinh RAM

3.1. Chuén bj Vat tu va dung cu

3.2. Lép mach

3.3. Thuc hanh do va can chinh.

Bai 11: Mach chuyén ddi A/D

1. Khai niém.

1.1. Khai ni€ém chung

1.2. Cac tham sé co ban

1.3. Nguyén ly hoat dong

2. Cac phuong phap chuyén d6i

2.1. Chuyen d6i A/D theo phuong phap song song
2.2. Chuyen d6i A/D theo phuong phéap ndi tiép theo mé nhi phan
3. Lap rap va can chinh b A/D

3.1. Chuén bj Vat tu va dung cu

3.2. Lép mach

3.3. Thuc hanh do va can chinh

Bai 12: Mach chuyén ddi D/A

1. Khai ni€ém chung

1.1. Khai niém, cac tham sb co ban

1.2. Nguyén ly hoat dong

2. Cac phuong phap chuyén doi

2.1 Chuyén doi D/A theo phuong phap thang dién trd
2.2. Chuyén d6i D/A theo phuong phap mach dién tre
2.3. Chuyén d6i D/A theo phuong phap ma hoa Shannom
3. Lap rap va can chinh bo A/D

3.1. Chuén bj Vat tu va dung cu va la‘ip mach

3.3. Thuc hanh do va can chinh



MO PUN: KY THUAT SO
Ma mo6 dun: MD 26

Vi tri, tinh chit, y nghia, vai tro mo dun:

Trong cac thiét bi dién - dién tir sir dung trong dan dung va cong nghi¢p hién
dai nguoi ta thuong dung cac mach dién tr - s6. Déc trung cua mach dién tur - 5O
1a céc tin hiéu dau vao va dau ra cac cong logic, cac mach tich hop, cac bo ghi
dich hodc cac bd dém, bo chuyén ddi ADC hoic DAC, bd nhé... déu la cac tin
hiéu s6. Cac mach dién tir - sb cling dugc hoat dong ding chirc nan la do cac
mach s6 co ban, t6 hop va dugc dong bo nhd cac xung nhip.

Viéc nghién ctru cac khai niém vé tin hiéu $0, mach sb, thiét ké va la'ip rap, stra
chita, bao dudng cac mach s 13 cong viée hét stc can thiét khong thé thiéu cua
nhitng nguoi lam viéc trong cac linh vuc dién - dién tr no61 chung va dién dan
dung ndi riéng. Khi c¢6 kién thirc vitng chic va co tay nghé da dugc rén luyén dé
lap rap, stra chira cac mach sb, gop phan khong nho vao sy viing vang trong viéc
van hanh, bao dudng va sira chita cac thiét bi dién - dién tir ding trong dan dung
va ca trong cong nghi¢p cling nhu cac thiét bi tu dong diéu khién.

Mo dun nay 1a mot mé dun co s& chuyén mon nghé, duge b tri sau khi sinh
vién hoc xong cac mon hoc chung, cic mon hoc/ mdé dun: ATLD; Mach dién;
V¢ dién; Vat licu dién; K¥ thudt dién t&r co ban; Khi cy dién ha thé; Po luong
dién va khong dién; K¥ thuat xung.

Muc tiéu:

*Vé kién thirc:

- Trinh bay duoc ciu tao va mot sé ing dung cua cong logic co ban.

- Trinh bay dugc cAu triic va su hoat dong cua cac mach FF, ma hod, gidi ma,
don kénh, phan kénh, mach dém, ghi dich, mach chuyén d6i A/D, D/A, cic bd
nhd ROM va RAM.

* V& k¥ ning:

- Lap rap va can chinh duoc cac mach ing dung cong logic co ban.

- Lap rap va sua chirta dugc cac mach: Ma hod, giai ma, MUX, DEMUX, mach
dém, ghi dich, mach chuyén doi A/D, D/A; cac bd nhd ROM va RAM don gian.
* Ve thai do:

- Co tinh tu duy, sang tao va ddm bdo an toan, v¢€ sinh cong nghiép.

Noi dung cia mo dun:



Thoi gian

50 Tén cac bai trong mo dun Tong Ly T‘hl.rc Kiém
TT £ £ hanh/
) thuyét \e oA tra*

Bai tap
1 | Co so ky thuat s6 4 2 2 0
2 | Cac phan tir 10gic co ban 4 2 2 0
3 | Cac phan tir 10gic thong dung 6 3 3 0
4 | Mach ma héa 6 3 3 0
5 | Mach gidi ma 6 3 2 1
6 | Mach don kénh 5 2 3 0
7 | Mach phan kénh 5 2 3 0
8 | Mach logic tuan tu 8 4 3 1
9 | Mach nh6 ROM 4 2 2 0
10 | Mach nh6 RAM 4 2 2 0
11 | Mach chuyén d6i A/D 4 2 2 0
12 | Mach chuyén d6i D/A 4 2 1 1
Cong: 60 29 28 3




BAI 1 ’
CO SO KY THUAT SO
M3 bai: MP26.01

Gioi thi€u:

Pé co duoc kién thirc vé ky thuat sb, viéc hiéu rd khai niém cac loai tin
hiéu s6, mach sb va céc kién thuc vé dai sb logic dé hiéu duoc cac khai siném vé
ma hoa. Bai hoc "Co s¢ k¥ thuat s6" gidi thiéu vé cac khai niém cua tin hiéu s,
mach s, khai niém vé hé¢ dém, ma va nhirng kién thirc co ban vé dai sd logic.
Bai hoc 13 co s& hoan hao dé tiép thu ciac nd1 dung kién thuc tiép theo cia mo
dun.

Muc tiéu:

- Phan biét dugc tin hiéu s, tin hiéu tuong tu, vo1 céc tin hi¢u khac.

- Trinh bay duogc khai niém ma va hé dém.

- Thyc hién dugc cac phép toan cOng, trur, nhan, chia s6 nhi phan va cach
chuyén dbi giita cac hé dém.

- Giai thich dugc cac ham sé logic.

- Chu dong, sang tao trong qua trinh hoc tap.

NOi dung chinh:

1. Khai niém tin hiéu so, tin hiéu twong tu

Muc tieu:

Trinh bay lai dugc khai niém vé tin hiéu tuong ty va tin hi¢u s6; cac mach
twong ty va tin hiéu so.

1.1. Tin hi¢u tuong tu:

TYn hiOu 1p bidu hidn vEt 1y cfia tin toc.
Trong ki thukEt ®i0On t6, tin tegc ®-ic bilOn ®zi thpnh
c,c dao ®ng ®i0On td hoEc ®i0On td. Nh- vEy ndai c,ch
kh,c t¥n hidu 1lp c.,c dao ®ng ®0n - td cd chga tin
tgc. VY dé mirco bidn ®zi tidng nai thunh mét dBRng
®i0n gCn nh- 1i®n téc theo théi gian, gai 1lp t¥n hilu
©m tCn. TYn hiOu ®i0n t® s— khai vda n&di tr®n ta giai
chung 1p t¥n hilu s- cEp.

Khi nghién ciru tin hiéu ngudi ta thuong biéu dién né 1 mot ham cia bién
thoi gian s(t) hodc cta bién tin sb s(f). Tuy nhién biéu dién tin hiéu (dién ap
hodc dong dién) 14 mot ham ciia bién thoi gian s(t) 14 thuan loi va théng dung
hon ca.

1.1. Tin hi¢u tuong tu
Mot tin hiéu bién thién lién tuc theo thoi gian, nguoi ta goi la tin hi¢u
twong ty, tin hiéu tuyén tinh hay tin hiéu analog (hinh 1.1).

s(tY

N\
S(t) S(t) S(t) /\ /\
t
P K v
On 1Y > OI V4 > Ol >



Hinh 1.1. Tin hi¢u tuong tu

Trong dién tir, mach di¢n dé xur 1y tin hi€u tuong tu dugce goi la mach
twong ty hay mach analog.
1.2 Tin hiéu s6

Tin hi¢u xung di¢n 1a tin hi¢u di€n co6 gia tri bién ddi gian doan trong mat
khoang thdi gian rt ngin co thé so sanh v&i qué trinh qua d6 ctia mach dién.

Xung dién trong ky thuat duoc chia lam 2 loai:

- Loai xung xuat hién ngau nhién trong mach dién, ngoai mong mudn,
duogc goi 13 xung nhiéu, xung nhidu thudng cé hinh dang bét ky (Hinh 1.2).

u(t) u(t) u(t)

I v M VAT

t
Hinh 1.2. Tin hiéu nhiéu
- Loai xung dugc tao ra tur cic mach dién duoc thiét ké thuong cd mot $6

dang co ban (Hinh 1.33.
u(t) u(t u(t) u(t)

A e .

(a) !f:(b) (c) (d)

Hinh 1.3: Cac dang xung co ban cua cac mach dién dugc thiét ké

Néu ta biéu dlen tin hi€u xung dién ap la ham u(t), trong do t 1a bién thoi gian thi tin
hiéu c6 thé 1 tuan hoan hoic khong tuan hoan.
ut)=u(t+nT); n=0,£1,£2 ... (1.1.)

Khi u(t) thoa man diéu kién (1.1) & moi thdi diém t thi u(t) 1a mot tin hiéu tuan
hoan vé6i chu ky T (¢ day T 1a khoang thdi gian nho nhat dé tin hiéu u(t) lap lai qua
trinh trudc d6 ca vé chiéu va gia tri).

Néu khong tim dugc mot gia tri hitu han cua T thod man (1.1) tac 1a T tién toi vo
cung (T—>o0) thi u(t) s& 1a tin hiéu khong tudn hoan.

Trong dién tir, mach dién dé xur 1y tin hi¢u xung duoc goi la mach xung.

- Mot dang ddc bi¢t cua tin hi¢u xung, khi tin hi¢u dugc biéu dién bﬁng
nhitng xung vudng ma tit ca cac khoang thoi gian c¢6 xung hay khong co xung
tin hiéu déu bang mot s6 nguyén 1an khoang thoi gian Ty - hinh 1.3.(b), nguoi ta
go1 do 1a tin hi€u $6 hay tin hi¢u digital va Ty, dugc goi 1a chu ky bit.

Trong dién tir, mach dién dé xur 1y tin hi¢u s6 dugc goi 1a mach s6 hay
mach digital.

2. Khai niém ma va hé dém



Muc tieu:
- Trinh bay dugc khai niém Ve mot s6 hé dem thong dung.
- Trinh bay duoc khai niém vé mi va mot s6 loai ma thong dung.

2.1. Cac hé dém thong dung.

Thuc té hién nay co0 2 loai h¢ dém:

- Hé dém theo vi tri: La hé dém ma trong d6 gia tri s6 lugng cua chir sb
khong chi phu thudc vao gia tri cia nd, ma con phu thudc vao vi tri dirng cia no
trong con sd (trong s0). Vi dy: 1999; 2012 .

- Hé dém khong theo vi tri: La hé dem ma trong do gia tri sO lugng cua
chit s6 khong phu thudc vao vi tri cia né dimg trong con sb. D6 13 nhitng s6
tronghé¢ Lama: L IL IIL, ..., X, L, C, D,M

Vi du sb 1087 trong hé dém theo vi tri, s& duoc viét trong hé dém khong
theo vi tri la MLXXXVII.

Thuc té hé dém theo vi tri 1a hé dém thong dung nén ta chi xét cac hé dém
theo vi tri.

2.1.1. Hé dém co sb 10 (he thap phan)

H¢ thip phéan 1a hé thong sd rat quen thugc trong doi sdng cta con nguoi. Hé
dem sir dung 10 chir s6 dau tién cua day sO tu nhién 0, 1, 2, ..., 9 cung voi trong
5O tuong ung cua chiung dé biéu dién tat ca cac sd con lai trong he dém.

Pé chi mot s6 hé dém 10 (hé dém X) trong gido trinh s& dung chi s6 10 (X)
phia duéi con sd.

Duéi day la vai vi du 5O thap phan: 1

Nio= 1998 = 1X10 + 9X10 +9x10 + 8X10 = 1x1000 + 9x100 + 9x10 + 8x1

N10=3,1410=3X10 +1x10 +4X10 =3/1 1/10 + 4/100

2.1.2. Hé d&ém co sb 2 (hé nhi phan)

Hé dém nhi phan con goi 13 hé dém co s6 2 13 hé dém ma trong d6 nguoi ta
chi sir dung hai ki hiéu 0 va 1 dé biéu dién tat ca cac sb. Hai ky hiéu d6 goi
chung 1a bit hodc digit va nd dic trung cho mach dién tir c6 hai trang thai 6n
dinh hay con goi 14 2 trang thai bén FLIP- FLOP (ky hiéu la FF).

Mot nhém 4 bit goi 1a nibble.

Mot nhom 8 bit goi 1a byte.

Nhom nhiéu bytes goi 1a tir (word).

Xét s6 nhi phan 4 bit: aaaa. Biéu dién dudi dang da thirc theo co s clia nd
la:

3 2 1 0

aaaa=a.2 +a.2 +a.2 +a.2
3 2 1 0

Trong do

- 2 2 2 2 (hay 1, 2, 4, 8) duoc goi la cac trong s6.
-a du0’c goi 14 bit ¢ trong s6 nho nhat, hay con goi bit ¢ ¥ nghia nho nhat

(LSB. Least Significant Bit) .



- a duoc goi 14 bit c6 trong sd 16n nhét, hay con goi 13 bit c6 y nghia 16n nhat
3

(MSB: Most Significant Bit).
Vidu: Np=11011=1x2*+1.2° + 0x2* + 1x2" + 1x2°
= 1x16+ 1x8 + 0x 4 + 1x2 + 1x1
Hoac cac sb khac: 11100011; 1010101111; ...
2.1.3. Hé dém co sb 8 (hé bat phan - Hé Octa)
Hé bat phan gdm tam sb trong tap hop S = {0, 1, 2, 3,4, 5, 6, 7}. Hay noi

cach khac: H¢ bat phan 1a he dém ma trong do nguoi ta dung 8 chur sd dau tién
cua day sO tynhién 0, 1, 2, 3, 4, 5, 6, 7 dé bicu dién tat ca cac sb trong tu nhién.
S6 N trong hé bat phan

Ng=(aa a ...a...a,a a_.
n n-1 n-2 1 0 -1 -2
Co gia tri la:
n n-1 n-2 i 0 -1 -2 -m
Ng=a8 +a 8 +a 8 +..+ta8..+ta88 +a & +a 8 +...+a 8
n n-1 n-2 i 0 -1 -2 -m

: .a_m)8 (voi a < Sg)

3 2 1 0 -1
Vidu: Ng = 1307,18= 1x8 +3x8 +0x8 + 7x8 + 1x8 =711,12510

2.1.4. Hé dém co sb 16 (hé thap luc phan - Hé Hexa)
H¢ thap luc phan duoc dung rat thuan tién dé con nguoi giao tiép véi may
tinh, hé nay gdm mudi sau sd trong tap hop S —{0 1,2,3,4,5,6,7,8,9, A, B,

C,D, E, F }; trong d6 A tuong duong voi 1010 ,B= 1110, ...... , F= 1510.
S6 N trong hé thap luc phan:
N16—(aa a ...a...a,aa_...a ) (voiaeS)
-1 n2 i 0" -1 -2 -m’ 16 i 16

Co gia tri la: ,
n n-1 n-2 1 0 -1 -
Nig = a 16 + an_116 + an_216 +. .+ ail6 .. .+a016 + a 16 + a_ 16 +...+

a 16

-m

Nguoi ta thuong dung chitr H (hay h) sau con s6 de chi sb thap luc phan
Vidu: Njs=20EA,8H = 20EA, 8 = 2x16 + 0x16 + 14x16 + 10x16 + 8x16
= 4330,510

2.1.5. Bién ddi qua lai giira cac hé thong sb
Khi d3 c6 nhiéu hé thong sé viéc x4c dinh gia tri tuong dwong ctia mot sd
trong hé nay so v&i hé kia 1a can thiét. Trong pham vi chuong trinh m6 dun nay,
ta xét phuong phap bién d6i qua lai gitta cac sb trong bat cit hé nao sang hé 10
va nguoc lai.
1. D6i mot s tir hé b sang hé 10
Pé ddi mot s6 tir hé b sang h¢ 10 ta trién khai truc tiép da thuc cua b
Mot s6 N trong hé b:
Nb=(aa A --a...a,aa .2 )bvé’iaie Sb
Co gia tri tucmg duong trong he 10 la:
Nb—ab+a b +. +ab+ +ab+a b ta b t...ta b .

Vi du:



* Poi 6 10110,11_sang hé 10

4 2 1 2
10110, 11 =1x2 +0+1x2 +1x2+0+ 1x2 + 1x2 =22,7510
* £)01 s 4BE ADH sang hé 10
4BE,ADH = 4x16 +11x16 +14X16 +10x16 +13X16 =1214 675
2. B6i mot s tir hé 10 sang h¢ b , ’
bay la bai toan th’n mot day ky hi¢u 5:ho sO N h¢ 10 viét trong hé b.
Tong quat, mot s6 N cho & h¢ 10, viét sang h¢ b c6 dang:
Nio = (anan_1 ..a,aa .. .a_m)b= (anan_l. : .aO)b+ (O,a_la_z. : .a_m)b
Trong do

(anan_1 .. .ao)b = PE(N) 1 phan nguyén cta N
vi(0,a a ...a ) =PFN)la phan 1é cia N

Phan nguyén va phan 1¢é dugc bién ddi theo hai cach khac nhau:
[=7 Phan nguyén:
Gia tri cua phan nguyen xac dinh nh0’ trlen khai:

PE(N)—ab +ta b +. +ab +ab

Hay c6 thé V1et 1a1

PE(N) = (a b + a b + Lt al)b ta

Véi cach viét nay ta thiy néu chia PE(N) cho b, ta duoc thuong sé 13 PE’(N)
= (anbn_1 + an_lbn_2 +.. .+ al) vasé du la a.

Vay sd du cta lan chia thir nhat nay chinh 1a chir sé c¢6 trong s6 nho nhat (aO)

ctia phan nguyén.
Lap lai bai toan chia PE (N) cho b:

n-2
PE(N)—ab +a b + +a—(ab +ta b + .+212)b+a1

Ta duge sb du thu hal, chinh 13 chit sé ¢ trong s6 16n hon ké tiép (al) va

, n-2 n-3
thuong s6 1a PE”(N)= anb + an_lb t..ota,

Tiép tuc bai toan chia thuong sé c¢6 duoc cho b, cho dén khi thuong sd 14 0 va
dugc s6 du cua phép chia cudi cung, d6 chinh 1a chir s6 ¢6 trong s6 16n nhat (an)

(=1 Phan I¢é:
Gia tri cua phan 1é xac dinh boi:

PF(N)—ab +ab +. +ab

Hay viét 12__111 ; o

PF(N)=Db (a ta b +. +a_mb )

Nhan PF(N) voi b, ta duogc :

bPE(N)=a +(a b +..+a b )=a +PF(N).

Vay lan nhan thu nhat nay ta duoc phan nguyén cua phép nhan, chinh la 5O
ma c6 trong s6 16n nhit ctia phan 1é (a ) (sb a nay c6 thé van 1a s 0).



PF’(N) l1a phan 1¢ xuat hién trong phép nhan. ‘
Ti€p tuc nhan PF’(N) v61 b, ta tim dugc a_ va phan & PF’(N).

Lip lai bai toan nhin phan 1é v&i b cho dén khi két qua c6 phan 1é bang

khong, ta s€ tim dugc dﬁy s6 (a a_...a )

Chii y: Phan 1é ciia sé N khi doz sang hé b c6 thé gom v s6 s6 hang (do ket
qud ciia phép nhan luén khac 0), diéu nay cé nghia la ta khong tim dwoc mot so
trong hé b co gia tri ding bang phan 1é ciia so thip phdn, vay tiy theo yéu cau
vé d¢ chinh xdc khi chuyén déi ma nguwoi ta ldy mot s6 sé hang nhdt dinh.

Vi d};
* Poi1 25,310 sang h¢ nhi phan

Phan nguyén: 25 : 2 =12 du |
12:2=6du0

6:2=3du0
3:2=1dul
1:2=0dul

Vay PE(N) = 11001
Phanlé: 0,3x2=0,6

0,6x2=1,2
0,2x2=0,4
0,4x2=0,8
0,8x2=1,6

:>a0=
:>a1=0
=a =0
2
—a =
3
—a =
4
:>a_1=0
—a =1
2
:>a_3=0
=a =0
4
=a =1...
-5

Nhan thiy két qua clia cac bai toan nhan luén khac khong, do phan 1é cua lan
nhan cudi cung la 0,6, da lap lai két qua cua 1an nhan tht nhat, nhu vay bai toan
khong thé két thuc véi ket qua dung bang 0,3 ctia hé 10.

Gia st bai toan yéu cau lay 5 s 1é thi ta c¢6 thé dung ¢ day.

Véy PF(N)=0,01001.
Két qua cudi cung la:
25,3 ,=11001,01001

* P 1376,85 sang hé thap luc phan
Phan nguyén: 1376 : 16 =86 s6 du=0
86:16=5s6du=6
5:16=0s6du=5

1376 = 560H

Phan 1¢: 0,85 * 16 = 13,6

0,6 *16=9.6

0,6 *16=9.6

:>ao=0

:>al=6

=a=35
2

—a =13 =DH
-1 10
=a =9
2
=a =9
3

Pay 14 50 thap phan tuan hoan, nén néu chi can lay 3 s 1¢: 0,85 = 0,D99H



Va két qua cudi cung:
1376,85 =560,D99H

2.2. M3 va céc loai ma thong dung.
2.2.1. Khai niém vé ma

Trong doi séng hang ngay, con nguoi giao tiép voi nhau thong qua mot hé
thong ngdn ngir qui udc, nhung trong may tinh chi xtr 1y cac dir liéu nhi phan.
Do d6, mot van dé dit ra 1a 1am thé nao tao ra mot giao dién dé dang gitta nguoi
va may tinh, nghia la may tinh thuc hién dugc nhitng bai toan do con nguoi dat
ra. Dé thuc hién diéu d6, nguoi ta dit ra van d& vé ma hoa dir liéu. Nhu vay
trong k¥ thuat s6, ma hoa 1a qua trinh bién doi nhirng ky hiéu quen thudc cua
con nguo1 sang nhitng ky hiéu quen thudc vé1 may tinh.

Noi chung, ma hoa la_gan mét ky hiéu cho mot d6i tugng dé thuan tién cho
viéc thuc hién mot yéu cau cu thé nao do.

Mot cach toan hoc, md héa 1a mot phép ap mot ddi mot tir mot tip hop
ngudn vao mot tap hop khac goi 1a tap hop dich.

= [po1]

B
, [100]

A

Tap hop ngudn cé thé 1a tap hop cac sd, cac ky tu, dau, cac 1énh dung trong
truyén dit liéu . . . va tap hop dich thuong 14 tap hop chtra cac to hop tha tu cua
cac sb nhi phﬁn.

Mot to hop céc s6 nhi phan tuong trng v41 mot sb dugc goi la tr ma. Tap hop
cac tir ma duogc tao ra theo mdt qui luat cho ta mét bo ma. Viéc chon mdt b ma
tuy vao muc dich st dung.

Vi du dé biéu dién cac chir va sd, ngudi ta c6 ma ASCII (American Standard
Code for Information Interchange), ma Baudot, EBCDIC . . .. Trong truyén di
liéu ta c6 ma do 16i, do va sira 16i, mat ma . . ..

Van dé nguoc lai ma hoa goi 14 giai ma.

Céach biéu dién céac sb trong cac hé khic nhau cling c6 thé dugc xem 13 mot
hinh thitc ma hoéa, d6 1a cac ma thap phan, nhi phan, thap luc phan . . . va viéc
chuyén tir ma nay sang ma khéc ciing thudc loai bai todn ma hoa.

2.2.2. Mot s6 loai ma thong dung

2.2.2.1. Ma BCD

1. Khai niém

Viéc st dung céc s6 nhi phan dé ma hoa cac sd thap phan goi la cac s6 BCD
(Binary Code Decimal: S6 thiap phan dugc ma héa bang sé nhi phan).

Ma BCD dung cac twr ma nhi phan (so nhi phan 4 bit) c6 gid tri tuong
duong thay thé cho tirng s6 hang trong s6 thap phan.

Vi du:

S6 62510 co6 ma BCD 1a 0110 0010 0101.



Mi BCD dung rat thuan loi: Mach dién ta doc cac s6 BCD va hién thi ra bang
dén bay doan (led hoic LCD) hoan toan gidng nhu con ngudi doc va viét ra sb
thap phan.

Bang ma BCD cuia 10 sé dau tién hé thap phan nhu ¢ bang 1.1.

Bang 1.1: Ma BCD

S6 hé 10 Mai BCD S6 hé 10 M3i BCD
0 0000 5 0101
1 0001 6 0110
2 0010 7 0111
3 0011 8 1000
4 0100 9 1001

2. Phan loai
4Khi stt dung s6 nhi phan 4 bit d& ma héa cac sb thap phan tuong Ung véi
2 =16 t6 hop mi nhi phan phan biét.
Do viéc chon 10 t6 hop trong 16 t6 hop dé ma hoa cac ky hiéu thap phan tir 0
dén 9 ma trong thuc té xuat hién nhiéu loai ma BCD khac nhau.
Mic du ton tai nhiéu loai mad BCD khac nhau, nhung trong thuc té nguoi ta
chia lam hai loai chinh: BCD ¢6 trong s6 va BCD khong c6 trong sd.
a. Ma BCD ¢ trong s6:
Gom c6 ma BCD ty nhién, md BCD sb hoc.
- Ma BCD tu nhién d6 1a loai md ma trong d6 cac trong sé thuong duoc
sap xép theo thir t ting dan.
Vi du: Ma BCD 8421, ma BCD 5421
- Mi BCD s6 hoc 1a loai m3 ma trong d6 c6 tong cac trong s6 luén ludn
bang 9.
Vi du:_Loai ma: BCD 2421, BCD 5121, BCD § 4-2-1
Mi BCD s hoc ¢6 dic trung: Dé tim tir ma thap phan ctia mot sb thap phan
nao do ta lay bu (dao) tir ma nhi phan cta s6 bu 9 twong tng.
Vidu: Ma BCD cua 31a 0011
Ma s6 6 1a bu 9 ciia 3: 6 1a 1100
Lay nghich dao ta c6: 0011 — 3
Vay, dic trung ctia ma BCD s6 hoc 13 ¢6 tinh chat dbi xing qua mot duong
trung gian.
b. Ma BCD khong ¢6 trong sd:
La loai ma khong cho phép phan tich thanh da thirc theo co s6 ciia no.
Vi du: Ma Gray, Ma Gray thtra 3.
Ddc trung cua ma Gray la loai b ma ma trong do hai tor ma nhi phan ding ké
tiép nhau bao gid cling chi khac nhau 1 bit.
Vi du: Ma Gray:
1 — 0001
2 — 0011




Con d6i v6i ma BCD 8421 nhu ¢ bang 1.1.:
Céc bang dudi day trinh bay mot s6 loai ma thong dung:

3 — 0010
4 — 0110

Bang 1.2: Cac ma BCD tu nhién.

Sé thap
phan

ag

BCD qua 3

Ca

C:

1

1

0

1
1

0

1

1

1 0 O O
1 0 O

1

1

5421
b,

BCD
b,

b,

-
=

1

O 0 O

1 O0]0
1

O O

O 0]0
0O 0 O
0O O

1

1
1

1

1
1

O O

1

BCD 8421

a,

as

O 0O O 0|0 O O O]JO O

O 0 O

1

0|10 O

1
1

0

1

0O 0)0

1

O O O
0O O

1

|

Bang 1.3: Cac ma BCD s hoc

Sé thap

phin

)

8

BCD 84-2-1

Cs

1

)

1

0
0

1
1
1

1

0o 0O

O O O

S121

BCD

1

0|0

O 0 O

1
1

1

O 0]0

O 0O

1

O O O

1

0O O

1

2421

BCD

O 0 o 0|0 O O OO O O O

O O O

|

1 0|0 O

0

1

O 0|0

|

0O 0|1

Gray.

~

A

én va ma

Bang 1.4: BCD tu nhi



BCD 8421 | BCD qua 3 Ma Gray Gray qua 3 | S thip
a; a4, a;, D fe; €& ¢ ¢ [G: G, G Gy (4 & 4@ G phin
0 0oo0O0(0OO0OTI11]0 0 0 O[0OO0T10 0
0coo0o1{0100jO0 0 O 10110 1
001 0(01 O01]j]0 0 1 10111 2
001 1(01 1 0[O0 0 1 0J0101 3
01o00f01 110 1 1 0(010O0 4
0101(1 000(0 1 1 1|1 100 5
01 10(1 001j0 1 0 11 101 6
011 1(1010(0 1 O OJ1 111 7
10001 01 1]1 1 O 01 110 8
1 00 1f1 1 00]1 1 0 11010 9

Do viéc xuét hién s6 BCD nén c6 hai cach nhap dit liéu vao may tinh: nhap sb
nhi phan, nhap bang ma BCD.

bé nhap s6 BCD thap phan hai chit s6 thi may tinh chia s6 thap phan thanh
cac décac va mdi décac duoc biéu dién bang sé BCD tuong tng.

Vi dy: 11 (thap phan) co6 thé dugc nhip vao may tinh theo 2 cach:

- S6 nhj phan: 1011

- Ma BCD : 0001 0001

2.2.2.2. Ma Gray

Ma Gray hay con goi 1a ma cach khoang don vi.

Néu quan sat thong tin ra tir mot may dém dang dém cac sy kién ting dan
tung don vi, ta s€ dugc cac s6 nhi phan dan dan thay ddi. Tai thoi diém dang
quan sat co thé co nhu:ng 161 rat quan trong. Vi du gitra hai sd 7(0111) va 8
(1000), tat ca cac phan tir nhi phan déu phai thay d6i trong qua trinh dém. Thuc
té, su giao hoan nay khong bat budc xay ra dong thoi, ta c6 thé c6 cac trang thai
lién tiép sau: 0111 — 0110 — 0100 — 0000 — 1000

Trong mot quan sat ngin céc két qua thay duoc khac nhau.

Pé tranh hién tugng nay, nguoi ta can ma hoa mdi s6 hang sao cho hai s6 lién
tiép nhau chi khac nhau mot phan tir nhi phan (1 bit) goi 14 mi cach khoéng
don vi hay ma Gray.

Tinh ké nhau cua cac t6 hop mi Gray (tc cac ma lién tiép chi khac nhau mot
bit) duoc dung rat c6 hiéu qua dé rit gon ham logic toi mirc toi gian.

~Ngoai ra, ma Gray con dugc goi la ma phan chiéu (do tinh d6i xing cla cac
sO hang trong tap hop ma, gidng nhu phan chiéu qua guong)

Nguoi ta c6 thé thiét lap ma Gray bang cach dya vao tinh di xtng nay: 1
n+

- Gia sur ta dd c6 tap hop 2 tlr md ctia s6 n bit thi c6 thé suy ra tdp hop 2 tir
ma ctia s6 (n+1) bit bang cach:

4 n 4
- Viétra 2 tir ma theo thir tu tir nhd dén 16n



- Thém s6 0 vao trude tit ca cac tir ma da c6 dé duge mot phan cua tap hop tir
ma mai

- Phan thir hai cta tdp hop gdm cac tir ma giong nhu phan thir nhat nhung
trinh bay theo thir tu nguoc lai (giéng nhu phan chiéu qua guong) va phia trudc
thém vao s6 1 thay visé 0

nel Q 0¥l
1 1 1
' ' '
T . '
1 ' !
' ' '
fox 27 0 oy 27
— s .
n bt ~ 1 tr 2
Gueng 7 ' :
phanchién L :

n+1 bt
Pé thiét 1ap ma Gray ctia s6 nhiéu bit ta ¢ thé thyc hién cac budc lién tiép tir
tap hop dau tién cua s6 mot bit (gdm hai bit 0, 1).
Duéi day 1a cac budc tao mad Gray cua sd 4 bit. Cot bén phai cua bang ma 4
bit cho gia tri trong duong trong hé thap phan cua ma Gray tuong trng (H 1.3).

Tr1 thap
phan
tweong
. duong
0 0 0 0 0 0 000 —0
1 01 — 3 00 0 001 51
E— 0
P 1
1 1 1 | 0 1 0 011 —2
bit 1 0o | 0 1 _ 0 010 —3
> 1
2 bi | 1 1 | 0 110 —4
t _ s 1 0 | 0 111 — 5
1
10 | 0101 6
11 | 0:100: 57
0 | :
. 0 L :
3 b1 | 1 100 -8
t | 1 101 o9
| 1 111 10
_ 1 110 —11
1 010 —12
1 011 513
1 001 > 14
1 000 15
4 it

Nhan xét cic bang mi cta cac sd Gray (1 bit, 2 bit, 3 bit va 4 bit) ta thdy cac
sO gan nhau luén ludon khac nhau mdt bit, ngoai ra, trong tung bd ma, cac s6 doi
xtrng nhau qua guong ciling khac nhau mot bit.



3. Thue hién cac phép tinh va chuyén déi ma
Muc tieu:
- Trinh bay dwoc cac phép tinh nhi phdn
- Chuyén doi qua lai dwoc mot 56 hé ma thong dung.

3.1. Céac phép tinh trong k¥ thuat sd.

3.1.1. Céc phép tinh trén sb nhj phan:

a. Phép cong

Pé cong hai s6 nhi phan nguoi ta dua trén quy tic cong nhu sau:

0+0=0nh60; O0+1=1nh60; 1+0=1nh60; 1+1=0nho1l

Vi du:

3 = S6 nhij phan 0011

+ +

2 = S nhi phan 0010

5 0101 — S6 thap phan: 5
b. Phép tru

Pé trir hai s6 nhi phan ngudi ta dua trén quy tic trir nhu sau:
0-0 = 0 mugn 0
0-1=1muon I

1-0 = 1 mugn 0
1-1 =0 mugn0
Vidg: 7 - Oll1
5 - 0101
2 > 0010 =1.22402'+12°=2
c. Pheép nhan ,
D¢ nhan hai s6 nhi phan nguoi ta dua trén quy tac nhan nhu sau:
0.0 =0
0.1 =0
1.0 =0
1.1 =1
Vi du: 7 ~ 0111
= - 0101
35 Ol111
0000
0111
0000

0100011 =1.2° + 1.2'+1.2°=35

d. Phép chia



Pé chia hai s6 nhi phan nguoi ta dua trén quy tic chia nhu sau:

0:0=0
1:1=1
Vidg: 105 1010 [ 101
2 10010 =2
00
0

3.1.2. Céc phép tinh trén sé BCD:

a. Phép cong

S thap phan 1a 128 thi:

- Sb nhj phan 1a: 10000000

- S6 BCD 1a: 0001 0010 1000

Do s6 BCD chi c6 tir 0 dén 9 nén ddi v6i nhitng s6 thap phan 16n hon, nd chia
s6 thap phan thanh nhiéu dé - cic, mdi dé - cac duoc biéu dién bang sé BCD
tuong Ung.

.5~ o101 L7 ol
"3 5 o011 55 0101
8 1000 12 _ 1100
S6 hiéu chinh——» 0110
0001 0010
1 2
b. Phép tru

Co thé tién hanh tru tryc tiép tung dé - cac theo nguyén tac trir sO nhi
phéan, hodc cong lan lugt so bi trir vai sé bu 1 va bu 2 cua so trr.

A-B A+Bul;2

7 > 0111 0111

i ) + ‘ o

i - 0101 1010 *— Bulcua$s
2 0010 10001

1 .
. \) 9 ? ;
0010 Bu 2 cua 3

Bu 1 1a bit 0 thanh 1, bit 1 thanh 0.
Bu2labul cong thém 1.

3.2. Chuyén d6i gitra cac hé ma thong dung.
3.2.1. Chuyén mia BCD 8421 sang mi Gray:

Pé chuyén ma BCD 8421 sang ma Gray ngudi ta thuc hién bang cach: cac
bit 0, 1 dmg sau bit 0 (6 md BCD 8421) khi chuyén sang mi Gray thi duoc gitr
nguyén; con cac bit 0, 1 dimg sau bit 1 (& ma BCD 8421) khi chuyén sang ma
Gray thi dugc dao nguoc lai, nghia la tir bit 1 thanh bit 0 va bit 0 thanh bit 1.

C6 thé thay quy luat chuyén d6i nhu trén bang 1.4 muyc 2.2.2.1.



Ma BCD 8421 Ma Gray
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 1 0
0 1 0 1 0 1 1 1
0 1 1 0 0 1 0 1
0 1 1 1 0 1 0 0
1 0 0 0 1 1 0 0
1 0 0 1 1 1 0 1

3.2.2. Chuyén mi Gray sang mi BCD 8421:

Pé chuyén mi Gray sang ma BCD 8421 ngudi ta thyc hién bang cach: cac
bit 0, 1 dtng ngay sau bit 0 (& ma Gray) khi chuyén sang ma BCD 8421 thi
dugc gitr nguyén; con cac bit 0, 1 dimg ngay sau bit 1 (& md Gray) khi chuyén
sang md BCD 8421 thi dugc ddo nguoc lai, nghia la tir bit 1 thanh bit 0 va bit 0
thanh bit 1; cac bit ké tiép 1ay gia tri bit ngay trude d6 lam co s& dé chuyén doi.

Vi du: Ma Gray c6 gia tri la 0111; khi chuyén sang ma BCD 8421 thi bit
thr 2 gilt nguyén 1a 1; bit thir 3 vi sau bit 1 nén ddo thanh 0; bit thir 4 vi ding
sau bit 3 da dao thanh 0 nén gitr nguyén gia tri 1a 1; két qua cho ta ma BCD

8421 cua sb di cho 12 0101.

Tuwong ty: 1110 — 1011; 1111 — 1010 ...

3.2.3. Mach nhan dang s6 BCD 8421:

H o

aw.——

-

a, ¢

Mgych nhin
dang 36 BCD

+y=1-—> aaaa khong phai s6 BCD 8421

ty=0—aaaal s6 BCD 8421
Nghia la: Pé nhan dang mdt s6 nhi phan 4 bit’ khéng phéirlél mot s6 BCD
8421 thi dau ra y = 1. Tir boAng ma BCD 8421 ta thay: Néu la s6 BCD 8421 thi
khi bit a, bang 1, bit a hodc a, khong thé bang 1. Vi vay khi bit a, bang 1 va bit
a hodc a, bang 1 thi s da cho khong phai 1a s6 BCD 8421. Tir dé:

Ham s6 logic: y=az (a; + a; ) = aza; + az ay

So d6 logic thuc hi¢n:




4. Pai 50 logic
Muc tieu:

Trinh bay duoc cac ham logic co ban, cac phuong phap biéu dién ham
logic; t6i gian (to1 thiéu 'hoa) duge cac ham logic khong qua phuc tap.
4.1. Khai niém vé dai sé logic
4.1.1. Khai niém:

Trong mach s6, cac tin hiéu thuong cho ¢ hai muc dién &p 0 V va 5 V.
Nhirng linh kién dién tir dung trong mach s 1am viéc & ché d6 khoa; nghia 1a
chung chi 6 mot trong hai trang thai (tat hodc thong).

Do vay dé md ta mach sb nguoi ta dung hé nhi phan (Binary). Hai trang
thai trong mach dugc ma hoé tuong tng 1a "1" hoac "0". H¢ nhi phan thé hién
duogc trang thai vat 1y ma hé thap phan khong thé hién dugc.

Pai s6 Bun (Boole) nghién ctru mbi lién hé (cac phép tinh co ban) gitra
céc bién trang thai (bién logic) chi nhan mot trong hai gia tri "0" hodc"1" va
két qua nghién ctru 1a mot ham trang thai (ham logic) ciing chi nhan gia tri "0"
hoac"1".

Mon dai s6 mang tén ngudi sang 1ap ra nd - Pai s6 Bun (Boole) con dugc
goi 1a dai s6 logic.

4.1.2. M6t s dinh nghia:

- Bién logic: Pai lugng biéu dién bang ky hiéu nao d6 chi lay gia tri "1"
hoac "0".

- Ham logic: Biéu dién nhom cac bién logic lién hé voi nhau thong qua
cac phép toan logic, mot ham logic cho du la don gidn hay phtrc tap cling chi
nhén gia tri hodc 1a "1" hodc 1a "0".

4.1.3 Cac phép toan co ban cua dai s6 Bun

Boi vi cac dai lugng chi c6 hai trang thai nén dai 5O Bun rat khac dai sé
thuong va dé tinh toan hon. O dai s6 Bun khong co6 phan s6, sO thip phan, sd 4o,
sd phtic, cin s6... ma chi thyc hién chi yéu 3 phép tinh toan co ban sau:

* Phép OR (Hoac; cong)

* Phép AND (Va; nhan)

* Phép phtu dinh NOT
Céc phép tinh trén ap dung cho logic 0 va 1.

4.2. Cac ham logic co ban
4.2.1. Him NOT (dao, bu): Y=A4

Béang su that

A Y=14
]
] 0




4.2.2. Ham AND [tich logic, toan tir (.)] : Y=A.B
Béang su that

A

—_—— OO
=l i k=] lvs}

— OO |O

Nhdn xét: Tinh chit ctia hAm AND c6 thé duoc phat biéu nhu sau:

- Ham AND ciia 2 (hay nhiéu) bién chi c¢6 gia tri 1 khi tat ca cac bién déu bang
1. Hoac:

- Ham AND cta 2 (hay nhiéu) bién c6 gia tri 0 khi c¢6 mot bién bang 0.

4.2.3. Him OR [tong logic, toantir (+)]: Y =A+B

Béang su that

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

Nhdn xét: Tinh chét ciia ham OR c¢6 thé duoc phat biéu nhu sau:

- Ham OR cuia 2 (hay nhiéu) bién chi co gié tri 0 khi tit ca cac bién déu bang 0.
Hoac:

- Ham OR cuia 2 (hay nhiéu) bién c6 gia tri 1 khi c¢6 mot bién bang 1.

4.2.4.Ham EX-OR (OR loai trur) Y=ADB

Béang su that

A B Y=ADB
0 0 0
0 1 1
1 0 1
1 1 0

Nhan xét: Mot s6 tinh chat cua ham EX - OR:

- Ham EX - OR ciia 2 bién chi c¢6 gia tri 1 khi hai bién khac nhau va nguoc lai.
Tinh chit nay dugc dung dé so sanh 2 bién.

- Ham EX - OR ctia 2 bién cho phép thuc hién cOng hai s6 nhi phan 1 bit ma
khong quan tim t6i s nho.

- Tir két qua cia ham EX-OR 2 bién ta suy ra bang su that cho ham 3 bién
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Trong truong hop 3 bién (va suy rong ra cho nhiéu bién), ham EX - OR
co gia tri 1 khi s6 bién bang 1 1a s6 1é. Tinh chat nay duoc dung dé nhan dang
mot chuoi dit liéu c6 sO bit 1 1a chan hay 1€ trong thiét ké mach phat chan 1¢.

4.2.5. Tinh chét cua cac ham logic co ban:
4.2.5.1. Tinh chit co ban:

— C6 mot phan tir trung tinh duy nhit cho mdi toan tir (+) va (.):
A+0=A;0la phan tur trung tinh cua ham OR
A.1l=A ; 1 1a phan tir trung tinh ctia ham AND
- Tinh giao hoan:
A+B=B+AA.
B=B.A
- Tinh phéi hop:
(A+B)+C=A+B+C)=A+B+C
(A.B).C =A.B.C) =A.B.C
- Tinh phan bé:
+ Phan bo 601 vo1 phép nhan: A.(B+C)=A.B+A.C
+ Phan bd ddi v6i phép cong: A+ (B.C)=(A+B).(A+C)
Phén bd ddi v6i phép cong 13 mot tinh chét dic biét ciia phép toan logic
- Khéng c6 phép tinh lily thira va thira sd:

A+A+..... +A=A.A ........ A=A
- Tinh bu:
A=A
A+ A=1
AA=0

4.2.5.2. Tinh song ddi (duality):

Tat ca biéu thuc logic van dung khi thay phép toan (+) boi phep (.) va
0 boi 1 hay nguoc lai. Diéu nay co6 thé chirng minh dé dang cho tat ca biéu thirc
O trén.
Vidu: A+B=B+A < AB=BA
A+ AB=A+B © A (A+B)=A.B
A+1=1 < A0=0



4.2.5.3. Binh Iy De Morgan q q
Dinh ly De Morgan dugc phat biéu boi hai biéu thire:

A+B+C=A.B.C
ABC=A+B +¢C

Pinh Iy De Morgan cho phép bién d6i qua lai giita hai phép cong va nhan

nho vao phép dao.

Dinh ly De Morgan duoc ching minh bang cach lap bang su that cho tat
ca truong hop co thé c6 cua cac bién A, B, C vdi cac ham AND, OR va NOT
cua chung.

Pinh 1y De Morgan cho thiy cic ham logic khong doc lap véi nhau,
chung c6 thé bién d6i qua lai, su bién d6i ndy cin cé su tham gia cia ham
NOT. Két qua 1a ta co thé dung ham (AND va NOT) hodc (OR va NOT) dé
dién ta tat ca cac ham.

Vi du:

Cho ham s6: Y=AB+ BC+A.C

- Chi dung ham AND va NOT d¢é dién ta ham d4 cho.

Chi can d4do ham Y hai l4n, ta dugc két qua:

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

- Néu chi dung ham OR va NOT gé dién t3 ham trén 1am nhu sau:

Y=AB+B.C+A.C=A+B+B+C+ A+ C

4.3. Biéu dién ham logic

Quy wée: Khi nghién ctiru mot hé thong logic, can xac dinh qui udc
logic. Qui udc nay khong dugc thay do6i trong sudt qua trinh nghién ciru.
Nguoi ta dung 2 muc dién thé thap va cao dé gan cho 2 trang thai logic 1 va 0.
Qui udc logic dwong gan dién thé thip cho logic 0 va dién thé cao cho logic 1.
Qui udce logic am thi nguoc lai.

Trén thuc té thong thudng chi str dung Logic dwong.

Ham logic thuong duoc biéu dién dudi cac dang sau:
4.3.1. Gian d6 Venn

Con goi la gian dd Euler, dic biét dung trong 1anh vuc tap hop. Mdi bién

logic chia khong gian ra 2 ving khong gian con, mot ving trong d6 gia tri bién
1a dung (hay=1), va ving con lai 14 viing phu trong d6 gié tri bién 14 sai (hay=0).
Vi du: Phin giao nhau ctia hai tdp hop con A va B (gach chéo) biéu dién tap hop
trong d6 A va B la dang (A AND B).




4.3.2. Bang sy that (Bang chan 1Y)

Néu ham c¢6 n bién, bang sy that ¢6 n+1 cot va 2™ + 1 hang. Hang dau tién
chi tén bién va ham, cic hang con lai trinh bay cac to hop cta n bién trong 2™ 6
hop co thé co. Cac cot dau ghi gia tri cua bién, cot cudi cung ghi gia tri cua

ham tuong tmg véi t6 hop bién trén cing hang (goi 14 tri riéng cua ham).
Vidu: Ham OR cua 2 bién A, B: f(A,B) = (A OR B) c6 bang su that tuong ung.

A B __[f(A.B)=A ORB
0 0 0
0 | 1
1 0 1
1 1 1

4.3.3. Bang (Bia) Cac - n6 (Céc - nd)

Pay la cach biéu dién khac ctia bang su that trong d6 mdi hang cua bang su
that dugc thay thé boi mot 6 ma toa dd (gdm hang va cot) xac dinh boi to hop da
cho cta bién.

Béang Cac - n6 cia n bién gém 21 5. Gia tri cia ham duoc ghi tai mdi 6 cia
bang. Bang Cac - nd rat thuan tién dé don gian ham logic bang cach nhom cac 6
lai vé1 nhau.

Vi du: Haim OR ¢ trén duoc dién ta bdi bang Cac - nd sau day

A\B 0 1
o0 1
1 1 1

4.3.4. Gian db thoi gian:

Dung dé dién td quan hé giita cic ham va bién theo thoi gian, dong

tho1 vo1 quan hé logic.

Vi du: Gian d6 thoi gian ciia ham OR cua 2 bién A va B, tai nhiing thoi
diém c6 mot (hoac 2) bién co gia tri 1 thi ham c6 tri 1 va ham chi ¢6 tr1 0 tai
nhiing thoi diém ma ca 2 bién déu bang 0.

At

-

4.4. T6i gian (t6i thiéu hoa) ham logic



Pé thyc hién mot ham logic bﬁng mach dién tu, nguoi ta luén luon nghi
dén viéc st dung luong linh kién it nhét. Mudn vay, ham logic phai ¢ dang tdi
gian, nén van dé rat gon ham logic 1a bwéc dau tién phai thwe hién trong qua
trinh thiét ké. C6 3 phuong phap rat gon ham logic:

- Phuong phap dai sd

- Phuong phap dung bang Cac - n6

- Phuong phap Quine Mc. Cluskey

Trong ndi dung gido trinh nay chiing ta s& xét 2 phuong phap thong dung 1a
phuong phap dai s6 va phuong phap ding bang Céc - nd.

4.4.1 Cac phuong phép toi gian ham logic
4.4.1.1. Phuong phap dai s6

Phuong phap nay bao gdm viéc ap dung cac tinh chat ctia ham logic
co ban. Mot sé dang thic thuong str dung duoc nhom lai nhu sau:

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

Chtng minh cac dang thic 1, 2, 3:

(1) AB+AB= B(A+A)—B 1=8B

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

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

Céc dang thuce (17), (27), (3”) la song d61 cua (1), (2), (3).

Cic qui tac rit gon:

- Qui tic 1: Nho cac déng thie trén nhom céac sd hang lai.
Vi du: Rut gon biéu thic: ABC + ABC + ABCD
Theo (1) ABC + ABC = AB
Vay ABC + ABC + ABCD = AB + ABCD = A(B+ B(CD)
Theo(3) B + BCD = B + CD
Va két qua cudi cung: ABC + ABC + ABCD = A(B + CD)

- Qui tiic 2: Ta co6 thé thém mot sd hang da c6 trong biéu thirc logic

vao biéu thirc ma khong lam thay d6i biéu thic.
Vi du: Rut gon biéu thic: ABC + ABC + ABC + ABC
Thém ABC vao dé duoc:
(ABC + ABC) + (ABC + ABC) + (ABC + ABC)
Theo (1) cac nhém trong ddu ngodc rat gon thanh: BC + AC + AB
Vay:

ABC + ABC + ABC + ABC=BC+AC+ AB

- Qui tic 3: C6 thé bo s6 hang chira cac bién d3 c6 trong sd hang khac
Vidu 1: Rut gon biéuthuc: AB + B C + AC
Bi€u thic khong do61 néu ta nhan mot s6 hang trong biéu thirc véi 1, vi



du (B + B): AB + BC + AC =AB + BC + (B+ B)AC
Trién khai s6 hang cudi ciing ciia vé phai, ta duoc:
AB + BC +ABC + ABC
Thira s6 chung: AB(1+C) + BC(1+A) = AB + BC
Téomlai: AB + BC + AC = AB + BC.
Trong bai ton nay ta di don gian duoc sé hang AC.

Vidu 2: Rut gonb1eu thire: (A + B). (B + ). “a+0
Biéu thuc khong d6i néu ta thém vao mot thira sd bat ky mot s6 c6 gia tri biang
0, vi du B. B:

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

= (A+B).(B+C).(A+ B +0C).(A+B+0)
Theo (2°) (A+B).(A +B+C)= (A+B)va (B +C).(A +B+C) = (B + ()
Vay: (A+B).(B+C).(A+C)=A+B).(B+0)
Trong bai toan ndy ta da bo dugc thira sé (A+C)

4.4.1.2. Dung bang Cac - n6

Dung bang Cac - nd cho phép rit gon dé dang cac ham logic chira tir 3 t4i 6
bién.
a. Nguyén tic
Xét hai to hop bién AB va A B, hai t6 hop nay chi khic nhau mét bit,
ta goi chung 14 hai to hop ké nhau.
Ta co: AB + AB =A, bién B di dugc don gian .
Phuong phap ctia bang Céc - nd dya vao viéc nhom cac té hop ké nhau
trén bang dé don gian bién c6 gia tri khac nhau trong cac t6 hop nay.
Cong viée rut gon ham dugc thuc hién theo bon bude:
~ V& bang Cac - no theo s6 bién ctia ham
~ Chuyén ham can don gian vao bang Céc - nd
— Gom céac 6 chira cc t6 hop ké nhau lai thanh cic nhom sao cho c6 thé
rit gon ham t&i muc tdi gian
- Viét két qua ham rat gon tir cac nhom da gom duoc.

b. V€ bang Cac - no

Béang Cac - n0 thuc chit 1a mot dang khéc cua bang su that, trong do
moi 0 cua bang tuong duong vo1 mot hang trong bang su that.

D¢ vé bang Cac - n6 cho n bi€n, nguoi ta chia s6 bi€n ra lam do6i, phan
nira dung dé tao 12 cOt, phan nura con lai tao 12 hang (néu n 1a s 1é,
nguoi ta cd thé cho s6 luong bién trén cot 1o6n hon s6 lugng bién cho hang
hay nguoc lai cling dugc). Nhu vdy, vo1 mot ham c6 n bién, bang Cac - no
gom 2™ 6, mdi 6 twong ung véi td hop bién nay. Cac 6 trong bang dugc sap
dat sao cho hai 6 ké nhau chi khac nhau mgt don vi nhi phan (khac nhau



mot bit), diéu nay cho thiy rat thuan tién néu chung ta dung ma Gray. Chinh
su sap dat nay cho phép ta don gian bang cach nhom cac 6 ké nhau lai.

Vi 2 bién AB, sy sip dat s& theo thu ty: AB = 00, 01, 11, 10 (day la
thir ty ma3 Gray, nhung dé cho da ta dung s nhi phan tuong Gmg dé doc thu tu
nay: 0, 1, 3, 2).

Vi du : Bang Cac - nd cho ham 3 bién (A = MSB, va C = LSB)

C
AB 0 1
BC
—
AN 00 01 11 10 00 0}1
» \
Ol of 4 3| l2 o1 | (2 3
f
4 7
Woal s A s 11 %W?
10 _’—_}
N

YGi 3 bién ABC, ta duogc: ABC = 000, 001, 011, 010, 110, 111, 101,
100 (s6 nhi phan twong ng: 0, 1, 3,2, 6,7, 5, 4)

Luuylataco the thiét 1ap bang Céc - nd theo chiéu naim ngang hay theo chiéu
dang. Do cac to hop & cac bia trai va phai ké nhau nén ta c6 thé coi bang
c6 dang hinh try thing dimg va cac to hop ¢ bia trén va dudi ciing ké nhau
nén ta cé thé coi bang c6 dang hinh try truc nam ngang. Va 4 t6 hop bién ¢ 4
goc ciing 1a cac to hop ké nhau.

Hinh duéi 13 bang Cac - nd cho 4 bién.

cD
AB 00 01 11 10

00 0 :1 3 12

01_{4 :5 = = 0/1/3/2

| s = 18l Jas 142 4|5|7|8plo

S o : AR 7 7

¢. Chuyén ham logic vao bang Cic - né.

Trong mdi 6 ciia bang ta dwa vao gia tri ctia ham tuong tng véi té hop bién,
dé don gian chung ta c6 thé chi ghi cac tri 1 ma bo qua cac tri 0 cia ham. Ta
co cac truong hop sau:

Tir ham viét dwéi dang tong chuén:



Thidu1:f(A,B,C)= A.B.C+ A.B.C+AB.C

fia,B.C) = ABC+ABC+ABC

A\ BC |BC BC| BC
00 Y01 11 10
N Y
B 1
AD o 11 3l 2
1
A1 4 5 "7 8
\_/

(H2.5)

¢ Néu ham khong phai la dang chuin, ta phai dua vé dang chuan banc7 cach thém vao
cac so hang sao cho ham van khdong doi nhung cac s6 hang chtra du cac bién.

Thlng.‘ Y= ABC%ABD +ABC+AC‘D
Ham nay gom 4 bién, nén dé dua vé dang tong chuan ta lam nhu sau:

Y = ABC(D+D)+ ABD (C+C) + ABC(D+D) + ACD(B+B)
Y= ABCD+ ABCD+ABCD+ABCD+ABCD+ABCD +ABCD+ABCD
Va Ham Y dugc dua vao bang Cac - n6 nhu sau:

CD TD TD ¢D c¢b
AB 00 01 11 10

AB 00

AB 01 1|1
AB11| 1 [ 1 1
AB 10 1111

- Tir dang so thir nhat, véi cac trong luong twong ting A=4, B=2,C=1
Vidu 3 : f(A,B,C) = 2(1,3,7). Ham sé s& 1ay gia tri 1 trong cac 6 1,3 va 7.

— Tir dang tich chuin: Ta ldy ham dao dé c6 dang tong chuan va ghi tri 0
vao cac 0 tuong tng vai to hop bién trong tong chuan nay. Cac 6 con lai chira
sO 1.

Vidu4:
Y = f(A4,B,0)
= (A+B+C).(A+ B +C).(A+B+C).(A+B+ C).(A+ B+0

Yy =4A.B.C+ A.B.C + AB.C + AB.C + AB.C
Va bang Cac - n6 tuong ing : o

A B Bc BC BC
00 01 11 10
Y 111 | o
A0 O Ty a0,
0 1 0
A1 J % '




- Tir dang so thir hai:
Vidu5: f(A,B,C) = £(0,2,4,5,6)

Ham sé léy cactri 0 § cac 6 0, 2, 4, 5, 6. Di nhién 1a ta phai ghi cac gia tri 1
trong cac 6 con lai (hinh v€ trén).

4.4.2 Bai tap ung dung
Bai 1:
Cho ham logic F(A, B, C) thoa tinh chit: F(A,B,C) = 1 néu c6 mot va chi
mdt bién bang 1.

a- Lap bang su that cho ham F.

b- Rut gon ham F.

c- Dién t3 ham F chi dung ham AND va NOT.

Giai

a. Dua vao diéu kién cta bai toan ta c6 bang su that cua ham F:

A B C_[F(A.B.C)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0

b. Rt gon ham F bang bang Cac - nd:
Bang Cac - no:
BC
AN 00 01 11 10

of @ |®
1@

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

c. Dién ta ham F chi dung ham AND va NOT:
Dung dinh ly De Morgan, lay ddo 2 1an ham F:

F(AB.C)=FABC=A4.BC+ABC+ABC=AB.CABCAB.C

Bai 2:
Cho ham logic F(A, B, C, D) thoa tinh chat: F(A,B,C,D) = 1 khi c6 it nhat
3 biénbang 1.

a- Rut gon ham F.

b- Dién t3 ham F chi dung ham OR va NOT



Giai:

a- Rut gon ham F
Ta c6 thé dua ham vao trong bang Cac - nd ma khong can v€ bang su that.
Ta dua s6 1 vao tat ca cac 6 co chtra 3 tri 1 cta cac bién tro 1€n

cD
ABN_ 00 01 11 10
00
N
01 1
11 (1 [(1]] 1)
10 1

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

b- Dién ta ham F chi dung ham OR va NOT
Dung dinh 1y De Morgan cho timg s hang trong tong
Viét lai ham F:
F(A,B,C,D) = ABC + ABD + ACD + BCD

F(AB,CLD)=A+ B+ C+ A+ B+ D+ A+ C+D+B+C+ D
BAI TAP

1. D6i cac s thap phan dudi ddy sang hé nhi phan va hé thap luc phan:
12; 24; 192; 2079; 15492; 0,25; 0,375; 0,376; 17,150; 192,1875
2. P6i sang hé thap phan va md BCD cac sd nhj phan sau day:
1011; 10110; 101,1; 0,1101; 0,001; 110,01; 1011011; 10101101011
3. DBoi cac s6 thap luc phan dudi ddy sang hé 10 va hé 8:
FF; 1A; 789; 0,13; ABCD,EF
4. P6i cac sd nhi phan dudi day sang hé 8 va hé 16:
a/ 111001001,001110001
b/ 10101110001,00011010101
¢/1010101011001100,1010110010101
d/1111011100001,01010111001
5. Ma hoa sb thap phan dudi ¢y dung ma BCD:
12; 192; 2079; 15436; 0,375; 17,250
6. Dién ta mdi ménh dé dudi day bang mot biéu thic logic:

a. Tét ca cac bién A,B,C,D déu bﬁng 1.

b. T4t ca céc bién A,B,C,D déu béng 0.

c. [t nhét 1 trong cac bién X, Y, Z, T bﬁng 1.

d. [t nhat 1 trong cac biénX,Y,Z, T bﬁng 0.

e. Cac bién A,B,C,D lan luot c6 gia tri 0, 1, 1, 0.



7. Tinh ddo cua cac ham sau:
a.f1 = (A+ B)(A + B)
b.f2=@A+B+C)B+C+D)A +C+ D)
c.f3=A(C + D)+ (A + C)(B + C + D)
d.f4 = (AB + C)(BC + D) + ABC + CD
e.f5 = A.B.C + A.B.C + A(B.C + B.C)
8. Chirng minh bang dai sé cac biéu thiic sau:
a. AB+ A.B=A.B+ A.B
b. AB+ A.C= (A+ C)(A+ B)
c. AC+ B.C=A.C+ B.C
d A+ BYA+ C)(B+ €)= (A+ B)Y(A+ 0)
LA+ OB+ 0= A+ 0B+ 0
9. Rut gon cac ham dudi day bang phuong phéap dai s6 (A = MSB)
a. f1 = ABC + ABC + ABCD
b. f2= (A+BC) + A (B + C)(AD +0)
c. f3=A+B+C).(A+B+C).(A+B+C).(A+B+ ()
d. f4(4,B,C,D) = 3(0,3,4,7,8,9,14,15)
e. f5 = AB + AC + BC
f. f6 =A@+ C)YB+O)(A+B)
10. Dung bang Cac - nd rut gon cac ham sau: (A = MSB)
a. f(A,B,C) = £(1,3,4)
b. f(A,B,C) =X (1,3,7)
c. f(A,B,C) =X (0,3,4,6,7)
d. flA,B,C) =2 (1,3,4) . Céc t6 hop bién 6,7 cho ham khong x4c dinh
e.f(A,B,C) = A.B.C + A.B.C + A.B.C + A.B.C
f. f(A,B,C.D)=X (5,7,13,15)
g. f(A,B,C,D) =X (0,4,8,12)
h. f(A,B,C,D) = X (0,2,8,10)
i. f(A,B,C,D)=1x(0,2,5,6,9,11,13,14)
j. flA,B,C,D)=1T1(0,1,5,9,10,15)
k. f(A,B,C,D) =1 (0,5,9,10) véi cac t6 hop bién (2,3,8,15) cho ham
khong xac dinh.
1. f{A,B,C,D,E)=X (2,7,9,11,12,13,15,18,22,24,25,27,28,29,31)
m. f(A,B,C,D.E) = X (0,2,8,10,13,15,16,18,24,25,26,29.31) v&i cac td hop
bién (7,9,14,30) cho ham khong xac dinh
n. f(A,B,C,D,E.F) =
2 (2,3,6,7,8,9,12,13,14,17,24,25,28,29,30,40,41,44,45,46,56,57,59,60,61,63)
o. f(A,B,C,D,E.F) =
> (9,11,13,15,16,18,20,22,25,27,29,31,32,34,36,38,41,43,45,47,48,50,52,54)

o



‘ BAI 2
CAC PHAN TU LOGIC CO BAN
M3 bai: MD26.02

Gioi thi€u:

Cong logic 1a tén goi chung cua cac mach dién tir c6 chirc ning thyc hién
cac ham logic. Cong logic ¢ thé dugc ché tao bang cac cong nghé khac nhau
(Ludng cuc, MOS), c¢6 thé dugc to hop bang cac linh kién rdi nhung thudng
dugc ché tao boi cong nghé tich hop IC (Integrated circuit).

Bai hoc nay gioi thiéu cac loai cong co ban, mot s6 tng dyung cua cic
cong logic co ban va lip rap, can chinh mot s6 mach logic co ban thong dung.

Muc tiéu:

- Trinh bay dugc ciu tao, nguyén 1y hoat dong cuia cac cong logic co ban
- Trinh bay duogc cac ing dung cua cong logic co ban.

- LAp rap va can chinh duoc cac mach dung cong logic co ban

- Chu dong, sang tao va ddm bdo an toan trong qua trinh lam viéc.

N0i dung chinh:

1. Cac cong logic co bin
Muc tieu:

Trinh bay dugc biéu thic logic, bang sy that va ky hiéu cua cac cong
logic co ban.

1.1. Cong AND

- Dung thyc hién ham AND 2 hay nhiéu bién.

- Coéng AND c¢6 sd dau vao tuy thudc sb bién va mot dau ra. Pau ra cua cong
la ham AND cua cac biér} dau vao. )

- Ky hi€u cong AND 2 dau vao cho 2 bién

s e ‘“"—_Diu A w=i
B

B=0 B=1
(a) (b)
A | B] Y=AB A Bl Y=AB
O 0, O Hoac x 0] O
0 1.0 x 1] A
L . 0 O
] ] ]

Nhan xét:
- Pau ra cong AND chi & mtrc cao khi tat ca dau vao 1én mirc cao.
- Khi c6 mot dau vao = 0, dau ra = 0 bat chap cac dau vao con lai.



- Khi ¢6 mot dau vao =1, ddu ra = AND cuia cac dau vao con lai.

Vay voi cong AND 2 dau vao ta c6 thé dung 1 dau vao lam dau kiém
soat, khi dau kiém soat = 1, cdng mé cho phép tin hiéu logic & dau vao con lai
qua cong va khi ddu kiém soat = 0, cong déng , dau ra luon bang 0, bat chap dau
vao con lai.

Vi cong AND c6 nhiéu dau vao hon, khi c6 mot dau vao duoc dua 1én
murc cao thi ddu ra baing AND cuia cac bién & cac dau vao con lai.

Hinh du6i ddy 1 gian do thoi gian cua cong AND hai dau vao. Trén gian do,
dau ra Y chi 1én mirc 1 khi ca A va B déu & mic 1.

1 =
A _|

1.2. Cong OR

- Dung dé thuc hién ham OR 2 hay nhiéu bién.

- Cong OR ¢6 s6 dau vao tuy thudc sd bién va mot dau ra.
- Ky hiéu cong OR 2 dau vao

B=1 B=0
- Bang sy that
A B Y=sA+B A| B Y5A+B
0 0 0 Hodc x| 1 1
0 1 1 x| 0 A
1 | 0] 1
1 1 1

Nhan xét:

- Pau ra cong OR chi & mirc thap khi ca 2 dau vao xudng murc thap.

- Khi ¢6 mot ddu vao =1, dau ra = 1 bat chip dau vao con lai.

- Khi ¢6 mdt dau vao =0, ddu ra = OR cac dau vao con lai.

Vay véi cong OR 2 dau vao ta c6 thé dung 1 dau vao lam dau kiém soat, khi
dau kiém soat = 0, cdng mé, cho phép tin hiéu logic & dau vao con lai qua cong
va khi dau kiém soat = 1, cong déng, dau ra ludn bang 1.

Voi céng OR nhiéu ddu vao hon, khi c6 mot dau vao duoc dua Xuéng murc
thdp thi dau ra bang OR cuia cac bién & cac dau vao con lai.

1.3. Cong NOT

- Con goi la cong dao (Inverter), dung dé thuc hién ham dao ¥ = 4
Cong NOT la cong logic c¢6 1 dau vao va mot dau ra, voi ky hiéu va bang trang



thai hoat dong nhu hinh vé:

Bang trang thai:

& = g

Cong dao gitt chirc ndng nhu mot cong dém, nhung nguoi ta goi la dém dao vi
tin hi€u dau ra ngugc pha vai tin hiéu dau vao.
Ghép hai cong dao ta dugce cong khong dao.

Sti dung 2 céng PAO tao ra cong DE:.\‘I

1.4. Cong NAND
- La ket hop cua cong AND va cong NOT, thyc hién ham ¥ = A.B

(O day chi xét cong NAND 2 dau vao, truong hop nhiéu dau vao ta thay bang
ham nhiéu bién).

- Ky hiéu cua céng NAND (Gom AND va NOT, céng NOT thu gon lai mét
vong tron)

X,
i =
- X X ¥
0 0 1
0 1 1
1 0 1
1 1 0

Céng NAND: Ky hiéu, so dd logic tuong dueng va bang trang thai

- Tuong ty nhu cong AND, ¢ cong NAND ta co thé dung 1 dau vao lam dau
kiém soat. Khi dau kiém soat = 1, cong m¢ cho phép tin hiéu logic ¢ dau vao
con lai qua cong va bi ddo, khi dau kiém soat = 0, cong dong, dau ra ludn bang
1.

- Khi ndi tit ca dau vao cua céng NAND lai v61 nhau, n6 hoat dong nhu mdt
cong dao



A v=1 A Y=A - y=h
=D S I S, i
B=0 B=1

1.5. Cong NOR

La sy két hop ctia cong OR va cong NOT, thyc hién hamY = A+ B
La cong thyc hién chirc ndng cua phép toan cong ddo logic, 1a cong co6 2, dau
vao va 1 dau ra co6 ky hi¢u nhu hinh vé:

X,
} x.
z

X5
- .\:

Ky hiéu Chau Au Ky hi¢u theo M¥, Nhat, Uc

Béng trang thai mo ta hoat dong ciia cong NOR:

~|o |~ |o |

O 0|0 |~ |«

Xét truong hop tong quat cho cong NOR c¢6 n dau vao:

xﬂ

Vay dic diém cua céng NOR 1a: Tin hiéu dau ra chi bﬁng 1 khi tit ca cac
dau vao déu bang 0, tin hi¢u dau ra s€ bang 0 khi c¢6 it nhat 1 dau vao bang 1.

1.6. Cong XOR (Cong EX-OR)
- Dung dé thyc hién ham EX-OR:Y = A @ B = AB + AB

- Cong EX-OR chi ¢6 2 dau vao va 1 dau ra. Ky hiéu va bang trang thai 1am viéc

nhu ¢ hinh (a).

X X,

X\ = 0
—D—
|

—t | | = [

y
0
1
1
0

(a)



- Mot tinh chét rat quan trong cua cong EX-OR:
+ Tuong duong voi mot cong dao khi co mot dau vao n01 1én mirc cao, (H.b)
+ Tuong duong v6i mot cong dém khi c6 mot dau vao ndi xudng muc thap, (He)

+ 7
) (b) (c)

2. Mot s0 wrng dung cong logic co' ban
Muc tieu:

Trinh bay dugc mot sé Gmg dung co ban cta cac cong logic da hoc; trén
co s& d6 xay dung duge mot sb so dd tmg dung thong dung khéc.
2.1 Mach tao xung vudng ding cic cong NOT, NAND cuia IC 4049 va 7400.
2.1.1. Mach tao xung vuong trén 1C 4049
Thuc hién v€ mach nhu hinh sau béng cach str dung:

-2 ¢6ng NOT trén IC 4049.

- Céc dién trd, bién tro, tu dién c6 gia tri nhu trén so d6 nguyén 1y.

- 1 LED chi thi.
So dd nguyén ly:

1k

c1
1uF D1
7 LED1

2.1.2. Mach tao xung vuong trén IC 7400.

Thuc hién v€ mach nhu hinh sau bﬁng céach str dung:
-2 ¢éng NAND trén IC 7400.
- Céc dién trd, bién tro, tu dién c6 gia tri nhu trén so d6 nguyén 1y.
- 2 LED chi thi.

So db nguyén ly:



R1 UlA

1k7 T N A
I +
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PL00uF
J‘ c2
R2 U1B g 00uF
4x7 T
—o N0 —4 @ \ 4
I
[ ]
R3
5k6

Mach c6 thé dugc md phong nho Circuitmaker hoac Proteur ...
2.2 Mach dém dén 8 dung IC 74164
Yéu cau cta bai ndy 13 sinh vién phai xem trudc phan 1y thuyét vé IC74164 (so
d6 chan va nguyén 1y hoat dong).
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+ o
ot
SZ7

3
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o

N
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LED5

10k 74F164
Dsa Q7
Dsb Q
o5k LED4

Cp 04

Y=
N
%)

555
Gnd Vcd A
Trg Dis
Out  Thr 100k MR Q27
Rst Ctlp ng——

°<} LED2
1k L

—— 103 ——10uF LED1
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LED3
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o
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-
o
T

7/ LED1
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1k

1

Sinh vién hiy v& mach dién theo so dd nguyén 1y, st dung:
- 1 IC 74164 [Digital by Number/74xxx/74164]
- 1 Mach tao xung [Dung IC 555]
- 1 “Inverter” [Digital/Buffer dén Inverter/ Inverter]
- 9 Logic Display [LED chi thi]
- Cac dién trd, bién tro, tu dién nhu trén so dd nguyén 1y.



Mach c6 thé dugc md phong nho Circuitmaker hoac Proteur ...

2.3 Mach dém dén 10 ding IC 4017 o
Yéu cau cua bai nay la sinh vién phai xem trude phan 1y thuyét veé 1C4017 (so
do chan va nguyén ly hoat dong).

4’“’ ~ LEDL0
2017 ———e——¢1ED9
_dol?
05 I N ) LEDS
o N
W
0§ X S } LED6
QY
—O|CP2 Q20-e @{CP0O Q34_ ~
Qe I—o-|>|-o—o LED4
Q0 N
40-D|-0—<DLED3
x
L o910
~
s oDe———9ren1
- [ ]

1k

Sinh vién hay dung v€ mach di¢n dung:

- 1 IC 4017 [Digital by Number/40xx/4017]

- 1 Mach tao xung [Instruments/Digital/Pulser] (p)

- 11 Logic Display [LED chi thi]

- Céc dién trg, bién trg, tu dién nhu trén so dd nguyén 1y (cho mach tao
xung vudng nhu trén).

Mach c6 thé dugc md phong nho Circuitmaker, Proteur hodc Orcad ...

3. Lip rap va can chinh mét s6 mach diung cong logic co ban
Muc tieu:

- Lap rap duoc mach dém 10 dung IC 4017 trén bo mach da ning hoic
mach in ché tao sin.

- Biét can chinh cac tham sd dé mach hoat dong theo yéu cau.

3.1 Lap mach dém 10 dung IC 4017
3.1.1 Gidi thiéu so d6 nguyén ly.

So dd nguyén ly nhu ¢ phan 2.3.
3.1.2 Vit tu can thiét:

Téng hop tir so d6 nguyén 1y.
3.1.3 Thyc hanh lap rap:
3.1.3.1 Lép trén bo mach da ning:



- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudce
khi dung lam phan tir két ndi trong mach.

- B6 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khéng chong chéo, dé
quan sat khi hi¢u chinh va stra chira.

- Mbi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, hé mach hoic cac 16i khac trudce khi cap ngudn va tin hiéu dem

- Mach phai hoat dong khi cip ngudn dung dinh murc va cip xung dém tir
mach phat xung dong hd bén ngoai.
3.1.3.2 La‘ip trén bo mach in chuin bi sén:

- Yéu cdu mach in chuén bj sin (theo cac phin mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so do lip rap thiét ké
(khong c6 doan bi dut).

- C6 so @6 lap rap kém theo.

- Khi ldp phéi cdm dung vi tri va chiéu cc linh kién theo ding so do lap
rap, mbi han phai ngau gon khong gay cham chép trén mach in.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, hé mach hoic cac 16i khac trudce khi cap ngudn va tin hiéu dem

- Mach phai hoat dong khi cip ngudn dung dinh murc va cip xung dém tir
mach phat xung dong hd bén ngoai.

3.2 Hiéu chinh va thay d6i hiéu tng.

Duya vao biéu d6 thoi gian mé ta hoat dong va so dd chan cua IC 4017 dé
thay ddi cac hiéu tng:

- Mach dém lién tuc

- Pém dén 10 thi dimng

CD4017B

RESET \
CLOCK /—\
ENABLE
0 u\ [ 0\
: /a\ [
2 ' 2\ , 2\
i Pin Assignments for DIP, SOIC and SOP
: /a\ [ CD4017B
A / a\ DECODED OUTPUT “5* — U LAY
DECODED OUTPUT 1" — 1S, peser
= J 5\ OECODED OUTPUT 0"
" DECODED OUTAUT *2°
6 ' 5~ »

DECODED OUTPUT ‘%'

g [ \ DECODED OUTPUT 7"
7

DECODED OUTPUT '3"

L /o Top View

i cLock

iR CLOCK ENABLE

| N

12
= CARRY-QUT

11
== DECODED QUTPUT "9~

|=

A
1 DECODED OUTPUT “4"

9
== DECODED OUTPUT 8"

Biéu dd thoi gian So dd chan



BAI 3
CAC PHAN TU LOGIC THONG DUNG
M3 bai: MP26.03

Gioi thi€u:

Cong logic 13 tén goi chung cua cac mach dién tir co chirc ning thuc hién
cac ham logic. Cong logic c6 thé duoc ché tao bang cac cong nghé khac nhau
(Ludng cuc, MOS), ¢ thé dugc to hop bang cac linh kién rdi nhung thudng
duogc ché tao boi cong nghé tich hop IC (Integrated circuit).

Bai hoc nay gidi thiéu cdc mach tao thanh cic cong logic co ban tir cac
linh kién ban dan roi hodc t6 hop; viée chuyén doi giita cac loai cong logic
thong dung.

Muc tiéu:
- Mo ta duoc ciu trac phan bd ciia cac cong logic.
- Xay dung duoc so do nguyén 1y st dung cac linh kién ban dan dé tao cac
cong logic.
- Thue hién chuyén doi tir cong logic nay sang cong logic khac.
- C6 tu duy, tac phong cong nghi€p
Noi dung chinh:
1. Mach tao thanh cong NAND
Muc tieu:
Trinh bay duoc so d6 nguyén 1y, nguyén Iy hoat dong ctia cac mach ding
di - 6t, BIT, FET dé tao nén cong NAND.
1.1. Tao cong NAND tir di 6t - BJT
So db nguyén ly:

Rl oV vl
10k sV

X1 ‘ )
L] Dl

1 DIODE
10k NPN

s2 s
S —d Q2 R2Z
NPN 1% —~
7‘) -
£
R4
1k —

Sinh vién hiy v€ mach di¢n dung:




- 3 BJT loai NPN nhu trén so d6 (hoic PNP)

-2 nlt 4n S1, S2.

- 1 Logic Display [LED chi thi]

- Cac dién trd 6 gia tri nhu trén so dd nguyén 1y.

Nguyén 1y hoat dong:

Khi ho S1 va S2 (X0 = 0; X2 = 0) hodc khi chi nhin mot trong s6 S1 hodc
S2 (chi X1 = 0 hodc X2 = 0) thi D1 khong sang (F = 0). Chi khi an dong thoi S1
va S2 (X1 =1; X2 =1) thi D1 méi sang (F = 1).

So d6 khéc:

a) = b)
, - Cong NAND ho TTL
Céong NAND ho DTL = a. So @6 mach, b.Transistor 2 tiép gidp
1.2. Tao cong NAND tir BJT - FET
- Voo
(=} VDD' +5V
S S
D G <
— . P '[‘1 '['2 P
o e b by,
S Vout w
—— D Y
— - % G N
Vin g [ T2 * " '
I 5
D
D n
— o )
Vin c |17 T3 = ik
Bo—— s 5
777 v
a) b)

Cong NAD ho NMOS nhu & hinh a); ho CMOS nhu & hinh b).

Nguyén ly hoat dong cua chiing co ban gidng nhau.

+ Codng NAND ho NMOS:

- Khi 2 dau vao nbi 1én muc cao, T2 va T3 dan, ddu ra xudng mirc thap.

- Khi ¢6 1 dau vao ndi xudng muc thip, mot trong 2 transistor T2
hodc T3 tit, dau ra 1én muc cao.

D6 chinh 14 két qua cta cong NAND 2 dau vao.



+ Codng NAND ho CMOS:

- Khi 2 dau vao ndi 1én muc cao, T1 va T2 tit, T3 va T4 dan, dau ra
xudng mirc thap.

- Khi ¢6 1 dau vao ndi Xuéng muc thﬁp, mot trong 2 transistor T3 hodc
T4 tat, mot trong 2 transistor T1 hodc T2 dan, dau ra 1én muc cao.

D6 chinh 14 két qua cua cong NAND 2 dau vao.

2. Mach tao thanh cong NOR
Muc tieu:

Trinh bay duoc so do nguyén ly, nguyén ly hoat dong cua cac mach dung
di - 6t, BJ T, FET dé tao nén cong NOR.
2.1. Tao cong NOR tir di 6t - BIT

So dd nguyén ly:
Rl I Sv vl

10k sV
— AN +v

10k

sl
) i

- - f W N
—.4_». '.\O—OT:I /I NPN 52 |
:\1 ‘_L‘ 'Aq\. Q2
—e0 0*———’%{ JNPN
) 53
X2 Dl
Ql DIODE

R4
1k

Sinh vién hiy v€ mach dién dung:

- 3 BJT loai NPN nhu trén so d6 (hoic PNP)

-2 nlt 4n S1, S2.

- 1 Logic Display [LED chi thi]

- Cac dién trd 6 gia tri nhu trén so ¢ nguyén 1y.

Nguyén 1y hoat dong:

Khi h¢ S1 va S2 (X1 = 0; X2 = 0) thi D1 khong sang (F = 0). Khi chi
nhan S1 hodc S2, hodc déng tho1 S1 va S2 (X1 =0; X2 =1 hoac X1 =1; X2 =
0; hoac X1 =1; X2 =1) thi D1 sang (F = 1).

2.2. Tao cong NOR tir BJT - FET
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Cong NAD ho NMOS nhu ¢ hinh a); ho CMOS nhu & hinh b).

Nguyén 1y hoat dong cuia chiing co ban gidng nhau.

+ Cdng NOR ho NMOS:

- Khi 2 dau vao ndi xuéng murc thép, T2 va T3 tit, dau ra 1én muc cao.

- Khi ¢6 1 dau vao ndi 1én muc cao, mot trong 2 transistor T2 hodc T3
dan, du ra xudng mirc thap.

D6 chinh 1a két qua cua cong NOR 2 dau vao.

+Cdng NOR ho CMOS:

- Khi 2 dau vao nbi xuéng murc thﬁp, T1 va T2 dan, T3 va T4 tit, ddu ra
1én murc cao.

- Khi ¢6 1 dau vao ndi 1én mirc cao, mot trong 2 transistor T3 hodc T4
dan, mot trong 2 transistor T1 hodc T2 tat, dau ra Xuéng mirc thﬁp.

D6 chinh 14 két qua cua cong NAND 2 dau vao.

3. Mach tao thanh cong XOR (EXOR)
Muc tieu:

Trinh bay duoc so d6 nguyén 1y, nguyén Iy hoat dong ctia cac mach ding
di - 6t, BIT, FET dé tao nén cong XOR.

3.1. Tao cépg XOR tir di 6t - BIT
So d6 nguyén 1y thuc hién:

v o) 5v Sv
10k

KR

X2

Di
Pioox

Sinh vién hiy v€ mach di¢n dung:



- 8 BJT loai NPN nhu trén so d6 (hoic PNP)

-2 nlt 4n S1, S2.

- 1 Logic Display [LED chi thi]

- Cac dién trd 6 gia tri nhu trén so d nguyén 1y.

Nguyén 1y hoat dong:

Khi cing hé S1 va S2 hodc cung nhan (X1 = 0; X2 = 0) thi D1 khong
sang (F = 0). Khi chi 4n S1 hodc S2, hodc dong thoi S1 va S2 (X1 =0; X2 =1
hodac X1 =1; X2 =0; hoac X1 =1; X2=1) thi D1 sang (F=1).

3.2. Tao cong XOR tir BJT - FET

4. Mach so sanh
Muc tieu:

Trinh bay duogc so d6 nguyén 1y, nguyén 1y hoat dong va dic diém cua cac
mach so sanh.

4.1. So @6 nguyén ly mach so sanh
4.1.1 Mach so sanh 2 s6 1 bit

Bang su that ctia mach so sanh mot bit co dau vao cho phép (ndi mach) G :

G a b S (a>b) I (a<b) E (a=b)
1 . 0 | 0 0 0 1
1 0 1 0 1 0
1 1 0 1 0 0
1 1 1 0 0 1
Ham logic thuc hién:
S = G.(a.b)
I = G.(b.a)
E = G.(a®b)
Mach dién logic thyc hién:
G
a _:i:) S Ky hieu:
b
— >+ e s—
—1b II-::
) I
—

Tir mach so sanh 1 bit ta c6 thé mod rong dé so sanh nhiéu bit.



4.1.2 Mach so sanh 2 s6 nhiéu bit:

pé tao mach so sanh 2 s6 nhiéu bit, trinh tu lam giéng nhu véi 2 sb 1 bit.
Nghia 1a ta phai tir yéu cau so sanh, 14p ra bang trang thai lam viéc, viét ham
logic va so do logic thuc hién.

Duéi day 1a so d6 logic ctia mach so sanh 2 s 3 bit.
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4.2. Piac diém va nguyén 1y 1am viéc

Pé so sanh 2 sd nhidu bit, trude tién ngudi ta so sanh 2 bit cao nhat
(MSB), két qua 16n hodc nho hon do 2 bit ndy quyét dinh, néu 2 bit MSB bang
nhau ngudi ta so sanh 2 bit ¢ trong s thap hon tiép theo va két qua duoc quyét
dinh theo cach tuong ty nhu & 2 bit MSB. . . Su so sanh dugc ldp lai cho dén bit
LSB dé duoc két cudi cung.

Tir so d6 logic thuc hién & muc 4.1.2 ta ¢6 nguyén ly lam viéc ciia mach
nhu sau:

- IC1 so sanh 2 bit cao (a3 & b3) nén dau vao cho phép duoc dua 1én mirc
cao, néu két qua bﬁng nhau, dau ra E cta no 1én cao, cho phép IC2 so sanh, néu
két qua lai bang nhau, dau ra E cta IC2 18n cao cho phép IC3 so sanh, két qua
bang nhau cudi ciing chi bdi dau ra E cua IC3.

- Cac dau vao cong OR nhan tin hiéu tir cac dau ra S (hodc I) s& cho két
quéa 16n hon (hodc nho hon) tiy vao két qua so sanh & bét cir bit ndo. That vay
khi c6 mot két qua 16n hon (hodc nhé hon) thi S (hodc I) & mot IC 1én cao, cac
dau ra E va I (hoic S) cua cac IC khac bang 0, ddy 1a diéu kién mod cong OR dé
cho két qua so sanh xuat hién & mot trong cac cong OR nay.

Trén thi trudng c6 sin loai IC so sanh 4 bit 7485 c6 dau ndi mach dé mo
rong viéc so sanh cho sb nhiéu bit hon.

So dd d4u ndi va bang trang thai lam viéc cua IC 7485 nhu ¢ dudi day:



Dual-In-Line Package

DATA INPUTS
Vece A3 B2 A2 A1l B1 A0 BO

I1s 15 |1a |13 Ji2 [ fio |e

1 2 3 4 5 6 7 8

B3 A<B A=B A>B A=B A=B A<B GND

DATA . . .
INPUT  CASCADING INPUTS OUTPUTS
Bang trang thai lam viéc cua IC 7485
Trang PAu vio so sanh Piu vio cho phép Piu ra
th.éi A3; | A2; | Al; | AO; | A'> | A'< | A'=| A> | A< | A=

B3 B2 B1 BO B' B' B' B B B
1 A>Bs | X X X X X X 1 0 0
2 A<B; | X X X X X X 0 1 0
3 A3=B; | A2>B; | X X X X X 1 0 0
4 A=B; | A)<B, | X X X X X 0 1 0
5 A3=Bs3 | A»=B, | A>B X X X X 1 0 0
6 A3=Bs3 | A»=B, | Ai<B; X X X X 0 1 0
7 A3=B; | A>=B, | Ai=B:1 | A¢>Bo X X X 1 0 0
8 A3=B; | A>=B, | A;=B:1 | A¢<By X X X 0 1 0
9 A3=B; | A>=B, | Ai=B:1 | A¢=Bo 0 0 1 0 0 1
10 A3=B; | Ao=B, | A;=B; | A¢=Bo 1 0 0 1 0 0
11 A3=B; | Ao=B, | A;=B; | A¢=Bo 0 1 0 0 1 0

Duya vao bang su that, ta thiy:
- Khi dung IC 7485 d¢ so sanh 2 sb 4 bit ta phai giit ddu vao ndi mach
A’=B’ & muc cao, hai ddu vao ndi mach con lai & mirc thﬁp, nhu vay IC méi thé
hién duoc két qua cua trang thai 9.
- Khi so sanh 2 s nhiéu bit hon ta phai ding nhiéu IC 7485 va nbi dau ra
ctia IC so sanh bit thip vao dau vao ndi mach twong tng cua cac IC so sanh cac
bit cao hon va IC so sanh cac bit thﬁp nhét c6 dau vao ndi mach dugc méc nhu
khi dung riéng 1é. Bé doc dugc két qua so sanh ta phai quan tim téi cic trang
tha1 9, 10 va 11 trong bang su that.
Cach méc 2 IC 7485 dé so sanh 2 s nhij phan 8 bit:




87— B3 A>B

Bg—1B2 A<B Out
Bs, —B1 A=B
By—{Bg 7485
A7—lag 2 ave
28—‘12 A'<B'

5 A A'=B'
A4—A|1]
83— B3 A>B
By —B; A<B
B1 —B4 A=B

BU_BU 7485
A3—A3 @ A'>B'

Ay — Ay A'<B"
A‘ _A1 A'=B' =~
Ag —Ag s

Vidu:

a. So sanh hai s6 A7....A0=10101111 vaB7....B0=10110001
IC 2 so sanh cac bit cao A7 .. .A4=1010va B7 .. .B4 =1011 c6 A7 = B7,
A6 = B6, A5 = B5 va Ad< B4 cho dau ra A< B = | bit chﬁp trang thai cua céc
dau vao ndi mach (trang thai 8). Pidu niy c6 nghia 1a khi IC so sanh bit cao thy
co két qua khac nhau gita 2 s6 bit cao thi khong quan tam t&i két qua cua bit
thap.

b. So sanh haisd A7....A0=10101111 v4B7....B0=10101001
Trong truong hop nay két qua hai s6 bit cao bang nhau nén IC 2 nhin vao dau
vao ndi mach dé xem két qua so sanh ctia IC1 (so sanh bit thip), A3A2A1A0 =
1111 > B3B2B1B0 = 1001 nén diu ra A > B = 1 dé chi két qua so sanh cta 2 sb
8 bit (trang thai 10).

5. Mach dung cong collector dé hé
Muc tieu:

Trinh bay dugc so d6 nguyén ly, nguyén ly hoat dong va dac diém cua cac
mach ding cong collector dé ho.

5.1. So do nguyén ly
Xet so do nguyén ly cua mot cong NAND 3 déu vao co déu ra co
collector dé ho.




5.2. Bic diém va nguyén 1y 1am viéc

PAu ra cyc thu dé hd c6 mot sb loi diém sau:

- Cho phép két ndi cac dau ra cua nhiéu cong khac nhau, nhung khi st
dung phai méac mot dién tro tir dau ra 1én ngudn Vee, goi la dién tro keo Ién, tri
50 cua dién tro nay co thé duoc chon 16n hay nho tuy theo yéu cau c6 loi vé mat
cong suat hay téc d6 1am viéc. Diém ndi chung ctia cac diu ra c6 tic dung nhu
mdt cong AND nén ta goi la diém AND.
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- Nguoi ta cling ché tao cac IC dau ra co cuc thu dé ho cho phép dién tro
kéo 1én mic vao nguén dién thé cao, dung cho cac tai dac biét hodc dung tao su
giao tiép gitta ho TTL vdi CMOS dung ngudn cao.

Nguyén ly lam viéc cia mach giéng nhu véi mot cong NAND 3 dau vio
binh thudng; chi khac 1 dau ra phai ndi voi mot dién tré phu (dién tré kéo 1én)
va ndi t6i ngudn phuy dé lay duoc tin hiéu logic dau ra.

6. Mach dung cong 3 trang thai
Muc tieu:

Trinh bay dugc so d6 nguyén 1y, nguyén 1y hoat dong va dic diém cua cac
mach dung cong 3 trang thai.

6.1. So d6 nguyén ly

Xét so do nguyén ly mot cong ddo cd dau ra 3 trang thai. Ky hi€u cua
cong ddo dau ra 3 trang thai, c6 dau di€u khién C tac dong mirc cao va bang sy
that:

ClALY

A =A 1011
11110

C 0|X |Zcao
Bang sv that

6.2. Bic diém va nguyén 1y 1am viéc



Pic diém:

T4 & T5 dugc mic Darlington dé cap dong ra 16n cho tai. Diod D ndi
vao dau vao C dé diéu khién,
Nguyén 1y hoat dong cua mach.

Hoat dong cua mach giai thich nhu sau:

- Khi C=1, Diod D tit din, mach hoat dong nhu mét cong déo

- Khi C=0, Diod D dan, cyc thu T2 bi ghim 4p & mic thﬁp nén T3, T4 &
T5 déu tit, diu ra mach & trang thai téng trd cao.

7. Thue hién chuyén ddi tir cong logic nay sang cong logic khac
Muc tieu:

Trinh bay dugc nguyén tic chuyén doi va chuyén doi dugc gitta mot sd
cong logic thong dung.
7.1 . Nguyén tic chuyen (101

Chung ta da thdy tat ca cac ham logic ¢ thé duoc thay thé boi 2 ham duy
nhit 13 ham AND (hodc OR) két hop v&i ham NOT. Cac céng logic c6 chuc
nang thyc hién ham logic, nhu vay chung ta chi can ding 2 cong AND (hodc
OR) va NOT dé thue hién tat ca cac cong logic. Tuy nhién, vi cong NOT cling
c6 thé tao ra tir cong NAND (hoac NOR). Nhu vay, tat ca cac ham logic c6 thé
duogc thuc hién boi mot cong duy nhat, d6 13 cdng NAND (hoic NOR). Ham ¥
nay cho phép chung ta bién doi qua lai giira cac cong voi nhau.

Quan sat Dinh Iy De Morgan ching ta rat ra qui tic bién doi qua lai giira
cac cong AND, NOT va OR , NOT nhu sau:

"Chi can thém cdc cong dio 6 ddu vao va ddu ra khi bién déi tiv AND
sang OR hodac nguwoc lai".

Di nhién néu & cac dau da co dao roi thi ddo nay s& mat di.

7.2. Thyc hanh chuyén d6i
Bai thir 1:
Ba mach duéi day tuong duong nhau:
Hinh b) c6 thé thuc hién nhiém vu cta hinh a) chi nhd cach doi AND -

OR thém céc dao & cac dau vao va ra theo ding luat De Morgan. Tur hinh b) doi
sang hinh c) ta bd 2 cong d4o noi tir dau ra cong NOR dén dau vao cong AND

a) b) ©)

, Kiém tra lai tinh dung dan cta cic trong duong trén bang cach dau thuc
te dung cac IC 7404; 7411; 7408; 7427; 7433; theo suy luan 1y thuyét.



Bai thir 2:

Thuc hién nhi€ém vu cua céng céng EX-OR bﬁng cach chi dung toan céng
NAND.

Dung dinh 1y De-Morgan, biéu thirc ham EX-OR viét lai:

Y = AB + AB = AB.AB

Mach tuong duong nhu & dudi day:

Dt
; {}}g

Kiém tra lai tinh dung dan cua 2 so dd trén bang IC 7486 va 7400 dau
thuc t€ cac cong theo suy luan 1y thuyét.
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B




BAI 4
MACH MA HOA
M3 bai: MP26.04

Gioi thi€u:

M3 hoa 1a gan cac ky hiéu cho cac dbi twong trong mot tip hop dé thuan
tién cho vi¢c thuc hién mot yéu cau cu thé nao d6. Vi du ma BCD gan s6 nhi
phan 4 bit cho tirng s6 mi cta sb thap phan (tir 0 dén 9) dé thudn tién cho may
doc mot s6 ¢6 nhiéu sé md; ma Gray dung tién loi trong viée toi gian cic ham
logic . . .. Mach chuyén tir mi nay sang ma khac goi 1a mach chuyén ma, ciing
duoc Xép vao loai mach ma hoa. Vi du mach chuyén s6 nhi phan 4 bit sang $6
Gray 1a mdt mach chuyén ma.

Bai hoc gop mot phﬁn vao viéc thuc hién muc tiéu dao tao cua mo dun.

Muc tiéu:

- Trinh bay duoc dic tinh, ciu tric, nguyén 1y lam viéc va ing dung cia mach
ma hoa.

- Phan biét dugc sy khac nhau gitta mach ma hoa va giai ma.

- C6 tu duy, tac phong cong nghiép

Noi dung chinh:

1. Khai niém mach ma hoa
Muc tieu:
Trinh bay dugc nguyén tic mi hoa va mot sd loai mach ma hoa.
1.1 . Khai ni€ém
Mach mé hoa (ENCODER) 14 mach c¢6 nhiém vu bién d6i nhitng ky hiéu
quen thudc vo1 con nguoi sang nhitng ky hi¢u khong quen thudc con nguoi.

1.2. Nguyén tic va cac loai mach ma

Mot s6 nhi phan n bit cho 2" t6 hop sé khic nhau. Vay ta c6 thé dung s n
bit d& ma cho 2" dau vao khac nhau, khi c6 mot dau vao dugc chon bﬁng cach
dua né 1én muc tac dong, & dau ra s& chi bao sé nhi phan twong Gmg. D6 1a mach
ma hoa 2" duong vao sang N dudng dau ra.

Duéi day 1a mo hinh mot mach ma hoéa 2" dudng sang N duong.

Hinh (a) 13 mach c6 diu vao va ra tac dong cao: Khi cac dau vao déu &
murc thﬁp, mach chua hoat dong, cac dau ra déu & mirc thép. Khi ¢c6 mot dau vao
duogc tic dong bang cach 4n khoa K tuong tng dé dua dau vao dé 1én mirc cao,
céc dau ra s& cho s6 nhi phan twong tng.

- Hinh (b) 1a mach c6 dau vao va ra tac dong thip. Hoat dong tuwong tu
nhu mach trén nhung c6 mic tic dong nguoc lai. Trong md hinh (b) ky hiéu dau
o & dau ra dé chi muc tac dong thap, con & dau vao khong co dau o vi 1a mach
that.



Trong trudng hop dau ra c6 mic tac dong thip, mudn doc dung sé nhi phin &
dau ra, ta phai ddo cac bit dé doc.
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Di nhién, ngudi ta cling c6 thé thiét ké theo kiéu dau vao tac dong thap va
dau ra tac dong cao hay nguoc lai. Trén thuc té, ta c6 thé co bt ctr loai dau vao
hay ra tac dong theo bat cir kiéu nao (mirc cao hay thap).

Chung ta c6 thé c6 cac loai mi nhi phan, thap phan.

Ngoai ra, dé tranh trudng hop mach cho ra mot ma sai khi ngudi str dung
vo tinh (hay cb ) tac dong dong thoi vao hai hay nhiéu dau vao, ngudi ta thiét
ké cac mach ma hoa wu tién: 1a mach chi cho ra mot ma duy nhét c6 tinh wu tién
khi ¢6 nhiéu dau vao cung duoc tac dong.

Mach mda hoa wu tién

Trong cdc mach ma hda thuong, tin hi¢u dau vao ton tai doc l1ap tac la
khong c6 tinh hudng ¢6 2 tin hiéu tro 1én dong thoi tic dong & mic logic 1 (néu
ta chon murc tich cuc & ddu vao 1a mac logic 1), do d6 can phai dit ra van dé uu
tién.

Van dé vu tién: Khi c6 nhiéu tin hiéu déng thoi tac dong, tin hi¢u nao co
mirc wu tién cao hon & thoi diém dang xét sé tac dong, tirc 1a néu dau vao co do
rru tién cao hon bang 1 trong khi nhitng ddu vao c6 d6 wu tién thip hon néu bing
1 thi mach s€ tao ra tir ma nhi phan tng véi dau vao c6 muc do wu tién cao nhat.
Xét mach mi hod vu tién 4 — 2 (4 du vao, 2 dau ra):



Bang trang thai mo ta hoat
dong cua mach

X) B Xo X X X3 [B A
X, 42 A 1 000 [0 0
- x 1 0 0 |0 1
x x 1 0 1 0
x x x 1 1 1

Phuong trinh t6i gian :

A=X.xX,X; +X3X,;.X, +X,

B=x,xXx;+X; =X, +X;3
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Mot s6 vi mach ma héa thong dung: 7415147, 74L.S148.

2. Mach mi ho4 8 dau vao thanh 3 diu ra (mi héa 8/3) dung cong logic co
ban
Muc tieu:

Trinh bay dugc phuong phap va xay dung dugc mach ma hoéa 8/3.

Lap rap va can chinh dugc mach ma hoa 8/3.
2.1. Phuong phap ma 8/3

Tir 8 bit nhi phan dau vao dung mach ma héa dé chuyén thanh 3 dau ra
thap phan (hodc goi 1a bat phan) theo thu tu:

- V& so dd khoi.

- Xay dung bang trang thai lam viéc.

- Xay dung ham logic.

- V& so dd logic thyc hién.
2.2. Mach mi hoa 8/3 dung cong Logic co ban
Xét mach ma hoa nhi phan tir 8 sang 3 (8 dau vao va 3 dau ra). So dd khdi cua
mach:



) C
XA
---------- 8>3 L B
A
X7
Trong do:
-x0, x1,. . ., x7 1a cac dau vao tin hiu.

- A, B, C 1a cac dau ra.

Mach mi hoa nhi phan thyc hién bién d6i tin hiéu ddu vao thanh mot tir mi nhi
phan tuong tmg ¢ dau ra, cy thé nhu sau:

0—0003—0116— 100

1 —-0014—1007 — 111

2—0105— 101

Chon muc tac dong (tich cuc) & dau vao 1a muc logic 1, ta c6 bang trang thai mo
ta hoat dong cuia mach :

X X, X, X, X, X X, x| C B A
1P 0 0 0 O O O OO0 O O
o 1 0 0 O O O 0|0 0 1
o o 1 0 O O O oOof(o0o 1 O
o 0 0 1 0 O o0 0|0 1 1
o 0 o0 0 1 O O o1 O O
o 0 0 o o0 1 O o1 o0 1
0O 0 0 O O O 1 o0]1 I O
O 0 0 0 O O O 1|1 1 1

Giai thich bang trang thai: Khi mot dau vao o trang thi tich cuc (mirc logic 1)
va cac dau vao con lai khong dugc tich cuc (mtc logic 0) thi dau ra xuat hién tir
ma tuong ung. Cu thé 13: khi ddu vao x0=1 va cac dau vao con lai bang 0 thi tir
ma & dau ra 1a 000, khi ddu vao x1=1 va cic dau vao con lai bang 0 thi tir ma nhi
phan & dau ra 1a 001, .. v.v. Phuong trinh logic t6i gian:
A=x1+x3+x5+x7,B=x2+x3+x6+x7,C=x4+x5+x6+x7

So db logic:

Biéu dién bing cong logic dung Diode:
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Néu chiing ta chon murc tac dong tich cyc & dau vao 1a muc logic 0, bang trang
thai mo6 ta hoat dong cia mach luc nay nhu sau:

X X X X X

v
-
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1 1 1
0 1 1
1 0 1
1 1 O
1 1 1
1 1 1
1 1 1
1 1 1
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1 1
0 1
1 1
1 0
1 1

Phu:0'ng trinh lo g1c tb1 g1an
=x, T x3 L x5 + x7 X X3X5X7
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C=x,+ X5+ Xg+ X; = X,XsXcXq
So @6 mach thyc hién:

x1T x2 x32 x4 x5 xf X7
C © © O © O O
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2.3. Lip rap va can chinh mach mi hoa 8/3.



2.3.1 Gi6i thiéu so dd nguyén ly

So d6 nguyén ly nhu ¢ phan 2.2. Khi lap rap theo so do dung cic cong
NAND, cac cong NAND 4 diu vao dugc thay bang cac cip cong NAND tuong
ung khi st dung 1C 74LS03.

2.3.2 Vit tu can thiét:
Téng hop tir so d6 nguyén 1y.
2.3.3 Thuc hanh lip rap:
2.3.3.1 Lap mach mi hoa 8/3 dung di 6t trén bo mach da ning:

- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.

- B6 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khéng chong chéo, dé
quan sat khi hi¢u chinh va stra chira.

- Méi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trudc khi cap nguon va tin hiéu dém.

- Mach phai hoat dong khi cip ngudn dung dinh murc va cip xung dém tir
mach phat xung dong hd bén ngoai.
2.3.3.2 Lap mach mi hoa 8/3 dung IC trén bo mach in chuan bi sén:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so do lip rap thiét ké
(khong c6 doan bi dut).

- C6 so @6 lap rap kém theo.

- Khi lap phai cdm dung vi tri va chiéu cac linh kién theo ding so dd lap
rap, mbi han phai ngau gon khong gay cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trudc khi cap nguon va tin hiéu dém.

- Mach phai hoat dong khi cip ngudn dung dinh murc va cip xung dém tir
mach phat xung dong hd bén ngoai.

2.3.2 Hiéu chinh mach.
Duya vio so dd nguyén 1y dé kiém tra kha ning hoat dong ctia mach.

3. Mach ma hoa 10 diu vao thanh 4 diu ra (mi héa 10/4) dung IC TTL
Muc tieu:
Trinh bay dugc phuong phap va xay dung dugc mach ma hoa 10/4.
Lap rap va can chinh dugc mach ma hoa 10/4.

3.1. Phuong phap ma hoa 10/4
Tir 10 bit nhi phan dau vao dung mach mé héa dé chuyén thanh 4 dau ra
thap phan theo thu tu:
- V& so dd khi.
- Xay dung bang trang thai lam viéc.
- Xay dung ham logic.
- V& so dd logic thyc hién.
3.2 . Mach ma hoéa 10/4 dung IC TTL
Xeét mach ma hoa nhi phan tir 10 sang 4. So dd khdi cua mach:
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Béang trang thai mo ta hoat dong ciia mach :

X, X, X, X3 X, X- X, Xx- x; x,|D C B A
1 0o 0 06 0 00 0 O 0|0 0O 0 O
O 1 0 0 0 O O O O O]O0 O 0 1
o 01 0 0 O O O O O|O O 1 O
O 0 01 0 0 O O O OjO0 o0 1 1
o 0 0 01 O O O O OjO I 0 O
O 0 0 0 01 0 O O 0|0 1 0 1
o 0 0 0o 001 0 0O OjO I 1 O
O 0 0 0 00 O 1 O OjO0 1 1 1
o 0 0 o 0 0 0 O 1 O 0 0 O
O 0 0 0o 00 0 O O 1|1 0 0 1

Phuong trinh logic di téi gian:
A=x1+x3+x5+x7+x9
B=x2+x3+x6 +x7
C=x4+x5+x6+x7

D =x8+x9

Biéu dién bang so dd logic

x1 x2 x3 x4 x5 x6 x7 x8 x0
 © 0 Q0 O © QO O 0
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Biéu dién bing cong logic dung Diode :
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3.3. Lap rap va can chinh mach ma hoa 10/4 dung IC TTL.
3.3.1 Gidi thiéu so d6 nguyén ly

So dd nguyén 1y nhu & phan 3.2.

Khi lap rap, cac cong OR 4, 5 dau vao co thé thay thé bang cac cip cong
OR 2 dau vao tuong tng khi sir dung IC 74LS32.

3.3.2 Vit tu can thiét:
Téng hop tir so d6 nguyén 1y.
3.3.3 Thuc hanh lip rap:
3.3.3.1 Lap mach mi hoa dung di 6t trén bo mach da ning:

- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.

- B4 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hiéu chinh va stra chira.

- Mbi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong gay cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

3332 La‘ip mach ma hoa dung IC trén bo mach in chuan bi sén:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so d6 lap rap da dugc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).



- C6 so @6 lap rap kém theo.

- Khi lap phai cam dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d6 lap rap, mbi han phai ngiu, bong, gon, khong gay
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

3.3.2 Hiéu chinh mach.

Duya vio so dd nguyén Iy dé klem tra kha nang hoat dong cua mach.

Tim va thay thé cac IC s6 c6 s6 lugng dau vio khac nhau, kiém tra va so
sanh két qua.



BAI 5
MACH GIAI MA
M3 bai: MP26.05

Gioi thi€u:

Giai mi 14 viéc mach lam nhiém vy bién d6i nhiing ky hiéu khong quen
thudc vo1 con nguoi sang nhitng ky hiéu quen thugc véi con nguoi. Vi du gidi
mi BCD 1a viéc chuyén cac sd nhi phan 4 bit cho timg s6 ma thanh cac s thap
phan (tir 0 dén 9) dé thudn tién cho viéc giao tiép vdi con ngudi.

Bai hoc gop mot phﬁn vao viéc thuc hién muc tiéu dao tao cua mo dun.

Muc tiéu:

- M0 ta duge cau tric ciia mach giai ma
- Trinh bay dugc dac tinh va nguyén ly cua mach gidi ma
- Phan biét dugce su khac nhau gitta mach ma hod va giai ma.
- Trinh bay dugc ing dung ctia mach giai ma.
Cé tu duy, tac phong trong cong nghiép
NOi dung chinh:

1. Khai niém mach giii ma
Muc tieu:
Mo ta dugce cau trac cuia mach giai ma

1.2 . Khai ni€ém
Mach gidai ma (DECODER) 1a mach lam nhi¢m vu bi€én d61 nhiing ky hi¢u
khong quen thudc vdi con ngudi sang nhirng ky hi¢u quen thudc véi con ngudi.

1.2. Nguyén tic xay dung va cac loai mach giai ma

Nguyén tic chung 1a: Tir N gia tri thdp phan diu vao ding mach giai ma
dé chuyén thanh 2" d¢au ra nhi phan, theo thir tu:

- V& so d0 khoi.

- Xay dung bang trang thai lam viéc.

- Xay dyng ham logic (t6i thiéu hoa néu can).

- V& so dd logic thuc hién.

Mach giai ma co thé ¢é cac logi:

+ Theo quan h¢ gifra dau vao va diu ra co6: Mach giai ma ma N = 2"
N=2"

+ Theo phuong phéap hién thi két qua dau ra: Giai ma nhj phan va giai ma
hién thi LED 7 thanh.
2. Mach giai ma 2 diu vao thanh 4 diu ra dung cong logic ciin bin
Muc tieu:

Trinh bay dugc phuong phap va nguyén ly lam viéc cia mach dién giai
mé 2/4 dung cong logic co ban.



2.1. Phuong phép gidi ma

Tir 2 gia tri thap phan dau vao dung mach giai md dé chuyén thanh 4 dau
ra nhi phan, theo thu tu:

- V& so d6 khoi.

- Xay dung bang trang thai lam viéc.

- Xay dyng ham logic (t6i thiéu hoa néu can).

- V& so dd logic thyc hién.
2.2. Mach dién giai md dung cong Logic co ban
Xét mach giai ma nhi phan 2—4 (2 dau vao, 4 diu ra) nhu trén hinh vé 4.11.
Chon mirc tich cuc ¢ dau ra 1a muc logic 1.

Bang trang thai mé ta hoat
dong cia mach

Yo B Alv, v v, ¥
T - S0 A | o2 o3
—Y) O Of1 0 O O
A 24 Vs
Y3 1 0|0 O 1 0
1 110 0 0 1
Phuong trinh logic t6i gian : L _
yo — BA yl - BA
} 5 — B K Y3 =A B
So db logic:
- A
[
T
Y
/+—OY
™%
J
% 1
S

Biéu dién bing cong logic dung Diode.
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Truong hop chon mire tich cuc ¢ dau ra 13 mac logic 0 (muc logic thap L):
Bang trang thai mé ta hoat
dong ctia mach

B Yo
I B Alv, v, V. V;
2l v 0o 0oflo 1 1 1
& 0 1|1 0 1 1
oV,
1 o)1 1 0 1
1 1|1 1 1 0
Phuong trinh logic: L
y0=B+A=§X
y1=B+}_\=§
y2=§+A=§A
y; =B+A=BA
So dd logic:
B A
o




3. Mach giai mi 4 diu vao thanh 10 diu ra dung IC TTL
Muc tieu:

Trinh bay dugc phuong phap va nguyén ly lam viéc cua mach dién giai
ma 4/10 dung cong logic co ban.

3.1. Phuong phap giai ma

Tir 4 gia tri thap phan dau vao ding mach giai ma dé chuyén thanh 10 dau
ra nhi phan, theo thu tu:

- V& so d6 khoi.

- Xay dung bang trang thai lam viéc.

- Xay dyng ham logic (t6i thiéu hoa néu can).

- V& so dd logic thyc hién.

3.2. So d6 mach ding IC TTL
So do6 khoi cua mach giai ma 4/10

D Hh—— Yo

C Y — .\.l
4— 10

B by == ===

A Po— v,

Chon mirc tich cuc ¢ dau ra 1a mirc logic 1, lac d6 bang trang thai hoat dong cua
mach nhu sau:

D C B Aly, ¥ ¥ ¥ ¥ ¥ ¥ ¥ V¥ ¥
o o o o|{1 O O O O O O O 0 o0
o o 0 1{0 1 O O O O O O O O
o 0 1 0(0 O 1 O O O O O 0 O
o o 1 1{0 O O 1 O O O O O O
o 1 0 00 O O O 1 O O O 0 o0
o 1 o 1{0 O O O O 1 O O 0 O
o 1 1 o0j0 O O O O O 1 O 0 o0
o 1 1 170 O O O O O O 1 O O
1 0 0 0({O0 O O O O O O O 1 O
1 0 0 1{0 O O O O O O O o0 1

Phuong trinh logic:



Va4 = DCBA Vs =DCBA Vs =DCBA \E, =DCBA

yg =DCBA  y,=DCBA

So dd thyc hién mach gia1 ma:
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So dé thyc hién bing céng logic

VCC
R R R R REEEOETN
D <H <
i pia] o] po] pe] pa] o] i
c rier] i picH pieH
] o] i o s s
B pH i ci<H i
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A <H < <H <H <
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So 44 thuc hién biing diode

4. B) giai ma tir BCD thanh 7 doan (LED) hién thj
Muc tieu:

Trinh bay dugc phuong phap va nguyén ly lam viéc cua mach dién giai
ma 4/10 hién thi bang LED 7 thanh dung cong logic co ban.



4.1. Phuong phap giai ma tir BCD sang hién thi bang LED 7 doan.

Tir 4 gia tri (4 bit) nhi phan dau vao dung mach giai md dé chuyén thanh 7
dau ra logic cung cép cho mach hién thi bﬁng LED 7 doan, theo thir tu:

- V& so do khdi thuc hién.

- Xay dung bang trang thai lam viéc.

- Xay dyng ham logic (t6i thiéu hoa néu can).

- V& so dd logic thyc hién.

Néu dung IC giai ma, lya chon dung IC tuwong tng véi loai LED 7 doan
dang dugc sir dung (a ndt chung hay ka tot chung).
4.2. So @6 mach dung IC TTL
4.2.1 Gi6i thiéu vé LED 7 doan:

Pén LED 7 doan, mdi doan 1a 1 dén LED. Tuy theo cach ndi cac Kathode
hodc cac Anode cua cac LED trong dén, ma nguoi ta phan thanh hai loai:
LED 7 doan loai Anode chung:

a b c d e f g

LED bay doan loai Anode chung

LED 7 doan loai Kathode chung :

|
VYVVVVVY

e

.

K
LED bay doan loai Kathode chung

4.2.2 Mach giai ma LED 7 doan:

Ung v6i mdi loai LED khéc nhau ta c6 mot mach giai ma riéng,
So do khoi cia mach giai ma LED 7 doan nhu sau:



Giai ma

A —

LED bay
B doan
c —— @7)
D

m " o a 6 C L

So 36 khéi mach giii ma LED bay doan

a. Xét dén LED 7 doan loai Anode chung:

Pdi voi LED bay doan loai anode chung, vi cac anode cua cac doan led
dugc nc31 chung véi nhau va dua 1én muc logic 1 (5V), nén mudn doan led nao
tat ta noi kathode tuong tmg Ién murc logic 1 (5V) va nguoc lai mudn doan led
nao sang ta ndi kathode tuong ung Xuong mass (muc logic 0).

Vi du: Dé hién thi s6 0 ta ndi kathode ctia dén g 1én mirc logic 1 dé dén g
tat, va ndi cac kathode cia déna, b, c, d, e, f xuéng mass nén ta théy $6 0.

Luc do bang trang thai mo ta hoat dong ciia mach gidi ma LED bay doan loai
Anode chung nhu sau:

Sé hién thi
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Dung bang Céc - nd dé tdi thiéu hda mach trén. Phuong trinh ti thiéu hoa co thé
viét ¢ dang chinh tac 1 (tong cua cac tich s0) hoac dang chinh tac 2 (tich cua cac
tong so):



Dang chinh tdc 2: a_pc
a=BD.(C+A)C+A)=BCDA+BDCA BA> % o 1 10

) , 00{-0 | 1
Dang chinh tdc 1: ol 1|

a= CBA + DCBA o | 0|

0
10 I‘:\O\.‘ 0 b

Lwu ¥: Trén bang Karnaugh ching ta da thiic

o i e - .’ , - z
hién téi thiéu hoa theo dang chinh tdc 2.

- N - ? ~

Dang chinh tdc 2: BA\{ 00 01 11 10
b=.C(A+B)A+B)=C(AB+AB) 0f 00| x [0
= C(A®B) otf o] 1 [xio
D hinh tde 1 11:,02,0 X :s.
(_mgcr_m 1 tdc c 0] 01 |x|'s
b= CBA +CBA = C(A®B)
o Y - ' 2 -~ . ‘
. - . € _DC
Dang chinh tac 2: BA 00 01 11 10
¢ = BAC 00 10 | xi 0
Dang chinh tdc 1: Ti 0 LS 0’
c=DCBA Oﬂx X
101 O |l x/ x
Blllﬂ"!lg trinh {ngC C!?[[l ng:z" ra d:
. , d DC
Dang chinh tdc 2: BASN. 00 01 11 10
d=D(A+B+C)B+C+D)YA+B)A+C) o] o' | 1 [~ G
=ABCD + ABCD + ABCD O 10 ER | 0]
Dang chinh tdc 1. e e e e
ang chinh e 1 N R ERRRES
d = CBA + DCBA + CBA
Elzmﬁug trinh Zagic clia nga‘ rae:
Dang chinh tdc 2: BeA C o o1 11 10
e=.B+A)(C+A) o0l o[ 1 [ x [0
Dang chinh tdc 1: o111 lx]1
T = 11| ] 1 X | x
£ =L 100,]0 | x [-.x7




thc‘n‘ug trink !25!!‘: :[’!1 z-zgi ra f:
Dang chinh tdc 2:
f=(A+B)B+C)A+B+C)D
=ABD + ACD + BCD
Dang chinh tdc 1:
f = BA + DCA + DCB

Dang chinh tdc 2:
g =D(A+B)(C+B)B+C)
=BCD + DCBA

Dang chinh tdc 1:
g = DCBA +DCB

b. Xét mach giai ma dén led 7 doan loai Kathode chung:

Chon mtrc tich cyc ¢ dau ra la mire logic 1. Vi Kathode cua cac doan led
dugc ndi chung va dugc néi xuéng muc logic 0 (0V-mass) nén mudn doan led

a2 00 o1 11 10
00 0 |70 |"x | 0F
o1| 1 o |x/o
11| | !7, X | X
0] 1 }oxi]x

£.DC

BASN_ 00 01 11 10
0| 1 [0 x| 0}
01| 1 [0 ['x'| 0
11 0 1 x| x
100 0 s [ox

nao tit ta dua Anode tuong mg xu6éng muc logic 0 (0V-mass).

Vi du: Pé hién thi s6 0 ta néi Anode cia doan led g xuong murc logic 0 dé
doan g tat, ddng thoi cac kathode cua doan a, b, ¢, d, e, f dugc noi 1én ngudn nén

cac doan nay sé& sang do dé ta thiy sd 0.

Luc do bang trang thai mo ta hoat dong cua mach nhu sau:

D B C A a b c d e f g |
0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 0 1 1 0 0 0 0
0 0 1 0 1 1 0 1 1 0O 1
0 0 1 1 1 1 1 1 0 0 1
) 1 0 0 0 1 1 0 0 1 1
) 1 0 1 1 0 1 1 0 1 1
0 1 1 0 1 0 1 1 1 1 1
0 1 1 1 1 1 1 0 0 0 0
1 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 1 1 1 0 1 1
1 0 1 0 [ X X X X X X X
1 0 1 1 | X X X X X X X
1 1 0 0 [ X X X X X X X
1 1 0 1 1 X X X X X X X
1 1 1 0 [ X X X X X X X
1 1 1 ] 1 X X X X X X X




Tuong tu nhu truong hop trén, ta ciing ding bang Cac - nd dé tdi thiéu héa ham
mach va di tim phuong trinh logic t61 gian cac dau ra cua cac doan led: (Luu y
trong nhitng so do Cdc - né sau ta thuc hién toi thiéu hoa theo chinh tac 1)

?

Dang chinh tdc 1: BAYC 00 o1 11 10
a=D+B+AC+AC 0| 17| 0 {x |1
Dang chinh tdc 2: 011 0 Jil §xif 1
— g - x| x
a=(A+B+C+D)A+B+C) e
— 0f 1N 1 fbx [Fxr
=AD+B+AC+AC
. . 2~
AN b pc
Dang (;hmlr tdc 1 S BAN 00 01 11 10
b=C+BA+BA=C+A®B 003 |1 | x |71}
Dang chinh tdc 2: O] L]0 | x L1
b=(C+B+A )( C+B+A) o i (1) Xt
— — S N I X ['-X-.
=C+AB+AB=C+A®B
T, €.DC
Dang chinh tdc 1: BA 00 01 11 10
c=B+A+C 001 71 [ x| 1
Dang chinh tdc 2: Otpl Ll Lx L L
¢c=C+B+A 13 vl lel L x il X
' 100 [ | x| x
, d pc
Dang cln’nh_fdc _1 S BA 00, 01 11 10
d=D+BA +C A+BC+ABC 00 .1°| 0 |ix [L!
Dang chinh tdc 2: o0 11--{-¥: 1!
d=(A+B+C)A+B+C)A+B+C+D) i; i ‘l) (X L=
T L X o
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Dang c_/u’nh tdc i : BAN_ 00. 01 11. 10
e=AB+CA 001 |0 | x |1
Dang chinh tdc 2: 01/ 0 /0 |x |0
e=A(C+B)=AC+AB S e P
0014 x px




Dang Chl'ﬂh_f(f(’ 1 Al 00 01 11 10
f=D+CB +BA +CA 00| i1 [WT x| 1
Dang chinh tdc 2: 01| 0 |l [ix/| 1
f=(B+A) D+C+A)C+B) H10 10 fx | x.
— - —_— 1000 |11 [ix x/
=D+BC+AC+ AB ;
2 i . ? ) ~ _, .
meu’ g pe
Dang chinh tdc 1: BAN_ 00 01 11 10
g =D+CB+BA+BC 00 0 [i1 | xi] 1
, 01| 0 [\1 | x/| L:
D_angc_hm_h td_c-. nminrjofx|ix:
g =(C+B+A)B+C+D) 00071 B el

4.3. Lép rap va can chinh mach
4.3.1. Lap mach giai md LED 7 doan andt chung trén IC giai ma 7447:
Lap mach giai ma két hop v6i IC giai ma nhi phan 74147 nhu trén so do
nguyén ly sau:
Khao sat vi mach 74LS147
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4.3.1.1. Khéao sat so do chan cua IC 7447
4.3.1.2. Khéo sat so d6 chan ctua LED 7 doan andt chung.
4.3.1.3. Lap mach trén bo da ning:

- Yéu cau chudn bi céc linh kién, day ndi duoc vé sinh va trang thiéc trudc
khi ding lam phan tir két ndi trong mach.

- B4 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hi€u chinh va stra chira.

- Mbi han phai ngiu, bong.



- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic cac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

43.14 La‘ip mach dung IC trén bo mach in chuén bj sén:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so d lap rap da duoc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cam dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d6 lap rap, mbi han phai ngiu, bong, gon, khéng gay
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung doéng hd (xung dém) dugc chuin bi
trudc bén ngoai.

BAI TAP

1. Thiét ké mach ma hoa 32 duong sang 5 duong dung IC 74148 va cong logic.
2. Thiét ké mach giai ma 4 duong sang 16 dudng tir mach giai mi 2 dudng sang
4 duong c6 dau vao cho phép.

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

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

5. Thiét ké mach chuyén tir ma BCD sang ma Excess-3 cua céac s tir 0 dén 9.
(M3 Excess-3 cta 1 s6 c6 dugc tir tri nhi phan tuong tmg cong thém 3, vi du ma
s6 013 0011, mi sb 9 1a 1100)

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

F = 3(1,2,3); F = %(4,5,7); F3 =2(1,2,3,4,5,7)



BAI 6
MACH DON KENH
M3 bai: MP26.06

Gioi thi€u:

Mach chon kénh con goi la mach hgp kénh (ghép kénh, da hgp) 1a mach
c6 chirc nang chon 1an luot 1 trong N kénh vao dé dua dén dau ra duy nhat (dau
ra duy nhat d6 goi 1a dudng truyén chung). Do d6, mach chon kénh con goi la
mach chuyén dir liéu song song ¢ dau vao thanh dit liéu ndi tiép ¢ dau ra, duoc
goi 1a Multiplex (viét tat 1a MUX).

Bai hoc gop mot phﬁn vao viéc thuc hién muc tiéu dao tao cua mo dun.

Muc tiéu:

- Trinh bay duoc cdu trac va nguyén 1y hoat dong ctia mach don kénh.
- Lép rap, stra chira dugc mach don kénh.

- Chu dong, sang tao va ddm bdo an toan trong qua trinh lam viéc.
N6i dung chinh:

1. Khai niém mach don kénh
Muc tieu:
Trinh bay dugc nguyén tdc va céc loai mach don kénh.
1.1 . Khai niém
Mach chon kénh (MUX) 14 mach dé chon mot trong sé N dau vao dé dua
ti 1 ddu ra duy nhéat dya trén t6 hop 2" ciia n dau vao diéu khién.
1.2. Nguyén tic va cac loai mach don kénh
Pé dam bao thuc hién diéu khién theo yéu cau thi s6 dau vao diéu khién n
phai dam bao diéu kién: 2" > N.
Theo tin hiéu dau vao diéu khién ta c6 thé phén ra:
- Loai mach MUX c6 n < N.
- Loai mach MUX c6 n=N.
2. Céu tric mach don kénh 4 duwong vao 1 duong ra
Muc tieu:
Trinh bay duogc cdu tric mach don kénh 4 dudng vao va 1 dudng ra.
2.1. Phuong phép thuc hién
Tir 4 gia tri dit liéu dau vao ding mach MUX chuyén thanh 1 du ra duy
nhit theo cac bo ma di€u khién, theo thir ty:
- V& so dd khoi.
- Xay dung bang trang thai lam viéc.
- Xay dyng ham logic (t6i thiéu hoa néu can).
- V& so dd logic thuc hién.

2.2. Mach dién thuc hién. ‘
Xeét mach chon kénh don gidn c6 4 dau vao va 1 dau ra nhu hinh 4.23a.



b S —
Xy — v
X3 | 4 -1
x
Cl C:

Mach chon kénh
Trong do:
+ XX, X! Cac kénh dir 1i€u vao.
+Paura y buong truyen chung.
+ c,c) Céac dau vao diéu khién

Viy mach nay giéng nhu 1 chuyén mach:

X). °
X; L X
X3 — @

Moach chon kénh

Pé thay d6i lan luot tir x — X, phai c6 diéu khién do d6 d6i voi mach chon kénh

dé chon lan luot tir 1 trong 4 kénh vao can c¢6 cac dau vao diéu khién c,C. Néu
A A A < R 5 ~ A n 7.

c6 N kénh vao thi can c6 n dau vao di€u khién théa man quan hé: N=2 . Noi

cach khac: S0 t6 hgp dau vao diéu khién bang sé lwgng cdc kénh vao.

Viéc chon dir li¢u tur 1 trong 4 dau vao dé dua dén duong truyen chung la tuy

thudc vao to hop tin hiéu diéu khién tic dong dén hai ddu vao diéu khién c,C.

+ c=c= O=>y= X (x1 duogc ndi t6i dau ra y).

+ c = 0, c,= l=>y= X, (x2 duogc ndi t6i dau ra y).
+ c = L, = O=>y= X, (x3 duogc ndi t6i dau ra y).
+ c = 1, c,= l=>y= X, (x4du:o’c ndi téi dau ra y).

Vay tin hiéu diéu khién phai lién tuc dé dit liéu tir cac kénh duoc lién tuc dua
dén dau ra. Tu do ta 1ap dugc bang trang thai mo ta hoat dong cua mach chon
kénh nhu dudi day:



1 1 X4

Phuong trinh (ham) logic mo6 ta hoat dong cua mach :

Y = € Cy .X; + € C,.X; + C,Cy X3 + C1.Co. Xy

So do logic thuc hién nhiém vu cta ham logic trén:
Cy Cs

Giai thich hoat dong ctia mach:
+t¢,=¢,=0> ¢=c, =1

= cong AND 1 c6 hai dau vao diéu khién ¢ muirc logic 1, cling twong ting vo1
1 dau vao diéu khién & muc logic 1 nén cong AND 1 mé cho dit ligu X dua vao.

+¢,=0,=12¢=1,6,=0>
cong AND 2 c¢6 hai dau vao diéu khién ¢ muc logic 1, ciing tuong (mg véi 1
dau vao di€u khién & muc logic 1 nén cong AND 2 m¢ cho dit li¢u X dua vao.
cong AND 3 c¢6 hai dau vao diéu khién ¢ murc logic 1, ciing tuong (mg véi 1

dau vao di€u khién & muc logic 1 nén cong AND 3 m¢ cho dit liéu x dua vao.
3

+c=l, =1 2Dc=c, =1 =



cong AND 4 c6 hai dau vao diéu khién & mutrc logic 1, cling twong tng voi 1
dau vao di€u khién & muc logic 1 nén cong AND 4 m¢ cho dit li¢u X, dua vao.

Bay gio, xét mach chon kénh co 4 dau vao va 1 dau ra, nhung lal c6 4 dau
diéu khién. Luc nay, ta khong dua vao t6 hop tin hiéu tac dong 1én dau vao diéu
khién, ma chi xét dén mure tich cuc & dau vao diéu khién. Ta s& chon mot trong
hai mirc logic 1 hodc muc logic 0 1am muc tich cuc, néu 1 dau vao trong sb 4
dau vao diéu khién ton tai mic logic tich cuc (muc 1 hodc muc 0) thi kénh dit
liu vao c6 cung chi sd véi dau vao didu khién d6 sé& duoc két ndi voi dau ra.
Trén hinh 4.25 biéu dién mach chon kénh véi sb luong dau vao diéu khién bang
s6 luong kénh vao.

X
X, v
Xy

Cic;c3 ¢4

Néu chon mure tich cuc cua cac dau vao di€u khién la muac logic 1, ta c6 bang
trang thai mo ta hoat dong cuia mach nhu sau:

C; € €3 € |y
1 0 0 0 | x,
0 1 0 0 | x,
0 0 1 0 | x3
0 0 0 1 | x,

Phuong trinh logic:
y=c.X tc.X tc.X tcC.X
(RS T M B S S R
Y nghia trong thyc té ciia mach:
+ c,C,C,C: C6 thé hiéu 1a cac dia chi (nguén va dich).

+ X o X, X, X ! Thong tin can truyén di.

3. Céu tric mach don kénh 8 duong vao 1 duong ra
Muc tieu:
Trinh bay duogc cdu tric mach don kénh 8 dudng vao va 1 dudng ra.
3.1. Phuong phap thuc hién
Tur 8 gia trj dit liéu ddu vao dung mach MUX chuyén thanh 1 dau ra duy
nhit theo cac bo ma diéu khién, theo thir ty:
- V& so dd khoi.
- Xay dung bang trang thai lam viéc.
- Xay dyng ham logic (t6i thiéu hoa néu can).



- V& so dd logic thyc hién.

3.2. Mach dién thuc hién.
Theo diang thu ty thyc hién ta tao mdt mach dién thy hién nhiém vu mot
mach don kénh 8 — 1.
~ Hinh du6i day 1a ky hi¢u mot mach don kénh 8 — 1 v6i 3 dau vao diéu
khién.

D3 MUX | v=1aB.C)

B
C

Gi1d st bang su that (hay bang mo t4 trang thai lam viéc) dugc quy udc
nhu & dudi day:
Bang sw that:
B C| Y

A
0
0
0
0
1
1
1
1

0
1
0
1
0| Ds
1
0
1

OO - OO

Khi do6, daura Y quan h¢ véi cac dau vao dir li¢u va di€u khién theo ham
logic sau:

Y=-ABCD,+-ABCD, - ABCD, - ABCD , - ABCD, - ABCD, - ABCD , - ABCD,

3.3. Lap rap va can chinh mach don kénh 8 duong vao 1 dudng ra.

4. Mot s6 ing dung ciia mach don kénh
Muc tieu:

Trinh bay dugc mdt sb ung dung ctia mach ddn kénh
4.1. B0 chon dir li€u (data selector)



Dung lam cdc mach chon dit liéu nhu phan 2 vura trinh bay. Ngoai ra no
con dugc dung lam mach bi€n chudi dit li¢u song song & dau vao thanh noi ti€p
¢ dau ra; mach tao chuo6i xung tuan hoan; mach tao ham logic ...

4.2. Bién do1 dang thong tin vao song song thanh ra ndi tiép
Mot mach don kénh két hop véi mot mach dém s€ bién chudi dir li¢u song
song ¢ dau vao thanh chudi dir 1i€u no1 tiép ¢ dau ra.

—1b
DD 0
iew |11 o
-a { ' NMUXS 91 li€u
vao ' Y— (g
song| —{0 '
songy Ny
9 t B & tiep

4.3. Tao chuoi xung tuan hoan :

Néu cho dir liéu vao tudn hoan, dir liéu ra ndi tiép cling tuan hoan, nhu
vay chi can dat trude cac dau vao thay ddi theo mot chu ky nao doé ta sé duogc
chudi xung tuan hoan & dau ra.

Ngoai ra mach don kénh c6 thé sir dung doc 1ap hoic két hop voi cong
NOT dé hinh thanh nén mot mach tao ham logic (Sinh vién co thé tham khao
thém trong cac tai licu vé k¥ thuat sé).

Bai tap:

1. Cai dat cac ham sau dung bd don kénh (multiplexer) 4 — 1 (Dung thém cong
logic néu can)
F,=AB+ABC+BC+AC
F,=A &(BC)
F, =T1(1,3,6)
2. Thiét ké mach MUX 4 — 1 tir cic MUX 2 — 1
3. Ding 2 MUX 2 — 1 dé thyc hién 1 MUX 3 — 1 nhu sau:
AB =00 chon C
AB =01 chon D
AB =1X chon E (Truong hop nay B khong xac dinh).
4. Thuc hién ham Z= AB +BC + CA
- Giai ma 3 sang 8 dudng (dung thém cong logic néu can).
- Pa hop 4 — 1 (dung thém cong logic néu can).



BAI 7
MACH PHAN KENH
M3 bai: MP26.07

Gioi thi€u:

Mach chon kénh thyc hién chirc ning & dau phat con mach phan kénh
thuc hién chuc nang & dau thu. Mach phan kénh con goi la mach tach kénh
(phan duong, giai da hop), mach nay c6 nhiém vu tach ngudn dir liéu khac nhau
& cuing mot dau vao dé 1& ra N dau ra khac nhau. Do d6, mach phan kénh con
goi la mach chuyén dit liéu ndi tiép & dau vao thanh dir liu song song & dau ra,
duogc goi 1a Demultiplex (viét tat 1a DEMUX).

Muc tiéu:

- Trinh bay dugc nguyén Iu hoat dong va cau tric ctia mach phan kénh.
- Lip rap, stra chita dugc mach phan kénh.
- Chu dong, sang tao va ddm bdo an toan trong qua trinh lam viéc.
N0i dung chinh:
1. Khai niém mach phan kénh
Muc tieu:
Trinh bay dugc khai niém vé mach phan kénh, nguyén tic va phan loai
mach phan kénh.

1.1. Khai ni€ém
Mach phan kénh con goi 1a mach tach kénh (phan duong, giai da hogp),
mach nay c6 nhiém vu tach ngudn dit liéu khac nhau & cung mot dau vao dé ré
ra N dau ra khac nhau dua vao bo ma diéu khién cta n dau vao diéu khién.
Mach giai da hop thyc chat 1 mach giai mi trong d6 dau vao cho phép
tr& thanh dau vao dir liéu va dau vao cua to hop sd nhi phan trd thanh dau vao
dia chi.

1.2. Nguyén tic va cac loai mach phan kénh

Pé dam bao thuc hién diéu khién theo yéu cau thi s6 dau vao diéu khién n
phai dam bao diéu kién: 2" > N.

Theo tin hiéu dau vao diéu khién ta c6 thé phén ra:

- Loai mach DEMUX ¢6 n <N.

- Loai mach DEMUX c¢6 n=N.

2. Cau triic mach phan kénh 2 diu ra dung cong logic co ban
Muc tieu:

Trinh bay duoc ccdu trac mach phan kénh 2 dau ra ding cac cong logic
co ban va la'ip rap, kiém tra, can chinh dugc mot mach phan kénh 2 dau ra.

2.1. Phuong phap thue hién mach phan kénh 2 dau ra.
2.2. So do thuc hién dung cong logic co ban



2.3. Lap so do, ki€m tra va can chinh.

3. Céu tric mach phéin kénh 8 diu ra dung IC CMOS
Muc tieu:

Trinh bay duoc ccau trac mach phan kénh 8 dau ra ding cac cong logic
co ban va la‘ip rap, kiém tra, cAn chinh dugc mot mach phan kénh 8 dau ra.

3.1. Phuong phap xay dung.

Tur yéu cau v&i mach DEMUX xay dung mach logic thuc hién, theo thir
tu:

- V& so dd khoi.

- Xay dung bang trang thai lam viéc.

- Xay dyng ham logic (t6i thiéu hoa néu can).

- V& so dd logic thyc hién.

3.2. Céc so d6 mach dung IC CMOS

Trén thi truong, ngudi ta ché tao mach giai md va giai da hop chung
trong mot IC, tuy theo diéu kién ma sur dung. Vi du IC 74138 la IC Giai ma 3
sang 8 duong ddng thoi 1a mach giai da hop 1 — 8.

Khi sir dung IC 74138 1am mach giai da hop, nguoi ta ding mot dau vao
cho phép lam dau vao dit lidu va cdc dau vao s6 nhi phan lam dau vao dia chi.

Hinh dudi day IC 74138 dung lam mach phan kénh voi dau vao dur liéu la G24;
céc dau vao diéu khién 1a C, B, A; cac daurala Y0 + Y7,

DR liéu
Va0

l |+5V
% o eSS g, ML
TTTITTT] oJUU L

Yo¥1 Y2 Y3 ¥y Yg Yg Y7 L logic 1

3.3. Lip so d6 va can chinh



BAIS
MACH LOGIC TUAN TU'
Mai bai: MP26.08

Gioi thi€u:

Trong chuong trude, ching ta da khao sat cac loai mach logic to hop, do
1a cac mach ma dau ra cia n6 chi phu thudc vao cac bién & dau vao ma khong
phu thudgc vao trang thai trudéc do cua mach. Noi cach khac, day la loai mach
khong co6 kha nang nho, mot chirc nang quan trong trong cac he thong logic.

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

- Mach logic tudn tu 13 mach co trang thai dau ra khong nhiing phuy thudc
vao to hop cac dau vao ma con phu thudc trang thai dau ra trude d6. Ta noi
mach tudn tu c6 tinh nhé. Mirc logic tai dau ra Q tai thot diém (n +1) cua mach
tuan tu 1a ham logic cua céc bién ddu vao A, B, C ... .va trang thai cua dau ra
Q tai thoi diém n trude do.

Qn+1 f(QnaA B C ) . . .

- Mach tuan tu van hanh dudi tdc dong ciia xung dong bo (xung dong ho)
va duoc chia 1am 2 loai: Péng bd va Khong dong bd.

O mach dong b, cac phan tir ciia mach chiu tac dong ddng thoi ciia xung
d6ng ho (CK), con & mach khong dong b thi khong c6 diéu kién nay.

Phan tir co ban cau thanh mach logic tudn tu 1a cac flipflop
Muc tiéu:

- Trinh bay duoc dic tinh, cau tric va nguyén Iy ctia cac mach logic tuan tur.
- Phan biét dugc sy khac nhau gitta mach logic t6 hop va mach tuan tu.
- Lap rap, stra chita duoc cac mach logic tuan tu.
- Chu dong, sang tao va ddm bdo an toan trong qua trinh lam viéc.
NOi dung chinh:
1. Gi6i thiéu mach logic tuén tu
Muc tieu:

Trinh bay dugc khai niém vé céc mach FF thong dung va mach dién thuc
hién cac mach FF do.
1.1. Dinh nghia va phan loai
1.1.1. Dinh nghia

Mach flipflop (FF) 1a mach dao dong da hai ludng 6n (mach tao ra xung
vudng va c6 hai trang thai 6n dinh). Trang thai cua FF chi thay d6i khi c6 xung
d6ng ho tac dong.
Mot FF thuong co:

- M6t hodc hai dau vao dit liéu, mot dau vao xung CK va c6 thé co cac dau
vao vo1 cac chue nang khac.

- Hai dau ra, thuong duoc ky hiéu 1a Q (d4u ra chinh) va Q (dau ra phu).
Nguoi ta thuong dung trang thai cua dau ra chinh dé chi trang thai cua FF. Néu
hai du ra c6 trang thai giong nhau ta néi FF ¢ trang thai cam.



Flipflop c6 thé dugc tao nén tir mach chét (latch), diém khac biét giira
mot mach chdt va mot FF 1a: FF chiu tac dong cua xung déng hd con mach chét
thi khong.

Ngudi ta goi tén cac FF bang cach dua vao tén cac dau vao dir liéu ctia chiing.
1.1.2. Phéan loai
C6 hai cach phan loai:

- Phan loai theo tin hi¢u diéu khién.

- Phan loai theo chirc nang.
1.1.2.1. Phan loai theo tin hiéu diéu khién:

Theo tin hi¢u diéu khién ta co:

- Loai khong c6 tin hiéu diéu khién (con goi 13 khéng dong bd).

- Loai ¢6 tin hiéu diéu khién (con goi 1a dong bo).

Trong loai FF dong bo ngudi ta con chia ra: Loai ddng bo mirc ,,0°, murc
,, 1%, suon 1én (hay sudn trudc), suon xudng (hay suon sau) cia xung ddng bo.

- Loai 1am viéc theo kiéu chu t& (Master Slaver Flip Flop - MSFF).

1.2. Mach R - S Flip — Flop (RSFF)
1.2.1. Khai ni€ém

RSFF 1a mot trong sb cac loai mach logic tuan tu don gian, khi lam nhiém
vu ctia mot mach chdt, n6 c6 2 dau vao 1a S va R, hai ddura 13 Q va Q. Khi lam
nhiém vu moét FF nd c6 thém cac dau vao diéu khién (dong bd), x0a, Pr ... dé
lam co so xay dung nén cac mach logic tuan tu theo yéu cau.

RSFF ¢6 thé duoc xay dung tr cac cong NAND, NOR (hoic twong
duong).

1.2.2. Mach xay dyng tir cong NAND
1.2.2.1. Mach khong dong bo:

Khi dugc xay dung tir cac céng NAND, RSFF con duogc goi la mach chot
tac dong mirc thap (muc 0). So dd cau tric cua mach nhu sau:

— 0

S 1 T S | R |Q
—_ /;//J 0 0 X
T~ 0 1 1

z — ) N | 0 1 0 0

J 1 1 Q°

RSFF khéng déng b si dung cong NAND va bang trang thii
Duya vio bang trang thai ctia cong NAND:
[O Vx. =1

1
|l Exi ={
Ta co:

S = 0, R =1 Q = 1 hoi tiép vé cong NAND 2 nén cong NAND 2 c¢6 hai

=
dau vao bang 1 vay Q-



-8 =0, R=1= 2 =1 hdi tiép vé& céng NAND 1 nén céng NAND 1 ¢6 hai
dau vao bang 1 vay Q = 0.
_S=R =0= 0 = Q =1 day 1a trang thai cAm.

- 8 = R=1: Gia s trang thai trudc 46 c6 Q = 1, Q — 0> hdi tiép vé cong
NAND 1 nén cong NAND 1 c6 mdt dau vao bang 0 vdy Q = 1 = RSFF giir
nguyén trang thai ci.

Nhu vay goi & FF khong dong bd boi vi chi can mot trong hai dau vao S hay
R thay ddi thi du ra ciing thay d6i theo.

Vé mit ki hiéu, RSFF khong dong bo tac dong murc thap (0) duoc ky hiéu nhu
Sau:

Q—

Q_

x| @l

1.2.2.2. Mach déng bo: ‘ ‘
Xeét so d6 RSFF dong bd vo1 so d6 mach, ky hi¢u nhu hinh dudi day:

S -
, S .
Ck ’ | . = N - .
— -‘::::Z:_::.....i:.. - Ck
1 -‘\ E ]— 2 i\_.( a — R 5 -
R 4 /:( | /

RSFF déng bé: So d6 logic va ky hiéu
Bang trang thai lam vi€c cuia mach nhu sau:

Vao Ra
CK S R Qu+1 0 n+1
0 X X Q, 0 n
1 0 0 Q, 0 n
1 0 1 0 1
1 1 0 1 0
1 1 1 CAM CAM

Trong d6: Ck 14 tin hiéu diéu khién d6ng bo hay tin hiéu dong hd (Clock). Khao
sat hoat dong cua rpach: ?

- Ck = 0: cong NAND 3 va 4 khoa khong cho dir li¢u dua vao. Vi cong
NAND 3 va 4 déu c6 it nhit mot ddu vaio Ck =0 =S5 = R =1 =Q_,, = Q,
(FF gilr nguyén trang thai cii).




- Ck = 1: cong NAND 3 va 4 mo. Pau ra Q sé& thay doi tuy thudc vao
trang thai cua S va R.
+8S=0,R=0=5=R=| = Q1 = Q, (gilr nguyén trang thai
cli).
+S=0,R=1=>5=1,R=0=>Q,,,=0
+S=1,R=0=S5=0, R—1=>Q+1—1
+S= R—1=>S R- 0=Q,:;=Q, = X (trang thai cAm).

Trong truong hop nay Ck tac dong murc 1. Trong truong hop Ck tac dong
murc 0 thi ta mic thém cong dao nhu sau:

e 3\?___ -~ 0
J s 1 ') —s 0 —
_T‘: \ | T~ — Ck
J T~ o -
L— i le I} e
R i F |
R _ -

Nhu vay, tuy thudc vao mire tich cuc cua tin hi¢u déng bo Ck, ching ta c6
cac loai tin hiéu diéu khién:

- Ck diéu khién theo muc 1 (Hinh a.).

- Ck diéu khién theo muc 0 (Hinh b.).

- Ck diéu khién theo sudn 1én (sudn trudce) (Hinh c.).

- Ck diéu khién theo suon xudng (suon sau) (Hinh d.).

B S I N N

a.Mue 1 b.Muic 0 c.Suon lén d.Sven xudng

Cic tin hiéu diéu khién Ck khic nhau

1.2.3. Mach xay dung tir cong NOR
1.2.3.1. Mach khong dong bo:

Khi dugc xay duyng tir cac céng NOR, RSFF con dugc goi la mach chdt
tac dong mirc cao (muc 1). So dd cdu tric cua mach nhu sau:

TN 0 S R Q
l\x-&: """" O l 0
ol \\ _ 1 0 1

g | 3 > e ; 1 -



Dua vao bang trang thai cua céng NOR, ta c¢: 7
-S=0,R=1=Q=0, hoi ti€p vé cong NOR 2 nén cong NOR 2 c¢ hai

dau vao bang 0 = Q- 1.
-S=1,R=0= Q- 0, hoi tiép vé cong NOR 1 nén cong NOR 1 ¢6 hai

dau vao bang 0 =Q =1

- Gidsirbanddu: S=0,R=1=Q =0va € = 1.
Neéu tin hi¢u dau vao thay do6i thanh: S =0, R = 0 ta c6:

+S=0vaQ-0=Y -1
+R=0va Q- I Q=0 =RSFF g_1ﬁ nguyén trang thai cii.
. -GiasabandiuS=1,R=0=Q=1va € =0
Neéu tin hi€u dau vao thal do1 thanh: S=0, R =0 ta co:
+R=0va ¢ -0=2Q-1
+S=0vaQ=1 = ¢ = 0 =RSFF gilt nguyén trang thai ci.

1.2.3.2. Mach (16ng bo: ‘ ‘
Xeét so d6 RSFF dong bd vo1 so do mach, ky hi¢u nhu hinh dudi day:

_\; 3 ) a "\ Q
r S - 1 P =
Ck L= | . 0 —
S ._'_‘_'.'_‘ ....... 1 Ck
L A e ™ O Yy —
— [} o R e ©Q R 0 b—
R 14 > _2 /
Bang trang thai lam viéc cua mach nhu sau:
Vao Ra
CK S R Qn+1 Q n+1
0 X X Q, o,
1 1 1 Q, O,
1 0 1 1 0
1 1 0 0 1
1 0 0 CAM CAM

Trong d6: Ck 14 tin hiéu diéu khién d6ng bo hay tin hiéu dong hd (Clock). Khao
sat hoat dong ctia mach:

- Ck = 0: cong NAND 3 va 4 khoa khong cho dir liéu dua vao. Vi cong
NAND 3 va 4 déu c6 it nhat mot ddu vaio Ck =0 2S=R=1=Q,_,, = Q, (FF
gilt nguyén trang thai ci).




- Ck = 1: cong NAND 3 va 4 mo. Pau ra Q sé& thay doi tuy thudc vao
trang thai cua S va R.
+S=1,R=1= S=R=0=Q,,, = Q, (gilf nguyén trang thai
cli).
+§=0,R=1=S=1,R=0=Q,,,=1
+§=1,R=0=>S=0,R=1=Q,,,=0
+5=R=0=> S=R=1=>Q,,;=Q, = X (trang thai cim).
1.2.4. Mach RSFF kiéu chu t&

Péi voi RSFF nay khi xung Ck ton tai mirc logic 1 dir liéu s& duoc nhap
vao FF, con khi Ck tdn tai muc logic 0 thi dir li¢u chtra trong FF dugc Xuét ra
ngoai.

Vé mit ciu tao bén trong RSFF kiéu chu t& (MSFF) gom 2 FF: mot FF
thuc hién chirc nang chu (Master) va mot FF thuc hién chirc nang t& (Slaver)
nhu & hinh sau:

e " T
S | 7 p— \ | P — |
N, T3 ——T1 )
I 1 [ S . ;I
: : } I : Q
1 Master - | Slaver ><:
c | | —
CI\ : : ! [ ~\ | Q
| P L -1 2l
| L | 2)
g 1} b L/ |
| } I - EFF
R— " A .
L s s s e c g e e s s s s s e e . e o o

Hoat dong ctia FF diéu khién theo kiéu chu/té:

+ Ck = 1: FF2 mo, dit liéu duoc nhdp vao FF2. Qua céng dao Ck = 0;
FF1 khoa nén gilt nguyén trang thai cii trude do.

+ Ck = 0: FF2 khéa nén gitt nguyén trang thai cii truéc d6. Qua cong dao
Ck = 1; FF1 md, dit liéu duoc xut ra ngoai.

Khi nghién ctru chi tiét, ta thiy: RSFF kiéu chu t& da thoat khoi trang thai
cam nhung van roi vao trang thai bat dinh, vi vay nguoi ta it st dung RSFF kiéu
chu té trong truong hgp R=S = 1.

1.3. Mach J - K Flip - Flop
1.3.1. Khai ni¢m
JKFF (con dugc goi 1a tri go van ndng) 1a mot FF dugc hinh thanh tu

MSFF bang cach: Tir MSFF ngudi ta noi 2 dudng hdi tiép truc tiép tir dau ra 0
vé dau vao S va mgt duong tir dau ra Q vé dau vao R. Nhu & hinh duéi day:



J

Do

L~ |

—

»C:b CK

S a

Ky hiéu cia mot JKF rat gon (hinh a.) va ¢6 ddy du cac dau vao xéa (Cl), dau
vao chuong trinh (Pr) tic dong & mirc thap (hinh b.) nhu & hinh dudi day:

— 17 0
— Ck
K o0 |l—
a.

1.3.2. Mach dién thuc hién.
Mach dién cua mot JKFF xay dung tr MSFF nhu ¢ hinh dudi day:
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~-»Cy
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Béang trang thai lam viéc cua mach nhu sau (dé don gian ta bo qua tac
dong cua cac dau vao Cl va Pr):

Vao Ral Ra 2
CK J K S R Qut | Ont
0 X X X X Q, 0,
1 0 0 Q, é n Q, é n
I 0 I 0 1 Q, 0,
1 1 0 1 0 Q, 0,




1 1 1 én Qn Qn én
0 0 0 Qn én Qn én
0 0 1 0 1 0 1
0 1 0 _1 0 _1 0
O 1 1 Qn Qn Qn Qn

Tir bang trang thai lam viéc ta thiy: O JKFF, dit liéu dau vao dugc dua téi
dau ra sau mot chu ky tac dong cua xung nhip dau vao (1 — 0) va FF JK da
thoat khoi trang thai cam khi J = K = 1 va thay vao do la trang thai ddo muc

logic & dau ra (khi J = K = 1 thi Q1= 0 n). Nguoi ta 191 dung trang thai dao
nay dé thiét ké mach dém.

Nhin bang trang thai 1am viéc ctua JKFF ta thiy r&: Mubn dua dir liéu dén
dau ra thi xung nhip phai & muc logic 0 (nghia 14 mirc tich cyc cta xung nhip
phai 1a mutc 0), nhung tir nguyén 1y hoat dong ctia MSFF thi mudn c6 dir liéu
dua téi dau ra trude do xung nhip phdi & mirc 1 dé dit liéu duoc nhap vao RSFF
chu (M).

Do vy ta c6 thé rit gon bang trang thai lam viéc cua JKFF nhu sau:

Goi J", K" 14 trang thai diu vao vao DATA cua J, K & xung Ck thir n.
Goi Q", Q™" 14 trang thai du ra Q & xung Ck thit n va thir (n+1).
Luc do ta co bang trang thai mo ta hoat dong ctuia JKFF:

J | K |Q
0|0 |Q
0| 1|0
1|0 | 1
1 |1 | o

Phuong trinh logic cua JKFF:
Qr.‘l — J:IQII + I{D.Qn

Nhdn xét: JKFF 1a mach dién c6 chic ndng thiét 1ap trang thai 0, trang thai 1,
chuyén doi trang thai va duy tri trang thai du ra cin clr vao cac tin hiéu dau vao
J, K va xung nhip déng bo Ck. Nhu vay co thé n6i JKFF 13 mot FF rit van nang.
1.4. Mach D Flip — Flop (DFF)
1.4.1. Khai ni€ém

DFF 1a mot FF dung dé chét dir liéu, nd c6 mot dau vao 1a dau vao dit liéu

D va céac dau ra theo quy udc ctiia mot FF (hai dau ra 1ién hop Q va 0, ).
Ky hi¢u cia mot DFF c6 xung nhip tdc dong tich cuc & muc logic “1” nhu
¢ hinh dudi day:




—1D 0o ——
—> Ck

Ql

Trong d6: - D la dau vao dir liéu.

-Q, 0 1a cac dau ra. ‘
- Ck: tin hi€u xung dong bo.

1.4.2. Mach dién thuc hién.
DFF c6 thé thuc hién nho so do sau:
NAND LATCH

q SET

} RESET ’ Q
2 ‘\

Hoic c6 thé tao ra DFF tur RSFF hoac JKFF bang cach nbi mot ‘céng dao
tor S qua R (hoac tur J qua K). Khi nay dau vao S (hoac J) s€ tr¢ thanh dau vao D.
Goi D"1a trang thai cua dau vao DATA D & xung Ck thir n.
Goi Qn, Qn+1 la trang thai cua daura & xung Ck thir n va (n+1).
Lic do ta c6 bang trang thai cua DFF nhu sau:

Deo—o

CKk o—f—¢

Bang trang thai:

D Qn+i
0 0
1 |
Khai trién bang nay dé tim bang dau vao kich ctia DFF, ta co:
Dn Qn Qn+l
0 0 0
0 1 0
10 1
1 1 1

Bang dau vao kich ctia DFF:



Q" _Q"'| D
0 0 0
0 1 1
1 0 0
1 1 1
Phuong trinh logic cua DFF:
Qn+1 _ Dn

Ung dung cta DFF:
- Dung DFF dé chia tan sd.
- Dung DFF dé luu trit dit liéu dé ché tao cac bo nhd va thanh ghi.
- Dung DFF dé chét dir liéu.
1.5. Mach T Flip - Flop
1.5.1. Khai ni€ém
TFF con duoc goi 1a mach 1at (Togle), 1a mot FF ma khi xung nhip (dong
bd) & trang thai tich cyc thi muc logic dau ra s& thay d6i mdi khi ¢ xung dir liéu
tich cuc tac dong & dau vao dir liéu (T) cta no.
Ky hi¢u ciia TFF nhu ¢ hinh dudi day:

— T Q —
—p Ck

Trong do:

- T: dau vao dit lidu

-Q, Q: cac dau ra

- Ck: tin hiéu xung dong bo.
1.5.2. Mach dién thuc hién.

C6 thé tao ra TFF tir JKFF bang cach ndi chung hai dau vao J — K dé tao
thanh dau vao T nhu & hinh dudi déy:

.11 0
P Ck
K 0 |—

Goi T 1a trang thai cua dau vao DATA T & xung Ck thir n.

n+1

GoiQ ,Q latrang thai ctia dau ra & xung Ck thtr n va (n+1).



Luc d6 ta c¢6 bang trang thai hoat dong khai trién cua TFF nhu ¢ bang dudi day:

™ Qn—l
0 | Q°
1 0°

Tur bang trang thai nay ta c6 nhan xét:

+ Khi T = 0: Mi khi ¢6 xung Ck tac dong dau ra Q duy tri trang théi cii
trugce do.

+ Khi T = 1: Mdi khi ¢6 xung Ck tac dong dau ra Q dao trang thai.

™ Q| Qv
0 0 0
0 1 1
1 0 1
1 1 0

Tir bang trang thai khai trién ctia TFF ta tim duoc bang dau vao kich cua TFF
nhu sau:

Q_Q| T
0 0 0
0 1 1
1 0 1
| 1 0

Phuong trinh logic cua TFF: -
Q*'=T".Q"+T".Q" (dang chinh tic 1)

Hoidc: Q™= (T®+Q")T®+Q") (dang chinh tic 2).

:)Q11+1 — Tn @) Qn

Téng qudt: Khi T = 1 TFF c¢6 thé sir dung 1am mach dém xung Ck hoic
mach chia tan. Ghép ndi tiép n TFF véi nhau sao cho dau ra cua TFF trudc s&
ndi voi dau vao cia TFF dung sau (Cki +1 nbi voi Qi ) va luc bay 8io tat ca cac
dau vao DATA T & tat ca cac TFF déu giit muc logic 1, lic d6 tan sb tin hiéu
dau ra sé la:

y for
f—IK
Q 211
2. Mach dém (dém thap phan, nhi phén)
Muc tieu:



Trinh bay céu tao, nguyén 1y hoat dong cac mach dém thong dung.
2.1. Mach dém module
2.1.1. Khai niém

Churc nang cuia mach dém 1a dém s xung Ck dua vao dau vao hoidc thé
hién sb trang thai co thé c6 cua cac dau ra.

Néu xét khia canh tan sb cua tin hiéu thi mach dém c6 chuc nang chia tan,
nghia 13 tin sb cua tin hiéu & dau ra 1a két qua ctia phép chia tan sé cua tin hiéu
CK & dau vao cho sé dém ctia mach.

Bo dém duoc xay dung trén co so cac Flip - Flop (FF) ghép véi nhau sao
cho hoat dong theo mot bang trang thai (qui luat) cho trudc.

SH luong FF su dung la s6 hang cua bo dém.

B6 dém con dugc st dung dé tao ra mot day dia chi cua 1énh diéu kién,
dém sb chu trinh thyc hién phép tinh, hodc c6 thé dung trong van dé thu va phat
ma.

Co thé phan loai bo dém theo nhiéu céch:

- Phén loai theo co s& cac hé dém: Bo dém thap phan, bo dém nhi phan.
Trong d6 b dém nhi phan dugc chia lam hai loai:

+ B0 dém v6i dung luong dém 1a 2"

+ B0 dém v6i dung luong dém khéac 2" (dém module M).
- Phén loai theo huéng dém gdm: Mach dém 1én (dém tién), mach dém xudng
(dém 1ui), mach dém vong.
- Phan loai mach dém theo tin hiéu chuyén: bo dém ndi tiép, bo dém song song,
b6 dém hdn hop.
- Phan loai dya vao chirc nang diéu khién:

+ Bo dém dong bo: Su thay d6i dau ra phu thudc vao tin hiéu diéu
kién Ck.

+ B0 dém khong dong bo.

Mic du c6 nhiéu cach phan loai nhung cé ba tén goi chinh thudng duoc
stt dung: BO dém ndi tiép (khong dong bo), Bo dém song song (dong bd), Bo
dém hdn hop.

2.1.2. Mach dién thuc hién.

Pbi voi cac bd dém du 1a ndi tiép hay song song; du dém 1én hay dém
xudng, hodc 1a d¢m Modulo M (dém 1én/dém xudng) déu c6 cach thiét ké chung
va khong phu thudc vao tin hiéu Ck tic dong sudn 18n, sudon xubng, mic 0 hay
muc 1.

Cac budc thuc hién :

- Tr yéu cau thyc té xdy dung bang trang thai hoat dong ctia mach.

- Dua vao bang dau vao kich cua FF tuong Ung dé xay dung cac bang
ham gié trj ctia cac dau vao di liéu (DATA) theo dau ra.

- Dung cac phuong phap téi thiéu dé ti thiéu hoa cac ham logic trén.

- Thanh lap so d6 logic theo ham logic tdi thiéu vira tim duoc.

2.2. Mach dém dong bo, khong ddng bod
2.2.1. Mach dém khong dong bo (dém nbi tiép)
2.2.1.1. Khai niém



Bo dém ndi tiép 1a bd dém trong d6 cac TFF hoic JKFF giir chirc ning
cua TFF dugc ghép ndi tiép v61 nhau va hoat dong theo mdt loai ma duy nhat 1a
BCD 8421. Dbi véi loai bo dém nay, cac dau ra thay doi trang thai khong dong
thoi v6i tin hiéu diéu khién Ck (tic khong chiu sy diéu khién cua tin hiéu diéu
khién Ck) do d6 mach dém ndi tiép con goi 13 mach dém khong dong bo.
2.2.1.2. Phan loai
Theo hudng dém va theo dung lugng dém, mach dém ndi tiép dugc phan ra:
- Mach dém lén. - Mach dém xudng.
- Mach dém 1én /xubng. - Mach dém module M.

2.2.1.3. Mach dém Ién

Pay 1a bo dém c6 ndi dung dém tang dan. Nguyén tic ghep no1 cac TFF
(hodc JKFF thyc hién chirc ning TFF) dé tao thanh bd dém ndi tiép con phu
thudc vao tin hiéu diéu khién Ck. C6 2 truong hop khéac nhau:

- Tin hiéu Ck tac dong sudn xudng: TFF hoidc JKFF dugc nghép ndi véi
nhau theo qui luat sau:
Cki+1 = Qi
- Tin hiéu Ck tac dong suong xudng: TFF hoic JKFF dugc nghép ndi voi
nhau theo qui luat sau:

Cky., = Q;
Trong d6 T ludn ludén gilt & mutrc logic 1 (T = 1) va ddu ra ciia TFF ding trudce
noi1 voi dau vao Ck cua TFF ding sau.
D¢é minh hoa ching ta xét vi du vé mot mach dém ndi ti€p, dém 4, dém
2

1én, dung TFF. S6 lwong TFF can dung: 4 =2 = dung 2 TFF.
Truong hop Ck tac dong theo sudn xuodng:

ckl v Q, Q.
1l ‘4 1T _1
e Cky > Ck,
(@) &)
Clr |
Truong hop Ck tac dong theo suon lén:
ckf L
/\Q; Q,
i e
Ck D Ck, o Ck,
O o)

Clr




Trong cac so dd mach nay Clr (Clear) 1a dau vao xba cua TFF. DPau vao

ClIr tic dong mirc thap, khi Clr = 0 thi d4u ra Q cua FF bi x6a vé 0 (Q= 0)
Gian d6 thoi gian cua mach dém 1én c6 Ck tac dong theo suon xubng:

] 2 3 4 5 7 8
(k A\ Y Y A4 \' 4 A4 A\ ‘1’

Q.

Gidn d6 thi gian cia mach dém 1én c6 CK tac dong theo swon xuong

Béng trang thai hoat dong cia mach dém 1én c6 Ck tac dong theo suon xudng:

Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
1 0 0 0 1
7, 0 1 | 0
3 | 0 1 |
4 | 1 0 0

Gian d6 thoi gian mach dém 1én c6 Ck tac dong theo sudn 1én:

> 3 4 5 7 8

|
‘ T \ A A A A A A |
( -

>
[—

51 Oj\l 0/\1 0/\1 0 1

Q@ 0 [ [ 110 0 [T T7o

Giin @6 thoi gian mach dém 1én ¢é Ck tic dong theo swon lén

Béng trang thai hoat dong cia mach dém 1én c6 Ck tac dong theo suon 1én:



Xung vao | Trang thai hién tai Trang thai ke tiep

Ck Q, Q, Q, Q,
1 0 1 1 0
2 1 0 1 |
3 1 1 0 0
4 0 0 0 |

2.2.1.4. Mach dém xudng
Pay 1a bo dém co6 noi dung dém giam dan. Nguyén tic ghép cac FF ciing
phu thudc vao tin hiéu diéu khién Ck:
- Tin hi¢u Ck tac dong suon xuéng: TFF hoac JKFF dugc nghép ndi vai

nhau theo qui luat sau: Ckier = Q;

- Tin hiéu Ck tac dong sudn xudng: TFF hoidc JKFF dugc nghép ndi véi
nhau theo qui luat sau: Ckj+1 = Q;j

Trong d6 T ludn ludn giit & mic logic 1 (T = 1) va dau ra dao ctia TFF
dung trude ndi véi dau vao Ck ciia TFF dung sau.
Vi du: Xét mot mach dém 4, dém xudng, dém ndi tiép dung TFF.

S6 luong TFF can dung: 4 = 22 = dung 2 TFF.

So dd mach thyuc hién khi st dung Ck tac dong suon Xuéng va Ck tac dong
suon 1én.
Truong hop Ck tac dong theo sudn xudng:

ck| v Q, o,
PN e I s
T> Ck, i[—q> Ck,

Q @
Clr [
Truong hop Ck tac dong theo suon lén:
ck T L
AQ; Q.
1l 1l J
kP P> Sl

(@)
Clr T J

Gidn do thoi gian cua mach dém xudng c6 Ck tac dong theo sudon xuong:



| 2 3 4 5 7 8
Ck— v Y Y ‘L Y 4 % v
Q | 0 1 0 1 0 I 190
0 V0 I | 0 0 I J 0 [T
Q. 0 " 1 0 0 I ] 0

Gian do thei gian mach dém xuong cé Ck tac dong theo swon xuong

Béang trang thai hoat dong cua mach dém xuéng c6 Ck tac dong theo suon

xudng:
Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
| 0 0 | |
2 | | | 0
3 | 0 0 |
4 0 | 0 0

Gian do thoi gian cua mach dém xudng co Ck tac dong th

€0 suon lén:

1 2 3 4 5 7 8
N AN N AN N AN N
c ]
Q_ 0N 1 04 1 0 f 1 0 & 1
Q. 0 0 1 1 0 0 1 |

Gian do thoi gian mach dém xuong c6 CK tic dong theo swon 1én
2.2.1.5. Mach dém 1én, dém xudng
Goi X 1a tin hiéu diéu khién chiéu dém, ta quy uéc:
+ Néu X = 0 thi mach dém 1én.
+ Néu X = 1 thi dém xudng.
Ta xét 2 truong hop cua tin hiéu Ck:
- X¢ét tin hiéu Ck tac dong suon xudng:
Ltc d6 ta c6 phuong trinh logic: Ck; 1 = X.Q; + X.Q, = X D Q;
- Xét tin hi¢u Ck tdc dong suon 1én:
Ltc d6 ta c6 phuong trinh logic: Ck;,q = X.Q; + X.Q; = XD Q,
2.2.1.6. Mach dém module M

Pay 1a bd dém ndi tiép, theo ma BCD 8421, c6 dung lwong dém khac 2 .



Vi du: Xét mach ¢ém 5, dém len dém nbi t1ep

S6 lugng TFF can dung: Vi 2 =4<5<8= 2 = dung 3 TFF co dau vao Clr.
Vay bo dém nay s& c6 3 dau ra (cha ¥: S6 luong FF tuwong Gng véi sé dau ra).
Béang trang thai hoat dong cua mach:

Xung vao | Trang thdi hién tai | Trang thdi ké tiép
Ck Q3 Q_* Ql Q3 Q*' Q1

| 0 0 0 0 0 |

2 0 0 1 0 | 0

3 0 | 0 0 | |

4 0 | | | 0 0
5 | 0 0 1/0 0 1/0

Néu dung 3 FF thi mach c6 thé dém duoc 8 trang thai phan biét (000 —
111 twong tmg 0—7). Do d6, dé st dung mach nay thuc hién dém 5, dém 1én, thi
sau xung Ck thir 5 ta tim cach dua tb hop 101 vé 000 co nghia 1a mach thyc hién
viéc dém lai tur to hop ban dau. Nhu vay, bo dém s& dém tir 000 — 100 va quay
vé 000 trd lai, noi cach khac ta dd dém duoc 5 trang thai phan biét. DPé x6a bod
dém vé 000 ta phan tich: Do t6 hop 101 c6 2 dau ra Q. Q dong thoi bang 1

(khac v&i cac to hop trude d6) — day chinh 1a ddu hiéu nhan biét dé diéu khién
x6a bd dém. Vi vay dé x6a bo dém vé 000:
- Bdi v6i FF ¢6 dau vao Clr tic dong mirc 0 ta diung cong NAND 2 dau vao.
- Bdi v6i FF ¢6 dau vao Clr tic dong mirc 1 ta dung cong AND 2 dau vao.
Nhu vay so dd mach dém 5 13 so dd cai tién tir mach dém 8 bﬁng cach
méc thém phan tir cong NAND (hodc cong AND) c6 hai dau vao (tiy thudc vao
chan Clr tac dong muc logic 0 hay muc logic 1) duoc ndi dén dau ra Q1 va Q3,

va dau ra ctia cong NAND (hodc AND) s& dugc ndi dén dau vao Clr cia b dém
(cling chinh 1a dau vao Clr cua cac FF).
Trong truong hop Clr tac dong murc thap so d6 mach thuc hién dém 5 nhu sau:
QIA Q. Qs r
1 Yo—
L/

e ] ] ‘

Gidn do thot gian cua mach:




1
u_ 0 0 o off o © o 0
Chii y: | |

Do trang thai cta dau ra 1a khong biét trudc nén dé mach c6 thé dém tir
trang thai ban dau 12 000 ta phai dung thém mach xo6a ty dong ban dau dé xoa bd
dém vé 0 (con goi 1a mach RESET ban dau). Phuong phap thuc hién 1a dung hai
phan tir thy dong R va C nhu & hinh dudi day:

vCC

R1

Mach Reset mirc 0

Clr

Mach hoat dong nhu sau: Do tinh chat dién ap trén tu C; khong dot bién
dugc nén ban dau madi cap ngudn Vee thi VC = (0 = dau ra CIr = 0 va mach co

tac dong Reset x6a bd dém, sau d6 tu C duoc nap dién tu nguén qua dién tré R
v6i thoi hang nap 1a © = R;C; nén dién ap trén tu ting dan, cho dén khi tu C; nap
day thi dién ap trén tu x4p xi bang Vce = dau ra Clr = 1, mach khong con tac
dung reset.

Chu y khi thiét ké: Voi mot FF, ta biét duogc thoi gian x0a (co trong Datasheet
do nha san xuét cung cip), do d6 ta phai tinh toan sao cho thdi gian tu Cy nap
di€én tir gid tri ban dau dén gia tr1 dién ap ngudng phai l6n hon thoi gian x6a cho
phép thi méi ddm bdo x6a dugc cac FF.

Mach cho phép xda bg dém tu dong:

Qa Q, Q3

DCk, DCk,




Mach cho phép x6a bo dém tu dong va bang tay:
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Céc bd dém nbi tiép co vu diém 1a don gian, d& thiét ké. Nhung chung lai
¢6 nhude diém 1a: V§i dung luong dém 16n, sé lwong FF sir dung cang nhiéu thi
thoi gian tré tich liy kha 16n. Néu thoi gian tré tich lily 16n hon mdt chu ky tin
hiéu xung kich thi lic bay gid két qua dém sé& sai. Do d6, dé khiac phuc nhugc
diém ndy, nguoi ta sir dung bd dém song song.

2.2.2. Mach dém ddng bo (dém song song)
2.2.2.1. Khéai ni¢m

Bo dém song song 1a bd dém trong d6 cac FF mic song song v4i nhau va
cac dau ra s& thay do6i trang thai dudi sy diéu khién cua tin hiéu Ck. Chinh vi
vay ma nguoi ta con goi bd dém song song 1a bo dém dong bo.

Mach dém song song dugc str dung voi bat ky FF loai nao va co thé dém theo
qui ludt bat ky cho trude. Vi vay, dé thiét ké bo dém dong bod (song song) ngudi
ta dya vao cac bang dau vao kich cua FF.

2.2.2.2. Mach thuc hién

Pbi voi bd dém song song du dém 1én hay dém xudng, hodc 13 dém
Module M (dém 1én/dém xudng) déu cé cach thiét ké chung va khong phu thudc
vao tin hiéu Ck tac dong sudn 1én, suon xudng, mirc 0 hay mirc 1.

Cac budc thuc hién :

- Tr yéu cau thyc té xdy dung bang trang thai hoat dong ctia mach.

- Dya vao bang dau vao kich ctia FF twong ung dé xdy dung cac bang ham gia
tri ctia cac dau vao dit liéu (DATA) theo dau ra.

- Dung cac phuong phap téi thiéu dé tdi thiéu hoa cac ham logic trén.

- Thanh 1ap so d6 logic thyc hién ham logic di ti thiéu.

Vi du: Thiét ké mach dém ddng bo, dém 5, dém 1én theo ma BCD 8421
dung JKFF. .

4 4 1 2
Trude hét xac dinh s6 JKFF can dung: Vi2 =4 <5<8=2 = dung 3
JKFF = c6 3 daura Ql, Qz, Q3.

Ta c6 bang trang thai moé ta hoat dong cia mach nhu sau:




Xung vao | Trang thai hién tai | Trang thai ké tiép

Ck Q|1 Q [Q |Q&|Q |Q
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 | 1
-~ 0 1 | | 0 0
5 1 0 0 0 0 0

Béng dau vao kich tong hop cho cac FF nhu sau:

QI'I Qll+1 Sn Rll JI'I Kll 'I'n Dll

o oo X0 XJ10710

0 L 11 0 | X 11 1

| 010 1 X 1 1 0

1 | X 0 X 0 0 1

Tu do ta suy ra bang ham gia tr1 ciia cac dau vao data theo cac dau ra:

Xung | Trang thii hién tai | Trang thii ké tiép
vao |1 Q. Q Q|1 Q Q Q) K\ |) KI|J K
1 O 0 0|10 O 1 [0 X0 X]1 X
2 0 0 1 0 l 010 X|1 X|X 1
3 0 1 0[O 1 1 [0 XX 0]1 X
- 0 1 1 1 0 01 X[X 1[X 1
5 1 0 OO0 O O0X 1]0 X]0 X
Lap bang Karnaugh dé tdi thiéu hoa ta duoc:
T \Q:Q: Ki\Q:Q:
Q~_ 0 O 1 1 Q~_0 0 1 1
001 1 x| 0 0 x | x | x
1| x X | x X 11 1 1 x x
J,=Q K,=1=Q
1. \Q:Q: K:\Q:Q:
Q. 0 O 1 1 Q.0 0 1 1
00 0 | x| x 0 0| x| 0
1 x | x X I x 1 x X
I,=Q K,=Q,
J312\Q:Q: Ka\Q:Q:
Q.0 O 1 1 Q.0 O 1 1
00 o| o0 | x X 0 0| x| 0
1| O 1 X | X 1 x | x
1.=Q.Q; K;=1=Q;s




Luu y: Khi thiét ké tinh toan ta dung céac phuong phap t6i thibu dé dua vé
phuong trinh logic to0i gian. Nhung trong thyc t€ thi doi luc khong phai nhu vay.
Vi du: K3 =1, K3 = Q3 hay K3 = 2Q déu diung, nhung khi 1ap rap thuc té ta chon

K3 = 2Q dé tranh day ndi dai gy nhiéu cho mach. So d6 logic:

Q; Qﬂ Qs
N
J“ Q I, Q—T ’—|'J3 Qs

K, O K, © K, 0|42

Clr

Nguyén 1y hoat dong ctia mach nhu sau:

- Ban déu dung mach x6a R-C dé x6a: Q; = Q, = Q; = 0; cac dau vao
1=K =1,1,=K;=Q2 J3=0,K3=1

- Khi Ck; ¢ muc tich cyc theo quy dinh, trang thai ctia cac dau ra déu thay
d6i theo trang thai dau vao DATA trude do.

J1=K1:l :)Ql:Q—?:l
J:=K:=l :’Q:=Qg=0
=0Ks=1= Q3 =1 pit chip trang thai trude d6 1a & mic logic

nao.
(Hodc: J3=0,K3=0= Q5 = Q2 = 0) = Q3Q,Q; = 001 khi d6
ji=K; =Q3 =1;17K=Q=1;J3=Q1.Q, =0; K5 =1 (Hodc K3 =Q3 =0).
- Khi Ck; 6 mic tich cuc theo quy dinh
Jh=K,=1 =>Q,=Q=0.
L=K,=1 =>Q,=Q;=1.
J3=0,K3=1 :>Q3=O.
(Hoac J3=0,K;=0=Q3=Q; =0) = Q3 Q,Q;=010.
Licdé:J,=K,=Q;=1;1,=K,=Q,=0;J;=0,K;= 1.
(Hoac K5 = Q,=0).
- Khi Ck; 6 muc tich cuc theo quy dinh
J =K, =1 = Q,=Qi=1.
J,=K,=0 =>Q,=Q=1.
J3=0,K3 =1 = Q; =0 bit chp trang thai trudc do.
= Q30Q,Q;=011; khi d6
ji=Ki =0Q; =11 K=Q=1;3=01.Q;=1; K5 =1.
- Khi Cky4 & muec tich cuc theo quy dinh




L,=K,=1 =Q,=Q=0.
LL=K, =1 = Q,= Q§==O.
J3=0,K3 =1 = Q; =1 bit chap trang thai truéc do.
= Q30Q,0Q: =100 khi do
ji=Ki =Q3 =1;1,=K;=Q=0;J3=Q1.Q:=0; K5 = 0.
- Khi Cks & mure tich cuc theo quy dinh
=K, =1 =>Q =Q=
L=K,=1 :’Q:=Qg=0-
J3=0,K3 =1 = Qs = 0 bt chip trang thai truéc do.
= Q30Q,0Q: =000 khi do

1=K =0Q; =1,1=K;=Qi=0;J3=Q1.Q; = 0; K3 = 1
Mach tré vé trang thai ban dau.

2.2.3. Lép rap va can chinh mach dém khong dépg bd va dong bo.
2.2.3.1 Lap rap va can chinh mach dém khong dong bd.

Lap mach dém 4 bit dung IC 74194; 8 bit dung IC 74164 hién thi LED.

So db nguyén ly:
Lck L4 L3 L2 L1
74194
. e/CP D3
. - 151 B%%
JER383 e B
Sy Y eDSR Q3
¢ DSL Q2e
Qlte
LedMR  QOfe
L7 Lée L5 14 L3 L2 L1 LO
Lck ——eofe—] ? ﬁ
? 745164
o{Dsa Q7le
elbsh Q6
-CP1Q1e—e e{CP 8”2
-dcP2Q2 L odur §f|§
5v QOre
é:\O—
S

Trinh tu thuc hién:
> Khéo sat so d6 chan cua IC 74194
» Lap mach trén bo da nang:



- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.

- B6 tri cac linh kién hop Iy

- Cac duong day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hi¢u chinh va stra chira.

- Méi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach dé .dam bao khong gay cham,
chap, ho mach hoic céc 16i khac trude khi cap nguon va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuan bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

> La‘ip mach dung IC trén bo mach in chuén bi sin:

- Yéu cdu mach in chuin bj sin (theo cac phin mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so db lap rap da dugc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cam dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d6 lap rap, mbi han phai ngiu, bong, gon, khéng gay
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu du vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.
2.2.3.2 Lap rap va can chinh mach dém dong bo.

Lap mach dém 100 dung IC 4017 hién thi LED va dém 10 dung IC 7490
+ 7447 hién thi LED 7 doan.

So db nguyén ly:

2 4 5

P O
oD ©
oD ©

on onlg_ lno {nml
Lk 22009900985 | 22009900005 |
[(e]e | (OS
oo N
]% S 89 ] 5 =9
¢ b
—CP1Q1e * f? ?T
-gCP220-
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Trinh tu thuc hién:
» Khéo sat so dd chan cua IC 4017, 7490; 7447
> Lip mach trén bo da ning:

- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.

- B4 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khéng chong chéo, dé
quan sat khi hiéu chinh va stra chira.

- Mbi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuan bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

> La‘ip mach dung IC trén bo mach in chun bi sin:

- Yéu ciu mach in chuin bj sin (theo cac phin mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so d lap rap da duoc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cim dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d6 lap rap, mbi han phai ngiu, bong, gon, khéng gay
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuan bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

2.3. Mach dém vong
2.3.1. Khai niém

Mach dém vong 1a mdt mach dém module M bat ky ma ctr hét module d6
thi qua trinh lai duogc lap lai.

Thuc chat mach dém vong 1a mot mach ghi dich, trong dé ta cho hdi tiép
tr mot dau ra nao d6 vé dau vao dé thuc hién mot chu ky dém. Tuy duong hdi
tiép ma ta co cac chu ky dém khac nhau.



2.3.2. Mach dién thuc hién.

Ta xét mQt s6 so do mach dém vong:
2.3.2.1. Hoi tip tir Qp vé& Jx va 9o vé K,

Q. Q. Q|
L A : c b
J Q J Q J J Q
+ Cx b Gy —— Cy — G,
~K g @ K¢ @ KgC K¢l @
JyL v Y T
Cl !

D61 vo1 mach nay, su dém vong chi thay dugce khi co dat trude dau ra

- Pt trude Q4 =1, ta dugc két qua nhu bang dudi day:

Ck Qp | Qc { QB [ Qa | So TP
Preset 0 0 0 1 1
14 0oJo|l1]0 2
24 ol 1010 4
31 1 0 0 0 8
44 ol o001 1
Néu dat trude Qa = Qp = 1 ta c6 bang sau:
Cxk [ Q[Qc]Qs[Qa] S5TP
Preset 0 0 1 1 3
14 0l1|11]0 6
24 1 | 1|01]o0 12
3 1 0| 0 1 9
4l 0]o0 1|1 3
2.3.2.2. Hoi tiép tir €» v& J, va Qp v Ky :
Q. Q. Q Q,
I- A B C D
J Q J Q J Q J Q-
b Ce 5 G o
-K g @ Kg @ Kag@ Kg @
L [ ] |
- |




Mach nay con c6 tén 1a mach dém Johnson. Mach c6 mét chu ky dém mic
nhién ma khong can dat trude. Néu co dat trude, mach s& cho cac chu ky khac
nhau tlly vao t6 hop dit truéc d6. Bang dudi ddy la chu ky dém mic nhién khi
khong dit trude dau ra.

Ck Qo Qc|Qs|Qaf SOoTP
Preset 0 0 0 0 0
1+ 0 0 0 1 1
2v 0 0 1 1 3
3 0 1 1 1 7
4> 1 1 1 1 15
S5 1 1 1 0 14
6+ 1 1 0 0 12
v 1 0 0 0 8
8l 0 0 0 0 0

2.3.2.3. Hoi tiép tir €» v& J, va Qc vé Ky

Qu Qe Q¢
L A B C
J Q J Q J Q
—WCg OO(,'_ o\(« ob
—K g @ Kg @ Kg @
L S . 1 :l-
a1 - 1 1

Truong hop hoi tiép nay, bang trang thai 1am viéc cua mach nhu dudi

day:

Cx Qo Q¢ Qs Qa So TP

Preset 0 0 0 0 0
13 0 0 0 1 1
23 0 0 1 1 3
3o 0 1 1 1 7
4 1 1 1 0 14
54 1 1 0 0 12
6l 1 0 0 0 8
74 0 0 0 0 0

2.3.3. Lap rap mach dém vong
2.3.3.1. Lap rap mach lip tudn tu:

Muc tiéu 1a giup cho sinh vién hiéu va ndm duoc nguyén 1y hoat dong cua
IC 74138 va IC 74193. So dd nguyén 1y ctia mach lip:
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Trinh tu thuc hién:
> Khao sat so d6 chan ctia IC 74138, 7404 va IC 74193
> Lip mach trén bo da ning:

- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.

- B4 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hiéu chinh va stra chira.

- Mbi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong giy cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

> Lip mach dung IC trén bo mach in chuan bj sin:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so d lap rap da dugc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.



- Khi lap phai cim dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d lap rap, mbi han phai ngiu, bong, gon, khéng giy
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong gay cham,
chap, ho mach hoic céac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuan bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.
2.3.3.1. Lap rap mach dém dén 32 dung IC 4027:

So db nguyén ly:

LS L4 L3 L2 L1

R o

@tc
ik

Trinh tu thuc hién:
> Khao sat so d6 chan cua IC 4027
> Lap mach trén bo da ning:
- Yéu ciu chuin bi cac linh kién, day ndi duge vé sinh va trang thi€c trudc
khi dung lam phan tir két ndi trong mach.
- B6 tri cac linh kién hop 1y
- Cac dudng day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hi¢u chinh va stra chira.
- Mbi han phai ngiu, bong.
- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trude khi cap nguon va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).
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- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

> La‘ip mach dung IC trén bo mach in chuén bi sin:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so db lap rap da dugc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cim dung vi tri va chiéu cac linh kién (dic biét 1a cac linh
kién ban din) theo dung so d6 lap rap, mbi han phai ngiu, bong, gon, khéng gay
cham chap trén mach in.

- Phai biét tién hanh kiém tra ngudi mach dé dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trude khi cép nguén va tin hiéu dau vao (cac
xung dém phat ra tir mach tao xung vudng da chuén bi trudc).

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va cap xung dém tir mach phat xung dong hd (xung dém) dugc chuin bi
trudc bén ngoai.

3. Cac mach ghi dich dir li¢u
Muc tieu:

- Trinh bay duogc khai niém, cdu tao va nguyén Iy hoat dong cua cac thanh
ghi dich trai, phai.

- Lap rap duogc thanh ghi 4 bit dich phai dung FF
4.1 Pinh nghia, cAu tao, phan loai va ing dung
4.1.1. Binh nghia

Thanh ghi dich 1a mdt loai mach logic tudn tu, duoc ung dung trong luu
trt dir 1i€u, trong d6 thanh ghi dugc st dung nhu by nhé tam thoi (luu két qua
cac phép tinh) do kha nang luu trir ciia n6 c6 han.

Con bd nhd c6 kha nang luu trit cac bit dir li¢u kha 16n. V& mic ciu tao
bén trong né duoc xay dung trén co s¢ cac thanh ghi (nhiéu thanh ghi hop thanh
bd nhd).

4.1.2. Ciu tao
Thanh ghi dugc xdy dung trén co s& cac DFF (hodc cac FF khac thuc hién
chtic ning cua DFF) va trong d6 mdi DFF s& luu trit 1 bit dit lidu.
Pé tao thanh ghi nhiéu bit, nguoi ta ghép nhiéu DFF lai v6i nhau theo qui
luat nhu sau:
- Pau ra cua DFF dung trude duge ndi voi dau vao DATA cua DFF sau
(Di+1= Qi) = thanh ghi c6 kha nang dich phai.
- Hodc dau ra ctia DFF dirng sau dugc ndi véi ddu vao DATA cua DFF ding
trude (Di = Qi+1) = thanh ghi c6 kha nang dich trai.
4.1.3. Phan loai
- Phan loai theo sd bit dir liéu luu trix: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit. i
v6i1 thanh ghi 16n 8 bit, nguoi ta khong dung ho TTL ma dung ho CMOS.



- Phén loai theo hudng dich chuyén dit liéu trong thanh ghi:
+ Thanh ghi dich trai.
+ Thanh ghi dich phai.
+ Thanh ghi vtra dich phai vira dich trai.
- Phan loai theo dau vao dir liéu:
+ DPau vao dit liéu ndi tiép.
+ Pau vao dir liéu song song: Song song khong ddng bo, song song
dong bo.
- Phan loai theo du ra:
+ Dau ra ndi tiép.
+Paura song song.
+ Pau ra vira ndi tiép vira song song.
4.1.4. Ung dung
Ghi dich ¢6 kha nhiéu tng dung:
- Mot s nhi phan khi dich trai 1 bit, gia tri dugc nhan Ién gﬁp do1 va duoc
chia hai khi dich phai mot bit.
Vi dy s6 1010.00 = 1049
- Khi dich trai thanh 10100.0 = 204
- Khi dich phai thanh 101.000 = 5y,.
- Trong may tinh thanh ghi (tén thuong goi cua mach ghi dich) 1a noi luu
tam dit liéu dé thuc hién cac phép tinh, cac Iénh co ban nhu quay, dich ....
- Ngoai ra, mach ghi dich con nhitng rng dung khic nhu: tao mach dém
vong, bién doi dit liéu ndi tiép < song song, ding thiét ké cic mach dén trang
tri, quang béo. . . ..

4.2 Thanh ghi dich phai
4.2.1. Khai ni€ém
4.2.1.1. Khai niém

La thanh ghi dugc xdy dung trén co s& cdc DFF (hodc cac FF khac thuc
hién chirc niing ctia DFF) va trong ¢6 mdi DFF s& luu trit 1 bit dit liéu. Khi dix
liu dugc dua téi ddu vao thi chiing s& 1an luot thay thé cac bit dir liéu cii va cac
bit dit liéu cii 1an luot duge dich chuyén trén cac DFF tir trai qua phai theo thu
tu sa‘ip xép cac DFF.
4.2.1.2. Cach nhap dir li¢u vao thanh ghi

- Nhép dit liéu vao FF bang chan Preset (Pr):

Pr Clr
11
3)1(2)

I_oad DR |1
Ry

Al |

+ Khi Load = 0: Cong NAND 3 va 2 khéa — dau vao Pr=Clr=1 — FF
tw do — dir liéu A khong nhap vao dugc FF.



+ Khi Load = 1: Cong NAND 2 va 3 mé. Lic d6 ta c6: Pr= A, Clr = A.
NéuA=0=Pr=1,Cr=0=>Q=A=0.
NéuA=1=Pr=0,Cr=1=>Q=A=1.

Vay Q = A = dir li¢u A dugc nhap vao FF.

Tuy nhién, cach niy phai dung nhiéu cong logic khong kinh t& va phai
dung chan Clr 1a chan x6a nén phai thiét ké dong bo.

Pé khic phuc nhirng nhuoc diém d6 ta dung mach nhu trén hinh sau:

'r Chr
L]

A
Chan Clr dé trong tuong duong vdi mic logic 1.
+ Khi Load = 0: cong NAND khéa = Pr = Clr =1 = FF ty do. Dit lidu
khong dugc nhap vao FF.
+ Khi Load = 1: cong NAND mé = Pr= A.
Gia sir ban dau: Q = 0.
NéuA=0=Pr=1,Clr=1=Q=Q,=0.
NéuA=1=Pr=0,Cr=1=Q=1.
Vay Q = A = Dt li¢u A dugc nhap vao FF.
Chii y: Phuong phap nay doi hoi trude khi nhap phai x6a FF vé 0.
4.2.2. Mach dién dién hinh
Xeét mot thanh 4 bit c6 kha nang do1 phai.
Al B C D
Load M| 11 L ]

[7]
Y
Pl Q Q> L Q3 L
K,

Loa

y AN
%{/_ ], Q, T ], PrQ: l J; Pr Qs T ], Pr Q4_T_>
C, ' 0>( B —<>Ck: B —<>Ck3 B —c>Ck4 B
Kl Q'_ K: Q: K3 QS K.; 04
Clr — . [
Thanh ghi dich phai 4 bit
Trong do:

- DSR (Data Shift Right): Dau vao Data ndi tiép (dau vao dich phai).
- Ql, Qz’Q3’ Q4 : cac dau ra song song.

pé giai thich hoat dong cua mach, ta dya vao bang trang thai cua DFF.



Gia st ban dau: Pau vao nhap Load = 1 — A, B, C, D duoc nhap vao thanh ghi
dich—Q =A,Q =B,Q =C,Q =D.
Hoat dong dich phai cua thanh ghi:

-XétFF :D=DSR,Q =A.

NéuDSR1=O—>Q=O;néuDSR1= 1->Q=1.

Két luan: Sau mot xung Ck tac dong suon Xuéng thi Q1 = DSRI.

- Luc do FF, FF_FF :Q =A, Q§ =B,Q,=C.
Ttc 1a sau khi Ck tac dong suon xudng thi nd1 dung trong thanh ghi dugc doi

sang phai 1 bit. Sau 4 xung, dir liéu trong thanh ghi duoc XUt ra ngoai va noi
dung DFF dugc thay thé bang cac dir licu tor ddu vao DATA noi tiép DSRI,

DSR , DSR , DSR .
2 3 4

Ta c6 bang trang thai hoat dong ctia mach:

Xung Trang thai hién tai Trang thai ké

vio | Q, | Q, | O, Q, Q, Q, Q. Q.
l A B C D DSR, A B C

> |DSR,| A | B | ¢ |DSR, |[DSR,| A | B
3 |DSR,|DSR,| A | B | DSR, |DSR, |DSR,| A
4 |DSR,|DSR,|DSR,| A | DSR, | DSR, | DSR, | DSR,

Truong hop dau ra Q bang du vao dir liéu ndi tiép DSR.
Pr Pr Pr Pr
rr | | |
'§ I, Q I, Q. I; Qs I Qi
DOk | HCk, | BHCk | DOk,
K, &K, Ol a1k @

¢ [ Y [

Clr )

Ta c6 bang trang thai hoat dong cia mach nhu sau:

Cx




Xung Trang thai hién tai Trang thai ké

vio | Q 1 Q | Q |1 Q| Q Q| Q |Q
| 0 0 0 0 1 0 0 0
2 1 0 0 0 1 1 0 0
3 1 | 0 0 1 1 1 0
B | 1 | 0 1 | 1 1
5 1 1 | | 0 | 1 |
6 0 | | | 0 0 | |
7 0 0 1 | 0 0 0 |
3 0 0 0 1 0 0 0 0

Pay 1a mach dugc tng dung nhiéu trong thuc té.
4.3 Thanh ghi dich trai
4.3.1. Khai niém
4.3.1.1. Khai niém

La thanh ghi dugc xdy dung trén co s& cdc DFF (hodc cac FF khac thuc
hién chirc niing ctia DFF) va trong d6 mdi DFF s& luu trit 1 bit dit liéu. Khi dir
liéu dugc dua téi ddu vao thi chiing s& 1an luot thay thé cac bit dir liéu cii va cac
bit dit liéu cii 1an luot duoc dich chuyén trén cac DFF tuir phai qua trai theo thi
tu sa‘ip xép cac DFF.
4.3.1.2. Cach nhap dir li¢u vao thanh ghi

Ciing gidéng nhu thanh ghi dich phai, thanh ghi dich trai c6 thé nhap dir

liéu vao céac FF theo cac phuong phéap sau:

- Nhap dit liéu vao FF bang chan Preset (Pr):

Pr Gl

l’

I

I_oad ﬁ’ij (12\'
Au

AT

+ Khi Load = 0: Cong NAND 3 va 2 khéa — dau vao Pr=Clr=1 — FF

tu do — dit liéu A khong nhap vao dugc FF.

+ Khi Load = 1: Cong NAND 2 va 3 mé. Lic d6 ta c6: Pr= A, Clr = A.
NéuA=0=Pr=1,Cr=0=>Q=A=0.
NéuA=1=Pr=0,Cr=1=>Q=A=1.

Vay Q = A = dir liéu A dugc nhép vao FF.

Tuy nhién, cach niy phai dung nhiéu cong logic khong kinh té va phai
ding chan Clr 1a chan x6a nén phai thiét ké dong bo.

Pé khic phuc nhirng nhuoc diém d6 ta dung mach nhu trén hinh sau:



Pr Cir

A

Load'_"A

Chan Clr dé tréng tuong dwong véi mirc logic 1.
+ Khi Load = 0: céng NAND khoéa = Pr = CIr =1 = FF tu do. Dir li¢u
khong dugc nhap vao FF.
+ Khi Load = 1: cong NAND mé = Pr= A.
Gia str ban dau: Q = 0.
NéuA=0=Pr=1,Clr=1=Q=Q,=0.
NéuA=1=Pr=0,Cr=1=Q=1.
Vay Q = A = Dt li¢u A dugc nhap vao FF.
Phuong phép ndy ciing doi hoi truéce khi nhap phai xéa FF vé 0.
4.3.2. Mach dién dién hinh
Xeét mot thanh 4 bit ¢6 kha nang doi trai.
Pé c6 mach dich tri, dit liéu ndi tiép dua vao dau vao D cua FF cubi
cung va cac dau ra cta FF sau ndi nguoc trd lai dau vao cua FF trude.

Vao

L[,@QJ LD@Q_ LD@Q_ —D®Q_n6iﬁép

Cy —ap Cy —ap Cy —ap Cy
r cl QOf cl O 9 c o
[*] [*] [*]
n |
cl

Trong do:

- D: Bau vao Data ndi tiép (dau vao dich trai).

- Ql, Qz’Q3’ Q4: cac dau ra song song.
Cho dir liéu ndi tiép vao dau vao D cua FF 4, sau mdi xung dong hd, dir liéu
truyén tir ting sau ra tang trudc. Gia sir chudi dit liéu giéng nhu trén, trang thai
cac dau ra ctia cac FF cho ¢ bang sau:




Vao Ra

Cl Cg Dy [ Q Q Q3 Qq
0 X 4 0 0 0 0
l l | 0] 0] 01
] d ] 0 0 ] l
] l ] 0 1 l 1
] |} 0 ] 1 l 0
] l 0 1 1 0 0
] ! ] | 0 0 1
] ] 0 0 0 ] 0

Trén thi truong hién c6 kha nhiéu loai IC ghi dich, co dﬁy du cac chuc
ning dich phai trai, vao/ra ndi tiép, song song. Sau diy, ching ta khao sat 2 IC
tiéu biéu:

- IC 74164: dich phai 8 bit;

- IC 7495: 4 bit, dich phai, trai, vao/ra ndi tiép/song song .

4.4. Lap rap va can chinh thanh ghi 4 bit dich phai sir dung FF.
4.4.1. Lap rap va can chinh thanh ghi 4 bit dich phai stir dung FF.
Mach nguyén ly nhu ¢ hinh dudi day:

Load

e M e—
DSR %QIT TJQ:T kf % kf —Tci

Ao U\ nn PR e KR e VR
= —HCk | HCk | HCks | dChe
Kl Q: K: Q: K3 QS K.g Q4

Clr . . ‘

Thanh ghi dich phai 4 bit

Mach st dung 2 IC 7476 va 1 IC 7400
So d6 chan va cau tric bén trong cua IC 7476 va 7400:



(TOP VIEW)
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4.4.2. Lap rap va can chinh thanh ghi 4 bit dich phai sir dung IC 74LS95
So do chan va cau tric bén trong cua IC 74L.S95 nhu sau:

2 J
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4. Mot s6 mach chuyén doi va ing dung ciia Flip Flop
Muc tieu:

Trinh bay dugc mot sé mach chuyén d6i co ban va mét s6 ing dung cta
FF da hoc.



4.1. Mot sb machqchuyén d6i thong dung. o
4.1.1. Mach chuyén d61 dir li¢u song song thanh no1 ti€p:

Mot mach don kénh két hop véi mot mach dém sé& bién chudi dir li€u song
song ¢ dau vao thanh chudi dir 1i€u no1 tiep ¢ dau ra.

oo [— go

. |——D1

gy 'MUX S 1

vao -

song|—{Dg

song DE 8 i

Cl——dq ©c Op 94
22m

g,

Y b

Do
ligu
ra
ndi
. &

tiep

4.1.2. Mach chuyén d6i dit liéu r}éi t%ép thanh song song:
So d6 nguyén 1y ctia mach chuyén doi:

5V

o—

|

= = 7490
g
+ o1
-CP101 e-0CP0
—QICP2Q 20— CP1 QO
A e

10V
+V
o}
! G864
® ® [ ] ®
74LS374_1
7415164 —0-O[0OF, CP
®{Dsa Qe oD’/ Q7
¢eDsb Qo6le D6 Q6
Q51 D5 Q5
-e-{CP Q4o o{D4 Qit-e
Q3e D3 3re
&-OMR Q21 o{D2 Q2e
Qlie o{D1 Qlje
QOre D0 QOe
®

Trong d6 IC 7490 dong vai tro mach dém nhi - thap phan.

IC 74164 13 mot thanh ghi chuyén dich 8 bit, no hoat dong nhu sau:

Dit liéu mot trong hai ddu vao ndi tiép dugce chuyén thanh mot bit twong
mg véi mdi xung clock. Dir liéu c6 thé iy ra dudi dang song song ¢ 8 dau ra
(hodc dudi dang nbi tiép & mot dau ra don 1é bat ky). Dir liéu c6 thé dwa vao mot
trong hai dau vao. Pau vao con lai duge treo 1én muc cao hodc cAm xung nhip.

IC 74374 1a mét IC dich chuyén cO hoat dong nhu sau: Khi chan PL 1én
muc logic 1 thi toan bd tin hi¢u & cac dau vao duoc dich déng loat ra dau ra.

4.2 Mot s ung dung cua FF

4.2.1. Ung dung ctia DFF:

4.2.1.1. Dung DFF d¢ chia tan sb.

So dd mach DFF thuc hién chirc nang chia tan so.



Ck

Q

O mach nay dau ra Q duoc ndi nguoc trd vé dau vao D.

- Tin hiéu ra Qo dau tién ludén & mic logic 0: Qu=0—>Q, = D1 =1

- Tin hiéu Ck (1) diéu khién theo sudn xudng nhin tin hiéu D1 dudi muc logic 1.
DI=1-5Ql=1 >Q, = D2 = 0.

- Tin hiéu Ck (2) diéu khién theo suon xudng nhin tin hiéu D2 dudi mire logic 0.
D2=0-5Q2=0—->02=D3=1.

- Tin hiéu Ck (3) diéu khién theo suon xudng nhin tin hiéu D3 dudi mirc logic 1.
D3=1->Q3=0—->03=D4=0.

- Tin hiéu Ck(4) diéu khién theo sudn xudng nhin tin hiéu D4 dudi mirc logic 0.
D4=0->Q4=0—>04=D5=1......
Biéu dd thoi gian ctia mach:

]
: 2 \! 3 4 5 o
I I I | I
: - ' :
DA | | | |
} I : : I
: : : : :
0 : : : >
QAN : : ! ! :
0 >t

Nhan x¢&t vé tan so dau ra:

f e . . . A A
fQ = % — DFF gitr vai tro nhu mach chia tan so.

- Dung DFF dé luu trit dit liéu dé ché tao cac bo nhd va thanh ghi.

4.2.1.2. Ding DFF dé chét dir liéu.



So dd mach ung dung DFF dé chét dix liéu.

Dy
0,
E
D,
0,

Hoat dong cua mach nhu sau:

-E=1:00=Dy, O = D1 nén tin hi¢u duoc dua dén cac FF.

- E = 0: Mach khong tlep nhan dir liéu moi; Oy = Dy, O = D; — Mach
chdt dit liéu tro lai.
4.2.2. Ung dung ctia TFF:

Nhu ta di biét & trén, TFF dung dé lam mach dém. Tuy vay c6 thé dung
TFF dé 1am mach chia tan sd.
So dd mach TFF thuc hién chirc nang chia tan sb.

T 0
Ck

)

0

Khi T = 1 thi TFF c6 thé thyc hién chirc ning chia tin gidng
nhu vé1 DFF. Khi s6 lugng TFF 1a 1 thi

f e C . A £
fQ = % — DFF gitr vai tro nhu mach chia tan so.

Téng qudt Khi ghép nbi tiép n TFF vdi nhau sao cho dau ra cia TFF
tru:0’c duoc ndi v&i dau vao cua TFF dig sau (Ckl+1 ndi voi Qi) va lac bay glo’

tat ca cac dau vao DATA T & tat ca cac TFF déu giit mirc logic 1, luc d6 tan sd
tin hiéu dau ra sé 1a:

_ fex
f Qn — omn
V61 Qp 1a tin hi€u dau ra cua TFF tht n; fog 14 tan s6 xung clock & dau
vao dong bo TFF dau tién.



BAI 9
MACH NHO ROM
M3 bai: MP26.09

Gioi thi€u:

Tinh wu viét cha yéu cta cac hé théng s6 so voi hé thong tuong ty 1 kha
nang luu trir mot lugng 16n thong tin s6 va dir li€u trong nhing khoang thoi
gian nhat dinh. Kha ning nhd nay la didu 1am cho hé thdng sb tro thanh da
nang va co6 thé thich hop vdi nhiéu tinh hudng. Vi du trong mot may tinh s, bo
nhé trong chira nhitng 1énh ma theo d6 may tinh c6 thé hoan tit cong viéc cua
minh v4i sy tham gia it nhét cta con nguoi. B nhé ban dan duoc sir dung lam
b nhé chinh trong cic may tinh nhd vao kha ning thoéa mén tdc do truy xuit
dir li¢u cua bo xur 1y trung tam (CPU).

O chuong trude, ching ta di thdy mot nhom cac FF hop thanh thanh ghi
dé luu trir va dich chuyén thong tin. Cac FF chinh 1a cic phan tir nhé tdc do
cao duoc dung rat nhiéu trong viéc diéu hanh bén trong may tinh, noi ma dir
liéu dich chuyén lién tuc tir noi nay dén noi khéc.

Tién bo trong cong nghé ché tao LSI va VLSI cho phép két hop mot
lugng lo6n FF trong mdt chip tao thanh cac bd nhd voi cac dang khac nhau.
Nhitng bd nhé ban dan véi cong nghe ché tao transistor ludng cuc (BJT) va
MOS la nhitng bd nhé nhanh nhit va gia thanh ciia né lién tuc giam khi cac
cong nghé LSI va VLSI ngay cang duoc cai tién.

B6 nhé ban dan duoc dung nhu 1a b§ nhé trong chinh ciia may tinh, noi
ma viéc van hanh nhanh dugc xem nhu wu ti€n hang dau va cling 1a noi ma tat
ca dir liéu cua chuong trinh luu chuyén lién tuc trong qua trinh thyc hién mot
tac vu do CPU y8u cau.

Mic du bo nhé ban din c6 tbe do 1am viée cao, rat phu hop cho bd nhéd
trong, nhung gia thanh tinh trén mdi bit luu trit cao khién cho né khong thé 1a
loai thiét bi co tinh chat luu trir khoi, 14 loai thiét bi c6 kha nang luu trir hang ti
bit ma khong can cung cip ning lugng va dugc ding nhu 12 bd nhé ngoai (dia
tir, bang tir, CD ROM . . .). Téc do xur 1y dit liéu & bd nhd ngoai twong ddi
chdm nén khi may tinh lam viéc thi dit li¢u tir b nhé ngoai dugc chuyén vao
bd nhé trong.

Bai hoc nay nghién ctru cu tao va to chirc chung ctia cac bd nhé ban
din va riéng cho ROM.
Muc tiéu:

- Trinh bay duoc dic tinh, cdu trac, nguyén 1y hoat dong va ung dung cia
mach nhd.

- Lap rap bd nhd ROM

- Co¢ tinh tu duy, tac phong trong cong nghi€p

NOi dung chinh:

1. Khai niém chung

Muc tieu:



Trinh bay duoc khai niém va cac phuong phap phan loai bd nhé ban dan
noi chung va bd nhd ROM noi riéng.
1.1. Khai ni€ém
1.1.1. Thuat ngit lién quan dén bd nhd

Pé tim hiéu ciu tao, hoat dong cua bd nh¢ ching ta bat dau v6i mot sd
thuat ngir lién quan dén bd nhé

- Té bao nhd: 1a linh kién hay mot mach dién tir dung dé luu trir mot bit
don (0 hay 1). Vi du cia mot té bao nhé bao gém: mach FF, tu duoc tich dién,
mot diém trén bang tir hay dia tir. . . .

- Ttr nhé: 13 mot nhom cac bit (t& bao) trong bd nhd dung biéu dién céc
Iénh hay dir li¢u dudi dang mot s6 nhi phan. Vi du mot thanh ghi 8 FF 1a mot
phan tir nhé luu trir tir 8 bit. Kich thudc cia tir nhé trong cac may tinh hién dai
c6 chiéu dai tir 4 dén 64 bit.

- Byte: tur 8 bit, day 1a kich thudc thuong dung cua tir nhd trong cac PC.

- Dung lugng: chi s6 lugng bit co thé lwu trix trong by nhd. Vi du bo nhd
c6 kha ning luu trir 4.096 tir nhd 20 bit, dung luong ciia n6 1a 4096 x 20, mdi
1024 (=210) to nhd duoc goi 1a “1K”, nhu vay 4096 x 20 = 4K x 20. Véi dung
luong 16n hon ta dung “1M” hay 1meg dé chi 220 = 1.048.576 tir nh.

- Pia chi: 1a s nhi phan dung x4c dinh vi tri ciia tir nhd trong bo nhd. Mbi
tor nh¢ duge luu trong bd nhd tai mot dia chi duy nhét. Pia chi luon ludn duoge
biéu dién boi s6 nhi phan, tuy nhién dé thuan tién nguoi ta c¢6 thé dung s hex
hay thap phan, bat phan

- Tac vu doc (Read, con goi la fetch ): mot tir nho tai mot vi tri nao do
trong bo nhé dugc truy xuit va chuyén sang mot thiét bi khac.

- Tac vu viét (ghi, Write, con goi 1a store ): mQt tir méi dugc dat vao mat
vi tri trong bd nhd, khi mot tor mai duge viét vao thi tir c¢li mat di.

- Thoti gian truy XuAt (access time): sb do tdc do hoat dong cua bd nha, ky
hiéu tacc, 14 thoi gian can dé hoan tat mot tac vu doc. D6 1a thoi gian tir khi bo
nhé nhan mdt dia chi mai cho té1 luc dir ligu kha dung & d4u ra bo nhé.

- B nhé khong vinh ciru (volatile): B6 nhé can ngudn dién dé luu triv
thong tin. Khi ngat dién, thong tin luu trit bi mat. Hau hét bo nhd ban dan 14 loai
khong vinh ctru, trong khi by nh¢ tir 1a loai vinh cttu (nonvolatile).

- B6 nhd truy xuat ngau nhién (Random-Access Memory, RAM): Khi can
truy xudt mot dia chi ta tdi ngay dia chi d6. Vay thoi gian doc hay viét dir liéu
vao cac vi tri nh¢ khac nhau trong bd nhéd khong tuy thudc vao vi tri nhg. Noi
cach khac, thoi gian truy xuat nhu nhau d6i voi moi vi tri nhd. Hau hét b nhé
ban dan va nhan tir (bd nhé trong ctia may tinh trudc khi bo nhé ban dan ra doi)
14 loai truy xuit ngau nhién.

- B6 nh¢ truy xuét tuan tu (Sequential-Access Memory, SAM): Khi can
truy xudt mot dia chi ta phai luét qua cac dia chi trudc nd. Nhu vay thoi gian
doc va viét dit liéu & nhitng vi tri khac nhau thi khac nhau. Nhitng vi du ctia bo
nh¢ nay la bang tu, dia tu. Tbc dd 1am viéc cua loai bd nhé nay thuong cham so
v6i bo nhé truy xuat ngau nhién.

- B6 nhé doc/viét (Read/Write Memory, RWM): Bo nhé co thé viét vao
va doc ra.



- BO nh¢ chi doc (Read-Only Memory, ROM): La by nhé ma ti 1€ tac vu
doc trén tac vu ghi rat lon. Vé mit k¥ thuat, mot ROM co thé duoc ghi chi mot
1an & noi san xuat va sau do thong tin chi co thé duoc doc ra tir bd nhd. Co loai
ROM c¢6 thé duoc ghi nhiéu 1an nhung tac vu ghi phuc tap hon 1a tac vu doc.
ROM thudc loai bd nhé vinh ciru va dir liéu duoc lwu giit khi da cat ngudn dién.

- B0 nho tinh (Static Memory Devices): 1a by nho ban dan trong d6 dir
liéu da luu trir duoc duy tri cho dén khi ndo con ngudn nudi.

- B6 nh¢ dong (Dynamic Memory Devices): la bo nhd ban dan trong d6
dir liéu da luu trir mudn ton tai phai dugc ghi lai theo chu ky. Tac vu ghi lai
duoc goi 1a lam tuoi (refresh).

- B0 nh¢ trong (Internal Memory): Chi bg nhé chinh cua may tinh. N6 luu
trir cac 1énh va dit liéu ma CPU dung thuong xuyén khi hoat dong.

- B0 nh¢ kho1 (Mass Memory): Con goi la by nh6 phu, n6 chira mot
luong thong tin rat 16n & bén ngoai may tinh. Tc do truy xuat trén bo nhd nay
thuong cham va né thudc loai vinh ciru.

1.1.2. Cac tac vu va cac nhom chan cua mét IC nhé

Mic du mdi loai bo nhé c6 hoat dong bén trong khiac nhau, nhung chung
c6 chung mot s6 nguyén tic van hanh ma chang ta c6 thé tim hiéu so luoc trudce
khi di vao nghién ciru timg loai bd nhd. Mdi hé théng nhd luén c6 mot sb yéu
cau & cac dau vao va ra dé hoan thanh mdt sb tac vu:

- Chon dia chi trong b nhé dé truy xut (doc hoic viét)

- Chon tac vu doc hodc viét dé thuc hién

- Cung cép dit liéu dé luu vao bd nhd trong tac vu viét

- G dir 1i€u ra tu bd nhé trong tac vu doc

- Cho phep (Enable) (hay Khong, Disable) b nho dap tmg (hay khong)
d6i v6i lénh doc/ghi ¢ dia chi da goi dén.

Tir céc tic vu ké trén, c¢6 thé hinh dung mdi IC nhd ¢6 mot sd dau vao ra
nhu sau:

- Pau vao dia chi : mdi vi tri nhé xac dinh bdi mot dia chi duy nhat, khi
can doc dit liéu ra hodc ghi dit li¢u vao ta phai tac dong vao chan dia chi cua vi
tri nhé d6. Mot IC ¢6 n chan dia chi s& ¢6 2" vi tri nhé. Ky hiéu cac chin dia chi
12 Ag dén A,; Mot IC c6 10 chan dia chi s& co 1024 (1K) vi tri nhé.

- Pau vao/ra dit liéu: Cac chan dir lidu 13 cac dau vao/ra, nghia 1a dit liéu
ludn duge xtr 1y theo hai chiéu. Thudng thi dit liéu vao/ra chung trén mot chin
nén cac dau nay thudc loai dau ra 3 trang thai. S6 chan dia chi va dit liéu cua
mot IC xac dinh dung lugng nhé cua IC d6. Vi du mot IC nhd ¢6 10 chan dia chi
va 8 chan dr li¢u thi dung lugng nho cua IC do 1a 1Kx8 (8K bit hoac 1K Byte).

- Cac dau vao diéu khién: M&i khi IC nhé duoc chon hodc c6 yéu cau XUt
nhap dit liéu cac chan tuong ung s& duoc tac dong. Ta c6 thé ké ra mot sé dau
vao diéu khién:

* CS: Chip select - Chon chip - Khi chan nay xudng thap IC duoc chon

* CE: Chip Enable - Cho phép chip - Chirc nang nhu chan CS

* OE: Output Enable - Cho phép xuat - Dung khi doc dit liéu

* WR/: Read/Write - Poc/Viét - Cho phép DPoc dir liéu ra khi & mic cao
va Ghi dir liéu vao khi & muc thap



* CAS: Column Address Strobe - Chét dia chi cot

*RAS: Row Address Strobe - Chdt dia chi hang.

Trong trudng hop chip nhd co dung luong 16n, dé giam kich thude cua
mach giai mi dia chi bén trong IC, ngudi ta chia s6 chin ra lam 2: dia chi hang
va dia chi cot. Nhu vy phai dung 2 mach giai ma dia chi nhung mdi mach nho
hon rat nhiéu. Vi du véi 10 chan dia chi, thay vi dung 1 mach gidi ma 10 duong
sang 1024 duong, nguoi ta dung 2 mach gidi ma 5 duong sang 32 duong, hai
mach nay rat don gian so v&1 mot mach kia. Mot vi tri nhé bay gio ¢6 2 dia chi :
hang va cot, di nhién mudn truy xuat mot vi tri nhé phai c6 du 2 dia chi nho 2
tin hiéu RAS va CAS. Hinh du6i day cho thiy cach v& cac nhom chéan cua IC
nhd (m chan dia chi va n chan dir 1i€u). Hinh (b) va (c) v€ cac chan dia chi va dit
liéu dudi dang cac Bus. Hinh (b) duoc dung trong cac so d6 chi tiét va hinh (c)
dugc dung trong céc so dd khéi.
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1.2.3. Giao tiép giita IC nhd va bo xir 1y trung tdm (CPU)

Trong h¢ théng moi hoat dong co li€n quan dén IC nhé déu do bo xur ly
trung tdm (Central Processing Unit, CPU) quan ly. Giao tiép giita IC nhd va
CPU duoc mo ta nhu sau:

Bus dia chi , X
) y + I -----
CPU IC nho IC nho
Bus dif 6y | I I
- - e
a ]1 .....
Bus dku khi¥én

MGt tac vu ¢6 li€én quan dén bd nhé duge CPU thuc hién theo cac bude:

- Pat dia chi quan hé 1én bus dia chi.

- Pit tin hiéu diéu khién 1én bus diéu khién.

- Dit li¢u kha dung xuat hién trén bus dit liéu, sn sang dé ghi vao hodc
doc ra.
1.2. Phan loai

Theo céu trac va dic diém cia bo nhd, ta chia ra 3 loai bd nhd ban dan
(khai niém da dugc nhéc t6i trong muyc 1.1.1):

- B nh¢ ban dan chi doc (Read Only Memory, ROM)

- B6 nh¢ truy xuit ngiu nhién: (Random Access Memory, RAM)



That ra ROM va RAM déu 1a loai bd nhé truy xuat ngiu nhién, nhung
RAM duoc giit tén goi nay. Dé phan biét chinh xac ROM va RAM ta c6 thé goi
ROM 14 bd nhé chét (nonvolatile, vinh citu) va RAM 14 bd nhé song (volatile,
khong vinh citu) hodc néu coi ROM 1a bd nhé chi doc thi RAM 1a b nhé doc
dworc - viét dwge (Read-Write Memory)

- Thiét bi logic 1ap trinh dugc: (Programmable Logic Devices, PLD) c6
thé noi diém khéc biét gitra PLD v6i ROM va RAM 14 qui md tich hop ctua PLD
thuong khong 16n nhy ROM va RAM va céc tic vu ciia PLD thi ¢6 phan han
ché.

2. Mach nh¢ ROM
Muc tieu:

Trinh bay dugc khai niém, cAu trac mot s6 dang ROM thuong gdp trén
thuce té.

2.1. Khéi ni¢ém vé ROM

La ten goi cua b nho chi doc (Read-Only Memory, ROM). Mac du c6
tén goi nhu thé nhung ching ta phai hiéu 1a khi sir dung ROM, tac vu doc duoc
thyc hién rat nhiéu lan s0 voi tac vy ghi. Tham chi ¢6 loai ROM chi ghi mot lan
khi xuat xuong. Cac té bao nh¢ hodc tir nhé trong ROM sép xép theo dang ma
tran ma mdi phan tr chiém mot vi tri xac dinh bai mot dia chi cu thé va noi voi
d4u ra mot mach giai ma dia chi bén trong IC. Néu mdi vi tri chira mét té bao
nhé ta ndi ROM c¢6 t6 chire bit va mdi vi tri 13 mot tir nhé ta ¢6 to chire tu.

Ngoai ra, dé giam muc d6 cong kénh ctia mach giai ma, mdi vi tri nhd co
thé duoc xac dinh boi 2 duong dia chi : duwong dia chi hang va duong dia chi cot
va trong bd nhd ¢6 2 mach giai md nhung méi mach c6 s6 dau vao bang 1/2 sb
duong dia chi cua ca bd nhd.

2.2. CAu triic chung cta cac dang ROM thudng gip

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

Pay la loai ROM duogc ché tao dé thuc hién mot cong viéc cu thé nhu cac
bang tinh, bang lugng giac, bang logarit . . . ngay sau khi xuit xuong. No6i cach
khac, cac té bao nh¢ trong ma tran nhé da dugce tao ra theo mot chuong trinh da
xac dinh trude bang phuong ‘phap mat na: dua vao cac linh kién dién tu ndi tir
dwong tir qua dwong bit dé tao ra mot gia tri bit va dé tréng cho gia tri bit
ngugc lai. Dudi day la mo hinh cua mot MROM trong d6 cac 6 vudng la noi
chtra (hay khong) mot linh kién (diod, transistor BIT hay MOSFET) dé tao bit.
MJi d4u ra ctia mach giai ma dia chi goi 13 dudng tir va duong noi té bao nhd ra
ngoai goi 1a dudng bit. Khi dudng tir 1én mirc cao thi t& bao nhé hodc tir nhd
duoc chon.
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Néu té bao nh¢ 1a Diod hodc BIT thi sy hién dién cua linh kién twong tng
v6i bit 1 (Ic ndy duong tir 1én cao, Transsisstor hodc diod dan, dong dién qua
dién tro tao dién thé cao ¢ hai dau dién trd) con vi tri nhé tréng tuong tmg voi
bit 0. Bi v6i loai linh kién MOSFET thi nguoc lai, nghia la sy hién dién cua
linh ki€n tuong ing véi bit 0 con vi tri nhd trong tuong tng v6i bit 1 (mudn cé
két qua nhu loai BJT thi thém & dau ra cac cong dao). Mot vi du b6 nhd MROM
co dung luong 16x1 voi cac mach giai ma hang va cot (cac mach giai ma 2
duong sang 4 dudng cua hang va cot déu dung Transistor MOS va cé cling cau
trac).
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Trong thuc té, dé don gian cho vi¢c thyc hién, & mdi vi tri nhd nguoi ta
déu cho vao mot transistor MOS. Nhung & nhiing vi tri ing v61 bit 1 céc
transistor MOS duogc ché tao véi 16p SiO2 day hon lam tang dién thé ngudng cua

nod 1én, két qua 1a transistor MOS nay ludn luén khong dan dién, cac transistor
khac dan dién binh thuong.
2.2.2. ROM lap trinh dugc (Programmable ROM, PROM)

C6 cu tao gibng MROM nhung & mdi vi tri nhé déu c6 linh kién ndi véi
cau chi. Nhu vay khi xuit xuong cic ROM nay déu chira ciing mot loai bit (goi



14 ROM trang), luc sir dung ngudi 1ap trinh thay doi cac bit mong mudn bang
cach pha v& cau chi & cac vi tri twong ng voi bit d6. Mot khi cau chi di bi pha
v& thi khong thé nbi lai duoc do d6 loai ROM nay cho phép lap trinh mot 1an
duy nhat dé su dung, néu bj 15i khong thé stra chira duoc.
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ROM lép trinh duge - PROM

Nguoi ta ¢6 thé dung 2 diod mic nguoc chiéu nhau, mach khong dan
dién, dé tao bit 0, khi lap trinh thi mot diod bi pha hong tao mach nbi tat, diod
con lai dan dién cho bit 1
2.2.3. ROM lap trinh dugc, x6a duoc bang tia U.V. (Ultra Violet Erasable
Programmable ROM, U.V. EPROM)

Pay 1a loai ROM rit tién cho ngudi sir dung vi c6 thé ding dugc nhiéu
lan bﬁng cach xo0a va nap lai. CAu tao cta té bao nhG ciia U.V. EPROM dua vao
mot transistor MOS c6 ciu tao dic biét goi la FAMOS (Floating Gate
Avalanche Injection MOS)
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Trén nén chat ban dan N pha tap it, tao 2 vung P pha tap nhiéu (P ) noi ra
ngoai cho 2 cuyc S (Source) va D (Drain). Trong 16p cach dién SiO2 gilra 2 cuc
ngudi ta cho vao mot thoi Silicon khong ndi véi bén ngoai va duoc goi 1a cong
noi. Khi nguén Vi phan cuc ngugc gilta cuc nén va Drain con nho, transistor

khong dan, nhung néu ting vV, dﬁ 16n, hién tugng thac 10 dién tir (avalanche)
xay ra, electron du ndng luong chu1 qua 16p cach dién t6i bam vao cong noi. Do

hién tugng cam tng, mot kénh dan P hinh thanh n01 hai vung ban dan P ,
transistor tré nen dan dién. Khi cit nguon, transistor tlep tuc dan dién vi electron
khong thé tro vé dé tai hop véi 16 trong

Pé x6a EPROM, ngudi ta chleu tia U.V. vao cac té bao trong mot khoang
thoi gian xac dinh dé electron trén cong ndi nhan du ning lugng vuot qua 16p
cach dién tré vé ving nén tai hop voi 16 trong x6a kénh din P va transistor trd
vé trang thai khong dan ban dau.
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Mdi té bao nhé EPROM gdm mdt transistor FAMOS néi tiép v6i mot
transistor MOS khic ma ta goi 1a transistor chon, nhu vy vai tro cia FAMOS
giéng nhu 13 mot cau chi nhung co thé phuc hdi duoc.

Diém bét tién ctia U.V EPROM 1a can thiét bi x6a dic biét phat tia U.V.
va mdi 1an xo6a tit ca té bao nhd trong mot IC nhé déu bi x6a. Nhu viy ngudi sur
dung phai nap lai toan by chuong trinh
2.2.4. ROM lap trinh dugc va x6a duoc bang xung dién (Electrically Erasable
PROM, EEPROM hay Electrically Alterable PROM, EAPROM)

Day 1a loai ROM lép trinh dugc va x6a dugc nho xung dién va dac bi¢t 1a
c6 thé x6a dé sira trén ting byte. Cac t& bao nhé EEPROM sir dung transistor
MNOS (Metal Nitride Oxide Semiconductor) ¢ cdu tao nhu sau:

S G D
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Giira 16p kim loai ndi ra cac cyc va 16p SiO2 1a mot 16p mong chat Nitrua
Silic (Si,N,) - tir 40nm dén 650nm - Dit liéu duoc nap bang cach 4p mot dién thé

duong gitra cyc G va S (khoang 20 dén 25V trong 100ms). Do su khac biét vé
do dan di€n, electron tich trén bé mat gitra 2 16p SiO2 va Si3N4 , cac electron nay

ton tai khi d& ngat ngudn va lam thay doi trang thai din dién ciia transistor. Bay
gio néu ap mot dién thé Am gifra cuc G va S ta s€ dugc mot 1op dién tich trai diu
v6i truong hop trude. Nhu vAy hai trang thai khac nhau ciia Transistor co thé
thiét 1ap duoc boi hai dién thé nguoc chiéu nhau va nhu vy cac té bao nhd duoc
ghi va x6a véi 2 xung dién trai dau nhau.
2.2.5. FLASH ROM

EPROM 1l loai nonvolatile, c6 toc do truy xuit nhanh (khoang 120ns),
mat do tich hop cao, gia thanh r¢ tuy nhién dé x6a va nap lai phai dung thiét bi
dac biét va liy ra khoi mach. EEPROM ciing nonvolatile, ciing c6 téc do truy
xuit nhanh, cho phép xo0a va nap lai ngay trong mach trén tung byte nhung c6
mat do tich hop thap va gia thanh cao hon EPROM. B nhéd FLASH ROM tan
dung duoc cac uu diém cua hai loai ROM néi trén, nghia 14 ¢ téc do truy xut
nhanh, c6 mat do tich hop cao nhung gia thanh thap.



Hau hét cac FLASH ROM str dung cach x6a dong thoi ca khéi dir liéu
nhung rat nhanh (hing trim ms so v&i 20 min cta U.V. EPROM). Nhing
FLASH ROM thé hé mdi cho phép x6a ting sector (512 byte) tham chi ting vi
tri nhd ma khong can lay IC ra khoi mach. FLASH ROM c¢6 thoi gian ghi
khoang 10us/byte so voi 100 ps ddi véi EPROM va 5 ms d6i voi EEPROM.

3. Lép rap va can chinh b nh¢ ROM
Muc tieu:

3.1. Clguén b1 vat tu va dung cu
3.2. Lap mach
3.3. Thuc hanh do va can chinh.
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MACH NHO RAM
M3 bai: MP26.10

Gioi thi€u:

O chuong trude, ching ta di thdy mot nhom cac FF hop thanh thanh ghi
dé luu trir va dich chuyén thong tin. Cac FF chinh 1a cic phan tir nhé toc do
cao dugc dung rit nhiéu trong viéc didu hanh bén trong mdy tinh, noi ma dir
lidu dich chuyén lién tyc tir noi nay dén noi khac.

B6 nhé ban dan duoc dung nhu 1a b§ nhé trong chinh cuia may tinh, noi
ma viéc van hanh nhanh dugc xem nhu wu tién hang dau va cling 1a noi ma tat
ca dir liéu cua chuong trinh luu chuyén lién tuc trong qua trinh thyc hién mot
tac vu do CPU y8u cau.

Mic du bo nhé ban din c6 tbe do lam viée cao, rat phu hop cho bd nhéd
trong, nhung gia thanh tinh trén mdi bit luu trit cao khién cho né khong thé 1a
loai thiét bi c6 tinh chét luu trir khi, 1a loai thiét bi c6 kha ning luu trit hang ti
bit ma khong can cung cip ning lugng va dugc ding nhu 12 bd nhé ngoai (dia
tir, bang tu, CD ROM . . .). Do cac nhu cau khac nhau ma cac bo nhd ciing s&
c6 yéu cau khac nhau, c6 thé 1a sir dung ROM, nhung cling c6 thé chi phai sir
dung RAM. Phan trén ta da nghién clru co ban vé ROM, bai hoc nay nghién
clru cdu tao va to chirc chung cia RAM.

Muc tiéu:
- Trinh bay dugc dac tinh, cAu trac, hoat dong va trng dung cua mach nhé RAM
- Lép rap dugc bo nhd RAM.
- Co tinh tu duy, tac phong trong cong nghiép
NOi dung chinh:
1. Khai niém vé RAM
Muc tieu:
Trinh bay dugc khai ni€ém va cach phan loai RAM thong dung.
1.1. Khai ni€ém

Bo nhé truy xuat ngdu nhién (Random-Access Memory, RAM): La bd
nhd ma khi can truy xuit mot dia chi ta ti ngay dia chi d6. Vay thoi gian doc
hay viét dir liéu vao cac vi tri nhé khac nhau trong bo nhd khong tiy thude vao
vi tri nhd. Noi cach khac, thoi gian truy xuat nhu nhau ddi voi mo1i vi tri nho.
Hau hét bo nhd ban din va nhdn tir (bd nhé trong ctia may tinh trude khi bo nhd
ban dan ra doi) 14 loai truy xuat ngau nhién.

1.2. Phan loai

Theo tinh chat hoat dong cia RAM ma ngudi ta chia thanh hai loai RAM:
RAM tinh va RAM ddng

- RAM tinh ciu tao boi cac té bao nhé 1a cac FF,

- RAM dong loi dung ciac dién dung ky sinh gira cac cuc cua transistor
MOS, trang thai tich dién hay khong cua tu tuong tng véi hai bit 1 va 0. Do
RAM dong c6 mat do tich hop cao, dung luong bd nhé thuong rat 16n nén dé
dinh vi cac phan tr nhd nguoi ta dung phwong phap da hop dia chi, mdi tir nhd



dugc chon khi c6 du hai dia chi hang va cot duoc lan luot tac dong. Phuong

phap nay cho phép n dudng dia chi truy xuit dugc 22n vi tri nho.
2. Ciu triic chung ciia RAM
Muc tieu:
Trinh bay dugc cau tric chung ctia cic dang RAM thong dung.
2.1. CAu triic cia RAM tinh (Static RAM, SRAM)
Mdi t& bao RAM tinh 1a mot mach FlipFlop dung Transistor BJT hay
MOS
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Hinh trén 13 mot t& bao nhd RAM tinh dung transistor BJT v6i 2 dudng
dia chi hang va cot. Khi mot trong hai duong dia chi hang hodc cot & muc thip
cac té bao khong dugc chon vi cuc E c6 dién thé thﬁp hai Transistor déu dan,
mach khong hoat dong nhu mdt FF. Khi ca hai dia chi hang va ¢4t 1én cao, mach
hoat dong nhu FF, hai trang thai 1 va 0 cua té bao nhd duogc dic trung boi hai
trang thai khic nhau ctia 2 dudng bit va bit.

Gia str khi Ty dan thi T, tét, duong bit c6 dong dién chay qua, tao dién thé
cao & R3 trong khi d6 dudng bit khong c¢6 dong chay qua nén & R4 co dién thé
thdp. Néu ta qui udc trang thai nay twong tng véi bit 1 thi trang thai nguoc lai,
14 trang thai Ty tit va T, din, hiéu thé & dién tro R3 thap va & R4 cao, s& 1 bit 0.
R3 va R4 c6 tac dung bién d6i dong dién ra dién thé. Pi v6i té bao nhé dung
MOS, hai duong tur ndi voi T5, T6 va T7, T8 nén khi mot trong hai duong tu &
muirc thip T1 va T2 bj c6 1ap khoi mach, t& bao nhé khong duge chon. Khi cé hai
1én cao mach hoat dong tuong tu nhu trén. Trong mach nay R1 va R2 thay boi
T3 va T4 va khong can R3 va R4 nhu mach diung BJT.

2.2. RAM dong (Dynamic RAM, DRAM)
Hinh sau 13 mét té bao nhé cia DRAM

el j
A

(a) (b)




Hinh (b) 1a mét cach biéu dién té bao nhd DRAM trong d6 don gian mot
sO chi tiet dugc dung dé mo ta cac tac vu viet va doc t€ bao nhd nay. Cac khoa
tur S1 dén S4 la cac transistor MOS duoc diéu khién boi cac tin hi€u ra ttr mach
giai ma dia chi va tin hiéu r/w .

D¢ ghi dir li¢u vao té bao, cac khoa S1 va S2 dong trong khi S3 va S4 mg.
Bit 1 thyc hién viéc nap dién cho tu C va bit 0 lam tu C phong dién. Sau do céc
khoa s€¢ m¢& dé co lap C véi phan mach con lai. Mot cach ly tuong thi C sé duy
tri trang thai cua nd vinh vién nhung thuc té ludn ludn c6 su ri dién qua cac khoa
ngay ca khi chung mé do dé C bi mat dan dién tich .

bé doc dir li€u cac khoa 82 , S3 , S4 dong va S1 mo, tu C no1 vd1 mot mach
so sanh véi mot dién thé tham chiéu dé xac dinh trang thai logic cua no. Di¢n
thé ra mach so sanh chinh la dir liéu duoc doc ra. Do S2 va S4 dong, dir 1i€u ra

duoc ndi nguoc lai tu C dé lam tuoi nd. Noi cach khac, bit dir liéu trong té bao
nhé duoc 1am tuoi mdi khi nd duge doc.

St dung DRAM, dugc mot thudn lgi 1a dung lugng nhd kha 16n nhung
phai c6 mot sb mach phu tro:

- Mach da hop dia chi vi DRAM lu6n str dung dia chi hang va cot.

- Mach 1am tuoi dé phuc hoi dir liéu c6 thé bi mat sau mot khoang thoi
gian ngan nao do.
2.2.1. DBa hop dia chi

Nhu da noéi trén, do dung lugng ciia DRAM rat 16n nén phai dung phuong
phap da hop dé chon mdot vi tri nhd trong DRAM. MOi vi tri nhd s& dugc chon
bdi 2 dia chi hang va cot 1an lugt xudt hién ¢ dau vao dia chi.

Vi du vé61 DRAM c6 dung lugng 16Kx1, thay vi phai dung 14 duong dia
chi ta chi can dung 7 dudng va mach da hop 14 — 7 (7 da hop 2—1) dé chon 7
trong 14 dudng dia chi ra tr CPU (H 7.21). Bo nhd ¢6 cdu tric 1a mot ma tran
128x128 & bao nhd, sap xép thanh 128 hang va 128 ¢ot, c6 mot dau vao va mot
dau ra dir liéu, mot dau vao R/W Hai mach chét dja chi (hang va cot) la cac
thanh ghi 7 bit c6 dau vao ndi voi dau ra mach da hop va dau ra ndi vai cac
mach giai ma hang va cot. Cac tin hiéu R4S va cas dung lam xung dong hd
cho mach chét va tin hiéu Enable cho mach giai ma. Nhu vay 14 bit dia chi tu
CPU sé lan luot duoc chdt vao cac thanh ghi hang va cot boi cac tin hiéu R4S
va cas 10i duge gial ma dé chon té bao nhé. Van hanh cua hé théng s€ duoc
thdy rd hon khi xét cac gian do thoi gian cia DRAM.
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2.2.2. Gian db thoi gian cia DRAM

Hinh dudi 13 gian d6 thoi gian doc va viét tiéu biéu cia DRAM (Hai gian
d6 nay chi khac nhau vé thoi lugng nhung c6 chung mét dang nén ta chi vé mot)
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Gian d6 cho thiy tac dong cua tin hiéu Ux va cac tin hiéu R4S va C4s .
Khi mux & mire thap mach da hop cho ra dia chi hang (A0 - A6) va duogc chot

vao thanh ghi khi tin hi€u r4s Xuéng thép. Khi mux & mirc cao mach da hop
cho ra dia chi cot (A7 C A13) va duogc chot vao thanh ghi khi tin hi€u cas

xudng thdp. Khi ca dia chi hang va cot dd dugc giai ma, dir liéu tai dia chi d6
xuat hién trén bus dit liéu dé doc ra hodc ghi vao ( kha dung)
2.2.3. Lam two1 DRAM

DRAM phai duge 1am tuoi véi chu ky khoang 2ms dé duy tri dit liéu.
Trong phan trudc ta da thdy t& biao nhdé DRAM duoc 1am tuoi ngay khi tac vu
doc duoc thuc hién. L:?iy vi du v61 DRAM c6 dung lugng 16Kx1 (16.384 té bao)
noi trén, chu ky 1am twoi 1a 2 ms cho 16.384 té bao nhé nén thoi gian doc mdi té
bao nhé phai 13 2 ms/16.384 = 122 ns. Pay 1a thoi gian rat nho khong du dé doc
mdt té bao nhd trong diéu kién van hanh binh thudng. Vi 1y do nay cac hing ché
tao da thiét ké cac chip DRAM sao cho méi khi tic vu doc dwoc thuce hign doi
voi mot 16 bao nhd, tit cd cdc té bao nhé trén cung m@t hang sé dwoc lam
twoi. Diéu nay lam giam mot luong rat 16n tac vu doc phai thuc hién dé 1am tuoi
té bao nhé. Trd lai vi du trén, tac vu doc dé lam tuoi phai thuc hién cho 128
hang trong 2 ms. Tuy nhién dé vira van hanh trong diéu kién binh thudng vira



phai thuc hién chirc nang lam tuoi nguoi ta phai dung thém mach phu trg, goi 1a
diéu khién DRAM (DRAM controller). IC 3242 cua hang Intel thiét ké dé sir
dung cho DRAM 16K.

DAu ra 3242 1a dia chi 7 bit da duoc da hop va ndi vao dau vao dia chi cua
DRAM. M6t mach dém 7 bit kich boi xung dong hé riéng dé cép dia chi hang
cho DRAM trong sudt thoi gian lam twoi. 3242 ciing liy dia chi 14 bit tir CPU
da hgp no véi dia chi hang va cot da dugec dung khi CPU thuc hién tdc vu doc
hay viét. Muc logic ap dung cho cac ddu REFRESH ENABLE va ROW
ENABLE xac dinh 7 bit nao cua dia chi xuit hién & dau ra mach controller cho
boi bang

REFRESH ROW CONTROLLER
ENABLE ENABLE OUTPUT
HIGH X Refresh address (T mach dém)
LOW HIGH Dia chi hang (Ay ... Ag tr CPU)
LOW LOW DPia chi cot (A7 ... Az tir CPU)
A
TC CPU e Oa chi }?Ol‘??
Aqa g da h Aef‘:“l&

3242 DATA
g:ngeh— Contoller N el ouT
. —— RAS—o 16x1K

JFOO Couin far CAS 9
R~ —

3. Lz'ip rap va can chinh b¢ nh¢ RAM
Muc tieu:

3.1. Chuén bj Vat tu va dung cu
3.2. Lap mach

3.3. Thuc hanh do va can chinh.



BAI 1
MACH CHUYEN DOI A/D
M3 bai: MD26.11

Gioi thi€u:

C6 thé néi sy bién ddi qua lai gilta cac tin hiéu tir dang tuong tu sang
dang s6 13 can thiét trong cdc qua trinh thuc hién giao tiép gilta con nguoi, tu
nhién v6i may trong thuc té lao dong san xuit va nghién ctru hang ngay, c6 thé
biéu dién mot cach twong dbi theo so d6 sau:

L } Digital T¢

)))))) ~al o
‘”Y.- —*”L;f. @ ADC [ system . | DAC Actuator

(e.g., computer) al variabl

Digita Digital
inpults outputs

H¢ théng sb chi xur 1y cac tin hi¢u sb, ma tin hiéu trong tu nhién 1a tin hi¢u
twong tu: Nén khau dau tién trong qua trinh két nodi twong tu so6 chinh 1a mach
chuyén doi tin hi¢u tur tuong ty sang s6 (A/DC).

Muc tiéu:
- Trinh bay duoc khai niém, nguyén Iy co ban ctia mach chuyén doi A/D.
- Lap rap, stra chita duoc mach chuyén doi A/D.
- (0 tinh tu duy, tdc phong trong cong nghiép
Noi dung chinh:
1. Khai niém chung
Muc tieu:
Trinh bay dugc khai niém va giai thich duoc so d6 khéi cia mach chuyén d6i
A/D.

1.1. Khai niém chung

Mach chuyén d6i A/D 1a mach dung dé chuyén doi cac tin hi¢u tr dang
tuong tu (ddu ra cua cic thlet bi tvong ty) thanh dang tin hi¢u 56, thuan tién cho
vige xur ly cua cac mach s6 hay hé théng sd.

Pé bién d6i mot tin hiéu tuong tu sang tin hi¢u s0, nguoi ta khong thé
bién d6i moi gia tri cua tin hiéu tuong ty ma chi co thé bién d6i mot sd gia tri cy
thé bang cach 1dy mau tin hi¢u d6 theo :mot chu ky xac dinh nho mot tin hiéu co
dang xung. Ngoai ra, mach bién d6i can mot khoang thoi gian cu thé (khoang
lus - 1ms) do d6 can giir mirc tin hiéu bién d6i trong khoang thoi gian nay dé
mach c6 thé thuc hién viéc bién d6i chinh xac. D6 1a nhiém vu cua mach lay
mau va gitr.

Hinh du6i day la mot dang mach lay mau va gitr co ban: Dién thé tuong
t can bién d6i dugc 1dy miu trong thoi gian rat ngin do tu nap dién nhanh qua



tong trd ra thap cia OP-AMP khi cic transistor dan va gilr gia tri nay trong
khoang thoi gian transistor dimg (tu phong rat cham qua téng tré vao rat 1ém cua
OP-AMP)

- N nos l_p + o~ 0

e— : - A) \:; 2 a- '1 D s S D
v |8 D v [ L

M >S5 o 26T CF gl b
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1.2. So d6 khoi
Mach bién d6i ADC gdm bd phén trung tam la mot mach so sanh. Dién
thé tuong tu chua biét v ap vao mot dau vao cua mach so sanh, con dau vao kia

n6i dén mot dién thé tham chiéu thay d6i theo thoi glan Vr(t). Kh1 chuyén d6i
dién thé tham chiéu ting theo thoi gian cho dén khi bang hoic gan bang vo1 dién
thé tuong tu (véi mot sai sd nguyén luong hoa). Lic d6 mach tao ma so ra co gia
tr1 tng vo1 dién thé vao chua biét. Vay nhiém vu ciia mach tao ma s6 1a thir mot
b s6 nhi phan sao cho hiéu sé giita v va tri nguyén lugng hoa sau cung nhé hon

1/2 LSB
=v -(V /2 -1)(B),[<1/2LSB

Pién thé -

T & a
twong tw U, ::nh Tao mé <k
Dién thé L ¥ _____ ra
tham chiéu

2. Céc tham s6 co ban
Muc tieu:
Trinh bay dugc cac tham s6 co ban d61 vo1 mot mach chuyén déi A/D.

ADC — miéu ta gi4 tri analog dau vao bang gi4 tri s6 nhi phan.

ADC phuc tap va tdn nhiéu thoi gian bién d6i hon DAC

Mbt s6 ADC str dung by DAC la mot phﬁn cua nod

Mot opamp dugce st dung lam b so sanh trong ADC
3. Nguyén ly hoat dong
Muc tieu:

V& so d6 khdi tong quat va trinh bay dugce nguyén 1y hoat dong ctia mach
ADC.



VEé co ban so do khoi caa mach ADC nhu sau:

Analog input

Va TN 1 0 - Start command —I—l—

| Op amp -
|

—
|

-
Comparator ‘ EOC

end of conversion)

c

-
- D/A i Register <
converter . ’
Va; :
< " —‘
Digital result
Trong d6: - Op-amp giit vai tro mach so sanh.

- D/A converter cung v6i thanh ghi (register) tao ra dién thé
tham chiéu cho khoi so sanh.

Nguyén 1y hoat dong cua so dd khéi trén nhu sau:

- Lénh START bit dau qué trinh bién d6i

- Control unit thay d6i gia tri nhi phan trong thanh ghi

- Gia tri nhi phan trong thanh ghi duoc bién ddi thanh gia tri nhi phan Vxx

- BO so sanh so sanh Vax vO1 V4. Khi Vax < Vi, dau ra bd so sanh & mrc
cao. Khi Vax > V,, ddu ra c6 mirc thip, qua trinh bién doi két thic, gid tri nhi
phan nam trong thanh ghi. Bo phan diéu khién s& phat ra tin hiéu end-of-
conversion signal - EOC.

4. Cac phwong phap chuyén doi

Muc tieu: . ) )
Trinh bay dugc so do khoi va nguyén 1y hoat dong cia mot s6 phuong
phap chuyén doi A/D.

4.1. Chuyén ddi A/D theo phuong phip song song (parallel hay flash
conversion)

Pay 13 mach d6i c6 toc do chuyén ddi rat nhanh, c6 thé dat vai triéu lan
trong mot gidy, ap dyng vao viéc chuyén d6i tin hiéu hinh trong ky thuat video.
Vi dy dé c6 mach dbi 3 bit, nguoi ta dung 7 mach so sanh ¢ dau vao va mot
mach ma hoa vu tién dé tao ma sb nhj phan & dau ra:



- Khi v < Vr /10, cac dau ra mach so sanh déu 1én cao khi€n ma soé ra la
a

000
- Khi Vr /10 <v < 2Vr /10, dau ra mach so sanh 1 xudng thap khién ma sd

rala 001
- Khi 2Vr /10 <v < 3Vr /10, dau ra mach so sanh 2 xuéng thép khién ma

sdrala 010
Cu nhu the, ta thdy ma so ra ty 1€ voi dién the tuwong tu vao

Vr U2
3RS0 > Co,
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4.2. Chuyén d6i A/D theo phuong phap dung dién thé tham chiéu nic thang

~ Slalt_j L
o stan|] :
Voac =¥~ -l L ‘L 23 I I
I—-' > _ il v

Q Q) sy ;oL [
DAC n -bit [ 2s8| | [Vpac.

M? 7 £oc 1se| |
:: \‘“m”[[ . i isa ;
Mach dém n-bit < ¢, ¢q Vel qe—1
Reset | ' S Jlo

EOC
(2) (b)

Mot cach don gian dé tao dién thé tham chiéu c6 dang nac thang 1a dung
mot mach DAC ma s6 nhi phan vao duogc léy tir mach dém 1én. Khi ¢ xung bat
dau FlipFlop va mach dém duogc dit vé 0 nén dau ra Q cua FF 1én 1, md cong
AND cho xung CK vao mach dém. Pau ra mach dém ting dan theo dang nic



thang (V_ ), ddy chinh 1a dién thé tham chiéu, khi Vr con nho hon v, dau ra

mach so sanh con & muc thap va Q van tiép tuc & muc cao, nhung khi Vr vira
vuot v dau ra mach so sanh lén cao khi€én Q xudng thap, dong cong AND khong
a

cho xung CK qua va mach dém dirng. Pong thoi dau ra Q 1én cao bao két thuc sy
chuyén d6i. S6 dém ¢ mach dém chinh 13 sé nhi phan tuong tng vdi dién thé
vao.
Goi thoi gian chuyén doi la t. Thot gian chuyén doi tuy thudc dién thé
can chuyén d6i. Thoi gian 1au nhét ung Vo1 d1en thé vao bang tri 16n nhat:
t(max) 2 /f —2 T

Mach doi nay co tdc do cham. Mot cach cai tlen la thay mach dém 1én boi
mot mach dém 1én/xudng. Néu dau ra mach so sanh cho thay Vr nhé hon v,
a

mach Logic s€ di€u khién dém 1€n va ngugc lai thi mach s€ dém xudng. Néu v
a

khong doi Vr s& dao dong quanh tri v v6i hai trj s6 khac nhau 1 LSB

[
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DAC n -bit

Ma 12
sO wmmx‘;{
2
ra : s
bém .
: Logic
I Lén/Xuéng - e |

Cx [
4.3. Chuyén d6i A/D ndi tiép dung phuong phap 13y gan dang ké tiép
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Mach doi ldy gan diang ké tiép dung cach tao dién thé tham chiéu mot

cach c6 hidu qua hon khién viéc chuyén dbi ra ma sd n bit chi ton n chu ky xung
CK. Mach nay bao gobm: mdt mach so sanh, mot mach ghi dich dac biét (SAR)

va mdt mach DAC.
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Mach SAR (Hinh trén) 1a mach ghi dich c6 két hop diéu khién Logic.
Mach gdm 6 FF D mic thanh chudi, dau ra FF cudi (F) hi tiép vé FF dau (A),
khdi diéu khién gdm 4 cong AND va 4 FF RS c6 dau véao tic dong mic cao, cac
dau ra Q cua cac FF RS duogc dua vao mach DAC dé tao dién thé tuong ty Vr
(dung so sanh voi dién thé ra tir mach ldy mau va gitr va), dong thoi day ciing 1a
ma s0 ra khi sy bién doi da két thuc.

Nguyén 1y hoat dong: Luc c6 xung bat dau, mach SAR duoc dit vé 0. Pau
ra DAC duoc lam léch 1/2 LSB dé tao dic tinh chuyén dbi nhu da noi trong
phan trude, ké 46 SAR dua bit MSB 1én cao (bang cach preset FF A), cac bit
khac bﬁng 0, sd nay duoc dua vao mach DAC dé tao dién thé tham chiéu Vr dé
so sanh v&i v. Tuy theo két qua so sanh, néu Vr > v thi dau ra mach so sanh &

murc cao khién SAR bo di bit MSB khi c6 xung C_ke tiép xuat hién, con néu Vr
<v_thi dau ra mach so sanh & muc thap, khién SAR gitt bit MSB lai (FF RS 4

gilt nguyén trang thai) déng thoi dua bit ¢6 nghia ké tiép 1én cao (do FF 3 dugc
set tir gia tri 1 0 dau ra FF B, tri 1 nay dugc chuyén tir FF A sang). Mach so sanh
tiép tuc lam viée va két qua sé& duoc quyet dinh theo cung cach thirc nhu d01 Vo1
bit MSB.... Tiép tuc nhu vay cho dén bit cudi cing ctia SAR, lac do v gin Vr

nhét va ta dugc két qua chuyén doi trong thoi gian t6i da 1a n chu ky xung dong
h6. Mach chuyén d6i chim dit khi dau ra FF F 1én miic cao cho phép md céc
dém dé cho mi s ra.
5. Lz'ip rap, stra chira mach chuyén déi A/D
Muc tieu:

Lap rap han chinh mot mach chuyén doi A/D.



5.1. Chuén bj vat tu va dung cu

- Linh kién kiém tra xac dinh theo so d6 nguyén Iy.

- Chuan bi may phat cao tan, may hién song; Pong hd van ning sd, mo
han; Bo mach in da nang (co thé chuin bi mach n) ...
5.2. Lip mach

So dd nguyén 1y mach A/DC 8 bit theo nguyén ly SAC diung IC
ADCO0804

(A AAA LA

Trinh tu thuc hién:
> Khao sat so 6 chan ctia IC ADC0804
> Lap mach trén bo da ning:

- Yéu cau chudn bi céc linh kién, day ndi duoc vé sinh va trang thiéc trudc
khi dung 1am phan tir két ndi trong mach.

- B6 tri cac linh kién hop 1y

- Cac dudng day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hi¢u chinh va stra chira.

- Mbi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trudc khi cap nguon va tin hiéu dau vao.

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va tin hiéu tuong tu & dau vao.

> Lap mach dung IC trén bo mach in chuén bi sin:

- Yéu cau mach in chuén bi sén (theo cac phﬁn mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so d lap rap da duoc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cdm dung vi tri va chiéu cac linh kién theo ding so dd lip
rap, mdi han phai ngau bong, gon, khong gay cham chép trén mach in.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trudc khi cap nguon va tin hiéu dau vao.

- Mach phai dam bao hoat dong dting yéu cau khi cip ngudn dung dinh
mirc va tin hiéu tuong tu & dau vao.

5.3. Thuc hanh do va can chinh
5.4. Stra chita mot sé mach A/D thuong gap.



BAI 12
MACH CHUYEN DOI D/A
M3 bai: MD26.12

Gioi thi€u:

C6 thé néi sy bién doi qua lai gilta cac tin hiéu tir dang tuong tu sang
dang s6 1a can thiét trong cac qua trinh thuc hién giao tiép gifta con nguoi, tu
nhién v4i may trong thuc té lao dong san xuit va nghién ctru hang ngay, c6 thé
biéu dién mot cach twong dbi theo so d6 sau:

Digital T

Physical s —1 -
o @ ADC | . system . DAC | Actuator control
varable . (e.g., computer) | - phys

ysical variable

—{

Digita Digital
inputs outputs

Két qua tir cac hé thong sb 1a cac dai lugng sd: Can thiét phai dbi cac tin
hiéu s6 d6 thanh tin hiéu twong tu dé co thé tic dong vao cac hé théng vat 1y va
thé hién ra bén ngoai (vi du tai tao 4m thanh hay hinh anh) hay dung vao viéc
diéu khién sau d6 (vi du dung dién thé twong tu dé diéu khién van tdc dong co).
Muc tiéu:
- Trinh bay duoc khai niém, nguyén Iy co ban cia mach chuyén doi D/A.
- Lap rap, stra chita duoc mach chuyén ddi D/A.
- (0 tinh tu duy, tdc phong trong cong nghiép

Noi dung chinh:

1. Khai niém chung

Muc tieu:

Trinh bay dugc khai niém vé mach chuyén ddi D/A.

Pé lam viéc dugc v6i mach chuyén ddi D/A ta phai ndm chic dugc cac
khai niém:

1.1. Bit ¢6 y nghia thip nhat (LSB) va bit co y nghia cao nhit (MSB)

Qua cac mach bién d6i DAC ké trén ta thay vi tri khac nhau cua céac bit
trong sO nhi phan cho gia tri bién d6i khac nhau, néi cach khéac tri bién d6i ciia
mot bit tuy thudc vao trong lugng cua bit do.

Néu ta goi tri toan giai 1a VFS thi bit LSB c6 gia tri la: LSB = VFS/ (2n— 1)
n-1 n
va bit MSB = VFs 2 /@2 -1

Duéi day 1a dic tuyén chuyén dbi ciia mot s6 nhi phan 3 bit
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Hinh (a) 1 dic tuyén 1y tuong, tuy nhién, trong thuc t& dé dudng trung
binh ctia dic tinh chuyén d6i di qua diém 0 dién thé tuong tu ra duoc lam léch
(1/2)LSB - Hinh (b). Nhu vay dién thé tuong tu ra dugc xem nhu thay d6i &
ngay giita hai ma s6 nhi phan vao ké nhau. Vi du khi ma s6 nhi phan vao la 000
thi dién thé tuong tu ra 1a 0 va dién thé tuong tu ra s€ lén nac ké 000+(1/2)LSB
roi nic ké tiép & 001+(1/2)LSB.v.v...Tri tuong ty ra Gmg véi 001 goi tat 1a
1LSB va tri toan giai VFs = 7LSB tuong ung voi s 111

1.2. Sai s6 nguyén lugng hoa (quantization error)

Trong sy bién doi, ta thiy ng vi mot gia tri nhi phan vao, ta c6 mot
khoang dién thé tuong tu ra. Nhu vAy c6 mot sai sd trong bién doi goi 1a sai sb
nguyén lugng hoa va =(1/2)LSB
1.3. B§ phan giai (resolution)

Do phan giai dugc hiéu 1a gia tri thay doi nho nhét cua tin hiéu twong ty ra
¢ thé co khi sd nhi phan vao thay doi. Po phan giai con dugc goi 1a tri budc
(step size) va bang trong lu:O’ng bit LSB.

S6 nhi phan n bit c6 2 gia tri va 2.1 budc
Hiéu thé tuong tu ra xac dinh boi v, = k.(B)2

Trong do k chinh la do phan giai va (B)2 14 s6 nhi phan
Nguoi ta thuong tinh phan trim phéan giai: %res = (k / VFS)10O %

Vi sb nhi phan n bit %res =1/ (2 - 1)]100 %

Céc nha san xuat thuong ding s6 bit ctia s6 nhi phan c6 thé dugc bién doi
dé chi do phén giai. S6 bit cang 16n thi d6 phan giai cang cao (finer resolution).
1.4. D6 tuyén tinh (linearity)

Khi dién thé twong ty ra thay doi déu véi s6 nhi phan vao ta noéi mach
bién ddi c6 tinh tuyén tinh
1.5. Bg ding (accuracy)

Do diung (con goi la do chinh xac) tuyét d6i ctia mot DAC 1a hiéu s6 gitra
dién the twong tu ra va dién thé ra 1y thuyét trong ng voi ma sd nhi phan vao.
Hai s nhj phan ké nhau phai cho ra hai dién thé twong tu khac nhau dting 1LSB,
néu khong mach c6 thé tuyén tinh nhung khong dung.
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2. Cac tham s6 co ban
Muc tieu:
Trinh bay dugc cac tham s6 co ban cua mach chuyén do1 D/A.

Céac bd DAC c6 thé duoc tich hop vao trong nhitng IC, mot sb thong s co
ban ctia n6 nhu sau:

- Resolution: Budc nhdy cua bd DAC - Budce nhdy cua bo bién ddi D/A duogc
dinh nghia 1 khoang thay d6i nho nhat ciia dau ra khi c6 su thay doi gia tri dau
vao. Mot bd bién ddi D/A N bit: S& mirc dau ra khac nhau 1a 2~, s buée nhay s¢€
Vref
2N—1

1a 2™, S6 bude nhay quy uéc A K thi K =

- Accuracy: Sai s6 sai s6 ctia bo DAC
- Offset error: Pau ra ctia DAC khi tit ca dau vao bang 0
- Settling time: Thoi gian yéu cau dé DAC thuc hién bién doi khi dau vao
chuyén d6i tir trang thai all 0 dén trang thai all 1.
3. Cac phwong phap chuyén doi
Muc tieu:
Trinh bay duogc cac phuong phap chuyén doi D/A.

3.1. Chuyén d6i D/A theo phuong phap thang dién trd

Mach con c6 tén goi khac 1a phuong phap dung mang dién trd hinh thang.
No61 dung cua phuong phap nhu sau:

So dd nguyén 1y bo D/AC 4 bit thyc hién nhu ¢ hinh duéi day.
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Cho R _= 2R va lan lugt

Cho b3 = 1 céc bit khac = 0, ta duogc: v, = -8(Vr /24)
Cho b2 =1 céc bit khac = 0, ta duogc: v, = -4(Vr /24)
Cho b1 = 1 céc bit khac = 0, ta duogc: v, = -2(Vr /24)
Cho bO =1 céc bit khac = 0, ta duoc: v, = - (Vr /24)
Ta thay \A ti 1€ v&i gia tri B cua t6 hop bit

B=(b.b b b ) =V, =-B(Vr/24)
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3.2. Chuyén d6i D/A theo phuong phap mach dién tro

Con duoc goi 1a phuong phap dung mang dién tré c6 trong sd khac nhau.
So d6 nguyén 1y ctia mach dién thuc hién mot bd chuyén d6i D/A 4 bit va
nguyén |y hoat dOng cua n6 nhu sau:
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O mach trén, néu thay OP-AMP boi mot dién trd tai, ta c¢o tin hi¢u ra 1a dong
dién. Nhu vay OP-AMP gilt vai tro bién dong dién ra thanh dién thé ra, dong
tho1 n6 1a mot mach cong

Ta co V——R I——(2b +2b +2b+b)VrR/2R
n-2 n-1
=-2 b +2 b _+.... +2b +b)VrR /2 R
n-1 n-2 1 0 F



Néu R =R thi;
_ n-1
v=-2 b +2 b +.... +2b +b)Vr. /2 .

Vi du: )
1- Khi s6 nhi phan la 0000 thi v, = 0

1111 thivo=—15Vr/8
2—VGin=5V;R=RF=1kQ

Ta c6 két qua chuyén d6i nhu sau:

b3 b2 b by Vo (V)
0 0 0 1 -0.625 « LSB
0 0 1 0 -1.250

o 0 1 1 -1.875

- 1 0 0 -2.500

0 1 0 1 -3.125

o 1 1 0 -3.750

o 1 1 1 4375

1 0 0 0 -5.000

1 0 0 1 -5.625

1 0 1 0 -6.250

1 0 1 1 -6.875

1 1 0 0 -7.500

1 1 0 1 -8.125

. ] 1 0 -8.750

1 1 1 1 -9.375 <« Full Scale (Vgs)

Mach c6 mot s6 han ché:

- Su chinh xac tuy thudc vao dién tr& va muc do 6n dinh cua nguén tham
chiéu Vr

- Vi s6 nhi phan nhiéu bit thi can cac dién trd ¢ gia tri rat 16n, khé thuc
hién.
3.3. Chuyén d6i D/A theo phuong phap dung ngudn dong c6 trong sd khac nhau.

So dd nguyén 1y ctia mach dién thuc hién mot bo chuyén doi D/A 4 bit va

nguyén ly hoat dong cua nd nhu sau:
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4. Lap rap, sira chira mach chuyén do6i D/A
Muc tieu:

Lap dugc mach chuyén d6i D/A theo so d6 nguyén ly; do va can chinh
dugc mach chuyén d6i vira lap dung yéu cau k¥ thuat.
4.1. Chuén bj vat tu va dung cu

- Linh kién kiém tra xac dinh theo so d6 nguyén ly.

- Chuén bi may phat cao tan, may hién song; Déng hd van nang s6, mo
han; Bo mach in da nang (c6 thé chuin bj mach in) ...
4.2. Lép mach

So dd nguyén 1y mach D/AC 8 bit theo phuong phap mang dién tré co
trong s6 khac nhau dung IC DAC loai AD7524

Vour

e
Vour
Dy 0——> ouT 2 —> Bipolar Vour
—O- 0Vio~-10V
Cse—_ AD7524

WR o—(]

-10Vito~10V

T =

(a) (b) (c)

Trinh tu thuc hién:



> Khao sat so d6 chan ctia IC AD7524
> Lap mach trén bo da ning:

- Yéu ciu chuan bi cac linh kién, day ndi duge vé sinh va trang thiéc trude
khi dung lam phan tir két ndi trong mach.

- B4 tri cac linh kién hop 1y

- Cac duong day ndi trong mach phai séng, dep, khong chong chéo, dé
quan sat khi hi¢u chinh va stra chira.

- Méi han phai ngiu, bong.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 16i khac trudc khi cap nguon va tin hiéu dau vao.

- Mach phai dam bao hoat dong dtng yéu cau khi cip ngudn dung dinh
murc va tin hiéu s6 ¢ dau vao.

> La‘ip mach dung IC trén bo mach in chuén bi sin:

- Yéu cdu mach in chuin bj sin (theo cac phin mém thiét ké mach in da
c6) phai sach, cac dudng mach in phai lién theo dung so db lap rap da dugc thiét
ké trude (khong co doan mach in nao duoc thiét ké 14 lién ma lai bi dut trén bo
mach in chuin bi cho lip rap).

- C6 so @6 lap rap kém theo.

- Khi lap phai cam dung vi tri va chiéu cac linh kién theo dung so dd lap
rap, mdi han phai ngau bong, gon, khong gay cham chép trén mach in.

- Phai biét tién hanh kiém tra ngudi mach de dam bao khong gay cham,
chap, ho mach hoic cac 18i khac trude khi cip nguon va tin hi¢u dau vao.

- Mach phai dam bao hoat dong ding yéu cau khi cip ngudn dung dinh
murc va tin hiéu s6 ¢ dau vao.

4.3. Thuc hanh do va can chinh
4.4. Stra chita mot sd mach D/A thuong gap.
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