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TUYEN BO BAN QUYEN:

Tai 1iéu nay thudc loai sdch gido trinh nén cdc nguln thong tin cé thé
dugc phép ding nguyén ban hodc trich diing cho cdc muc dich vé dao tao va
tham khdo.

Moi muc dich khic mang tinh 1&ch lac hodc st dung v&i muc dich kinh
doanh thi€u lanh manh s€ bj nghiém cam.



LOI GIOI THIEU

Cung vGi su ti€n b0 cUa khoa hoc va cong nghé, Cic thi€t bi di€n tlr
dang va s€ ti€p tuc dugc Ung dung ngay cang rOng rdi va mang lai hi€u qua
cao trong hau hét cdc linh vuc kinh t€ ki thudt cling nhu ddi sOng xa hOi.

Vié€c gia cdng xU 1y tin hi€u trong thi€t bi dién tU hi€n dai déu dua trén
cdc cO s& nguyén 1y sO vi cédc thi€t bi 1am viéc dua trén cO sG nguyén 1y sO c6
nh{g uu di€m hon han cic thié€t bi dién t& 1am viéc theo nguyén ly tuong
tu, ddc biét 1a trong linh vuc tinh todn. BGi vay hi€u bi€t sau sac vé Ky thuat
xung - sO 1a khong th€ thi€u dugc dOi v&i cic cong nhan, can b kY thudt
dién t( hién nay. Nhu cau hi€u biét vé kY thudt xung - sO khong chi phai
riéng dOi v&i cdc cong nhan, can bd kY thudt dién t& ma con d6i vGi nhi€u cin
b0 kY thudt cic nganh khac cé sU dung céc thi€t bi dién t(r. D€ dap Ung nhu
cau nay Trudng Cao Pang Nghé KV Thudt Cong Nghé di bién soan gido
trinh nay nhdm muc dich h0 trg cho viéc day va hoc mon kY thudt xung sO
trong cic truOng dOng thOi gidp cho cdn b kY thudt, cong nhin ky thuat c6
di€u ki€n clng cO va nang cao ki€n thlc nganh nghé.
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MO PUN: KY THUAT XUNG SO

Ma mo6 Pun:MbD19
Vi tri, ¥ nghia, vai tro mén hoc:
- Vi tri:

Mb dun dugc bo tri sau cdc mon hoc chung.

Hoc tru@c cdc mdn hoc/ md dun dao tao chuyén nganh.
- Tinh chat:

Lamd dun ti€n dé cho cdc mdn hoc chuyén nganh.

+Lamé dun bat budc.

- Y nghia, vai trd clla md dun:

L4 md dun khong thé€ thi€u cUa nghé S(ra chita, 1ap rdp mdy tinh
Muc tiéu cla mo dun:
- Hi€u dugc cic dang tin hi€u xung va cac phudng phap bi€én d6i dang xung
- Hiéu dugc hé thOng mach tuong tu, mach sO
- Thuc hién chuyén d0i tuong tu - sO
- Thuc hi€n chuyén ddi sO - tuong tu
- Thuc hién dugc cdc mach Ung dung cla k¥ thudt xung s
- Lap rap, stra chita dugc cdc mach tao xung cO ban.
- Tu tin trong viéc ti€p xic, stra chifa cic thi€t bj dién t& may tinh s dung

kY thudt xung sO.

Tao tinh cdn th@n cho sinh vién khi ti€p cén thi€t bj s& dung kY thudt xung

s0.
Ma bai Tén chuong muc/bai ThGi luong
Téng| Ly | Thuc | Ki€
sO | thuy€ | hanh | mtra
t
MD19 - 01 | Cac khai niém co ban vé ky 8 4 4 0
thudt xung s6
MD19 - 02 | Cac mach tao xung co ban 32 15 15 2
MD19 - 03 | Ky thudt s - hé thdng sO 32 15 14 3
dém
MD19 - 04 | Mach Flip-Flop va Ung dung 28 12 13 3




MD19 - 05 | Chuyén doi tuong tu s6 20 8 10 2

BAI MO PAU ,
CAC KHAI NIEM CO BAN VE KY THUAT XUNG SO
MA BAI : MP19-01

Muc tiéu:

- Hi€u dudgc cic khai niém co ban v€ kY thudt xung s0.
- Trinh bay dugc cic phuong phap bi€n ddi dang xung
- Rén luyén tinh can thdn, ti mi.

NOi dung chinh :
1. Khai niém chung
Muc tiéu:
- Trinh bay dugc cic khai ni€m co ban v€ kY thudt xung s0.

Tin hiéu 12 su bi€n d0i cUa c4c dai lugng dién (dong di€n hay di€n 4p)
theo th0i gian, ch(fa dung mOt thong tin nao do.
Tin hiéu dugc chia 1am 2 loai: tin hiéu lién tuc (tin hi€u tuy€n tinh) va tin
hiéu gidn doan (tin hi€u xung). Trong d6 tin hi€u hinh sin dugc xem 12 tin
hiéu tiéu bi€u cho loai tin hiu lién tuc ,c6 dudng bi€u dién nhu hinh 1-1.
Nguac 1ai tin hi€u hinh vudng dugc xem la tin hi€u tiéu bi€u cho loai tin hi€u
khong li€n tuc nhu hinh 1-2

A N

AW T

Hinh 1.1: Tin hi€u hinh sin Hinh 1.2: Tin hi€u hinh
vuong




* Pinh nghia:

Xung dién 12 tin hi€u dién c6 gid tri bi€n d0i gidn doan trong mot khodng thoi
gian rat ngn c6 thé so sanh v&i qua trinh qua d6 cUa mach dién.

Xung di€n trong kY thudt dugc chia lam 2 loai: loai xung xudt hién ngdu
nhién trong mach dién, ngoai mong mubn, dugc goi la xung nhi€u, xung
nhiéu thudng c6 hinh dang bat ky (Hinh 1.3).
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Hinh 1.3: Cac dang xung nhi€u

Céc dang xung tao ra tU cdc mach di€n dugc thiét k€ thudng c6 mot sO dang
cO ban:

t
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Hinh 1.4: Cac (iang xung cO ban clia cic mach dien duoc thiet ke

1.1. Céc thong s6 co ban
a. C4c tham sO cUa xung dién:
Dang xung vudng ly tudng dugc trinh bay trén
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Hinh 1.5: Céac thong s® co ban clia xung
+ DO rOng xung: 1 thOi gian xudt hién cUa xung trén mach dién, thoi
gian nay thuOng dugc goi 1a thdi gian md t,,. ThOi gian khdng cé su’ xudt hién
cUa xung gOi 12 thOi gian nghi t .
+ Chu ky xung: 12 kh@ang thOi gian gilta 2 1an xudt hién cUa 2 xung lién ti€p,
dugc tinh theo cong thuc:

T=t0n+t0ff (11)
Tan s xung dudc tinh theo cong thifc:
|
f=_ (1.2)

+ PO rOng va hé s6 day cta xung:



- b6 rbng cla xung 1a ty sO gilra chu kY va d rOng xung, dugc tinh theo cong
thic:

_ T 13
- Ton ( . )
- Hé 50 day cla xung 12 nghich ddo cla d0 rOng, dugc tinh theo cong thifc:
TO”
n= -2 (1.4)

Trong thuc t&, ngUdi ta it quan tAm dén tham sO nay, ngU0i ta chi quan tim
trong khi thi€t k&€ cic b0 ngudn ki€u xung, d€ ddm bdo dién 4p mOt chi€u
dugc tao ra sau mach chinh 1Uu, mach 10c va mach di€u chinh sao cho mach
dién cap dU dong, dU cong sudt, cung cap cho tai.

+ DO rOng suon trudc, d6 rOng sudn sau:

Trong thuc t€, cdc xung vudng, xung ch(t nhat khong cé cau tric mot cich 1i
tudng. Khi cic dai lugng dién ting hay gidm dé€ tao mOt xung, thuOng cé
thOi gian ting trudng (thi gian qui dO)nhat 13 cdc mach c6 téng trd vao ra
nh® hodc cé thanh phan dién khang nén 2 suGn trudc va sau khong thang
dUng mOt cdch Ii tudng.

Do d6 thGi gian xung dugc tinh theo cong thlc:
tonztt +td+ts (15)

Trong do:

ton: DO rOng xung

t. : DO rOng sudn trudc
ts : PO rOng dinh xung
t,. DO rOng suOn sau

Suon >
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Hinh [1.6; Cach ?)ten cace g.

D06 rOng suOn trudc t; dugc|ti i diém dién dp xung ting 1én tU 10%
dén 90% tri sO bién dd Xunglva dd rOnk SUON sau t, dUgc tinh tU thoi di€ém
dién 4p xung gidm tU 90% dén 10% tri SO bién dd xung, Trong khi xét trang
thal ngUng d&n hay bdo hoa cla cdc mach dién diéu khién

Vi du, xung nhip di€u khi€n mach logic c6 mUc cao H tuong Ung vGi di€n ap
+5V. SuOn trudc xung nhip dugc tinh tl khi xung nhip ting tU +0,5V 1én dén
+4,5V va su0n sau xung nhip dugc tinh tU khi xung nhip gidm tU mUc dién 4p
+4,5V xulng d€n +0,5V. 10% gia tri dién dp G ddy va dinh xung dugc ding
cho viéc chuyén ch€ d0 phan cuc clla mach dién. Do dé d6i vdi cidc mach
tao xung ngudn cung cap cho mach doi hdi d6 chinh x4c va tinh On dinh rat
cao.

+ Bién dO xung va cUc tinh cUa xung:




Bién d6 xung 1a gid tri 16n nhat cla xung v6i mUc thém OV (U, 1)y, (Hinh
1.7)

Hinh dudi ddy m6 td dang xung khi ting thOi gian quét cla mdy hién séng.
Lic d6 ta chi thdy c4c vach nam song song (Hinh 1.7b) va khong thdy dugc
cac vach hinh thanh cdc suOn trudc va sUOn sau xung nhip. Khi gidm thoi
gian quét ta c6 th€ thdy ré dang xung v4i suOn trudc va suOn sau xung (Hinh
1.7¢)
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a) Dang xung ly tuong () Cac vach tren may hlen song

Hinh 1.7: Xung vuéng trén man hinh may hi€n séng
Xung vudng ly tudng
xung vudng khi ting th0i gian quét ¢) xung vudng khi gidm th0i thOi gian quét
Gia tri dinh cUa xung la gid tri dugc tinh tU 2 dinh xung 1ién k& nhau (Hinh
1.7)
A U,
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Hinh 1.8: Gi4 tri dinh xung
Cuc tinh cUa xung 1a gid tri cUa xung so v&i di€én dp thém phan cuc cla
xung.Hinh1.9:

U, 1 Ul
t
xung duong Xxung am

Hinh 1.9: Cac dang xung duong va xung am

b. Chuli xung:



Trong thuc t€ xung di€n 13 nén tang cla kY thudt di€u khi€n. Céc thiét
bi di€u khi€n dau tién ra doi di€u khi€n cdc mach di€n c6 chlc ning don
gidn thuOng chi can di€u khi€n bang mOt xung. Trong mOt chudi xung, céc
xung c6 hinh dang gi®ng nhau va bién d6 bang nhau.

Néu chudi xung dugc tao ra lién tuc trong qu4 trinh lam viéc thi goi 1a chudi
xung li€n tuc.

Néu chuli xung dugc tao ra trong tlng khdang thOi gian nhat dinh goi 1a
chu0i xung gidn doan. D&i v&i chubi xung gidn dQan, ngodi céc thong sO cO
ban cla xung con c6 thém cdc thdng sO:

- SO luong xung trong chudi,
- b6 rOng chuli xung,

- Tan sO chuOi xung.
U.1 U1
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t
a) b)

Hinh 1.10: Chu@i xung lién tuc (a) va chuOi xung gian doan (b)

1.2. C4c ham co ban

1.21.Him R-L-C

Trong thuc t€, mach dién khong dung mach mac theo RLC trong cadc mach
xUr Iy dang xung, thuOng sau khi di x(r Iy xong thi mach RLC thuOng dung dé
loc tin hiéu hodc x(r 1y bu pha dong di€n, do dong dién hay dién 4p qua L, C
déu bi 1&ch pha mOt géc 90° nhung ngUQc nhau, nén cting mOt lic qua L va C
s& dan dén ching 1&éch nhau mOt géc 180°. Nén dé sinh ra hién tuong cOng
hudng, tu phét sinh dao dOng.

Ur
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JL Hinh 1.11: Mach R-L{€ >
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Vi R

Khi tdc dOng vao mach mOt dOt bi€n dong di€n, trong mach s& phit sinh
dao dbng c6 bién d0 suy gidm vi dao dOng quanh tri s6 khong doi Ir. Nguyén
nhan cUa sU suy gidm la do do dién trd song song v&i mach dién R va r lam
ré nhanh dong di€n ngd ra. Néu tan s6 cla cOng hudng riéng clla mach triing
vGi tan s6 cla xung ngd vao lam cho mach cOng hudng, bién d6 ngd ra ting
cao. N€u ngd vao 1a chubi xung thi:



- N€u th0i gian 1ap 1ai cla xung ngdn hon chu ky céng hu6ng bién d0 ngd ra
sé tang dan theo thoi glan dé gay qua 4p G ngd vao cla tang k€ ti€p.
- Néu thoi glan lap lai cUa xung bang véi chu kY cOng hudng thi bién dd tin
hiéu ngd ra gan bang vd&i tin hi€u ngd vao, c6 dang hinh sin va thém dién dp
12 hin sin tat dan, khdng c6 10i cho cdc mach xung s6. Trong thuc t& mach nay
dugc ding d€ 10c nhi€u xung cé bién dO cao va tan sO 16n vdi dién dp ngd
vao c¢6 dang hinh sin.
1.2.2 Ham tich phan:

Ham tich phan 12 mach ma dién 4p ra v,(t) ti 1& v&i tich phan theo thoi
gian cUa di€n 4p vao vi(t).

Ta co: Vo(t) = K vi(t) (1.6)
Trong d6 K 1a hé s0 ti 1&.
Mach tich phan RC:

% c
Hinh 1.12: Mach tich phan RC

Mach tich phan RC chinh 12 mach 1oc thdp qua ding RC. Tan s0 cat cla
mach l0c la:
1
fe S RC (1.7)
Do vay dién 4p vao V; 1a ham bi€n thién theo thOi gian nén dién 4p trén
dién trd R va tu dién C ciing 12 ham bién thién theo thOi gian. Ta cé:
Vi(t) = Vr(D) + Vc(t) (1.8)
Xét mach dién & truOng hgp ngudn di€n 4p vao Vi c6 tan sO f; rat cao so
v0i tan sO cat f.. Lic d6 dung khdng Xc s€ c6 tri sO rat nho do.
1

> fic (1.9)
A ~ 1 1
. 3 Xe ——
Nhu vay: Néeu f >> fc S RC thi R >> Xc 2 fic
Suy ra: Vr(t) >> V(1) vidong i(t) quaR va C béng nhau.
Pién 4p d0i vGi tu C dugc tinh theo cong thic:
Ve % i(r)dt (1.10)

Nhu vay dién 4p trén tu C ciing 1a dién 4p ra tU d6 ta c6 di€n ra V()
Vo é Vit)dt (1.11)



b. Pién dp vao la tin hi€u xung vudng:
Khi dién 4p vao 1a tin hi€u xung vudn cé chu ky 12 T; thi c6 thé€ xét ty 1&
hang sO thOi gian  RC so v&i T, d€ gidi thich cic dang séng ra theo hién

tuong nap xa cua tu. vt

)

v
—

A

Vo(t)

V,(0

\4
-

Vo(t) 4 Khii << T

V,(© N
> {
VO(t) A Khl ==Ti/5
Vv,
> t
Khi >>T

Hinh 1.13: Dang séng vao va ra clla mach tich phan nhan xung vudng

Gia thi€t dién 4p ngd vio 1a tin hi€u xung vudng d6i xUng chu ky T..

N€u mach tich phan c6 hang sO thdi gian  RC rat nhd so vGi T; thi tu
nap va xa rat nhanh nén dién dp ngd ra V.(t) c6 dang gibng nhu dang dién 4p
vao V;(t).

n , A , > n e . T N N 2 « A
Neu mach tich phan c6 hang sO thOi gian ?l thi tU nap va xa di€n

4p theodang ham sO mii, bién d0 dinh cla dién 4p ra thdp hon V.

Né€u mach tich c6 hang sO thGi gian rat 16n so v&i T; thi tu C nap rat
cham nén di€n 4p ra c6 bién dO rat thdp nhun dudng ting gidm dién 4p gan
nhu dudng thang.

NhU vay, mach tich phan n€u chon tri sO RC thaichs hgp thi ¢ thé sira
dang xung vudng G ngd vio thanh dang xung tam gidc & ngd ra. Néu xung
vuodng dbi xUng thi xung tam gidc ra 1a tam gidc cAn.



1.2.3. Ham vi phan:
LA ham c6 di€én ra c6 di€n dp ngd ra V(t) ti 1€ vGi dao ham theo thoi
gian cUa di€n 4p ngd vao Vi(t).

Ta c6: Vo(t) K%Vi(t) (1.12)

Trong d6 K 12 hé s ti 1€.

Trong kY thuat xung , mach vi phan ¢6 tdc dung thu hep d0 rOng xung
tao ra cic xung nhon dé€ kich cac linh kién di€u khi€n hay linh kién cdng sudt
khac nhu SCR, Triac..

a. Mach vi phan dung RC:

Vi c Vo

> b

Hinh 1.14: Mach vi phan RC
Mach vi phan dung RC chinh la mach 10c cao qua dung RC. Tén s0 cat
cla mach 1oc la:
1
fe S RC (1.13)

Vi vay dong dién i(t) qua mchj cho ra sU phan 4p nhU sau:

Vi(t) = Ve(t) + Vr(D) (1.14)
Xte mach dién 6 truGng hop ngudn di€n dp vao Vi(t) c6 tan sO f; rat

r~ /.. A ~ < » , 1 N ~ 7 N N z
thapso vOi tan sO cat f.. Luc do6 f; << fc - va O tan sO nay thi dung khang

Xc ¢6 tri sO rat 16n.

Nhu vay: R << Xc ﬁ

Suy ra: Vg(t) << V(t) vi dong di€én qua R va C béng nhau
Hay : Vi() [ V()

Dién 4p trén tu dién C dugc tinh theo cong thirc:

q(1)
V 2~ 7
c(t) C
(1.15)
Trong d6 q la dién tich nap cho tu:
ity C d‘;’:’) (1.16)
Vay dién 4p trén dién trd chinh la dién 4p ra:
Vo(t) Rc% (1.17)

Ta c6 hang sO thoi gian ~ RC



b. Pién dp vao la tin hi€u xung vudng:

Khi dién 4p vao la tin hi€u xung vudng c6 chu ky T; thi xét ti 1€ hang s
thOi gian  RC so vOi T, d€ gidi thich dang séng ra theo hi€n tuong nap, x3a
cUa tu dién.

Gid thiét dién‘%)* 0

i G;\ n hléu xung Vuong doi xUng 6 chuky T..
> e LTI
e gt Rpekigne e stiani SRS RN BB e dtng gon

i(t) qua dién trd R tao rl Cﬁén dp gidm theo ham s6 mii. Khi dién 4p ngd vao

bang 0" thi ddu duong cUa tu' n'di mass va tu sé xa dién am trén dién tré R.
o) ngd ra s€ c6 hai xung ngygc day nhau va cé bién d0 gidm dan.

Néu mach vi phanWthdl gian ratnho so v&i T; thi tu sé nap
xd& dién rat nhanh cho ra 2'xung ngugc ddu nhung c6 d0 rOng xung rat hep

dugc goi 1a xung nhOn.
Nhu vy né€u théa min di€u kién cdu mach vi phan thi mach RC se d6i

tin hiéu tU xung vudng an nhon 1uGng cuc nhu & hinh c.

£
= B

1.3. Ham RC va ham RL
1.3.1. Ham RC L

C6 hai mach 10c RC cO ban 12 mach 10c thap di qua va mach l0c cao di qua
Hinh 1.16 b: Pap Ung tan

sO 4

v

Hinh 1.17 b: Pap Ung tan



Hinh 1.16 a: Mach loc thap di qua

Vi Vo

z —|C|— o

Hinh 1.17 a: Mach loc cao qua

Trong c& hai mach 10c thap qua va mach 10c cao qua dung RC tan s6 dugc
tinh theo cong thuc:
1

o 1 (1.18)
. 2 RC
O tan sO cat dién dp ra Vo c6 bién d0 1a:
Vi
Vi -
0 7 (1.19)
1.3.2. Ham R-L

NgUu0i ta c6 th€ dung dién tré R két hgp vdi cudn cdm L d€ tao thanh
cdac mach 10c thay cho tu C. Do tinh chat cUa L va C ngugc nhau doi véi tan
s& nén mach 10c thdp qua va cao qua khi ding RL c¢6 cich mac ngudc 1ai voi
mach RC.

Hinh 1.18a: Hinh 1.18 b:
Mach loc thap ding RL Mach loc cao dung RL
Hai mach 10c¢ thdp qua va mach 10c cao qua dung RL ciing c6 ddp Ung
tan sO va c6 dang giOng nhu trong mach 10c RC
R
fe 2L
2. Cac phuong phap bién doi dang xung
- Bi€n d6i xung Sin thanh xung vudng

(1.20)

- Bién d6i xung Sin thanh xung tam giac
- Bién d0i xung vuodng thanh xung Sin
3.Cac mach xén-mach ghim



Muc tiéu:
- Trinh bay dugc nguyén 1y cUa cdc mach xén, mach ghim.
3.1.Mach xén

Mach xén 12 mach cat di mOt phan cla dang dién 4dp vao & trén hay &
dudi mOt mUc chudn nao d6. MOi lién hé gilta ngd vao va ngd ra cUa mach
xén thuOng c6 cdc dang sau:

Vo
- \J’D
Vdo | _____
I
I
i .
! =f' Vde Vi
0 Vdc : 0 -
|
_____ | Vde
(a) (b)
Vo Vo
Vde2do— -
: Ve _____4/’//////
I
I
Vde1 | i i i
i o WVdc2 g 0 vdc -
i
1
_____ L vdel
(c) (d)
Vo Vo
.
Vde2 {-----
|
|
. Vdeo |
vdc ] v ! ! Vi
| > -
: g | Vdel Wdcz
|
,////,/’ Vdc
(e) (f)

Hinh 1.19. Pac tuy€n truyén dat cila mOt s mach xén co ban
Dua vio cdu tric mach xén gdm mach xén song song va mach xén ndi
tiép.
- Mach xén song song 12 mach xén c6 phan t& xén ndi song song v&i ngd
ra.
- Mach xén nGi ti€p 1a mach xén c6 phan tU xén n0i noi ti€p v&i ngd ra.
3.1.1 Mach xén song song
Xét mach sau:



Vi .. Vo
Vdc )
d .

Hinh 1.20. Mach xén song song
Goi Va 1a dién thé€ tai anode, Vk 1a di€n th€ tai cathode. Mach trén ¢ hai

truOng hop xay ra:
- TruGng hop 1: Khi Va>Vk  Vi>Vdc, diode dan, so d0 mach trd thanh:
R

. ATAvA —

. D — Vo= Vdc
.\";r]. —.I.I_T'{ .\"FG
vde L7

d s
Vi<Vdc, diode ngung dan, so d0 mach trd

TruOng hgp 2: Khi Va<Vk
thanh:

N D — Vo= Vi
Vi

3.1.2 Mach xén ndi ti€p
Xét mach sau:

| Py
Ve D/
Vi R § Vo

Hinh 1.21. Mach xén n0i ti€p
Goi Va la dién th€ tai anode, Vk 12 dién thé tai cathode. Mach trén c6 hai

trudng hop xay ra:
- Trudng hop 1: Khi Va>Vk Vi>Vdc, diode dan, s0 d0 mach trd thanh:
\ Va Vk
1 | k . & >

\"Fi Vde — x\-"rD: ‘\-"ri - ‘\-"rdl:

A
LN |

=

-




Trudng hgp 2: Khi Va<Vk Vi<Vdc, diode ngung dan, sO d6 mach trd
thanh:

a Vk
= | |.. ] 3 .T ¥
i vd > — Vo= 0V
Vi - R > Vo
. | I

3.2.Mach ghim
3.2.1.Mach ghim dinh trén
* Cho mach hinh 1.22a, di€én dp Vi va Vdc nhU hinh 1.22b.

Cc Vn
—| ] 1 'lr : Vi
Va o y
, v Vde
Vi >R wveo t
Vi J_.'_I 0 11 12 13 14 15 "
1
X I Vdc ) wm - - —
(a) (b)

Hinh 1.22.Mach ghim dinh trén va dién 4p Vi, Vdc

GOi Va la dién thé tai anode, Vk 12 di€n th€ tai cathode va Vc 1a dién dp trén
tu.

Gid s(, ban dau dién 4p trén tu Ve bang khong.

* Trong khodng th0i gian 0 < t < t1, ta thdy Va > Vk lam diode dan, mach hinh
1.22a tr@ thanh:

_G j—
I ]
Va i ; R = Vo =Vdc ‘
e — p Vo Tu C nap qua diode nén day tuc thi, lic
vm —r— nay, V¢ = Vi— Vo= Vm - Vdc
JJ"'_Vdc

* Trong khodng thOi gian t1 < t < t2, ta thdy Va < Vk 1am diode ngung dan,
mach hinh 1.22a tr& thanh:
c

i} —]

andl Vi £ R Vo
Vm o

1
Vdc T

I Ny — ]

Tu C xa qua R. Do R rat 16n nén tu xa khong ding k€ nén Vc 1a hang s6
trong suOt khodng thGi gian tUrt1 dén t2 dén Ve = Vm — Vdc

Ma: Vo= Vi — Vc= -Vm —(Vm - Vdc)=-2Vm + Vdc

* Trong khodng thOi gian t2 < t < t3:



Vm

A

Vdc T

Ta c6: —Vi+Vc +Vak +Vdc= 0 suy ra Vak= Vi - Vc — Vdc

Do trong thOi gian trudc tu xa khong dang k€ nén tai thOi di€m t2 dién 4p
trén tu Vc= Vm — Vdc.

Suy ra Vak= Vi— (Vm - Vdc) — Vdc = Vm — Vm + Vdc — Vdc=0

Lic nay, diode van ngung dan, Vo= Vi — Ve= Vm — (Vm — Vdc)= Vdc

* Ta lam tUoOng tU cho c4c khodng thoi gian khéc.

TU nhitng trinh bay trén dién 4p ra ¢6 dang nhu hinh 1.23:

\
F 3
Vm
t
0 t1 t2 3 t4 15
NM = - =
[
I I
| |
W | |
3 I :
[
Wi I |
[ | f
— — — — pr—
t
0 t1 2 3 14 t5 i

f2%m Nde) - ——

Hinh 1.23. Gian do xung
3.2.2 Mach ghim dinh duéi
* Cho mach hinh 1.24a, di€n dp Vi va Vdc nhU hinh 1.24b.
W
c A

Wm

< .
- -
VL -
-_H_n_-
oy ——
A
<
]
F
-

\_7_1 0 t1 2 13 4 t5 -

T Nmo ———

(a) (b)
Hinh 1.24.Mach ghim dinh dudi va dién ap Vi,Vdc
GOi Va 1a dién thé tai anode, Vk 13 di€n thé€ tai cathode va Vc 1a dién 4p trén
tu.
Gid sU, ban dau dién 4p trén tu Ve bang khong.




* Trong khodng thoi gian 0 < t < t1, ta thdy Vk > Va lam diode ngung dan,
mach hinh 1.24a tr& thanh:

L
—

R s

.l
A
<
o

Vm

<
23
-

Tu C nap qua dién trG R c6 gid tri rat 16n nén nap khong dang ké.
Suy ra Ve =0V va Vo =Vi- Vc= Vi

* Trong khodng th0i gian t1 <t < t2, ta thdy Va > Vk lam diode dan, mach
hinh 1.24a trd thanh:

c
— —
Vi L
L R
wm V2L, Vo
.
Vdc T
Do d6 Vo = Vdc Tu C nap qua diode nén day tUc thi
lic nay Vc = Vi— Vo=-Vm - Vdc
* Trong khodng thoi gian 12 < t < t3:
c
— A
Wk )
1 . ¢R
T \dc

Diode ngung dan, tu xa qua R nén khéng déng k€. Do d6 Vc 13 hang s6 trong
khodng thOi gian tUr t2 d€n t3 v Ve=—Vm — Vdc

Ma: Vo= Vi- Vcnén Vo= Vm + (Vm + Vdc)=2Vm +Vdc

* Trong khodng thOi gian 3 < t < t4:

=

vm=  val (" vo
1




Ta c6: —Vi +Vc +Vka +Vdc=0 suy ra Vka= Vi— Vc — Vdc

Do trong thOi gian trudc tu xa khong dang k€ nén tai thOi di€m t3 dién 4p
trén tu Vc=-Vm — Vdc.

Suy ra Vka=Vi+ (Vm + Vdc) - Vdc =-Vm + Vm + Vdc — Vdc=0

Do d6 diode van ngung dan.

Nén Vo= Vi- Vc=-Vm +(Vm +Vdc)

va Vo= Vdc

* Ta lam tUOng tuU cho cdc khodng thdi gian khic.

Tu nhitng trinh bay trén dién 4p ra c6 dang:

Wm

T

(2Vm+de)4d — — —

—_—————_ e —_ — =

wl
0 nToe a = &
Hinh 1.25.Pién 4ap ra cla mach ghim dinh dudi

3.3.Mach so sanh
a/ Pién thé& ngd ra bdo hoa:

Hinh 1.26.Mach so sanh dién thé ngé ra bdo hoa

Ta xem mach hinh 1.26
Taco Vo=A(V,-V,)=AEv6iEs=V, -V,
E, 12 dién thé khic nhau gilra hai ngd vao va dugc dinh nghia:
E, = ( dién thé ngd vao + ) — (dién thé ngd vio -)
Do mach khong c6 hoi tiép am nén: Vo= A.E,
Trong d6 A 14 d0 1Gi vong hG cla op-amp. Vi A rat 16n nén theo cong thiic
trén v0 rat 16n.
Khi Ed nhd, v0 dugc x4c dinh. Khi Ed vuot qua mOt tri sO nio dé thi vO dat
dén tri sO
bdo hoa va dugc goi 1a VSat.. Tri sO cla Ed tuy thudc vio mbi op-amp va cé
tri sO vao



khodng vai chuc uV.

- Khi Ed 4m, mach ddo pha nén v0=-VSat

- Khi Ed duong, tUc v1>v2 thi vO=+VSat.

Dién thé ngd ra bdo hoa thuGng nhd hon di€n thé ngudn tUr 1 volt dén 2 volt.
P&y 1a

+VSatl c6 thé khéc |-VSatl.

Nhu vay ta thdy dién thé Ed t6i da la:

+V,

+E g Aﬂﬂt
-V

as E - -A-Su

b/ Mach so sanh mUc 0: (tdch mUc zero)

* So sdnh mUc zero khong ddo
Diang mach

V=0 B
+ Wy
F; e

E v
Hinh 1.27.Mach so sanh muc 0
Dién thé€ ngd vao (-) dudc dung lam dién thé chudn va E; 1a dién thé
muOn dem so sanh v&i dién thé chudn dugc dua vio ngd vio (+)
KhiE; >V, =0thi Vio=+V
Khi E; < V=0 thi Vo =-V
Dang séng E; ¢6 dang tam gidc thi dang song dau ra ¢é dang

Vo
& '
W -i
+V5a.t ’ +v5-a‘t
_'—
d » ® »
E; 0 E . T
- at

Hinh 1.27.Dang séng mach so sanh murc 0

* Mach so sanh mUc zero ddo:



E; =
Vr&f:ﬂ + Vo

A e
yocd

Hinh 1.28.Mach so sanh muc zero dao
Pién thé chudn V,; = 0V dat 3 ngd vao (+). Pién thé€ so sanh E; dUa vao ngd
vao (-).
Khi E; > Vs =0thi Vo =+V
Khi E; < V,;=0thi Vo =-V

v Vo
F 0 '
+Weyt ‘./
—>—f—+ Vsat
B, 0 t
Vow
‘VSa.t

Hinh 1.28.Dang séng mach so sanh muc zero ddo
c/Mach so sanh v&i 2 ngd vao cé dién thé bat ky:

* So sanh mUc duong ddo va khong ddo:
- So sénh mUc dudng khong dao:

+ | Ver >—'—w
_/;E E; Ri=

L

Vs
Hinh 1.29.Mach mUc duong khong ddo

Dién th€ chudn V., > 0 dat 3 ngd vio (-). Dién thé so sanh E; dua vao ngd
vao (+).

Khi Ei> Vs =0thi Vo=+V

Khi E; < V,;=0thi Vog=-Vg



4 Vo Vo 'Y
+TJ5 at i +v5at
0 E; 0 \ t
A
- 'vSat
Vea| |

Hinh 1.30.Dang séng mach so sanh mttc duwong khong ddo

- So sdnh mUc duong ddo

S
e

Hinh 1.31.Mach so sanh mitc duong dao

Dién th€ chudn V,;> 0V dat 8 ngd vao (+). Pién th€ so sanh E; dua vao ngd
vao (-).

Khi E; >V, =0thi Vo=+V

Khi E; < Vs =0thi Vo =-V

Vo
4 Vo F Y
- +vSat +v$-a‘t ]
vref vna:f'
v
0 E: 0 t
-Wsa
W

Hinh 1.32.Dang séng mach so sanh muic duong ddo
* So sanh mUc Am ddo va khong dao:

____ + g
] B, Ry =

A

Hinh 1.33.Mach So sanh mttc 4m khéong ddo




Pién thé chudn V,; < 0V dat 3 ngd vao (-). Dién thé so sanh E; dua vio ngd
vao (+).

KhiE; >V, =0thi Vio=+V

Khi E; < V,;=0thi Vo =-V

Vo
& Vo A
" +1\'r53't
V]‘Ef
T » >
0 E; 0 ...t
Y \/
-Wge |

Hinh 1.34.Dang séng mach So sanh muc 4m khong dao
- So sanh mUc Am ddo

Hinh 1.35. Mach So sanh mUc 4m dao
Dién th€ chudn V,; < 0V dat 8 ngd vao (+). Pién th€ so sanh E; dua vao ngd
vao (-).
KhiE;> V,;=0thi Vio=+V
Khi E; < Vs =0 thi V) =-V

Vi
& Vo '
+v$a.t _E -
—— Vs
— il > L >
E; o T
vl N oSN
Ve . N/ \V%
-Wsa

Hinh 1.36. Dang s6ng mach So sanh mirc Am dao
BAI TAP
1. Néu diém khdc nhau vé dang mach gilta cdc mach vi phin va mach tich
phén.
2.Can phai biét cung cdp nhiing y€u t6 d{r liéu nao khi thi€t k€ mach vi phan
hay mach tich phan?
3. Khi tan sO xung thay d0i, phdi lam gi d€ dang xung ra khong d6i?
4. Néu y nghia cUa cdc suOn tru@c va suOn sau xung vudng



Thuc hanh:
I.Lap rap mach xén song song
1. Chudn bi dung cu, thiét bi, vat liéu
a. Thiét bi:
- Pbng h6 VOM
- Mdy hién s6ng
- Ngubn 12V
- Test board
b. Linh Kién:

STT Loai linh kién S6 luong
1 | Diode 20
Pién trd cic loai 100

2. Trinh tw thuc hién:

Budc 1: Ki€m tra linh kién
Budc 2: Lap rap mach
Budc 3: Ki€m tra mach




Budc 4: K&t nGi mach v&i ngudn dién
Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra cla mach

IL.Lap rap mach xén ndi ti€p
1. Chudn bi dung cu, thiét bi, vat liéu
a. Thiét bi:
-Pong h6 VOM
- Mdy hién séng
- Ngubn 12V
- Test board
b. Linh Kién:

STT Loai linh kién S6 luong
1 |diode 20
2 | bién trd céc loai 100

2. Trinh twthuc hién:

Budc 1: Ki€m tra linh kién
Budc 2: Lap rap mach
Budc 3: Kiém tra mach




Budc 4: K&t nGi mach v&i ngudn dién

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra cla mach

ITI.Lap riap mach ghim dinh trén

1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- Pbng h6 VOM
- Mdy hién séng
-Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién SO luong
1 | Tu dién cic loai 20
2 | Pién trd céc loai 100
3 | Diode 20

2. Trinh tu thuc hi€n:




Budc 1: Kiém tra linh kién

Budc 2: Lap rdap mach
Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn di€n

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Duing mdy hi€n séng do tin hiéu vao va ra cla mach

IV.Lap rap mach ghim dinh duéi

1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- bbng h6 VOM
- M4y hién séng
- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién SO luong
1 | Tu dién céc loai 20
2 | Dién tr@ céc loai 100
3 | Diode 20

2. Trinh twthuc hién:




Budc 1: Kiém tra linh kién

Budc 2: Lap rdap mach
Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn di€n

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Duing mdy hi€n séng do tin hiéu vao va ra cla mach

V.Lap rap mach so sanh

1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- Pbng h6 VOM
- M4y hién s6ng
- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién S6 luong
1 | Tu dién cic loai 20
2 | bién tr@ cic loai 100
3 |IC741 20

2. Trinh tw thuc hién:




Budc 1: Ki€m tra linh kién

Budc 2: Lap rap mach

Budc 3: Ki€m tra mach

Budc 4: K&t n6i mach v&i ngudn di€n

Budc 5: Diing dong h6 do di€n 4p vao va ra clla mach

Budc 6: Dung mdy hi€n séng do tin hiéu vao va ra cla mach

BAI 1
CAC MACH TAO XUNG CO BAN
MA BAI: MP19-02

Muc tiéu:
- Hi€u dugc nguyén tac hoat dbng ciac mach tao xung
- Lap rap dugc cdc mach tao xung.
- Rén luyén tinh can than, ti mi.
NOi dung chinh :
Khai ni€ém chung
Muc tiéu:
- Trinh bay dugc kh4i ni€ém chung vé cic mach tao xung.
Cac mach tao xung c0 ban nhat 12 cic mach tao xung vudng dugc goi
chung 12 mach dao dbng da hai. C6 ba loai mach dao ddang da hai la:



- Dao dbng da hai 1uGng On (bistable — multivibrator) ( con goi 1a
machFlip-Flop, mach 1at hay bap bénh): mach c6 hai trang thdi va hai trang
thai déu On dinh.

- Dao dOng da hai don On ( Monostable Multivibraor) (con g0i 1a mach
dinh thi): mach c6 hai trang thdi, trong d6 mOt trang thai On dinh va mOt trang
thai khong On dinh goi Ia trang thai tao xung

- Dao d0ng da hai phi Gn (astable Multivibrator): mach c6 hai trang thai
va cd hai trang thdi déu khong On dinh con g0i 1a mach tu dao dOng.

Mach dao dOng da hai dung BJT dua vao sU nap di€én va su xa dién
cUa tu dién két hop vdi ddc tinh chuy€n mach cUa Transistor.

Ngoai ra mach dao dOng da hai dugc tao ra tu cdc linh kién nhu op-amp,
IC555, cac cC“ing logic, ....
Trong kY thudt xung, d€ tao ra cic dao dOng khong sin ngudi ta thudng
ding cdc b0 dao dbng tich thoit. V& nguyén tac, bat ky mot bd dao dOng
khong di€u hoa nao ciing dugc coi 12 mOt dao dOng khong sin. Trong cic b0
dao dOng sin ngoai cdc linh kién di€n tU, trong mach con ¢6 mach dao ddng
gOm hai phan tU phdn khang 14 cuOn day (L) va tu di€n (C) Trong cic bd dao
dOng tich thoit phan t(r tich tr{f ning lugng dugc nap dién va sau dé nho thiét
bi chuy&n mach né phéng di€n dé€n mot mc xdc dinh ndo d6 rbi 1a dugc nap
dién. N&u viéc phéng di€n dugc thuc hién qua dién trd thi gdn nhu toan b0
ning lugng dugc tich luy déu dudc tiéu hao dudi dang nhiét. Nhu vay mach
dao dOng tich thoit thudng gbm hai phan tU chinh d6 la: Cudn day (L) va dién
trd (R) hoac tu dién (C) va dién trd (R). Thong thudng mach dung R, C la
chl yéu.
Mach dao dOng da hai 1a mach dao dOng tich thoét tao ra cdc xung
vudng. Mach c6 th€ cong tic G ba ché d0:
- Ché d0 tu dao dOng goi 1a trang thai tu kich ( Khong On ).
- Ché d0 dong bd (Pon 6n ).
- Ché d6 dgi ( LuGng 6n).

1. Mach dao déng da hai khong trang thai bén

Muc tiéu:

- Trinh bay dudgc nguyén tac hoat ddng clla mach dao dOng da hai
khong trang thdi bén.
1.1.Mach co ban
Mach dao dOng da hai khong trang thai bén 12 mach dao dOng tich thoat diing
R, C tao ra cic xung vudng hoat ddng & ché do tu dao dOng.

a. SO do mach:

Trong mach dao dOng da hai khong trang thdi bén ngudi ta thuOng
diing céc tranzito Q,, Q, loai NPN. Céc linh ki€én trong mach c6 nhling chlc
ning riéng, gép phan lam cho mach dao dOng. Cic tri sO cUa céc linh kién R



ca C c6 tic dung quy€t dinh dén tan s6 dao dOng cla mach. Cic dién tré R,
R;1am gidm 4p va ciing 12 di€n tré tai cap ngudn cho Q;, Q4. Céc dién tré R,,
R; ¢6 tac dung phan cuc cho céc tranzito Q,, Q,. Cac tu C,, C, c6 tac dung lién
lac, dua tin hi€u xung tU tranzito Q, sang tranzito Q, va ngUQc lai. Hinh 2.1
minh hoa cdu tao cla mach dao ddng da hai khong Gn dung tranzito va cdc
linh kiénRvaC.
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Hinh 2.1: Mach dao ddng da hai khong trang thai bén

Mach trén Hinh 2.1 c6 cdu triic dOi xUng: cdc tranzito cling thong s va
cting loai (hodc NPN hodc PNP), cdc linh kién R va C c¢6 cung tri s nhu nhau.

b. Nguyén Iy hoat dOng

Nhu da néu trén, trong mach trén Hinh 2.1, cdc nhanh mach c6 tranzito Q,
va Q, d0i xUng nhau: 2 tranzito cling thdng sO va cling loai NPN, cic linh kién
dién tré va tu di€én tuong Ung c6 cing tri sO: R; = Ry, R, = R;, C; = C,. Tuy
vay, trong thuc t€, khong th€ c6 cdc tranzito va linh kién dién trd va tu dién
gidng nhau tuy€t dbi, vi chiing déu c¢6 sai s6, cho nén khi cdp ngubn Vcc cho
mach dién, s& c6 mOt trong hai tranzito dan trudc hodc dan manh hon.

Gid sU phan cuc cho tranzito Q, cao hon, cuc B cUa tranzito Q, ¢6 dién 4p
duong hon dién 4p cuc B cUa tranzito Q,, Q; dan trubc Q,, 1am cho dién 4p
tai chan C cla Q, gidm, tu C, nap di€n tU ngudn qua R,, C, dén Q, vé am
ngudn, 1am cho cuc B cla Q, gidm xubng, Q, nhanh chéng ngung dan. Trong
khi d6, dong Iy, ting cao dan dén Q, dan bdo hoa. Pén khi tu C, nap day,
dién 4p duong trén chan tu ting dién 4p cho cuc B cla Q,, Q, chuyén tU trang
thai ngung dan sang trang thai dan dién, trong khi d6, tu C, dudgc nap dién tir
nguOn qua R; d€n Q, vé 4m nguln, 1am dién 4p tai chan B cla Q, gidm thap,
Q, tr trang thdi dan sang trang thai ngung dan. Tu C, xa dién qua moi noi B-
E cla Q,lamcho dong I, tdng cao lam cho tranzito Q, dan bdo hoa. P&n khi tu
C, nap day, qu4 trinh dién ra ngudc 1ai.

c. Dang song O cdc chan:
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Hinh 2.2: Dang tin hi€u tai cac chan
Xét tai cuc B, khi T1 dan bdo hoa Vg 0.8V . Khi T, ngung dan thi tu C
xa dién lam cho dién 4p tai cuc B, c¢6 di€én dp Am va di€n 4p Am nay gidm
dan theo ham sO mii.
Xét tai cuc C, khi T, dan bdo hda Vo, 0.2V con khi T, ngUng dan thi
dién dp tai V¢,  Vee. Dang séng ra @ cuc C la dang séng vudng.
Tuong tu khi ta xét & cuc B, va cuc C, thi dang séng & hai cuc nay
cung dang vOi dang séng & cuc B, va C, nhung ddo pha nhau:
Vi trén cuc C cUa 2 tranzito Q; va Q, xuat hi€n cidc xung hinh vuong,
nén chu kY T dugc tinh bang thdi gian tu nap dién va xa di€n trén mach.

T =(t, + to) = 0,69 (R,. C, + R;. Cy) @2.1)
Do mach c6 tinh chat d6i xUng, ta cé:
T=2x069.R,.C;=14.R;.C, (2.2)
Trong do:

t,, t,: thOi gian nap va xa di€n trén mach

R, Rs: dién trd phan cuc B cho tranzito Q, va Q,

C,, C,: tu lién lac, con goi 12 tu hobi ti€p xung dao dOng
TU d6, ta c6 cdng thic tinh tan sO xung nhu sau:

1 1
f= T ~ 069R,C, R,C,)

(2.3)
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1.2. Mach déi tan s6
Mach dao dOng da hai khong trang thdi bén c6 th€ thay dGi tan sO 1a mach
dao dOng tich thoit dung R, C tao ra cic xung vudng hoat dOng & ché do tu
dao dOng va thay d0i tan sO bang bién trd VR.
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Hinh 2.2: Mach dao ddng da hai khong trang thai bén ddi tan s6

Trong mach trén Hinh 2.2, cic nhdnh mach c6 tranzito Q, va Q, doéi xlfl’ng
nhau: 2 tranzito ciing thong sO va cling loai NPN, céc linh ki€n dién trd va tu
dién tuong Ung c6 cuing tri sO: R, = Ry, R, = R;, C; = C,. Tuy vay, trong thuc
t€, khong th€ c6 céc tranzito va linh ki€n di€n trd va tu dién giOng nhau tuyét
d0i, vi chiing déu c6 sai s, cho nén khi cap ngubn Vce cho mach dién, sé c6
mOt trong hai tranzito dan trudc hodc dan manh hon.

Gid st phan cuc cho tranzito Q, cao hon, cuc B cUa tranzito Q, c6 dién 4p
duong hon dién 4p cuc B cUa tranzito Q,, Q, dan trudc Q., 1am cho dién 4p
tai chan C cla Q, gidm, tu C, nap dién tU ngudn qua R,, C; dén Q, v€ am
ngudn, 1am cho cuc B cla Q, gidm xubng, Q, nhanh chéng ngung dan. Trong
khi d6, dong Iy, ting cao dan dén Q, dan bdo hoa. Pén khi tu C, nap day,
dién 4p duong trén chan tu ting di€n 4dp cho cuc B cla Q,, Q, chuyén tU trang
thdi ngUng dan sang trang thii dan dién, trong khi d6, tu C, dugc nap dién tur
nguOn qua R; d€n Q, v€ a4m nguln, 1am di€n 4p tai chan B cla Q, gidm thap,
Q, tU trang thdi dan sang trang thii ngung dan. Tu C, x3 dién qua moi noi B-
E cla Q,lam cho dong I, ting cao lam cho tranzito Q, dan bio hoa. Pén khi tu
C, nap day, qu4 trinh dién ra ngudc 1ai.

Khi thay d0i bi€n trd VR thi tan sO s& thay dGi.

Xét tai cUc B, khi T1 dan bdo hoa Vi 0.8V . Khi T, ngUng dan thi tu C
xa dién lam cho dién 4p tai cuc B, ¢6 di€n 4p Am va di€én 4p Am nay gidm
dan theo ham sO md.



Xét tai cuc C,; khi T, dan bio hoa Ve 0.2V con khi Ty ngUng dan thi
dién dp tai V¢, Vee. Dang séng ra @ cuc C la dang séng vudng.
Tuong tu khi ta xét & cuc B, va cuc C, thi dang séng & hai cuc nay
cung dang v&i dang séng & cuc B, va C,nhung ddo pha nhau:
Vi trén cuc C cUa 2 tranzito Q; va Q, xuat hi€n cidc xung hinh vuong,
nén chu ky T dugc tinh bang thdi gian tu nap dién va xa dién trén mach.
T =(t; + t,) = 0,69 (VR+R,). C; +(VR+ R3). C,)
2.1
Do mach c6 tinh chat doi xUng, ta cé:
T=2x0,69.(VR+R,).C, = 14(VR+R;). C,
2.2)
Trong do:
t,, t,: thOi gian nap va xa di€n trén mach
R, Rs: dién trd phin cUc B cho tranzito Q, va Q,
C,, Cy: tu lién lac, con goi la tu hoi tiép xung dao dOng
TU d6, ta c6 cong thlc tinh tan sO xung nhu sau:
1 1
T T 069(VR R,.C, (VR R,.C,
1 1
f=7 Tawr R,).C)
1.3. Mach doi chu trinh
P& thuc hién mach dao dOng da hai khong On ding cOng logic, ngudi ta c6
th€ thuc hién bang nhi€u cdch khac nhau trén cd s& 2 mach ddo.
a .Mach ding cbng NOT (cOng a”&)’g):

f (2.4)
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Hinh 2.3: Mach dao ddng ding hai cOng dao

Trong Hinh 2.3, ngd ra cla cOng ddo 1 dugc ndi dén ngd vao cla cOng
ddo 2 va ngd ra cla cOng ddo 2 dugc ndi trd 1ai ngd vao cla cOng ddo 1 qua
tu lién lac C. Viéc chuyén d6i trang thai clla mach dudc thuc hi€én nhO qua
trinh nap x4 cla tu C qua dién trd R tao thanh duOng vong hoi ti€p duong
kin.

Gia s, cOng ddo 1 ¢6 Q = 1 thi c6ng ddo 2 c6 Q= 0, do dé, liic nay tu
nap dién qua R dén khi tu C nap day di€n dp ngd vao cOng ddo 1 ting 1én
mUc cao, ngd ra Q = 0 tic dOng dén ngd vao cOng ddo 2 1am ngd ra Q= 1,



dién 4p trén tu ting, tu xa dii€n qua R d€n khi hét dién, dién 4p ngd vao cOng
ddo 1 lic nay gidm thdp, Q chuyén sang trang thai Q=1 tic dOng ngd vao
cOng ddo 2 1am cho Q=0.
Qué trinh cU thé ti€p tuc dién ra, mach thuc hién chlc ning tu dao
dOng.
Chu ky xung ra T = 2,3RC (2.5)

PO 1 1
Tan sO xung f = 7 = 23RC

(2.6)
b . Mach dimg cOng NAND: R

Hinh 2.4: Mach dao ddng da hai dung hai cdng NAND

Mach trong sO d6 Hinh 2.4 ¢6 2 ngd vao ndi tat nén thuc chat ciing
gibng nhu cGng ddo.

Ngé ra cla cOng NAND 1 ¢6 Q dudc nbi vGi ngd vao cOng NAND 2 va
ngUdc 1ai ngd ra cla cOng NAND 2 c¢6 Q dudc ndi dén ngd vao cla cOng
NAND 1, tao thanh mOt mach vong kin hoi ti€p duong. Tu C va dién trd R
dung d€ xdc 1ap tan sO clla mach.

Trong thuc t€ con c6 nhi€u cich tao mach dao dOng da hai khong On
dung IC, cic linh kién R, C va thach anh d€ c6 tan sO dao dOng On dinh.
Chiing ta c6 th€ tham khdo trong céc tai liéu vé mach dién t cd bdn va vé
mach IC sO khéc.

2. Mach dao ddng da hai mOt trang thai bén

Muc tiéu:

- Trinh bay dudgc nguyén tac hoat ddng cla mach dao dOng da hai mOt trang
thai bén.

2.1. Mach co ban

a. SO do mach:

P& dé dang phan biét gilta mach dao dOng da hai khdng 6n va dao dong
da hai don On, ngudi hoc can chd ¥ cach mac cac linh kién trén mach.
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Hinh 2.5: Mach dao dOng da hai don 6n

+ Mach dao dOng da hai don On ciing c6 2 trang thdi dan bdo hoa va
trang thai ngung dan nhung c6 mdt trang thdi 6n dinh va mOt trang thai
khong On dinh.

+ O trang théi binh thudng, khi dién 4p c&p ngudn, mach sé gill trang
thai nay n€u khong c6 su tdc dOng tU bén ngoai. Khi ngd vao nhan mot xung
kich thich thi ngd ra s& nhan dugc mOt xung c6 d0 rOng tuy thudc vao tham sO
cla mach va tham s6 nay c6 th€ dinh trudc, nén mach con dudc goi 1a mach
dinh th0i, sau thOi gian xung ra mach sé tu tr& v€ trang thdi ban dau.

b. Nguyén Ii hoat dOng cUa mach

- Khi cdp ngudn cho mach:

Vce cap dong qua di€n trd Ry, 1am cho dién 4p tai cuc B cla Q, ting cao
hon 0,6V dan dién bio hoa dién 4p trén cuc C cla Q,  OV. Pong thoi dién
tr& R, nhan dién 4p Am -V dat vao cuc B tranzito Q, ciing v&i di€n 4p Vcc
13y tU dién trd Ry, 1am cho cuc B tranzito Q, ¢6 gid tri nhd hon 0,3v tranzito Q,
ngUng dan, di€n 4p trén cuc C cla Q, ting cao  V..tu C, dudgc nap dién tUr
ngudn qua dién trd Rc, qua mbi n6i BE cla Q,. Mach gilt nguyén trang thdi
nay n€u khong c6 xung am tic dOng tU bén ngoai vao cuc B Tranzito Q, qua tu
Cz.

- Khi ¢6 xung am tac ddng vao cuc B cUa Tranzito Q,1am cho Q, tU trang
thai dan bio hoa chuyén sang trang thai ngung dan, dién 4p tai cuc C Q, ting
cao, qua tu lién lac C, lam cho di€n 4p phéan cuc B,Q, ting cao lam cho Q, tU
trang thai ngUng dan sang trang théi, lic nay tu C, xa dién qua Q, 1am cho
dién dp phan cuc B cla Q, cang gidm, tranzito Q, chuyén tU trang thdi dan
sang trang thai ngung dan, lic nay dién thé tai cuc C cla Q, ting cao qua tuy
C, lam cho dién 4p tai cuc B cla Q, ting, tranzito Q, dan bdo hoa. Mach
dugc chuyén trang thai Q, dan bio hoa.

- Khi chdm dUt xung kich vao cuc B clla Q,, tu C, nap di€n nhanh tU R,
qua ti€p gidp BEQ,, 1am cho dién 4p tai cuc BQ, ting cao Q, nhanh chéng



chuyén trang théi tU ngung dan sang trang thai dan bio hoa, con Q; chuyén tUr
trang thdi dan sang trang thdi ngUng dan tr@ v€ trang thai ban dau.
Dang song \t/ai cac chan:
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Hinh 2.6: Dang séng O cic chan ra
c.Diéu kién lam viéc cla mach don On:
+ Ché€ dd phan cuc: PAm bdo sao cho tranzito dan phai dan bio hoa va
trong sO d0  Hinh 2.5 Q, phdi dan bdo hoa nén:

Vee Veesat Vee

IC2 = Rc2 Rc2 VOI (VCE sat 0,2V) (27)
Vee Vbesat Ve /.
IB2 = Rb2 Rb2 vO1 (Vbe sat 0’7V)
(2.8)
Ic2 Ic2 N Ic2
Ig, > ar sar thuong chon Iy, =k ar

(k1ahé sObiohdasauvak=2 4)

+ ThOi gian phdn cdch: 1a khodng thOi gian nhd nhat cho phép gilra 2
xung kich m&. Mach dao dOng da hai don Gn c6 th€ 1am viéc dugc. Néu cic
xung kich thich lién ti€p c6 thOi gian qua ngan s€ lam cho mach dao dOng
khong lam viéc dugc trong trOng hgp ndy ngudi ta n6éi mach bi nghén.

Néu goi: T;: 1a thdi gian 1ap 1ai xung kich

T,: 12 thOi gian xung
Ty: 12 thOi gian phuc hoi



Taco: T,>T,+T, (2.9)
d. Cdc thong sO ky thudt cO ban cla mach:

- PO rOng xung 1a th0i gian tao xung & ngd ra mach c6 xung kich thich,
phu thudc chl y€u vao tu hoi ti€p va dién tré phan cuc Ry,.

Ta c6 cong thlc sau:

t. = 0,69 R,.C,
(2.10)
- Thoi gian hOi phuc 1a thOi gian mach chuyén tU trang thai xung tré vé
trang thai ban dau, phu thudc chl y€u vao thoi gian nap di€n qua tu.
Vi trong thuc t€ sau khi hét thOi gian xung mach khong trd vé trang thai
ban dau ngay do tu C,nap dién qua R, ting theo cong thlc
nap — Rcl-Cl

Tu nap day trong thdi gian 5 , nhung thuOng chi tinh T, =4.R,
(2.11)

D06 rOng xung: t=t, + ty
(2.12)

- Bién db xung ra:

O trang thdi 6n dinh, Q, ngUng dan, Q, bdo hda nén ta c6:

Vcl Vcc
V02 = Vce sat 0,2 Vv
Rb2
Vc = L X
2= Ve R Ri2

Nhu vay, bién d0 xung vudng am do Q, tao ra:
Vi=V.-02v V.

va bién d0 xung vudng dudng do Q, tao ra:
V,=V,-02v V,

2.2. Mach cai ti€n
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Hinh 2.7: Mach dao déng da hai don on st dung bién tré di€u chinh
Mach dién st dung 2 bi€n tré VR1 va VR2 v&i muc dich 1a di€u chinh dugc
tan sO va chu kY.

3. Mach dao ddng da hai hai trang thai bén
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng clla mach dao dOng da hai hai trang
thai bén.
3.1.Mach luéng 6n (flip-flop) co ban

DE tao mach flip - flop chi cdn mac 2 cOng NOT chéo nhau nhu hinh
4.7

Hinh 2.8: Mach Flip Flop co ban

Khi dugc cap dién, n€u ngd ra Q = 0 thi ngd vao B = 0 qua mach ddo

lam 0 =1 va mach On dinh & trang thii ndy. Mach ciing c6 th€ & trang thai

ngUdc 1ai1a Q = 1 va @ = 0 cling dugc Gn dinh

NhU vay mach c6 hai trang thai On dinh theo nguyén li mach da hai

luGng On

DE c6 th€ chon trang thai cho mach, ngudi ta c6 th€ ding cic cOng
NAND hay NOR va goi 1a RS Flip -Flop

3.2.Céac phuong phap kich d6i trang thai

a. Mach RS Flip Flop:

DE di€u khién chon trang thdi ngudi ta dung cOng NAND c6 hai ngo
vao .MOt ngd vio nhan hoi ti€p va mOt ngd vao con 1ai d€ diéu khi€n
Mach FF hinh 2.14 dung hai cGng NAND va hai cGng NOT
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Hinh 2.9: RS Flip-Flop diing cdng NAND

Hai ngd dugc goi la set (S) va reset (R)
Hai ngd ra dugc goi 1a khong ddo (Q) ddo Q
NéuS=1,R=0,thingdraQ=1, 0 =0 (nhu hinh vé)
NéuS=0,R=1,thingdraQ=0, 0 =1 (nhu hinh vé)
Gid sU G trang thai nhu hinh vé ta cho S = 0, mach van gi{t nguyén
trang théi

Tém lai ngd ra Q va Q chi dGi trang thdi hai ngd vao cuing dGi trang thai

Q cung trang thdi v4i S va Q cuing trang thai véi R

S | RE—= Q
0 1 1
1| o R_MP=T9
0 1 Khong doi
| 0 Cam

Hinh 2.10: Ky hiéu va bang su that Rs Flip Flop

b. Mach RS FLIP - FLOP:
Trong mach RS flip-flop (Hinh 2.14) Néu bd di NOT & ngd vao thi mach
van ¢6 nguyén li nhu mach flip-flop nhung hoat ddng ngugc Iai
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Hinh 2.11: Ky hi€u va bang su that
Trang thdi cdm trong Rs flip-flop 12 §=0, g = 0 vi theo If ludn lic nay & ngd
ra Q=0 va Q0 =1 ngudc lai vGi nguyén 1i mach 1udng 6n nén goi 1a trang
thdi cdm
4. Mach dao dong blocking
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat dOng cla mach dao ddng blocking.
Mach dao ddng blocking c6 nguyén tac hoat ddng kha don gidn, mach dugc
st dung rOng rdi trong cac b0 ngubn xung ( switching ), mach c6 cdu tao nhu
sau :
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Hinh 2.12: Mach dao dOng blocking

Mach dao dOng blocking bao gOm :
* Bi€n 4p : GOm culn s0 cap 1-2 va cudn hoi ti€p 3-4, cudn th(r cap 5-6
» Transistor Q tham gia dao dOng va déng vai trd 1a den cong xudt ngat mé tao
ra dong
dién bi€n thién qua cudn so cap.
e Tr3 dinh thién R1 (12 dién trd moi )
*R2, C21a dién trd va tu dién hoi ti€p

C6 hai ki€u mac hoi ti€p 1a hoi ti€p duong va hoi ti€p am, ta xét cu tao

va nguyén tac hoat
dOng cUa tUng mach.
5. Mach tao xung dung Op-amp



Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng clla mach tao xung diing Op-amp.
5.1.Mach dao ddng 2 trang thai bén

R

N

+\ce

L _Vo=+Vce

C nap

|

r/ 3
; ¢ R1
c o -Vee '|f
) S
/ < R2

Mach dao dOng 2 trang thdi bén diung Op-amp d€ cho ra tin hi€u vudng.
SO d0 c6 hai mach hoi ti€p tU ngd ra v€ hai ngd vao. C au phan ap RC hoi
ti€p v€ ngd In-, cdu phan 4p R1 —R2 hOi ti€p v€ ngd In+.
PE gidi thich nguyén 1y mach ta gid st tu C chUa nap di€n va Op-amp dang O
trang thai bdo hoa duong. Lic nay, cdu phan 4p R1 — R2 dua di€n 4p duong
v€ ngd In+ vGi mUc dién 4p 1a: VO = +VCC
C“'R;lizﬁz = Va(V, >0V)
Trong khi d6, & ngd In- c6 di€n 4p ting dan 1én t&r OV, dién 4p ting do tu C
nap qua R theo quy ludt ham s6 mi v&i hang s6 thdi gian 14 T =RC
Khi tu Cnapcé V,, V, thi Op-amp van G trang thai bio hoa ducng. Khi tu
C nap dén mUc dién dp V,, V,, thi OP-AMP d0i thanh trang thdi bao hoa am,
ngd ra ¢ VO = -VCC. Lic nay cau phan 4p R1 — R2 dua dién 4p Am v€ ngo
In+ v&i mUc dién 4p la:

Vi = Voo = Va (Vi <OV)
Trong khi d6 & ngd In’ van con dang 3 mUc di€n 4p dudng v tri sO:

= i l{ 2

Vi _H“'R: +R,
do tu C dang con nap di€n. Nhu vay Op-amp s€ chuy€n sang trang thdi bao
hoa Am nhanh cho canh xung vudng thang dUmg. Tu C bay gid sé xa dién dp
duong dang nap trén tU qua R1 va tai ¢ ngd ra xudng mass. Khi tu C xa di€n
4p duong dang c6 thi V,, van & mUc dién 4p Am nén Op-amp van G trang théi
bao hoa am.

Vi =4V

in




Khi tu C x3 hét dién dp duong s€ nap dién qua R d€ c6 dién dp Am dang c6
do ngd ra dang & trang thdi bao hoa Am chi€u nap bay gid ngudc vdi chi€u
dong dién nap trén hinh vé.

Khi tu C nap dién 4p am dén mlc V,, V,, (ngd In- nhé hon ngd In+) thi Op-
amp lai d6i thanh trang thai bio hoa dudng vé ngd ra c6 VO = +VCC.

Mach di trG 1ai trang thai gid thi€t ban dau va hién tuong trén c( ti€p dién
lién tuc tudn hoan.

b. Dang séng & céc chan:

vV in-
F'y

L 4
—t

-~
o

vIi L i

I %

MUc giGi han dién 4p ngd ra la:
V[]ma.x ~ +VCC

Vimin = -Vee

MUc gidi han di€n dp G hai ngdvao la:
+VCL_.7R3

R, +R,

R,

‘R, +R,
Dang dién & ngd vao In~ 1a dang tam gidc. ThOi gian di€n dp & ngd vao In°
tdng tU VB 1én VA 1a Op-amp & trang théi bdo hoa duong, Thoi gian dién ap
3 ngd vao In” gidm tU V, xudng Vg 13 Op_amp G trang thai bio hoa duong.
Dang dién dp & ngd In* va ngd ra 12 trang thai xung vudng dOi xUng. Chu ky
cUa tin hi€u dugc tinh theo cong thlc

‘V? A=

Vi =-Ve




R, +2R,
R,

Suy ra tan sO cUa tin hi€u xung dugc tinh theo cong thlc

gl
:

T=2R.CLn

TruOng hgp dac biét:
R,=2R; = T=2R.CLn2
=2.R.C.0,69

1 1
2.069RC  L4RC

R,=R, = T=2R.CLn3
=2R.C.1,1
1
22RC

5.2.Mach hoi ti€p bang diode
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P& chinh mach trudc tién dét con truot cla R7 tai diém ndi v4i dau ra
KDTT, bay gi® chinh R4 d€ khong c6 dao dOng, sau dé thay dGi R4 that cham
cho dén khi
bat dau xudt hién dao dOng. Lic nay tin hiéu sin ra ¢ bién d6 khodng 500
mVP-P hay 170 mV hiéu dung va qué trinh cin chinh da hoan tat. Khi d6 R7
c6 th€ diing d€ thay ddi tin hi€u ra t& 170 mV d€n 3 V hi€u dung vGi d6 méo
khong dang k€.

Céc mach trong 2 sO d0 trén dung 1am bd dao dOng tan sO cO dinh rat tOt
nhUng
khong th€ tao ra nhi€u tan sO khac nhau do khé thay ddi cung lic ba hay bOn
thanh phan cUa cdu T kép. Tuy nhién, bang cich ghép mach loc Wien vGi
KDTT c6 th€ tao ra mach dao dOng nhi€u tan s6 khéc nhau .

Tan sO ra cUa cdc mach nay c6 thé thay d6i mudi 1an nhG bl bién trd ddi
R2 va R3, cdc mach nay chi khic nhau & cich tu ddng di€u chinh bién d0.
Trong cic sG dd, mach 10c Wien gdm R1-R2-R3-R4 va C1-C2 ndi gilta dau ra
v@i dau vao khong ddo cla KDTT va mOt cau phan 4p tu dOng di€u chinh
bién d0 nOi gilta dau ra v&i dau vao ddo. Cau Wien thuc chat 1a mOt mach
suy gidm phu thuQc tan sO c6 hé sO suy gidm 1a 1/3 tai tan sO trung tim. Do
d6 d€ c6 dudgc séng sin it méo thi phan di€u chinh bién d clla mach ludn tu
dOng thay d0i d€ bao dam duy tri d6 10i toan phan cla mach gan bang 1.



6. Mach dao dOng tich thoat dung UJT

¥ oc I o

6.1. Nguyén ly
Gid sU, dién 4p trén tu tai thOi di€m ban dau bang khong. Khi nay, ta cap
ngudn Ve, dién thé Vi =0V
V, = (R;+R)
Ry+R +R,,+R,
=V, <V,

dee

Suy ra, diode D bi phan cuc nghich nén dong Iz nh0 suy ra di€n 4p Vg, = Ig.R,
nh0, di€n 4p Vg, = Ve - I5.R, 16n. POng thdi tu C nap qua R 1am dién 4p Vg
ting dan. TGi mOt liic ndo d6 Vg dU 16n 1am diode phan cuc thudn.

Diode dan lam cho Rg, giém nén dong Iy ting 16n 1am cho Vg, tdng, Vg,
gidm. POng th0i do Ry, gidm do d6 dién thé tai V gidm.Lic nay, tU xa qua
diode, qua Rg; va qua R; xuOng mass 1am dién thé Vi gidm.Téi moOt liic nao d6
dién th€ Vi dl nho lam cho diode tat. Lic d6, I 1ai gidm vaqua trinh c( 18p
di Iap 1ai. Sau day 1a dang dién 4p Vg,, Vi, vaVg cla mach.
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6.2. Mach dai t

7. Vi mach dinh thoi IC 555

7.1. SO dO nguyén Iy ctia IC 555

~



IC 555 trong thuc t& con goi 1a IC dinh thdi. HO IC dugc Ung dung rat
rOng rii, nhat 1a trong linh vuc di€u khi€n, vi n6 c6 thé thuc hién nhi€u chic
ning nhu dinh thdi, tao xung chudn, tao tin hi€u kich thich di€u khi€n céc
linh kién ban dan cong sudt.

a. Cdu tao cla IC 555:

- IC 555 v plastic c6 cau tao cic chan nhU trinh bay trén Hinh 2.3.

555

14{Gnd V(_:c—8
24Trq Dis|7
34H0ut Thrt-6
4-Rst Ctlf5

Hinh 2.3: SO d0 chan IC 555

Ho IC 555 dugc ky hi€u dudi nhi€u dang ky hi€u khic nhau: MN555,
LM555, (€555, NE5S55, HA17555, AS55..
ChUc ning cUa cdc chan IC 555 dugc néu trong bang dudi day:
Bang 2.1: Chan IC 555 va c4c chlc ning cla cic chan

THU TEN CHAN CHUC NANG CAC
TU CHAN
CHAN
1 GND Chan ndi dat hay ngudn
am

2 TRIGGER INPUT | Ngd vao cUa xung

3 TRIGGER Ngo ra cUa xung
OUTPUT

4 RESET Phuc hoi

5 CONTROL Dién 4p di€u khién
VOLTAGE

6 THRESHOLD Ngudng

7 DISCHARGE Xa dién

8 +Vcce Ngubn cung cép

b. SO d6 mach dién cla mach dao dbng da hai ding IC 555:



555
Gnd Vcc
Trg Dis
Out Thr
Rst Ctl

CIO
d

thH
QN

R2

ngo ra

1+

TI‘CZ

I+

Hinh 2.4 . Mach dién cin ban

Lo

R1
ARA
5

=

Sa §ahh 1

RS- FF

R2
AAAM
Yy

=]

%} o
AMAR
WYYy

gl

So sahh 2 ()

HD

Al
%

A
7

Yy
5k

vV

[ ¢

1 4

Reset

AGHD

AGND

Hinh 2.5: Mach dao dOng da hai co ban dung IC 555

Chan 2 dudgc n0i v&i chan 6 d€ cho chin ngd vao va chan gilt mUc thém
(mUc ngudng) c6 chung di€én ap phan cuc.

Chan 5 dugc nbi vdi tu C, xubng GND d€ 10c nhi€u tan s6 cao. Vi vy,
tu nay thudng cé tri sO khong 16n 1am, dugc chon vio khodng tUr 1 dén
0,001 F.

Chan 4 n0i ngudn Vcc vi khong ding chlc ning Reset

Chan 7 14 chan x& dién, nén dugc ndi gilta 2 dién trd R, va R, 1am duOng
nap va xa dién cho tu C,.
7.2.Thiét ké cac mach dao ddng dung IC 555

Khi dugc cdp ngudn Ve, tu C, dugc nap dién qua R,, R, v4i héng sO
thOi gian nap:

thap = 0,69 (R, + R,)C, (2.5)



Trong thGi gian C, nap thi tai ddura Q cla FF c6 mUc 1. Lic d6 dau ra
tai chan 3 ¢c6 mUc OV. Vi vay khong c6 tin hi€u xung.
Khi C, dugc nap day khong nap ti€p dugc nlra ma phdi xa di€n qua R,
qua tranzistor xubng mass vGi hang sO thdi gian xa 1a:
txa = 0,69R,C, (2.6)
Khi d6 daura @ cla FF c6 m( 0. Vay dién 4p ngd ra & chan 3 c6 mUc 1
c6 dang tin hiéu hinh vudng v&i chu ky la:
T=0,69 (R, + 2R,)C, (2.7)
Do thOi gian nap vao va thoi gian x3 ra khdng bang nhau (tnap > txd) nén
tan sO cUa tin hi€u xung 1a:
1 1
T ~ 069R, 2R,)C,

f= (2.8)

Dang xung ngé ra O cdc chan :

orz-a1 4
/ -
L3

VoT)

vz ] ‘

UL

Hinh 2.6: Dang tin hi€u ra tai cac chan

Dang dién 4p tai cac chin 2-6, chan 7 va chan 3 trong d6 khodng thoi
gian dién 4p ting 12 thoi gian tU nap, khodng thOi gian dién 4p gidm la thoi
gian tU xa.

Khi khdo sit dang di€n 4p tai cdc chan thi can luu y khi m&i cdp ngubn
cho mach thi tu C s nap di€n tu Ov 1én d€n 2/3 Vce nhung khi x3 chi xa dén
1/3 Vce vi vay nhiing 1an nap sau tu chi nap tU 1/3 Vce dé 2/3 Vee.

Khi tu nap thi tai chan 7 ¢6 di€n dp cao hon chin 2 va 6, nhung khi tU xa
thi di€n 4p tai chan 7 gidm nhanh xudng Ov ch( khong gidm theo ham sO mii
trén tu C.



Thuc hanh:

1. Lap rap mach dao déng da hai khong trang thai bén

1. Chudn bi dung cu, thiét bi, vat liéu
a. Thiét bi:
-Pong h6 VOM
- Mdy hién séng
- Ngubn 12V
- Test board
b. Linh Kién:

STT Loai linh kién S6 luong
1 | Tu dién céc loai 20
2 | bién trd céc loai 100
3 | Transistor cac loai 20

2. Trinh tu thuc hién:

Budc 1: Kiém tra linh kién

Budc 2: Lap rdp mach

Budc 3: Kiém tra mach

Budc 4: K&t nGi mach v&i ngudn dién

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra cla mach




II. Lap rap mach dao dong da hai mot trang thai bén.

1. Chudn bi dung cu, thiét bi, vat liéu
a. Thiét bi:
- bbng h6 VOM
- M4y hién séng
- Nguln 12V
- Test board
b. Linh Kién:

STT Loai linh kién SO luong
1 | Tu dién céc loai 20
2 | Dién trd céc loai 100
3 | Transistor cac loai 20

2. Trinh tw thuc hién:

Budc 1: Ki€m tra linh kién

Budc 2: Lap rap mach

Budc 3: Ki€ém tra mach

Budc 4: K&t n6i mach v&i ngudn di€n

Budc 5: Dung dong ho do dién dp vao va ra clla mach

Budc 6: Dung mdy hi€n séng do tin hiéu vao va ra cla mach




111. Lap rap mach dao déng da hai hai trang thai bén.

1. Chudn bi dung cu, thiét bi, vét liéu

a. Thiét bi:
- bbng h6 VOM
- M4y hién séng
- Ngubn 12V
- Test board
b. Linh Kién:
STT Loai linh kién SO luong
1 | Tu dién céc loai 20
2 | Dién tr@ céc loai 100
3 | Transistor cac loai 20

2. Trinh twthuc hién:

Budc 1: Ki€m tra linh kién

Budc 2: Lap rap mach

Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn di€én

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hi€n séng do tin hiéu vao va ra cla mach



IV. Lap riap mach dao déng blocking.
1. Chudn bi dung cu, thiét bi, vét liéu

a. Thiét bi:
- bbng h6 VOM
- M4y hién séng
- Ngubn 12V
- Test board
b. Linh Kién:
STT Loai linh kién SO luong
1 | Tu dién céc loai 20
2 | Dién tr@ céc loai 100
3 | Transistor cac loai 20

2. Trinh twthuc hién:

Budc 1: Ki€m tra linh kién

Budc 2: Lap rap mach

Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn di€én

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hi€n séng do tin hiéu vao va ra cla mach



V. Lap rap mach tao xung dung Op-amp
1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- Pbng h6 VOM

- M4y hién séng

- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién S6 luong
1 | Tu dién cic loai 20
2 | bién tr@ cic loai 100
3 |IC741 20

2. Trinh tw thuc hién:

Budc 1: Kiém tra linh kién

Budc 2: Lap rap mach

Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn di€én

Budc 5: Dung dong hd do dién 4p vio va ra clla mach

Budc 6: Duing mdy hi€n séng do tin hiéu vao va ra cla mach




VI. Lap rap mach dao déng tich thoat dung UJT
1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

-Pong h6 VOM

- Mdy hién séng

- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién S6 luong
1 | Tu dién céc loai 20
2 | bién trd céc loai 100
3 | Transistor UJT 20

2. Trinh tu thuc hién:

Budc 1: Kiém tra linh kién

Budc 2: Lap rdp mach

Budc 3: Kiém tra mach

Budc 4: K&t n6Gi mach véi ngudn dién

Budc 5: Dung dong hd do dién 4dp vio va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra cla mach



VIL Lap rap mach dinh thoi IC 555
1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- bbng h6 VOM

- M4y hién séng

- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién S6 luong
1 | Tu dién céc loai 20
2 | Pién trd céc loai 100
3 | IC NE555 20

2. Trinh tw thuc hién:

Budc 1: Kiém tra linh kién

Budc 2: Lap rap mach

Budc 3: Kiém tra mach

Budc 4: K&t nGi mach véi ngudn dién

Budc 5: Dung dong hd do di€n dp vao va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra clla mach




) BAI 2 ) o
KY THUAT SO - HE THONG SO PEM
MA BAI: MP19-03

Muc tiéu:
- Hi€u duoc nguyén tac hoat ddng cic mach k¥ thuat s6
- Lap rap dugc cdc mach mach k¥ thudt s6.
- Rén luyén tinh than ham hoc hai.
NOi dung chinh :
1. TOng quan ve logic sO
Muc tiéu:
- Trinh bay dugc t6ng quan ve€ logic s0.
1.1. Cac hé thdng s6
1.1.1. Hé théng sO thap phan:
Hé thap phan 12 hé thOng s6 rat quen thubc, gdm 10 s6 ma nhU néi trén.
Dudi day 1a vai vi du sO thap phan:
N =(1998)10 = 1*10* + 9*%10% + 9*10" + 8*10° = 1*1000 + 9*100 +
+9*10+ 8x1
N =(3,14)10 =3*10" + 1*10" +4*102 =3*1 + 1*1/10 + 4*1/100
1.1.2. Hé théng sO nhi nhan:
Hé nhi phan gbm hai sO mai trong tap hop
. . 52=101) .
i it)Méi s0 ma trong mOt sO nhi phan dugc goi 1a mOt bit (viét tat cUa binary
° SO N trong hé nhj phan:
N = (apap-1ap-2. . .Qj . . .20, a.1a2 . . .am)2 (v8iaj S2) Co gid tri 1a:

N=ay, 2" +a,1 2" '+ .. +a 2t + .. +220+a, 27 +a, 22+, ..
+a,2" i ]
an 12 bit c6 trong s0 16n nhat, dugc goi 1a bit MSB (Most significant
bit) va , ,
a-m 1a bit c6 trong s6 nho nhat, goi 1a bit LSB (Least significant bit).

Thi du: N = (1010,1)2 = 1x2° +0x2% + 1x2! + 0x20 + 1x27!
= (10,5)10



1.1.3. Hé thOng sO bat phan:
Hé bét phan gbm tdm sO trong tap hgp
, i Sg= {0.1,2,3,4,5,6,7).
SO N trong hé bat phan:
N = (apan-1an-2. . -j . . .20, @122 . . .a.m)gs  (vOia; Sg)
Cogiduil: ) | ) 1
N=a, 8 +a,18" +a,28" " +..+2a8 ... +208 +a18 +
+a, 8 +. . +a,8" |
Thidu: N=(1307,1)g = 1x8’ + 3x8” + 0x8
= (711,125)
1.1.4 Hé thong s6 thap luc phan:
Hé thap luc phan dugc dung rat thudn ti€n d€ con ngudi giao ti€p
vGi mdy tinh, hé nay gOm mudi sdu sO trong tap hop
Sl6 ={0, 17 2, 3, 47,5, 6, 77 8, 9, A7 B’ C’ D, E, F }
(A,tUOHg dugng ,yO'I 1010 . B =1 110 e e e e e . F=1510) .
SO N trong hé thap luc phan:
N = (a,a,1255. . .Qj .. .20, 2425 . . .Am)16
(v6ia Si) C6 gia tri la: _
N=a, 16" +a,,16" + a,,16™ +. . +a]16' .. +a)16+a,16" +a, 167 +.. .+
+a,16™ ] )
Nguo0i ta thudng dung ch(f H (hay h) sau con s& dé chi s0 thap luc phan.
Thi du: N =(20EA8H );s = 2x16° + 0x16” + 14x16' + 10x16° + 8x16"
=(4330,5)10
1.2. Bi€n d®i qua lai gilta cac hé thong s6
a. Chuyén doi tlr cdc hé théng s6 dém khdc sang hé thdp phdn
néu c6 con sO a trong hé thOng d€m b thi ta c6 th€ chuy€n dGi sang hé thap
phan theo cong thlc sau:
(A, a,,B"" a, ,B"? ... a,B° a ,B' ... a B"

+ 7x8° + 1x8"

trong do:
ala mOt con 86, a=a,; ayo.. A, 4 As. Ay
blacosOclahé dém;0 a b1
n 12 s6 ch{f sO trong phan nguyén
m 12 s6 ch(t s6 trong phan thap phan
a,; 12 ch{r sO c6 y nghia nhat
a,, 12 ch(I sO it ¥ nghia nhat
B* latrong sO clUa chlrsO G vitrik; vik=-m n-1.

vi du:
(1101,01), 12° 1.2*> 02' 1.2° 02"' 122 (13,25,
(12,4), 18" 2.8° 4.8'
(13,8),, 1.16' 3.16° 8.16'




b. Chuyén doi tir hé th@p phan sang cdc hé thdng s6 dém khdc:

V&i phan nguyén, ta thuc hi€n chia lién ti€p sO thap phan cho cd sO clla hé
d€m cho dén khi thudng bang 0 va thuc hién 13y s6 du theo th(r tu s du culi
cing 12 ch{¥ sO c6 y nghia nhat va sO du dau tién 1a ch(r sO it y nghia nhat.

V@i phan 1€ sau ddu phdy, su chuyén d6i dugc thuc hi€én bang cich nhan
lién ti€p cO sO clia hé dém va gilr 1ai phan nguyén dugc sinh ra tU trai qua phai.
vi du 1: Chuyéhn (18,25),, sang hé nhi phan

Phan nguyén thuc hi€én chia lién ti€p cho 2

18] 2 cho dén khi thuong bang 0:
vay (18)1 = (10010),
019 Vi phan 1€ thuc hi€n nhan lién ti€p cho 2:

a2

1 2
0 }272 025 05 0,0
X2 2 2
0112 105 |10 0,0

vay: (0,25), = (0,01),
Ta c6: (18,25),0 = (10010,01), (ki€m tra 1ai k€t qua bang cach chuyén tir hé nhi
phan sang hé thap phan nhu' da hoc & muc trudc).

Luu ¥y, su chuyén dGi khong phdi ludn ludn chinh xic, néi chung mot
lugng gén tuong duong cé thé duoc xic dinh bang su’ két thic qud trinh nhan
tai di€m mong muOn.

Vi du 2: chuyén d6i (23,15),, sang hé bét phan

Phan nguyén: 23| g
71218
0

A 2
Vay: (273)10 = (27)s
Phanle; 15 (o 06 08
X 8 8 8
11,2 11,6 14,8
1 1 4

Vay: (0,15)1,  (0,114),



Tacé: (23,15),, (27,114)4
(ki€m tra 1ai k€t qud bang cich chuyén tl hé bit phan sang hé thap phan nhu
da hoc & muc trudc). Tudng tU, 1dy vi du chuy€n tUr hé thap phan sang thap
luc phan.

c. Chuyé€n doi tir h€ nhi phdn sang hé bdt phan va nguoc lai:

V@i 3 bit nhi phan c6 th€ tao ra duge (2° 8) 8 tO hgp sO nhi phan 3 bit
khéc nhau. nhu vy, moi ky sO bét phan c6 th€é dugc bi€u dién bang nhém ma
nhi phan ba bit khac nhau. khi nhap d{ li€u vao may tinh thi ba bit nhi phan c6
th€ dugc bi€u di€n bang mot ky sO bat phan 13 rat thudn tién. trude khi dit liéu
dugc x(r 1y thi né dudc téi tao thanh dang nhj phan bang cic mach chuyén d6i.

D& chuyén tUr hé nhj phan sang hé bt phan ta thuc hién nhém sO nhj phan
thanh tUng nhém ba bit va chuy€n sang ky sO bat phan tuong Ung.

P6i véi phan nguyén thuc hi€n nhém tU phdi sang trdi, ddi v&i phan 1é
thuc hién nhém tU trai sang phdi. n€u nhém culi cling khong dU 3 bit thi thém bit
0 vao.

Nguoc 1ai, chuyén tU bat phan sang nhi phan dGi tlng ky sO bat phan thanh
tUng nhom nhi phan 3 bit.

Bdang chuyén doi:

6hés o [1 [2 [3 |4 |5 Je [7
s6hé2 | 000 [001 [010 [O11 [100 | 101 [110 | 111

TU bang chuyén dGi trén ta c6 thé d6i bat ky s6 hé hai nio sang hé tim
hodc ngugc 1ai.
Vidu: (001 011 001 010 101,101 010 100), = (13125,524),
(713.26)s = (111 001 011,010 110),
d. Chuyé;z tUr hé nhi phan sang hé thap lUc phan va nguoc lai:
C6 bOn bit nhi phan c6 thé tao dudc (2*) 16 tO hop sO nhi phan 4 bit khac
nhau. mOi t6 hgp cla bOn bit nhi phan c¢6 th€ bi€u dién bang mOt ky sO thap
luc phan. nhu vay, khi nhdp d{r liéu vao mdy tinh thi bOn bit nhi phan dugc
bi€u dién dudi dang cdc ky sO hexa rat thudn tién. s6 hexa dugc bién d6i
thanh dang nhi phan trudc khi chiing dugc x(r 1y bdi mach so0.
tUong tU nhu muc (c) & dy ta nhém tUng nhém 4 bit. bang chuyén doi:

SO hexa 0 1 2 3 4 5 6 7

SO nhi | 0000 | 0001 | 0010 [ 0011 [0100 {0101 | 0110 |[O111
phén

SO hexa 8 9 a b C d e f

S6 nhi | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 |1111
phan

Vidu: (0101 00100111 1011 1001,1001 1011), = (527b9,9b)6



(5a¢.9¢),6 = (10110101100,1001111),
e. Chuyén tlr hé bdt phan sang hé thdp luc phdn va nguoc lai
Do chuyén d0i qua 1ai giCta hé 2 va hé 8, gilta hé 2 va hé 16 rat nhanh chéng
nén khi chuyén tUr hé 8 sang hé 16 hodc ngudc 1ai ta dung hé 2 l1am trung
gian.
Vidu: (723)s = (111010011), = (1D3)6
(C4),6=(11000100), = (304 )5

1.3. Cac phép tinh trong hé nhi phan

1.3.1 Phép cOng

La phép tinh 1am c0 sG cho cic phép tinh khac.Khi thuc hi€n phép cOng can
luu y:

0+0=0;

O+1=1;

1 +1=0nhd 1 (dem qua bit cao hon).

Ngoai ra n€u cOng nhi€u s6 nhi phan cting mOt lic ta nén nhd :
- Né&u s0 bit 1 chan, két qud 1 0;
-NEéusObit1 1é kétqualal
-Vaclt1cdpso1cholsdnhS (bd quasd 1du, thi du vGi5s6 1také a2
cap)
Thi du: Tinh 011 + 101 + 011 + 011
11 «sOnhd
111 «sbnhé
011
+ 101
011
011
1110
1.3.2 Phép trur
Céan luu y:
0-0=0;
1-1=0;
1-0=1;
0-1=1nhd 1 cho bit cao hon
Thi du: Tinh 1011 - 0101
1 « sO nh@
1011
-0101



1.3.3 Phép nhian
Céan luu y:
0x0=0;
0x1=0;
Ix1=1
Thi du: Tinh 1101 x 101
1101
x 101

000001
1.3.4 Phép chia
Thi du: Chia 1001100100 cho 11000
Lan chia dau tién, 5 bit cUa sO bi chia nhd hon sO chia nén ta dugc két qud 1a
0, sau d6 ta 18y 6 bit cUa sO bi chia d€ chia ti€p (tuong Ung vGi viéc dich
phdi sO chia 1 bit trudc khi thuc hién phép trlr)



1001100100(|11000

11 OOOJII 0110011

0011100
- 11000
00100100
- 11000
011000+ Thémvaodéchia
-11000 téplayphanle
00000
Két qua : (11001.1), = (25.5)1
2. M4 hoa - gidi ma
Muc tiéu:

- Trinh bay dUgc nguyén tac nguyén tac gidi ma, ma héa.
2.1. TOng quat

M3 héa 1a gan mOt ky hiéu cho mdt d6i tugng d€ thudn ti€n cho viéc thuc
hién mOt yéu cau cu thé nao dé.

MOt cich todn hoc, ma héa 1a mOt phép 4p mOt d6i mOt t&r mOt tap hop
nguOn vao mOt tap hop khic goi la tap hop dich.
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Tap hop nguln c6 thé€ 1a tap hdp cic sO, cac ky tu, dau, cdc 1énh dung
trong truyén d{f liéu . . . va tdp hgp dich thudng 1a tap hdp chlra cic tG hgp
th(r tu cUla c4c sO nhi phan.

MOt t6 hgp cdc sO nhi phan tudng Ung v&i mOt sO dudc goi 1a tU ma.
Tap hOp céc tU ma dugc tao ra theo mOt qui luat cho ta mOt b0 ma. Viéc
chon mOt bO ma tuy vao muc dich sUf dung.

Thi du dé biéu dién céc chif va s0, ngUOi ta c6 ma ASCII (American
Standard Code for Information Interchange), ma Baudot, EBCDIC
Trong truyén d liéu ta c6 mi do 16i, do va stra 16i, mat ma . ... Van dé
ngUgc lai ma héa goi 1a gidi ma.
Céach bi€u dién cdc sO trong cdc hé khdc nhau ciing c6 th€ dugc xem 13 mOt
hinh thUc ma héa, do 1a cdc ma thap phén, nhi phan, thap luc phén . . . va viéc
chuy€n tUr mi ndy sang ma khéc cting thuQc loai bai todn mi héa.
Trong kY thudt sO ta thuGng dung cic ma sau day:



2.2. Ma BCD (Binary Coded Decimal)

M3 BCD diuing s6 nhi phan 4 bit ¢6 gid tri ttong duong thay thé cho tUng

s6 hang trong s6 thap phan.
Thi du:
S6 62510 c6 ma BCD 120110 0010 0101.

Ma BCD dung rat thudn 1¢i : mach dién t& doc cic s BCD va hién thi
ra bang dén bay doan (led hodc LCD) hoan toan gi®ng nhu con ngudi doc va
viét ra sO thap phan.

2.3. Ma Gray

M3 Gray hay con g0i 12 mi cach khodng don vi. N€u quan sét thong tin ra
tU mOt may dém dang d€m céc su kién ting dan tUng don vi, ta s& dugc cic
sO nhi phan dan dan thay d6i. Tai thOi di€m dang quan sit c¢6 th€ c6 nhing
16i rat quan trong.

Thi du gilra s6 7(0111) va 8 (1000), cic phan tl nhi phan déu phai thay
d0i trong qua trinh d€m, nhung sU giao hoan nay khong bat budc xdy ra dOng
thoi, ta c6 thé c6 cac trang thdi lién ti€p sau:

0111 - 0110 - 0100 — 0000 — 1000

Trong mOt quan sit ngan céc két qud thdy dugc khic nhau. D€ tranh hién
tUgng nay, ngUdi ta cAn ma héa mOi sO hang sao cho hai s0 lién ti€p chi khac
nhau mOt phdn t{ nhi phan (1 bit) goi 1a ma cach khodng don vi hay ma Gray.

Tinh k€ nhau cUa cic t6 hop ma Gray (t(c cdc mi lién ti€p chi khdc nhau
mOt bit) dugc diing rat c6 hi€u qua d€ rit gon ham logic t&i mUc ti gidn.

Ngoai ra, ma Gray con dUQc g0i 12 ma phdn chi€u (do tinh d6i xUng cUa
cdc sO hang trong tap hgp mi, gidng nhu phan chi€u qua guong)

NgUudi ta c6 thé€ thi€t 1ap ma Gray bang cich dua vao tinh d6i x(ng nay:
- Gid s ta dd c6 tap hop 2" tir ma clia sO n bit thi ¢ thé suy ra tap hgp 2™
tU ma cUa sO (n+1) bit bang cach:

- Vi€t ra 2" tU ma theo th(f tU’ t& nhd dén 16n

- Thém s0 0 vao trudc tat cd cac tU ma di c6 d€ dugc mOt phan cla tap hop
tU ma méi

- Phan th(r hai cUa tap hgp gbm cic tU ma giOng nhu phan th( nhat nhung
trinh bay theo th( tu ngugc 1ai (gidng nhu phdn chi€u qua guong) va phia
trudc thém vao sO 1 thay visO 0 .
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DE thi€t 1ap ma Gray cUa s nhiéu bit ta c¢6 th€ thuc hién cic budc lién
ti€p tU tap hop dau tién cla s6 mot bit (g6m hai bit 0, 1).
Dudi day 1a cic budc tao mi Gray cla s6 4 bit. COt bén phdi clia bang mi 4
bit cho gid tri tuoOng duong trong hé thap phan cla ma Gray tuOng Ung .

Tri thap
phén
tuomng
- duong
0 0 0 0 0 0 000 =0
1 01 —s 00 0 001 =
—_ 0
1
1 1 1 0 1 0 o011l =2
bit 10 0 1 —_— 0 010 =
— 1
0
2 bi 1 1 0 110 =4
t _— 5 10 0 111 S5
1
1
10 0101 =6
11 0 100 =7
0
|:I —
3 b 100 —8
t 101 59
111 =510
—_ 110 511
010 =12

001 > 14

I

1

1

1

1

1 011 S>3
1

11000 =515
4- i



Nhan xét cdc bang mi cla cac sO Gray (1 bit, 2 bit, 3 bit va 4 bit) ta thdy
cdc sO gan nhau ludn ludn khac nhau mot bit, ngoai ra, trong tUng bO ma, céc
sO d0i xUng nhau qua guong ciing khic nhau mot bit.

3. Mach logic t6 hop - dai s6 boole
Muc tiéu:

- Trinh bay dudgc cac mach logic t0 hop.
3.1. Mt s dinh nghia vé& ham logic

- Trang théi logic: trang thai cla mOt thuc thé. Xét vé mat logic thi mOt thuc
th€ chi tOn tai @ mOt trong hai trang thdi. Thi du, d6i véi mOt béng den ta chi
quan tdm né dang G trang théi ndo: tat hay chdy. Vay tat/ chdy 1a 2 trang thdi
logic cUa né.

- Bién logic dung ddc trung cho cic trang thai logic cla cac thuc thé. Ngudi
ta bi€u dién bi€n logic boi moOt ky hiéu (ch{t hay ddu) va né chi nhan 1 trong
2 gidtri: 0 hoac 1.

Thi du trang théi logic cla mOt cong tac 1a déng hodc m3, ma ta c6 thé
dac trung bai tri 1 hodc 0.

- Ham logic dién t3 b&i mOt nhém bi€n logic lién hé nhau bdi cdc phép todn
logic.

Ciing nhu bi€n logic, ham logic chi nhan 1 trong 2 gid tri: 0 hodc 1 tly theo
céc diéu ki€n lién quan d€n cic bién.

Thi dy, mOt mach gbdm mOt nguOn hiéu thé cap cho mbt bong den qua hai
cong tdc mac nodi ti€p, bong den chi chay khi cd 2 cong tac déu dong Trang
thi clla béng den 1a mOt ham theo 2 bién la trang thdi cUa 2 cong tac.

GOoi A va B 1a tén bi€n chi cong tac, cong tac déng Ung v tri 1 va hd Ung
v0i tri 0. Y 12 ham chi trang thai béng den, 1 chi dén chdy va 0 khi den tat.
Quan hé gi(ta ham Y va cédc bi€n A, B dugc dién td nhO bang sau:

A B Y=f(A,B)
0 (ho) 0 (ho) 0 (tat)
0 (ha) | (d6ng) 0 (tat)
| (d6ng) 0 (ha) 0 (tat)
| (dong) | (dong) | (chavy)

3.2. Bi€u dién bién va ham logic

3.2.1. Gian d6 Venn

Con g0i 1 gidn do Euler, dac biét ding trong lanh vuc tdp hop. Moi bién

logic chia khdng gian ra 2 viing khdng gian con, mOt viing trong d6 gia tri bi€n
1 ding (hay=1), va viing con lai 14 ving phu trong d6 gi4 tri bién 1a sai
(hay=0).

Thi du: Phan giao nhau cUa hai tdp hop con A va B (gach chéo) bi€u dién
tap hop trong d6 A va B 1a diing (A AND B)



3.2.2. Bang su that
Né€u ham c6 n bi€n, bang su that c6 n+1 cOt va 2" + 1 hang. Hang dau tién
chi tén bi€n va ham, cc hang con 1ai trinh bay céc t6 hop cla n bién trong 2"
t0 hgp c6 th€ c6. Cac cOt dau ghi gid tri cla bi€n, cOt culi cung ghi gid tri cla
ham tuong Ung vai t6 hgp bién trén ciing hang (goi 1a trj riéng cla ham).
Thi du: Ham OR cUa 2 bién A, B: f(A,B) = (A OR B) c6 bang suU that tuong
Ung.

r'\ ﬁ:rt,B} = r'\; OR B

B

0 0
I I
0 I
I I

0
0
I
I

Pay 1a cach bi€u dién khéic cla bang su that trong d6 mOi hang clia bang
sU' that dugc y thé bdi mOt 6 ma toa dd (gOm hang va cOt) xdc dinh béi t0
hgp di cho cla bi€n.

Bdang Karnaugh cUa n bi€én gOm 2" 6. Gi4 tri clla ham dugc ghi tai moi 6 cla
bang. Bang Karnaugh rat thudn tién d€ don gidn ham logic bang cich nhém
c4c 0 1ai v6i nhau.

Thi du: Ham OR & trén dugc dién td bsi bang Karnaugh sau day
A\B 0 1
0 0 |
1 | |

3.2.4. Gian do thoi gian

Diing d€ dién tad quan hé gifa cdc ham va bién theo thoi gian, ddng thoi
vGi quan hé logic.

Thi du: Gidn d6 thGi gian cUa ham OR cUa 2 bién A va B, tai nhiing thoi
di€m c6 mOt (hodc 2) bi€n c6 gid trj 1 thi ham c6 tri 1 va ham chi ¢6 tri 0 tai
nhitng thOi di€m ma cd 2 bi€n déu bang 0.
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3.3. Ham logic co ban (Cac phép toan logic)
3.3.1. Ham NOT (ddo, bu) :

Y=A
Bang su that

r'\; Y :A

3.3.2. Ham AND [tich logic, toan tur (.)] :
Y=A.B
Bdng su that

A B Y=A.B
0 0 0
0o 1 0
I 0
1| |

Nhan xét: Tinh chat cla ham AND c6 thé dugc phat bi€u nhu sau:

- Ham AND cUa 2 (hay nhi€u) bi€n chi c6 gid tri 1 khi tat cd cdc bién déu
bang 1 hodc

- Ham AND cUa 2 (hay nhi€u) bi€n c6 gid tri 0 khi ¢6 mOt bi€n bang 0.

3.3.3. Ham OR [tOng logic, toan ti (+)] :

Y=A+B

Bang su that



r'*‘t

B
0 0
I
0
I

0
0
I
I

Nhan xét: Tinh chat cla ham OR c6 th€é dugc phat bi€u nhU sau:

- Ham OR cUa 2 (hay nhi€u) bi€n chi c6 gid tri 0 khi tat ca céc bi€n déu bang
0 hoac

- Ham OR cUa 2 (hay nhi€u) bi€n c6 gia tri 1 khi c6 mOt bi€n béng 1.

3.3.4. Ham EX-OR (OR loai trur)

Y=AzB

Bang su that

A B Y=A@B
0 0 0
0 I I
I 0 I
I I 0

Nhan xét: MOt sO tinh chat cUa ham EX - OR:

- Ham EX - OR cUa 2 bién chi c6 gi4 tri 1 khi hai bi€n khic nhau va ngugc
lai. Tinh chat nay dudc dung d€ so sanh 2 bién.

- Ham EX - OR cUa 2 bién cho phép thuc hién cOng hai s& nhi phan 1 bit ma
khong quan tim t&i sO nhé.
- TU két qud cUa ham EX-OR 2 bién ta suy ra bang su that cho ham 3 bién

A B C Y=A2Ba2C
0 0 0 0
0 0 I I
0 | 0 I
0 I I 0
I 0 0 I
I 0 I 0
I | 0 0
| I | |

- Trong truOng hop 3 bién (va suy rOng ra cho nhi€u bi€n), ham EX - OR ¢6
gid tri 1 khi sO bi€n bang 1 14 s6 1&. Tinh chat niay dudc ding d€ nhan dang
mOt chubi dit 1iéu c6 s6 bit 1 13 chan hay 1€ trong thi€t k€ mach phat chan 1€.
3.4. Riat gon ham logic
3.4.1.Phuong phap dai s0

Phuong phép niy bao gdm viéc 4p dung cic tinh chat cla ham logic cO
ban. MOt s6 dang thlc thudng dugc st dung dugc nhém 1ai nhu sau:



(1) AB+AB =B (A+B).( A+B) =B (17)
(2) A +AB=A A.(A+B) = A (27)
(3) A +AB=A+B A(A+B) =AB (3%)
ChUng minh cdc dang thic 1, 2, 3:

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

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

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

Céc dang thUc (1°), (2°), (3°) 1a song dOi cUa (1), (2), (3).

Céc qui tac rat gon:

- Qui tac 1: NhO cdc dang thlc trén nhém céc s6 hang 1ai.
Thi du: Riit gon biéu thiic
ABC+ABC +ABCD

Theo (1)

ABC+ ABC = AB

Vay

ABC + ABC + ABCD=AB + ABCD = A(B+BCD)
Theo (3)

B+ BCD=B+CD
Va két qua cudi cling:
ABC + ABC + ABCD = A(B+CD)
- Qui tac 2: Ta c6 thé thém mOt s& hang da c6 trong bi€u thic logic vio

bi€u thlic ma khong lam thay d6i bi€u thifc.
Thi du: Rit gon biéu thifc:
ABC + ABC + ABC+ ABC
Thém ABC vao dé dudgc:
(ABC + ABC)+ (ABC + ABC)+ (ABC + ABC)
Theo (1) cac nhém trong dau ngodc rdt gon thanh: BC + AC + AB
Vay:
ABC+ ABC+ABC+ABC=BC+AC+AB
- Qui tac 3: C6 thé bd s6 hang cha cdc bi€n da c6 trong sO hang khic
Thi du 1: Rit gon bi€u thlc
AB+BCTAC . e
Bieu thuc khong dOi n€u ta nhan mOt sO hang trong bi€u thuc vOi 1,
vi du
(B+B)
AB+ BC+AC = AB + BC + AC(B+B)
Tri€n khai sO hang cudi ciing cUa v€ phai, ta dugc:
AB+BC+ABC+ABC

Thira s6 chung: AB(1+C)+ BC(1+A)=AB + BC

Tém lai: AB+BC+AC=AB+ BC,

Trong bai toan nayv ta da don gian dugc so hang AC.



- Qui tac 4: C6 thé don gidn bang cich dung ham chudn tuong duong c6 s
hang it nhat.

Ham dao cua f: f(A, B,C)=2(0,1)=ABC+ABC=AB=A+B

Viay fiAB.C)= A+B
3.4.2.Dung bang Karnaugh
3.4.2.1.Nguyén tac

Xét hai tG hgp bi€n AB va A B, hai t6 hgp nay chi khdc nhau mOt bit, ta goi
chiing 12 hai t& hgp k€ nhau.

Tacé: AB+AB =A,bién B di dugc don gidn .

Phuong phdp cla bang Karnaugh dua vio viéc nhém céc t6 hgp k€ nhau trén
bang d€ don gidn bi€n c6 gia tri khac nhau trong cic tG hQp nay.

Cong viéc rit gon ham dugc thuc hién theo bon budc:

- V& bang Karnaugh theo sO bi€n clia ham

- Chuy&n ham can don gidn vao bang Karnaugh

- Gom céc 6 chlta cdc tO hop k€ nhau 1ai thanh cic nhém sao cho cé thé€ rit
gon ham t&i mUc t0i gidn

- Viét két qud ham rit gon tU cdc nhém da gom dudc.

3.4.2.2 Vé bang Karnaugh

- Bang Karnaugh thuc chat 1a m6t dang khic cla bang su that, trong d6 moi
0 cla bang tuong duong v&i mOt hang trong bang su that.

DE vé bang Karnaugh cho n bi€n, ngudi ta chia s& bi€n ra 1am dbi, phan nla
dung d€ tao 2™ cOt, phan nla con 1ai tao 2”2 hang (n€u n 12 s0 1€, ngUdi ta cé
th€ cho sO 1ugng bi€n trén cOt 16n hon s lugng bi€n cho hang hay nguoc 1ai
cling dugc). Nhu vay, véi mOt ham c6 n bi€n, bang Karnaugh gdm 2" 6, mbi
6 tuong Ung v6i t6 hop bién nay. Céc 6 trong bang dudc sap dat sao cho hai
6 k€ nhau chi khac nhau mOt don vi nhi phan (khic nhau moOt bit), di€u nay cho
thdy rat thudn tién néu ching ta ding ma Gray. Chinh su' sdp dat nay cho
phép ta don gidn bang céch nhém céc 6 k€ nhau lai.

V@i 2 bi€n AB, su sap dat sé theo th(f tu: AB =00, 01, 11, 10 (day 1a th(r tu
ma Gray, nhung d€ cho dé ta diing sO nhj phan tudng Ung d€ doc th(F tu nay:
0,1,3,2)

Thi du : Badng Karnaugh cho ham 3 bién (A = MSB, va C = LSB)
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Véi 3 bién ABC, ta dudc: ABC = 000, 001, 011, 010, 110, 111, 101, 100 (s6
nhi phan tuong Ung: 0, 1, 3,2, 6,7, 5,4)

Luu v 1a ta c¢6 th€ thi€t 1ap bang Karnaugh theo chi€u nam ngang hay theo
chiéu dlng. Do céc t0 hgp G cdc bia trdi va phdi k€ nhau nén ta c6 th€ coi
bang c6 dang hinh tru thang dlng va cdc t6 hop & bia trén va dudi ciing ké
nhau nén ta c6 thé€ coi bang c6 dang hinh tru truc ndm ngang. Va 4 t6 hgp
bi€n G 4 gbc ciing 1a cic t6 hop ké nhau.
bdng Karnaugh cho 4 bién

cD
AB 00 01 11 10
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3.4.2.3. Chuy€n ham logic vio bang Karnaugh.

Trong mOi 6 clla bang ta dua vio gia tri cla ham tuong Ung v4i t6 hgp bién,
d€ don gidn ching ta c6 thé chi ghi céc tri 1 ma bd qua céc tri 0 cla ham. Ta
c6 cdc trudng hgp sau:

& TU ham viét dudi dang tGng chudn:

Thidul: f(A.B.C)= A.B.C+ AB.C+A.B.C

fiaBC) = ABS+ABC+ABS

B =

A B [Bc BC| BC

00 £1 11’; 10

A0 a 14 : 3l 2
1

A 4 5 S 8




o Néu ham khong phai 12 dang chudn, ta phdi dua vé dang chudn bang cich
thém vao céc s& hang sao cho ham van khong d6i nhung cac sO hang chira du
céc bién.

Thidu2:  Y=ABC+ABD +ABC+ACD

Ham nay gom 4 bién, nén dé dua vé dang tong chuédn ta lam nhu sau:

Y =ABCD+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 Karnaugh nhu sau:

CDED © 5
LER PG

AB 00

AB 01 111
AB11| 1 | 1 1
AB 10 11111

o TUr dang sO th& nhat, vGi c4c trong 1ugng tuong Ung A=4, B=2, C=1
Thi du 3 : f(A,B,C) = 3(1,3,7). Ham s0 s& 13y gi4 tri 1 trong cdc 6 1,3 va 7.
o TU dang tich chudn: Ta 18y ham ddo d€ c6 dang t6ng chudn va ghi tri 0
vao cdc & tuong Ung v&i t0 hop bi€n trong tGng chudn nay. Cic 6 con lai
chlra s6 1.

Thidy4:Y =fA.B,C)=(A+B+C).(A+B~+C).(A +B+C).(A+B+C).(A+B C)

Y=AB.C+ ABC+AB.C+ABC+AB.C
Va bang Karnaugh twong ung (H 2.7).

A1l 010 |1 |0

o TUr dang sO th( hai:

Thi du 5 : f(A,B,C) =11(0,2,4,5,6)

Ham sé lé'y céc tri 0 & cac 6 0, 2, 4, 5, 6. Di nhién 1a ta phdi ghi cdc gia tri 1
trong cac 0 con lai.

o TU bang su that:

Thi du 6 : Ham f(A,B,C) cho b3i bang su' that



N A B C f(A,B.C)
0 0 0 0 0
I 0 0 I I
2 0 I 0 0
3 0 I I l
1 1 0 0 0
5 I 0 I 0
6 I I 0 0
7 I I I l

Ta ghi 1 vao céc 6 tuong Ung v&i cic tG hgp bi€n & hang 1, 3 va 7, két qua
gibng nhu & thi du 1.

& Trudng hop c6 mOt s t& hop cho gia tri ham khong xac dinh: nghia 1a Ung
vGi céc tG hgp nay ham c6 thé c6 gid tri 1 hodc 0, do dé, ta ghi ddu X vio cic
6 tudng Ung v&i cac tG hop nay, lic gom nhém ta s& dung né nhu sO 1 hay s
0 mOt cich tly ¥ sao cho c6 dugc két qua rit gOn nhat.

Thi du 7: f(A,B,C,D) = 3(3,4,5,6,7) vGi cdc tO hop tUr 10 dén 15 cho ham c6
tri bat ky (khong xé4c dinh)

cD
AB o0 01 11 10

00 1

o] 1111

1] X | X | X | X

10 A | X

3.4.2.4. Qui tac gom nhém
Cic tO hgp bién c6 trong ham logic hién dién trong bang Karnaugh dudi

dang céc sO 1 trong cédc 6, vay viéc gom thanh nhém céc tG hop k€ nhau duoc
thuc hién theo qui tac sau:

- Gom cdc sO 1 k€ nhau thanh tUng nhém sao cho s6 nhém cang it cang tOt.
Diéu nay c6 nghia 12 s& sO hang trong k€t qud s& cang it di.

- Tat cd cic sO 1 phdi dugc gom thanh nhém va mOt s6 1 c6 th€ & nhi€u
nhom.

- S0 s0 1 trong mOi nhém cang nhi€u cang tOt nhung phdi 14 bdi clia 2"

(m6i nhém c6 th€ c6 1,2, 4, 8 ... sO 1). C&r mOi nhém chifa 2% s6 1 thi t6 hgp
bi€n tuong Ung vGi nhém dé gidm di k sO hang.

- Ki€m tra d€ bdo ddm s6 nhém gom dugc khong thira.

3.4.2.5. Qui tac rit gon

- K&t qud cubi cling dugc 1ay nhu sau:



Ham ridt gon 12 tEng cUa céc tich: MOi s6 hang cla téng tuong Ung vGi mOt
nhém céc sO 1 néi trén va sO hang nay 1a tich clla cdc bién, bién A (hay A )1a
thlra sO cla tich khi tat cd cdc sO 1 clla nhém chi chlta trong phan nlra bang
trong d6 bi€n A c6 gid tri 1 (hay 0). Néi cach khdc néu cic sO 1 clla nhém
dOng thOi ndm trong cdc 6 cla bi€n A va A thi bi€n A s& dugc don gidn.
Hinh dudi diy minh hoa viéc 13y cic thUra sO trong tich
Thi du : Ridt gon ham S cho b@i bang su that:

N A B  C D S
0 0 0 0 0 0
I 0 0 0 I 0
2 0 0 | 0 |
3 0 0 | | |
4 0 I 0 0 I
5 0 I 0 I I
& 0 | | 0 0
7 0 | | | 0
8 I 0 0 0 0
9 I 0 0 I 0
10—15 X (Khong xac dinh)
Bang Karnaugh
'\.\.I::[:_I
AB™ 00 01 11 10
o CEED
01 [TT]
11 [L;] X | X
i0 x | x
- 1]
Ketqua:
S=BC +BC )
4. Cac cOng logic va IC sO
Muc tiéu:

- Trinh bay dudc cic cOng logic va IC s0.
4.1.Céc cOng logic cO ban
4.1.1. Céng AND
a.ChUc ndng:
Thuc hién phép todn logic VA (AND)
Dau ra chi bang 1 khi tat cd céc ddu vao bang 1
CGOng VA 2 dau vao:
b. K¥ hiéu:



A
A—] — &
B— >_F B —

Hinh 1.1: Ky hi€u c6ng AND

c.. Bangtrang thdi:

Bang 1.1
A B F
0 0 0
0 1 0
1 0 0
1 1 1

d. Bi€u thUc va dang tin hiéu
+Bi€uthltc: F=A.B
+ Dang tin hiéu:

Hinh 1.2: Déng song

4.1.2. Céng OR:
a. ChUc ndng:
Thutc hi€n phép todn logic HOAC (OR)
Pau ra chi bang 0 khi tat ca cdc ddu vao bang 0
C6ng HOAC 2 déu vao:

b. Ky hiu:
A —
A
S

Hinh 1.3: Ky hiéu c6ng OR

c. Bangtrang thdi:



A B | F
O 0|0
o 11
110 |1
1 111
d. Bi€u thUc va dang séng:
+Bi€uthllc: F=A+B
+ Dang song
A L [
B —_|
F —_—

Hinh 1.4: dang song

4.1.3. Céng NOT:
a. ChUc ning: i
Thuc hi€n phép todn logic PAO (NOT)
C8ng DAO chi ¢6 1 ddu vio:

b. Ky hiéu:
A—[>o— F — o—

Hinh 1.5: Ky hiéu c6ng NOT

c. Bang trang théi : )
Bang

Ofl—=| T w

A
0
1

d. Bi€u thic va dang séng:
+Bi€uthllc F=A
+ Dang song:

Hinh 1.6: Dang song

4.1.4. Cong NAND:
a. ChUc ning:



Thuc hi€n phép PAO clia phép todn logic VA )

Pau ra chi bang 0 khi tat cd cic ddu vao bang 1. Céng VA PAO 2 dau
Vao:

b. Ky hiéu:

— &
A— p—
AT -

c. Bang trang théi: o,
Hinh 1.7: Ky hieéu cOng NAND

A B F
0 0 1
0 1 1
1 0 1
1 1 0

d. Bi€u thlic va dang séng:
+Bi€u thltc: F=A . B
+ Dang soéng:

A

: L
F ]
4.1.5. Céng NOR:
a. ChUc ning: ) §
Thuc hién phép DAO cla phép todn logic HOAC 3 )
Pau ra chi bang 1 khi tat ca cdc ddu vao bang 0. Cong HOAC PAO 2

dau vao:
A =1
R F N

b.Ky hiéu:

Hinh 1.9: k¥ hiéu céng NOR
c Bang trang thdi:

Bang 5
A | B
0 |0 1
0 1 0
1 |0 O




1 11] 0

d. Biéu thUc va dang tin hiéu:
+Bi€uthlc: F=4 B
+ Dang tin hiéu vao ra

-.-:I
B
1 W
] i
i
F
1 W
D -
Hinh 1.10: Dang song i

4.1.6. Céng EX-OR:
a. ChUc ndng:
Exclusive-OR
Thuc hién biu thiic logic HOAC CO LOAI TRU' (phép todn XOR - hay
con 12 phép cOng module 2). Pau ra chi bang 0 khi tat cd cdc dau vao
gi®ng nhau. COng XOR 2 dau vao:

b. Ky hiéu:
A —
) > .
B —

Hinh 1.11: K¥ higu cing EX=0R

c. Bang trang thdi: .
g 1rdng Bang 6

_——_—0 O
— O~ oW
O = = O M

d. Bi€u thlrc logic va dang séng: B
+ Biéu thUc logicc F A B AB AB
+ Dang song:



|
LT ]

)

Hinh 1.12: Dang song
4.1.7. Céng EX - NOR:
a. Chlc ndng:
Exclusive-NOR
Thuc hién phép DAO cUa phép todn XOR. Dau ra chi bang 1 khi tat c3
cdc dau vao gibng nhau. COGng XNOR 2 dau vao:
b. Ky hiéu:

A —1 =
B

Hinh 1.13: Ky hiéu céng EX -NOR

c. Bangtrang thdi:

Bang 7
A B F
0 0 1
0 1 0
1 0 0
1 1 1

d. Bi€u thUc logic va dang séng:
+ Biéu thic logic F AB AB A B
+ Dang séng tin hi€u vao ra



Ad
1
o -
t
B
1
b -
Fi
1
L] 1,
Hinh 1.14: Dang séng t

4.1.8. Cong BUFFER
Con goi 1a cOng dém. Tin hiéu s6 qua cOng BUFFER khéng d6i trang
thdi logic. COng BUFFER dugc ding v&i cac muc dich sau:
- SUra dang tin hiéu.
- Pua dién thé cla tin hiéu vé ding chudn cla ciac mUc logic.
- Nang kha ning cdp dong cho mach.
- Ky hiéu cUa cOng BUFFER.

Hinh 1.15: Ky hiéu cong dém
Tuy cOng dém khong lam thay d0i trang thai logic cUa tin hi€u vao cOng

nhung né gi(r vai trd rat quan trong trong cic mach s0.

4.2. Cac IC s0 thong dung

4.2.1.Thong s6 kY thuat cia IC sd

4.2.1.1. Cac dai luong dién dac trung

- Vee: Pién thé ngudn (power supply): khodng di€n thé cho phép cap cho IC
d€ hoat dOng tOt. Thi du v&i IC s6 ho TTL, Vc=5+0,5 V , ho CMOS Vpp=3-
15V (Ngudi ta thudng diing ky hi€u Vpp va Vs d€ chi ngudn va mass cla IC
ho MOS)

- Viy(min): Pién thé€ ngd viao mUc cao (High level input voltage): DAy 1a dién
th& ngd vao nhG nhat con dugc xem 1 mUc 1

- Vi(max): Di€én thé& ngd vao mUc thap (Low level input voltage): Di€n thé
ngd vao 18n nhat con dugc xem 1a mUc 0.
- Vou(min): Pién thé ngd ra mUc cao (High level output voltage): Pién thé
nhO nhat cla ngd ra khi & mUc cao.

- Vou(max): Pién thé ngd ra mUc thap (Low level output voltage): Pién thé
16n nhat clla ngd ra khi & mUc thap.
- Iii: Dong dién ngd vao mUc cao (High level input current): Dong dién 16n
nhat vio ngd vao IC khi nga vio nay & mUc cao.

- I.: Dong dién ngd vao mUc thap (Low level input current) : Dong dién ra
khdi ngd vao IC khi ngd vao nay & mUc thap



- TIon: DOng dién ngd ra mUc cao (High level output current): Dong di€én 16n
nhat ngd ra c6 th€ cap cho tai khi né6 & mUc cao.
- Io.: DOng di€n ngd ra mUc thap (Low level output current): Dong di€n 16n
nhat ngd ra c6 th€ nhan khi & mUc thap.
- IcemIecr: Dong dién chay qua IC khi ngd ra 1an 1ugt & mUc cao va thap.
Ngoai ra con mOt sO thong s& khac dugc néu ra dudi day
4.2.1.2 Cong suat tiéu tan (Power requirement)
MOi IC khi hoat dOng s& tiéu thu mOt cong sudt tUf ngudn cung cap Ve
(hay VDD). ’
Cong sudt tiéu tan nay x4c dinh bdi dién th& nguOn va dong dién qua IC.
Do khi hoat dOng dong qua IC thuOng xuyén thay dGi gilta hai trang thdi cao
va thap nén cong sudt tiéu tan s& dudgc tinh tUr dong trung binh qua IC va cong
sudt tinh dugc 1a cong sudt tidu t4n trung binh

P,(avg)=1..(avg).V.,

|..(avg)= | cen ;‘ oL

DO0i v6i cic cOng logic ho TTL, cong sudt tidu tdn & hang mW va vGi ho
MOS thi chi & hang nW.
4.2.1.3 Fan-Out:

MOt cich tOng quit, ngd ra clla mOt mach logic doi hdi phai cdp dong cho
mOt sO ngd vao cac mach logic khac. Fan Out 14 sO ngd vao 16n nhat c6 thé
ndi v&i ngd ra cla mOt IC cung loai ma van bdo ddm mach hoat dOng binh
thudng. Néi cach khic Fan Out chi khd niing chiu tai clla mOt cOng logic. Ta
c6 hai loai Fan-Out Ung v&i 2 trang thai logic cUa ngd ra:

Fan-Out, = Iﬂ
IH

Fan-Out = lo
IL

ThuOng hai gid tri Fan-Out ndy khdc nhau, khi st dung, dé€ an toan, ta nén
dung tri nh® nhat trong hai tri ndy. Fan-Out dugc tinh theo don vi Unit Load
UL (tai don vi).
4.2.1.4 Thoi tré truyén (Propagation delays)

Tin hiéu logic khi truyén qua mOt cOng ludn ludn c6 mot thoi gian tré.

C6 hai loai thoi tré truyén: Thoi tré truyén tU thap 18n cao tpry va thoi tré
truyén tU cao xuOng thap tpy.. Hai gid tri nay thuGng khac nhau. SU thay dGi
trang thdi dugc xdc dinh & tin hiéu ra. Thi du tin hi€éu qua m6t cOng ddo, thoi
tré truy€n dudgc x4c dinh



toHL tpLH
Tuy theo ho IC, thOi tré truyén thay d6i t vai ns dén vai trim ns. Thoi tré
truy€n cang 16n thi tOc d0 1am viéc cla IC cang nho.
4.2.1.5 Tich s® cong suat-van tdc (speed- power product)

PE danh gid chat lugng IC, ngudi ta dung dai luong tich s cong sudt-
van tOc d6 1a tich sO codng sudt tiéu tdn va thoi tré truyén. Thi du ho IC c¢é
thoi tré truyén 1a 10 ns va cong sudt tiéu tdn trung binh 12 50 mW thi tich s
cong suat-van toc la:

10 ns x 5 mW =10.10"x5.10" = 50x10™"* watt-sec = 50 picojoules (pj)

Trong qud trinh phét tri€n cla cong nghé ché tao IC ngUdi ta luén mudn
dat dugc cac IC c6 cong sudt tidu tan va thoi tré truyen cang nh® cang tot.
Nhu vay mot IC c6 chat lugng cang tOt khi tich sO cong sudt-van tOc cang
nhO. Tuy nhién trén thuc t€ hai gid tri nay thay d0i theo chi€u ngudc véi nhau,
nén ta khé ma dat dugc cic gid tri theo y mudn, du sao trong qua
trinh phat tri€n cla cong nghé ché tao linh kién dién t( tri s nay ludn dugc
cdi thién .
4.2.2.1C s6 ho TTL

Trong qué trinh phét tri€n cla cong nghé ché tao mach sO ta c6 cic ho:

RTL (Resistor-transistor logic), DCTL (Direct couple-transistor logic), RCTL
(Resistor-Capacitor-transistor  logic), DTL (Diod-transistor logic), ECL
(Emitter- couple logic) v.v.... D&n bay gi0 tOn tai hai ho cé nhi€u tinh ning k¥
thudt cao nhu thoi tré truyén nho, tiéu hao cong sudt it, d6 1a ho TTL
(transistor-transistor logic) ding cdng nghé ché€ tao BJT va ho MOS (Cong
nghé ché tao MOS)
Dudi day, 1an lugt khao sit cdc cOng logic clla hai ho TTL va MOS
4.2.2.1. Céng co ban ho TTL

Lay cOng NAND 3 ngd vao lam thi du d€ thdy cdu tao va van hanh cla
mOt cOng cO ban

il




Khi moOt trong céc ngd vao A, B, C Xu6ng mUc khong T; dan dua dén T,
ngUng, T; ngung, ngo ra Y 1én cao; khi cd 3 ngo vao 1én cao, T, ngung, T, dan,
T; dan, ngd ra Y xudng thap. D6 chinh 12 két qua cla cOng NAND.

Tu C. trong mach chinh 14 tu ky sinh tao bdi su két hgp gilta ngd ra cla
mach (tang thic) vGi ngd vao cla tang tai, khi mach hoat ddng tu sé nap
dién qua R, (ldc T, ngUng) va phéng qua T khi transistor nay dan do d6 thdi
tré truyén cUa mach quyét dinh béi R, va Cy, khi R, nhd mach hoat d0ng
nhanh nhUng cong sudt tiéu thu ldc d6 16n, mubn gidm cong sudt phai ting R,
nhung nhU vay thdi tré truyén sé 16n hon (mach giao hoan chdm hon). B
gidi quy€t khuy€t di€m nay dOng thdi thda man mot sO yéu cau khic , ngudi
ta da ché tao cic cOng logic vi cac ki€u ngd ra khic nhau.
4.2.2.2. Céc ki€u ngo ra
* Ngo ra totempole

7
R, trong mach c0 ban dugc thay th€ bdi cum T, Rc va Diod D, trong d6 Re ¢6
tri rat nhd, khong dang k€. T2 bay gid gilr vai trdo mach ddo pha: khi T, dan
thi T; dan va T, ngung,Y xuOng thap, khi T, ngung thi T; ngung va T, dan,
ngd ra Y 1én cao. Tu C; nap dién qua T, khi T, dan va phéng qua T3 (dan),
thOi hang mach rat nho va két qua 1a thdi tré truyén nho.
Ngoai ra do T5 & T, luan phién ngung tUOng Ung v&i 2 trang thdi cUa ngd ra
nén cdng sudt tidu thu gidm ding k€. Diod D c6 tic dung ning dién thé cuc
B cUa T, 1én d€ bdo ddm khi T; dan thi T, ngung.
Mach nay c6 khuyét di€m la khong th€ n0i chung nhi€u ngé ra cla cic cOng
khic nhau vi c¢6 th€ gdy hu héng khi cdc trang thdi logic cUa cic cOng nay
khac nhau.
* Ngo ra cUc thu d€ hé

Ll =

24

Ng6 ra cuc thu d€ hd c6 mot sO 10i di€m sau:



- Cho phép két ndi cdc ngd ra cla nhi€u cOng khic nhau, nhung khi s& dung
phadi mac mot dién trd tU ngd ra 1én ngudn Vee, goi 1a dién trd kéo 1én, tri sO
cUa dién trd nay c6 th€ dudc chon 16n hay nho tuy theo yéu cau cé 1gi vé
mat cong sudt hay tOc d0 1am viéc.

Pi€m n6i chung cla cic ngd ra cé tic dung nhu mOt cGng AND nén ta goi
la di€m AND
- NgUudi ta ciing ch€ tao cic IC ngd ra ¢ cuc thu d€ hé cho phép dién tré kéo
1én mac vao nguOn di€n thé cao, diing cho céc tdi dac biét hodc dung tao su
giao ti€p gilra ho TTL véi CMOS diing ngu0n cao.

Thi du IC 7406 12 loai cOng ddo c6 ngd ra cuc thu d€ hé c6 thé mac 1én
ngubn 24 V

gcc T*W +24¢

Rkéolen
A £ 24Y,
3 @—E‘L 7415112 7408 26mA
c @ ooi T Y=(AB){CD){EF) T Q
D P —
. _ L\ piém anp —P%
Q j EF | QF—
F
* Ngo ra ba trang thai
< VCE
% Ry Ra "0
G

R3i Tal =0k
A ~2 2 ﬁ <
Mach 1a mOt cOng dao c6 ngd ra 3 trang thii, trong d6 T, & Ts dUQc mac
Darlington d€ cdp dong ra 16n cho tai. Diod D n0i vao ngd vao C d€ di€u
khi€n. Hoat dOng clla mach gidi thich nhu' sau:
- Khi C=1, Diod D ngung dan, mach hoat ddng nhu mOt cGng ddo
- Khi C=0, Diod D dén, cuc thu T, bi ghim &p 3 mUc thé'p nén T;, T, & T
déu ngUng, ngd ra mach G trang thai tOng trd cao.

Ky hi€u cla cOng ddo ngi ra 3 trang théi, c6 ngd di€u khién C tic dOng
mUc cao va bang sy that

Barg =) that



Ciing c6 cdc cOng ddo va cOng dém 3 trang thdi v&i ngd di€u khién C tic
dOng mUc thdp ma SV c6 th€ tu vé ky hi€u va bang su that.

Cp 1>

D1 4 [ !
LA

Do Er?;

D3 %

A Yo Yy 1o Y3

B GIAI MA
DIACHI

Pay 12 mOt Ung dung cla cOng dém c6 ngd ra 3 trang thdi: Mach chon
dit liéu.

Véan chuyén: Ung v6i mOt gid tri dia chi AB , mOt ngd ra mach gidi ma dia
chi dugc tac dOng (1én cao) cho phép mOt cOng md va dit 1iéu 3 ngd vao cOng
d6 dugc truy€n ra ngd ra.

Thi du khi AB =00, Y, =1 (Y,=Y,=Y3=0) G, m&, D, truyén qua G, dén
ngd ra, trong lic G,, G;, G, déng, c6 ngd ra @ trang thdi Z cao, khong anh
hudng dén hoat dOng clla mach.
4.2.2.3. Pac tinh cic loat TTL

Céic IC s6 ho TTL dugc sdn xudt 1an dau tién vio nim 1964 bdi hing
Texas Instrument Corporation cla MY, 1dy sO hi€u 13 74XXXX & 54XXXX.
Su khéc biét gilta 2 ho 74XXXX va 54 XXXX chi & hai diém:

74: VCC=5 + 0,5 V va khodng nhiét d6 hoat dOng tUr 0°C dén 70° C
54: VCC=5 + 0,25 V va khodng nhi€t d6 hoat dOng tUr -55° C dén 125°C

Céc tinh chat khic hoan toan giOng nhau néu chiing cé cuing s0.

Trudc s6 74 thuong cé thém ky hi€u d€ chi hiang san xuat. Thi du SN cla
hang Texas, DM cUa National Semiconductor, S cUa Signetics

Ngoai ra trong qud trinh phét tri€n, c4c thong s6 kY thudt (nhdt 1a tich sO
cong sudt van tOc) ludn dugc cdi ti€n va ta c6 cac loat khac nhau: 74 chudn,
74L (Low power), 74 H (High speed), 74S (Schottky), 74LS (Low power
Schottky), 74AS (Advance Schottky), 74ALS (Advance Low power Schottky),
74F (Fast, Fair Child).

MOt sO tinh chat cla cdc loat ké trén:



Théng sb k¥ thut 74 | 74L | 74H | 74S | 74L | 74AS | T4ALS | 74F
S

Thoi tré tru}fén (ns) 9 33 6 3 9,5 1,7 = 3
Cong suat tiéu tan (mW) 10 l 23 20 2 8 1,2 6
Tich sé cong sudt vantoe (pJ) | 90 | 33 | 138 | 60 19 13,6 4,8 18
Tén s6 xung Cy max (MHz) | 35 | 3 50 | 125 | 45 200 70 100
Fan Out (ciing loat) 10 | 20 10 | 20 | 20 40 20 33
Pién thé

Vou(min) 24 24 | 24 | 2.7 | 2.7 | 25 2.5 2.5
VoL (max) 041 04 | 04 | 05| 05| 05 0,4 0.5
Vix (min) 200 2,0 | 20 | 2.0 | 20 | 2.0 2,0 2,
Vi (max) 08| 07 | 08 | 0.8 | 0.8 | 08 0,8 0,8

- Loat 74S: Céc transistor trong mach dugc mac thém mot Diod Schottky gilra
hai cuc CB v&i muc dich gidm thOi gian chuyén trang thai cUa transistor do
d6 1am gidm thai tré truyén.
- Loat 74AS va 74ALS 1a cdi ti€n cUa 74S d€ 1am gidm hon nita gid tri tich sO
Cong sudt - Van toc.
- Loat 74F: Dung kY thuat dac biét lam gidm dién dung ky sinh do d6 cai
thién thoi tré truyén cla cOng.
4.2.3.IC s6 ho CMOS

GOm cic IC s6 diing cong nghé ché tao cUa transistor MOSFET loai ting,
kénh N va kénh P . V&i transistor kénh N ta c6 NMOS, transistor kénh P ta c6
PMOS va né€u diing cd hai loai transistor kénh P & N ta ¢c6 CMOS. Tinh niing
ky thuat cla loai NMOS va PMOS c6 th€ néi 1a giGng nhau, trlf ngudn cap
dién cé chi€u ngugc v&i nhau do d6 ta chi xét loai NMOS va CMOS. Céc
transistor MOS duing trong IC sO ciing chi hoat ddng & mOt trong 2 trang thai:
dan hodc ngung.
- Khi dan, tiy theo nOng d0 pha cla chat ban dan ma transistor c¢6 ni trd rat
nhO (tU vai chuc Q dén hang trim KQ) tuong duong v&i mOt khéa déng.
- Khi ngung, transistor c6 ndi trd rat 16n (hang 10'°Q), tuong duong v&i mOt
khoa ha.
4.2.3.1. Céng co ban NMOS

? Vo 5
2 Vo 5 o VotV
'—
D gl ™ 2
Lt T 5 Wiaut = T Yout
e’ D Y gl Y
& ""'Qt.lt =
Vin G M T2
D Ao—— Mo D D
v e To D Vin @ T2 T | a Yin
in G = A
— s P | L 2 8 B
L |_S
o
FEe
(a) (b) (c)

(Hinh a), (Hinh b) va (Hinh c¢) la cac c6ng NOT, NAND va NOR dung NMOS



Bang quan hé gilra cdc dién th€ cla cic ngd vao , ra cOng NOT
"";T:.I‘. T 1 T, V out

0V (logic 0) | Rony=100KQ | Roee=10""Q | +5V (logic 1)
+5V (logicl) | Ron=100KQ | Ron=1KQ | 0,05V (logic 0)
Ngoai ra van hanh cla cOng NAND va NOR dugc gidi thich nhu sau:

* COng NAND:

- Khi 2 ngd vao n0i 1én mUc cao, T2 va T3 dan, ngd ra xudng thap.

- Khi ¢6 1 ngd vao ndi xuOng mUc thap, mOt trong 2 transistor T2 hodc T3
nguUng, ngo ra lén cao.

D6 chinh 1a k€t qud clia cOng NAND 2 ngd vio.

* COng NOR:

- Khi 2 ngd vao nOi xubng mUc thap, T2 va T3 nguUng, ngi ra 1én cao.

- Khi ¢6 1 nga vao ndi 1én mlc cao, mOt trong 2 transistor T2 hodc T3 dan,
ngd ra xudng thap.

D6 chinh 1a k€t qud cla cOng NOR 2 ngd vio.

4.2.3.2. Céng co ban CMOS
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Ho CMOS sU dung hai loai transistor kénh N va P v&i muc dich cadi thién
tich sO cong sudt van tOc, mac du khd ning tich hgp thap hon loai N va P.
(Hinh a), (Hinh b) va (Hinh c) la cac c6ng NOT, NAND va NOR ho CMOS
Bang quan hé dién thé cla cdc ngd vio , ra cOng NOT

V‘.l‘. T] TE Vm;[
Voo (logicl) | Roge=1 0'’Q Ron= 1KQ | OV (logic 0)
0V (logic0) | Ron=1KQ | Roee=10"Q | Voo (logic 1)

Ngoai ra van hanh cUa cGng NAND va NOR dudc gidi thich nhU sau:

* COng NAND:



- Khi 2 ngd vao ndi 1én mUc cao, T1 va T2 ngung, T3 va T4 dan, ngd ra xudng
thap.

- Khi ¢6 1 ngd vao ndi xuGng mUc thap, mOt trong 2 transistor T3 hodc T4
ngung, mOt trong 2 transistor T1 hodc T2 dan, ngd ra 1én cao. D6 chinh 14 két
quad cla cOGng NAND 2 ngé vio.

* COng NOR:

- Khi 2 ngd vao n6i xudng mc thap, T1va T2 dan, T3 va T4 ngung, ngd ra 1én
cao.

- Khi ¢6 1 ngd vao nbi 1én mUc cao, mOt trong 2 transistor T3 hodc T4 dan,
mOt trong 2 transistor T1 hodc T2 ngung, ngd ra xubng thap. D6 chinh 12 két
quad cla cOng NOR 2 ngé vio.

4.2.3.3. Cac cOng CMOS khic
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NgUdi ta cling sdn xudt cidc cOng CMOS vGi cuc Drain d€ hé va ngd ra 3
trang thai d€ s dung trong cic truOng hop dac biét nhu ho TTL. (Hinh a) 1a
mOt cOng NOT c6 cuc D d€ hd, khi s& dung phdi c6 dién tré kéo 1én (Hinh b)
12 mOt cOng NOT c6 ngd ra 3 trang thai:

- Khi ngd vao Enable =1, T1 va T4 dan, mach hoat dOng nhu 14 cGng ddo.

- Khi ngd vio Enable =0, T1 va T4 déu ngung dua mach vao trang théi Z cao.
Ngoai ra 10i dung tinh chat cUa transistor MOS ¢6 ndi trG rat nhé khi dan,

ngUJi ta ciing ch€ tao cdc mach c6 kha niing truyén tin hiéu theo 2 chi€u, goi

12 khéa 2 chi€u, 12 mOt khéa 2 chi€u vGi A 1a ngi vao di€u khi€n. Khi A =0

khéa hé, khi A = 1, khéa déng cho tin hi€u truy€n qua theo 2 chi€u
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Van hanh: T3 va T4 vai trd 13 mOt cOng ddo
- Khi A =0, cuc G cUa T2 & mUc thap nén T2 (kénh N) ngung, cuc G cla T1
(kénh P) & mUc cao nén T1 ngUng, mach tuong duong véi khéa hé.
- Khi A =1, cuc G cla T2 & mUc cao nén T2 dan, cuc G cla T1 & mUc thap
nén T1 dan, mach tuong duong v6i khéa déng. Tin hi€u truyén qua mot
chi€u nhd T1 (loai P) va theo chi€u ngudc 1ai nhd T2 (loai N). Bién d0 cla
tin hi€u Vi truyén qua khéa phdi thda di€u ki€én 0 <Vi < Vpp . NhU' vay néu
ta st dung ngudn + Vpp, thi khéa cho tin hi€u xoay chiéu di qua.
4.2.3.3. Pac tinh ctia ho MOS

MOt sO tinh chat chung cla cic cOng logic ho MOS (NMOS, PMOS va
CMOS) c6 th€ ké ra nhu sau:
- Ngu0n cap dién : Vpp tU 3V dén 15V

- MUc logic: Vo (max) = 0V Vou (min) = Vpp
VIL (maX) =30% VDD VIH (mln) = 7O%VDD
- Lé nhiéu . VNH = 3O%VDD VNL = 3O%VDD

V@i ngudn 5V, 1€ nhiéu khdang 1,5V, rat 16n so vGi ho TTL.
- Thoi tré truyén tuong d6i 10n, khdang vai chuc ns, do dién dung ky sinh &
ngd vao va tong trd ra cUa transistor kha 10n.
- Cong sudt tiéu tdn tuong dOi nhd, hang nW, do dong qua transistor MOS rat
nho.
- SO Fan Out: 50 UL

Do tOng tr& vao cUa transistor MOS rat 16n nén dong tdi cho cic cOng ho
MOS rat nho, do d6 s6 Fan Out cla ho MOS rat 16n, tuy nhién khi mac nhi€u
tang tai vao mOt tang thiic thi dién dung ky sinh ting 1én (gdm nhi€u ty mac
song song) anh hudng dén thdi gian giao hodn clla mach nén khi ding & tan
sO cao ngU0i ta g101 han s6 Fan Out 1a 50, nghia 1a mOt cGng MOS c6 thé cap
dong cho 50 cOng tdi cling loat.
- Nhu dd néi G trén, CMOS c6 cdi thién thoi tré truyén so vGi loai NMOS va
PMOS, tuy nhién mat d0 tich hgp cla CMOS thi nhd hon hai loai nay. Du sao



so v&i ho TTL thi mat d0 tich hgp clla ho MOS néi chung 16n hon rat nhiéu,
do d6 ho MOS rat thich hgp d€ ché tao dudi dang LSI va VLSI.
4.2.3.4. Cac loat CMOS
CMOS c6 hai ky hi€u: 4XXX do hdng RCA ché tao va 14XXX cla

hing MOTOROLA, ¢6 hai loat 4XXXA (14XXXA) va 4XXXB (14XXXB),
loat B ra d0i sau c6 cdi thién dong ra.

Ngoai ra con c6 céc loat :
- 74C : CMOS c6 cuing sO d6 chan va chlc ning v&i IC TTL néu c6 cing sO.
Thi du IC 74C74 13 IC gbm 2 FF D tic dOng b3i canh xung dong hO gidng
nhu IC 7474 cUa TTL.

Hau hét (nhung khong tat cd) cic thong sO cUa loat 74C giOng v&i 74
TTL nén ta c6 thé thay thé 2 loai nay cho nhau dudgc.
- 74HC (High speed CMOS), 74HCT: Pay la loat cdi ti€n cla 74C, tbc db
giao hodn c6 th€ so sanh vGi 74LS, riéng 74HCT thi hoan toan tudng thich vGi
TTL k€ ca cdc mUc logic. Pay 1a loat IC CMOS dugc ding rOng rii.
- 74AC va 74ACT (Advance CMOS) cdi tién cUa 74 HC va HCT vé mat
nhiu bang céch sap x€p lai th( tu cic chan, do d6 né khong tuong thich véi
TTL vé so do chan.

Thuc hanh:
Bai 1: Lap rap khdo sat cdng NOT (Pdo)



Lua chon IC, két n6i mach nhu hinh vé theo so' do chan va thuc hién
ki€m tra tUng cOng trong IC 74LS04, dién két qua Y vao bang
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Két luan:

.........................................................................................
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................................................................................................



Bai 2: Lap rap khdo sat cdng AND (va)

Lua chon IC, két n6i mach nhu hinh vé theo so' do chan va thuc hién
ki€m tra tUng cOng trong IC 74LS04, dién két qua Y vao bang

SW1 Vis

| = [14] [1a] [ra] [ur] [ro] [s] []

1‘2 3 Y
SW2 i )
¥ OO @
L 741508 G
SW1 SW1 Y
0 0
0 1
1 0
1 1

Két ludn:

------------------------------------------------------------------------------------------------
................................................................................................

................................................................................................
................................................................................................
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Bai 3: Lap rap khao sit cdng OR (Hoac)
Lua chon IC, két n6i mach nhu hinh vé theo so do chan va thuc hién
ki€m tra tUng cOng trong IC 74LS32, di€n két qua Y vao bang

SWi1

1C1A

SW2 E}—

R
Ry

i

a T4LS32 GHD
SW1 SW1 Y
0 0
0 1
1 0
1 1

Két ludn:

................................................................................................

......
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Bai 4: Lap rap khao sat cong NAND (Va ddo)
Lua chon IC, két n6i mach nhu hinh vé theo so dd chan va thuc hién
ki€m tra tUng cOng trong IC 74LS00, di€n két qua Y vao bang
SWA1
1214 -
.. [14] [ra] [r2] [rr] [ne] [e] [s]

2

—

SW2

FAALSOOMN

220
Ay

LED1

= 74LS00 GND
SW1 SW1 Y

0 0

0 1




Két luan:

.........................................................................................
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Bai 5: Lap rap, khao sat cdng NOR (Hoac dao)
Lua chon IC, két n6i mach nhu hinh vé theo so dd chan va thuc hién
ki€m tra tUng cOng trong IC 74L.S02, di€n két qua Y vao bang

(4 [s] [l [u] ] [5] [s]

> [l

SW2 5
B {iND
T O UHHUEHED
sl 741502



SW1 SW1 Y
0 0
0 1
1 0
1 1
Két luan:
BAI3
MACH FLIP - FLOP VA UNG DUNG
MA BAIL: MD19-04

Muc tiéu:
- Hi€u dugc nguyén tac hoat ddng cic mach FLIP_FLOP va Ung dung



- Lap rap dugc cdc mach FLIP_FLOP va mach Ung dung
- Rén luyén tinh than ham hoc hai.

NOi dung chinh :
1. Cac loai mach flip — flop
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng cic mach FLIP_FLOP va Ung dung.
1.1.Flip Flop RS
1.1.1. RS ¢6 cic ngo vao R va S tac dOng muc cao.
R

Q
Q
s

Céc trang thai logic cUa mach cho & bang sau:
R S Q Q- R S Q-
0 | 0 | 0 |0] Tac dung nhé 010 Q
o]0/ 1]1 Q=0 0 | 1 I
0 [ 1 | 0 |1]bat(Set) B 0
ol 1] 1 [1] Q= 1 | 1 | Cim
l 0 0 |0] Datlai (Reset)
I 0 1 |0 Q=0
I I 0 []Q=Q.-=0(Cim)
L[ 11 ]]

(P06i véi mach chot vi khong c6 tic dOng cla xung dOng hO nén ta c6 thé
hi€u trang théi trudc 13 trang thai gid sU, con trang thai sau 1a trang thdi khi
mach On dinh).

- Khi R=S=0 (cd 2 ngd vao déu khong tic dOng), ngd ra khong dGi trang thai.
- Khi R=0 va S=1 (ngd vao S tdc dOng), chdt dugc Set (tlc dat Q+=1).

- Khi R=1 va S=0 (ngd vao R tic dOng), chOt dugc Reset (tUc dat 1ai Q+=0).
- Khi R=S=1 (cd 2 ngd vao d€u tic dOng), chOt r0i vio trang thai cam .
1.1.2.RS tiac ddng muc thap



s S R Q-
N Q 0 0 Cam
0 I 1
) 1 0 0
R Q | 1 Q

DPE c6 chot RS tic ddng mUc cao ding cOng NAND, ngudi ta thém vao 2
cOng ddo G cdc ngd vao.

%

Ky hiéu chOt RS
—]s af— —4°5 ab—
—R a— —HdRr ab—
(a) (b)

(Hinh a) 13 ky hi€u chOt RS tic dOng cao va (Hinh b) 1a chOt RS tic dOng thap.
1.1.3 Flip Flop RS ¢é6 CK

g =
] Q ] Q
Che Cle
Q
R R
(b)

Q
(a)
Hoat ddng cla FF cho bdi Bang su that
Viao Ra
Ck S R Q-
0 X X Q
1 0 0 Q
1 0 1 0
1 1 0 1
1 1 1 Cém




P& c6 FF RS ¢6 xung dbng ho tic dOng thap chi can thém mot cOng ddo
cho ngd vao CK (Hinh b). Ta c6 bang su that giOng Bang trén, trlr ngd vio
CK phai dao lai.

1.1.4. Flipflop RS c6 ngo vao Preset va Clear:

F‘rl

- -Q
DD |
R J:b __} d —R

2|

—a 4|

(a) (b)

Tinh chat cla FF 13 c6 trang thai ngd ra bat ky khi m& mdy. Trong nhi€u
truOng hagp, cé th€ can dat trudc ngd ra Q=1 hodc Q=0, muln th&, ngUai ta
thém vao FF cdc ngd vao Preset (dat trudc Q=1) va Clear (X6a Q=0), mach cé
dang (Hinh a) va (Hinh b) 1a ky hiéu cUa FF RS ¢6 ngd vao Preset va Clear tdc
dOng mUc thap.

Thay 2 c6ng NAND cu0i bang hai céng NAND 3 ngi vao, ta dugc FF RS
c6 ngd vao Preset (Pr) va Clear (Cl).

- Khi ngd Pr xubng thdp (tic dOng) va ngd Cl 1én cao ngd ra Q 1én cao bat
chap céc

ngd vao con lai.

- Khi ngd Cl xuOng thap (tdc dOng) va ngd Pr 1én cao ngi ra Q xulng thap
bat chap cic ngd vio con 1ai.

- Ngoai ra 2 ngd vao Pr va Cl con dugc dua vé 2 ngd vao mOt cOng AND, noi
dua tin hi€u CK vao, muc dich cUa viéc 1am nay 1a khi mt trong 2 ngd vao Pr
hodc Cl tdc dOng thi mUc thdp cUa tin hi€u nay s& khéa cOng AND nay, vd
hi€u héa tdc dung cUla xung CK.

Bang su that clia FF RS c6 Preset va Clear (tic dOng thap)

Pr | Cl | Ck | S | R Q-
0 0 X X X Cam
0 | X X X |
| 0 X X X 0
l | 0 X X Q
| | | 0 0 Q
l | l 0 l 0
l | l l 0 |
| | | | | Cam




Luu y: Trén bang su that , dong th( nhat tuong Ung v4i trang thdi cdm vi
hai ngd vao Pr va Cl dOng thOi ¢ mUc tic dOng, 2 cGng NAND cudi ciing d€u
dong, nén Q.= Q =1.

1.1.5. Flipflop RS chu t6:

K&t n0i thanh chuOi hai FF RS v§i hai ngd vao xung CK cUa hai FF c6 mUc

tdc dOng trdi ngUgc nhau, ta dugc FF chu t& .

DG Cis= EH

Hoat dOng cUa FF dugc gidi thich nhU sau:
- Do Cks cUa tang t& 1a ddo cla Cxy = Ck cUa tang chl nén khi CK=1, tang
chU giao hoén thi tang t& ngung. Trong khodng thdi gian nay, dit li€u tU ngd
vao R va S dugc dua ra va On dinh & ngd ra R’ va S’ cla tang chd, tai thoi
di€m xung Cx xuOng thap, R’ va S’ dugc truyén dén ngd ra Q va Q.

Ngi ra
¥" gao hoan

CI(‘E-

- D0i vdi trudng hgp R = S =1 khi CK=1 thi R’= S’ =1, nhung khi CK xubng
thap thi mOt trong hai nga ra nay xubng thap, do d6 mach thoit khdi trang théi
cam, nhung S’ hay R’ xuOng thap trudc thi khdng dodn trudc dugc nén mach
roi vao trang thai bat dinh, nghia 13 Q, c6 thé =1 c6 thé =0, nhung khic vdi
0 .Tacé6 bang su that:

S R Cg Q-

0 0 Q

0 1 0

1 0 i ‘ |

I 1 Béat dinh
J

Tém lai, FF RS chU t& da thodt khoi trang thii cdm nhung van roi vio
trang thai bat dinh, dong thOi ta dugc FF c6 ngd vao xung ddng hd tic dOng
bGi canh xudng cla tin hiéu CK.

P& c6 FF RS c6 ngd vao xung dong hod tic dOng b3i canh 1én cla tin hiéu
CK ta c6 thé d&i c6ng NOT dén ngd vao FF chl va cho tin hiéu CK vao thang
FF tG.



Mac di thoét khoi trang thai cdm nhung FF RS chU tG van con trang théi

bat dinh nén ngU0i ta it s dung FF RS trong truOng hgp R=S.
1.2. Flipflop JK
1.2.1.Flip - Flop JK

La mach dién c6 kha niing thi€t 1ap trang thai 0, trang thai 1, chuyén dGi
trang thdi va duy tri (nhG) trang théi cin c( vao céc tin hi€u dau vao J, K va
tin hi€u xung dGng ho C,.

a. Cau tric:

1
?

b. Nguyén ly:
J O K=1vdi Cklasudnam thi Q,, =0
J=1,K=0, v6i Cklasudnam thi Q. =1
J=1K=1, v6i CklasuOnam thiQ,,=0On  chuy€n dGi trang thai
J=0,K=0,v6i Cklasudnam thiQ,,=Q,  gilfnguyén trang thai.
c. PhuoOng trinh:
Qui = J-@l + KkQn
vGi di€u kién da xudt hién suOn am cla xung C,.

||2

d. Bang trang thdi:

Qn J K Qn+1
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 0

1.2.2. Flip - Flop JK Master Slave:
a. Cau triic:



|
?

a) c8u triic
b) ky hiu

Loai FF S-R truGc diy van con cé su rang bubc gilta r va s, nguyén
nhan chinh 1a khi R = S = 1 d&u ra cdc cOng G, H déu & mUc thdp dan dén
tinh huOng khong mong mubn 13 cd Q,va Qm déu & mUc cao = 1. d€ loai bd
truOng hOp nay ngudi ta 1dy tin hi€u ¢ dau ra dua trd 1ai dén cic dau vao
cla g va H vi Q va Q ludn c6 trang thdi ngugc nhau.

b. Nguyén Iy hoat dOng:

Theo nhu sy trinh bay trén ddy v€ su cdi ti€én cla FF JK ta thdy hoat
dOng cUa né giOng nhu FF S-R master slave, chi khac bi su’ tuong duong sau
cUa cdc tin hi€u dau vao:

S=JQ,

R =KQ,
Vay ta ¢6: Quu =S +RQ, =JQn + KQn Q,
vGi di€u ki€n xudt hi€n su0n am cUa xung clock. va day ciing 12 phuong trinh
dac trung cla FF JK

c. Phuong trinh dac trung:

Ta thdy FF JK n6 phdn dnh quan hé logic gilta Q,.; v6i Q, , J,K nhO Qn
va Q, phan hoi vé cOng di€u khi€n G va H ma J va K khong con rang bulc
1an nhau. Vi Vay ta ¢6 phuong trinh ddc trung cho FF JK

Quu=JQn + xQ,

1.3. FlipFlop D
Flip — Flop D 12 mach di€n cé chlc niing thi€t 1ap trang thdi 0 theo tin
hiéu dau vao D = 0 va thi€t 1ap trang thdi 1 theo tin hi€u dau vao D = 1 trong
diéu kién phdi c6 xung dinh thoi.



1.3.1. Cau tric:
C

D

& & P

b 8

a) cau tric b) ky hiéu

1.3.2. Nguyén ly hoat dOng.

Khi C = 0 thi cOng C va E ngat FF duy tri trang théi .

Néu C=1D =0 thi daura ¢ d mUc cao, dau ra E & mUc thap FF &
trang thai 0. néu D = 1 thi dau ra ¢ & mUc thap, dau ra E & mUc cao FF &
trang thdi 1. vay n€u c6 xung Cp va D & mUc nao thi FF & mUc dé.

Q"' =D v&i dk C = 1
1.3.3. Phuong trinh:

Theo nhu nguyén ly thi FF D trén da thda man dinh nghia. Vi vay ta c¢6
phuong trinh ddc trung sau:

Qn+1 :D
1.3.4. Bang trang thai.

DI C| Qum
L| H L
H| H H
X| L Q.

1.4. FlipFlop T
FF — T 12 mach di€n c6 chlc ning duy tri va chuy€n dGi trang thdi tiy
thuQc vao tin hi€u dau vao. Trong di€u kién dinh thoi cla Ck.
1.4.1. Cau tric:

Ck —Ck

—~
[
(! IS
—J
I

1.4.2. Nguyén ly:
Khi T=0 FF gi(t nguyén trang thai



Khi T=1 FF lat trang thai (toggle)
Nhu vay mach T FF thay d6i trang thdi tudn tU theo moi 1an xung kich

thich.
Chi y: Khi dau vao T c6 thdi gian tdn tai & mUc logic cao trong mOt khodng
dai hon so vGi thoi gian chuyén trang théi (thdi gian tré) cla mach thi mach
s€ ti€p tuc 1at trang th4i tGi khi hét thoi gian ton tai ¢ mUc logic cao cla T,
qud trinh d6 1am cho viéc x4c dinh chinh xdc mach dang & trang théi nao 1a
khong thé€, do d6 chi c6 thé 1am viéc & ché d0 dong bd (vi thuc t€ thoi gian
tOn tai mUc logic cao cUa T ludn 16n hon rat nhi€u thdi gian tré clla mach)
1.4.3. Phuong trinh:
TU nguyén 1y 1am viéc clUa FF — T ta dua ra dugc phuOng trinh dac trung
cla T-FF:

Q"=JQn + kQu=TQn +7Q, =T Q, (2.8)
1.4.3. Bang trang thai:
T-FF 12 mOt trigd ¢6 2 dau ra va 1 dau vao T. T-FF c6 bang thai nhu sau:

Qn T Qn+1
0 0 0
0 1 |
| 0 |
| 1 0

2. Mach ghi dich
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng cdc mach ghi dich.
2.1.S0 d6 nguyén tac va van hanh

Q.




Pay 1a s0 d0 mOt mach ghi dich 4 bit don gidn, mach gdm 4 FF D n6i
thanh chu0i (ngd ra Q cla FF trudc ndi vio ngd vao D cla FF sau) va cdc ngd
vio Cx dudc nbi chung 1ai (cic FF chiu tic dOng dOng thdi). Mach ghi dich
nay c6 khd niing dich phdi. Ngd vao DA cUa FF dau tién dugc goi 1a ngd vao
d(r liéu nbi ti€p, cic ngd ra Qu, Qs, Qc, Qp 12 cdc ngd ra song song, ngd ra clia
FF cudi cuing (FF D) 14 ngd ra n0i ti€p . Trudc khi cho mach hoat dOng, tic
dung mOt xung x6a vao cdc ngd vao Cl (dUa céc chan C1 da dugc ndi chung
xu6ng thé'p r0i 1én cao) d€ cic ngdraQa=Qg=Qc=Qp=0.

Cho d{r liéu vao DA, sau mOi xung dong hod, di liéu tir tang truGe 1an
luot truyén qua tang sau. (Gid s& DA la chubi d{f 1iéu gbm 3 bit cao, 2 bit
thap rdi 1 cao va 1 thap), trang thdi cdc ngd ra cla cic FF cho & Bang

Vao . Ra
Cl Ck Dy | Qs Qs Qc  OQp
0 X X 0 ] 0 0
1L 1|1 o 0o o0
| | | | { 0
| ‘L | | | | 0
| ‘L ] 0 | | |
L4 o o o 1 1
Ll 1|10 o 1
| ‘L 0 0 | ] 0
d

Céc mach ghi dich dugc phan loai tiy vao sO bit (s0 FF), chi€u dich

(phdi/trai), cdc ngd vao/ra (ndi ti€p/song song).

PE& c¢6 mach djch trdi, d{t liéu nodi ti€p dua vao ngd vao D cla FF cudi
cling va cdc ngd ra cUa FF sau ndi ngugc trd 1ai ngd vao cla FF trudc.

ﬂ1| EIEJ

_

wl

Q Q
3 b R
e ndi tiép
(® @
D Qr— D ]
— C, —b Gy
¢ O i O

Cho dir 1iéu n6i ti€p vao ngd vao D cla FF 4, sau mOi xung dbng hod, dr
liéu truyén tU tang sau ra tang trudc. Gid st chuOi A liéu gibng nhU trén,
trang thai cdc ngd ra cUa cdc FF cho & bang sau



Vao Ra

Cl Cg Dy | Q o Qs Qy
0 X X 0 0 0 0
1 <+ 1 0 0 0 1

] 4 ] 0 0 1 ]

cloo o o] |

tl Lol 1]o
1 l 0 1 1 0 0
] l ] ] 0 0 ]

] l 0 0 0 1 0

2.2.Vai IC ghi dich tiéu biéu

Trén thi truOng hién c6 kh4 nhiéu loai IC ghi dich, c6 day du cic chlic
ning dich phai trdi, vio/ra n0i ti€p, song song. Sau day, ching ta khdo sit 2 IC
tiéu biéu:
- IC 74164: dich phai 8 bit;
- IC 7495: 4 bit , dich phai, trdi, vao/ra noi tiép/song song .

2.2.1. 1C 74164:
O Fin numbers @ @ @ @ @ @
@GND fRvee Qg Q Q2 Qs Q4 Cg U

L p@

£ 1o oo oo oFHp ofFHe oo oo oFp o
@ ok | bk | <bok bCk | rebCk | —bCk Ck | rebox

Fjﬁ Cl Cl rjm Cl Cl Fja Cl

[=] [=] [=] [x] [=]
GF' :Bz
MR

@
MR : Master Reset, diy ciing 1a chan Clear clla cd mach, tic ddng thap
CP: Clock pulse, nga vao xung dong hd tac ddng canh 1én.

2.2.2. I1C 7495:

b

Dy

Fy Py Fy Fs

R
b=
-
A
~l

5 Q- s QM S QH s Q
o)) —I s



Y nghia cdc chan: S: Mode control input Ds: Serial Data input
P, - P; : Parrallel data inputs
CP, : Serial Clock CP2 : Parrallel clock
Qo - Q; : Parrallel outputs
Duoi day 1a cdc budc thao tic d€ thuc hién céc chlic ning cla IC
* Nap dir liéu song song
- Chudn bj dit 1iéu & c4c ngd vao P, - P;
- Cho S =1, d{rli€u dugc dua vao céc nga vao cUa cic FF, CP1 bi khéa, CP2
1a ngd
vao CK, d(rliéu xudt hién & ngi ra Q0 - Q3 khi c¢6 canh xudng clla CK
* Dich phai

- Sau khi da nap d(tli€u song song - Chudn bj dit1iéu n0i tiép.
-ChoS=0
- bua d{r 1iéu n6i ti€p vao ngd vao Ds, CP, bi khéa, CP; 14 ngd vao Cy, khi Cx
tdc dOng, d(r li€u sé dich phadi tUng bit mOt trén cic ngd ra Q, - Q;

* Dich trai
- NOi ngd ra FF sau vao ngd vao song song cUa FF trudc
- P5 12 ngd vao ndi ti€p

- S =1 d€ céch ly ngd ra FF trudc vGi ngd vao FF sau
- CP, 12 ngd vao xung Cy, d{f li€u sé dich trdi Ung v&i canh xulng cla Ck.

Luu ¥: Mac di c6 2 ngé vao cho xung Cx nhUng khi st dung chiing
thuOng dugc nli chung @i, Iy do la vi Ung vOi mOt trang thdi cUa tin hiéu
di€u khién S chi cé mOt trong hai cOng AND md dé€ cho tin hiéu CK di qua.
2.3.Ung dung cla ghi dich

Ghi dich c6 khd nhi€u Ung dung:
- MOt sO nhi phan khi dich trdi 1 bit, gid tri dUQc nhan 1én gdp ddi va dugc
chia hai khi dich phdi mOt bit.
Thi du s6 1010.00 = 10y, khi dich trdi thanh 10100.0 = 20,, va khi dich phai
thanh 101.000 = 5.
- Trong may tinh thanh ghi (tén thuGng g0i cUa mach ghi dich) 12 noi 1uu tam
d(r 1iéu d€ thuc hién céc phép tinh, cdc 1€nh c0 ban nhu quay, dich ....

- Ngoai ra, mach ghi dich con nhiing Ung dung khic nhu: tao mach dém
vong, bién d6i d{t liéu noi ti€p < song song, dung thi€t k€ ciac mach den
trang tri, quang bdo. . . ..

3. Mach dém
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng cic mach dém.
3.1.Mach dém dong bd
Trong mach dém dOng bd cic FF chiu tic dOng dOng thdi cla xung d€m
Ck.
3.1.1 Mach dém dong bd n tang, d€m lén



DE thi€t k€ mach dém dbng bd n tang (18y thi du n=4), trudc tién 1ap
bang trang théi, quan sit bang trang théi suy ra cich mac c4c nga vao JK cla
céc FF sao cho mach giao hodn tao cdc ngi ra ding nhu bang da lap. Gid st
ta dung FF tdc dOng bGi canh xubng cla xung Cx (That ra, k€t qua thiét ké
khong phu thubc vio chiéu tic dOng cla xung CK, tuy nhién di€u nay phdi
dudc thé hién trén mach nén ta ciing can luu y). V3Gi 4 FF mach dém dugc
2'=16 trang thai va sO d&m dugc tUr 0 dén 15. Ta c6 bang trang thai:

Cy Qc Qg Qa S6 dém
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Nhan thdy:
- FF A d6i trang théi sau tUng xung CK, vady: Ta=J,=K,=1
- FF B d0i trang thdi n€u trudc d6 Qo =1, vay Ty =Js = K = Qa
- FF C d06i trang thdi n€u trudc d6 Q, = Qs = 1, vay: Te =Je = Ke = QA.Qs
- FF D dGi trang thai néu trudc d6 Q,=Qz=Qc=1, vay:
] Tp=Jp=Kp= QA-QB-QC = TC-QC
Ta dugc két qua



u,l._ ﬂ5| '_\_\ uC.-| un
+ A B J—L/ C J—D D
J Q J Q — Q —J Q
Cy o Cy o Cy <t Cy
K¢ Qr —K g O —K ¢ O |7—K ol O
J_Ll_l_ [=] =] [=] T
cl
3.1.2 Mach dém dong bd n tang, d€m xudng
Bang trang thai:

C Qo Qc Qg Qa S6 dém
Xoa 0 i3 (ks 0 0
lv 1 1 1 I 15
24 | | 1+ 0 14
;v 1 I 0 I 13
I I 0 0 12
4v I 0 1 1 1
3w 1 0 i 0 10
B I 0 0 I 9
T4 1+ [} [} 0 8
2l 0 I I I 7
94 0 1 1+ 0 6
0 I 0 I 5
10+ 0 1+ (O 0 4
v 0 0 1 1 3
12+ 0 0 1+ 0 2
134 0 0 0 I I
144 0 0 0 0 0
154
164

Nhan thdy:

- FF A d6i trang théi sau tUng xung CK, vay: Ta=J,=K,=1

- FF B d0i trang thdi n€u trudc d6 Q, =0, vay: Te=Jz=Kz= Q,

- FF C d06i trang thdi n€u trudc d6 Q,=Qs=0, vay: Tc=Jc=Kc= 0, .0,

- FF D d6i trang thi n€u trudc d6 Qs = Qs = Qc= 0, vay:
To=Jp=Kp=0, .0,. 0-=Tc. O,

Ta dugc két qua



Q, ﬂsl 05| Qg
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3.1.3 Mach dém dong bd n tang, d€m lén/ xudng

D€ c6 mach d€m n tang, d€m Ién hodc xubng ta duing mOt da hgp 2—1 c6
ngd vao di€u khi€n C d€ chon Q hodc Q dua vao tang sau qua cic cOng
AND. Trong mach dudi day khi C=1 mach dém Ién va khi C=0 mach dém
xubng.

Q, Qg Q. Qp
I_"‘x\\I
+ A B C D
J Q J Q J Q J Q
nn Ck b C - Cye b Cy
K ¢ QH K ¢ QH K ¢ Qf K @ O
t t f I

3.1.4 Tan sO hoat dOng 16n nhat clia mach dé€m dong bd n tang:
Trong truGng hgp t6ng quét cho n tang, s6 cOng AND la (n-2) nhu vay
thQi gian t0i thi€u d€ tin hi€u truyén qua mach la:
Tinin = Tper + Tp ann(n-2)
Tén sO cuc dai xac dinh bai:
1 1

T terr +(N = 2)Toanp

man

PE gia ting tan sO lam vi€c cla mach, thay vi dung cic cOng AND 2 ngi

vao ta phdi dung cOng AND nhi€u ngi vao va mac theo kiéu:

Ta=Ja=K,y=1

Te=Jpg=Kpg=Qa

Te=Jc=Kc=Qa.Qs

To=Jp=Kp= QA-QB-QC
NhU vay tan s6 1am viéc khong phu thudc vio n va bang:

1
f =

max
Tere + Toano

3.1.5 Mach dém déng bé Module - N (N = 2"
DE thi€t k€ mach dém modulo - N, trudc nhdt ta phdi chon s tang.



SO tang n phdi thda di€u kién: 2"'< N <2"
Thi du thi€t k€ mach dém 10 (N = 10). 2*'< 10 <2*.
Vay s0 tang 12 4.
C6 nhi€u phuong phdp thi€t k€ mach dém d6ng b modulo-N.
Sau day ta khdo sit hai phuong phép : dung ham Chuyén va MARCUS
* Phuong phap ding haim Chuyén (Transfer function)
Ham Chuyé€n 13 ham cho thdy c6 su thay d6i trang thai cUa FF. M6i loai
FF ¢6 mOt ham Chuyéhn riéng cla no.
Ham Chuy€n dugc dinh nghia nhu sau: ham cé tri 1 khi c¢6 su thay d6i
trang thai cla FF (Q, # Q) va tri 0 khi trang thai FF khong d6i (Q, = Q).
Chiing ta chi thi€t k€ mach dém dung FF JK do dé ta chi xdc dinh ham
Chuyé€n cUa loai FF nay.
Bang trang thai cUa FF JK

Ck

P

£

[ | <

— | = = oo oo|—
el ==l E=E=1 I3
=1 =1 =1 I == F ]
o=l —locec|l—-alo
— | o = - o oo|lT

o
Diing Bang Karnaugh ta suy ra dugc bi€u thc claH: H=J.0 +K.Q
D€ thi€t k& mach dém cu th€ ta sé x4c dinh ham H cho tUng FF trong

mach, so sianh v3i bi€u thic clia ham H suy ra J, K cla cic FF. Dudi day la

mOt thi du.

Thié€t k&€ mach dém 10 dong bd ding FF JK

Bdng trang thdi clla mach dém 10 va gid tri cUa cdc ham H tuong Ung:

Ck |Qp Qc Qs Qa|Qp Qc Qs Qa|Hp He Hs Ha

| v

2~

3]
4l

D
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-
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OO0 oo o
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ta thay:
H, =1=Q, +Q, =4 =K, =1
D€ xic dinh HB, HC va HD ta phdi v& bang Karnaugh

%% g, O 050, 050,
OpQcn, 00 o1|11 10 “QN 00 o1 11, 10 OpQc_ 00 01 1 1w

00 m m Q.. 00 W _ 00
I:Il:'

01 U L1_J D1 m 01 @

OG

1] = | « | x | x 1] « X EJ b 1] « |x K| x
|:IIJ

10 x| Qe 10 | x 10 1 | «]] «

He = Q_DQAQ_EI _Q_DQAQEI He = QEQAQ_G +Q:Q.Q, H; = OGQEQAQ_D +Q,Q,
=J =K, =Q,Q, = J. =K. =Q,Q, =J, =Q.Q,Q,.K, =Q,
Ghi chii: Trong k€t qua cUa ham H ta mubn c6 ch(taQ vad Q tudng Ung
d€ suy ra ngay cdc tri J va K nén ta da chia bang Karnaugh ra 1am 2 phan ch(ra
Q va @ vanhém riéng tUng phan nay.
TU cic két qud nay, ta v& dugc mach
ﬂ"l Qg Q. Qg

[+
+ A B C D
J o J Q- —J a— J Q
Cr b Cx % Cy b Cy
= af & O L K & @

il

Bay gi0 ta c6 thé ki€m tra xem n€u nhu vi mOt 1y do nao d6, sO dém roi
vao céc trang thdi khong st dung (tuong Ung v&i sO tUr 10 dén 15) thi khi c6
xung dOng ho trang théi ti€p theo s& nhu thé nio ? Mach c6 quay v€ d€ dém
tiép ?

Ap dung cdc ham chuyé&n c¢6 dugc, Ung vGi mOi trang théi Q cla ting FF
trong céc t0 hop khong st dung, ta tim tri H tuong Ung rOi suy ra Q+, ta dugc
bang két qua sau:

Ck |Qn | Qc | Qe | Qa|Ho|Hc | He | Ha | Qo | Qc | Qs | Qa
T
0

1
0

1
0

0
0
1
1
1
1

1
1
0
0
1
1

—_— i | 2 | ——
=] B =]l ]
= =D = =

0
1
0
1
0
0

_—0] o O - O
ScDo|lo o o o




TU bang két qua ta c6 két ludn:
- Khi ngd ra r0i vao trang thai 10,, (1010), n6 s€ nhdy ti€p vao trang thdi 11,
(1011) r0i sau d6 nhdy ve€ 64, (0110) (Dong 1 va 2)
- Khi ngd ra r0i vio trang thdi 12,, (1100), né s& nhdy ti€p vao trang thai 13,
(11 01) r6i sau d6 nhdy v€ 4, (0100) (Dong 3 va 4)
- Khi ngd ra r0i vio trang thdi 14,, (1110), n6 s€ nhdy ti€p vao trang thai 15,
(1111) rGi sau d6 nhdy vé 2,, (0010) (Dong 5 va 6).

Tém 1ai, n€u c6 mOt su cO xAy ra lam cho s d€m roi vao cic trang thai
khong s dung thi sau 1 hodc 2 s6 dém né tu dOng quay vé& mOt trong cic sO
dém tUr 0 dén 9 roi ti€p tuc d€m binh thudng.

* Phuong phdap MARCUS

Phuong phap MARCUS cho phép xdc dinh cédc biu thirc cla J va K dua
vao sU thay d6i cla Q. so v&i Q
Ta c6 th€ viét 1ai Bang trang théi

Q Q- J K
0 0 0 X
0 | | X
| 0 X |
| | X 0

PE thi€t k€ mach, ta so sanh Q, va Q d€ c6 dudc bang su that cho J, K
cUa tung FF, sau d6 xac dinh J va K.

Thi du thiét k& lai mach d&m 10 bing phudng phap MARCUS
Bang su that cho J, K cUa tUng FF

Cg | Qp | Qc | Qs | Qu | Jo | Kp | Jc | Ke ] Jo | Ke | Jo | Ka
o lolo]lof]o]| x| 0] x x [ 1| x
24 0 0 0 1 0 X 0 X X X 1
30 0 oo x| o0 x]|x 01 x
44 0 0 1 1 0 X 1 X X 1 X 1
5 0 | 0 0 0 X X 0 0 X | X
64 0 1 0 1 0 X X 0 1 X X 1
v | 0 I I oo x| x 0] x 0 I X
R4 0 ] | 1 ] X X ] X | X 1
0.l | 0 0 0 X 0 0 X 0 X | X
104 | 0 0 1 X 1 0 X 0 X X 1

Ghi chi: Trong bang 5.20, khong c6 cdc cOt cho Q+, tuy nhién ta c6 thé
thdy ngay 13 dong bén dudi chinh 1a Q, clla dong bén trén, nhu vay két qud cé
dugc tur sy so sdnh dong trén va dong ngay dudi no.

Ta thdy ngay JA=KA=1
Duing bang Karnaugh d€ x4c dinh cac ham con 1ai
Nhan thdy céc FF B va C c¢6 thé xdc dinh chung cho J va K (cung vi trf 1
va x), FF D dugc xdc dinh J va K riéng



Qg0,
on%\ 0 01 11 10 Dl;;\ 00 01 11 10 QDQ\ 00 01 11 10 Dno\\ 00 01 11

an P 3

01 b_d 01 1 01 m 01] = [|x | x

11 x| x| x| x 11 x| % |[x]| x 11 x| % L)_t/l X 11 % ||x | x
10 X | ox 10 \i-' X 10 x| x X X 10 '\1__“
J=K;=Q;Q, Je=Kc=0Qg.Qx Jp=Qc.Q8.Qa Kp=Qax

Ta duoc lai két qud trén.
Trén thi trudng c6 kha nhi€u IC dém:
- 4 bit BCD: 74160, 74162, 74190, 74192, 4192, 4510, 4518. .
- 4 bit nhi phan: 74161, 74163, 74191, 74193, 4193, 4516, 4520
- 8 bit nhi phan: 74269, 74579, 74779. . ..
3.2. Mach dém khéong déng bo
L3 cdc mach dém ma cic FF khong chiu tic dOng dOng thoi cla xung Ck.
Khi thi€t k€ mach dém khong dOng bd ta phdi quan tim t&i chiéu tic
dOng cUa xung dong h6 Ck.

3.2.1. Mach dé€m khéng dong bd, n tang, dém l1én (n=4)
TU bang trang thdi cUa mach d&€m 4 bit



Ck Qo Qc Qs Qa S6 dém
Xoa 0 0 0 0 0
v 0 0 0+ l 1
2L 0 0 I 0 2
;v 0 (I 1+ 1 3
0 I 0 0 4
4> 0 | (O 1 5
5w 0 I I 0 6
B (= 1+ 1+ 1 7
74 1 0 0 0 8
R 1 0 0+ 1 ¥
ol 1 0 I 0 10
I 0n 1+ 1 11
10v I 1 0 0 12
v 1 1 0+ 1 13
124 I I I 0 14
13w 14 1 1- 1 15
144 0 0 0 0 0
15%
16

Ta thdy néu dung FF JK tic dOng bGi canh xubng clia xung dong ho thi
c6 thé 18y ngd ra cla tang trude 1am xung dong h Ck cho tang sau, vGi di€u
ki€n cic ngd vao JK cla cic FF déu dugc dua 1én mUc cao. Ta dugc mach
dém khong dOng b0, 4 bit, d&m 1én.

Q, Q. Q. a,
+ A + B + C + D
J Q- J aH J O J 0
Ce Cy b Cye b Cy
K¢ OF K¢ Q- K ¢ OF K¢ O
g [ [ i ]

Dang tin hi€u xung CK va cdc ngi ra cUa céc FF



o1 2 3 4 B 6 7 8 9 10 1 12 13 14 15 16
ARaRdRaRaRaRARARARARARARARAR2RA R
Qa g 1"0.-1':-0 1vY0|1%0 1:-011--0 170 1][ju
Qg0 o1 1 T0 o1 1Y0 O ]1 1710 0] 1 1{3
Qc 0 0 0 0 1 1 1 1170 0 0 0 1 1 1 1'_3
O 0 0 0 o0 0 0 0 o 1 1 1 1 1 1 170

TG hop céc sO tao bGi cdc ngd ra cac FF D, C, B, A 12 sO nhi phan tlr 0 dén
15
3.2.2. Mach dé€m khong dong b, n tang, d€m xudng (n=4)
D€ c6 mach dém xuldng ta ndi Q (thay vi Q) cUa tang trudc vio ngd
vao Ck cUa tang sau. Mach dém xulng 4 tang.

Q, Qg Q. Qp
+ A + B + C + D
—J Qr- J Qr J Qr— J Q
¢ C« b Cx Cy b Gy
K g O Kg QF K g O K ¢ O

& | [ I |

Dang séng & ngd ra cic FF va s6 dém tuong Ung cho & hinh sau.

o1 2 3 4 B & T 8 9 10 11 12 13 14 15 16
ARIRARaRIRIRARARARIR2RIRARARARA RS
QA g - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 F 1 0 - 1 0 - 1 I—D
Qgo0t1 1 ]0 oT1 1|0 0T+ 1|0 0oFT1 1]0 o
@ 0T1 1 1 10 0 0 0T1 1 1 1 [0 0 0 0
%0 4 1 4 1 4 1 1 1|0 0 0 0 0 g 00

Quan st tin hiéu ra & cac Flipflop ta thdy sau moi FF tan s6 cUa tin hiéu
ra gidm di mOt nlra, nghia la:

fCK

2

fo, =



_ fﬂﬁ _ fr:rc _ fr:rc

f. =—~ =
T 9 T 227 4

f _fﬂ,x _fcx_fcx
T 4 22 8
_fﬂa _fcrc=ft:r<

o 8 2 18 , \

Nhu vay xét vé khia canh tan s, ta con goi mach dém la mach chia tan.
3.2.3. Mach dé€m khéng dong bd, n tang, dém l1én, xudng (n=4)

D€ c6 mach dém 1én hodc dé€m xudng ngUQi ta dung cic mach da hgp
2—1 vGi ngd vao di€u khién C chung d€ chon Q hodc Q cUa tang trudc nbi
vao CK tang sau tlly theo yéu cau vé cach dém.

Khi C =1, Q ndi vao Ck , mach d€ém 1én va khi C = 0, Q ndi vao Cg ,
mach dém xulng.

ooy =
= =)
I
- [
o~
= =
]
i1
HP -
o 22
= o
=~ . =
o
1 O
ol o
|

¢ =0 : dém xudng c=1:dém lén
Trén thuc t€ , d€ don gidn, ta c6 thé thay da hgp 2—1 bdi mOt cOng EX-
OR, ngd di€u khi€n C nbi vao mOt ngd vao cOng EX-OR, ngd vao con 1ai noi
vGi ngd ra Q cla FF va ngd ra cla cOng EX-OR ndi vao ngd vio CK cla FF
sau, mach ciing d€m 1&n/xudng tity vao C=0 hay C=1.

Q, Qg a. Q,
+ A -+ B + C - D
J Q J Q J Q J Q
UL Ce Cy Cy Cy
K¢ Q- K¢ Q- K¢ Q- K ¢ O
g I I i ¥
C
c=1:dém xudng c=0:dém lén

3.2.4. Mach dé€m khong déng bd modulo - N (N=10)
* Kiéu Reset:

DE thi€t k&€ mach dém ki€u Reset, trudc nhat ngUdi ta 1ap bang trang
thai cho s6 dém



e

S6 xung Ck vao S Nhi Phan Ra So thap phan
Qo Qc Qs Qs fuong trng
Xoa 0 0 0 0 0
I 0 0 0 I I
2 0 0 I 0 2
3 0 0 I I 3
4 0 I 0 0 4
5 0 I 0 I 5
6 0 I I 0 6
7 0 I I I 7
8 I 0 0 0 8
9 I 0 0 I 9
10 0(1) 0 0(1) 0 10

Quan sit bang trang thdi ta thdy & xung th( 10, n€u theo cich dém 4 tang
thi Qp va Qg phdi 1én 1. Lgi dung hai trang thai nay ta dung mot 06ng NAND
2 ngd vao d€ dua tin hi€u vé x6a cac FF, ta dugc mach dém.

+ A e B -+ C + D J
J (o J ] J Q1 J Q
CK CK_ Cl( FCK
Kea QF K¢ QF K ¢ OF K¢ QF

Mach d€m ki€u Reset c6 khuyét di€m nhu:
- C6 mOt trang thai trung gian trudc khi dat s6 dé€m cui cling.
- Ngé vao Cl khong dugdc dung cho chlc ning x6a ban dau.
* Kiéu Preset:
Trong ki€u Preset cdc ngd vao cUa cic FF s& dugc dat truGe thé nao dé€
khi mach d€m dén trang thdi th(r N thi tat cd cic FF tu dOng quay v€ khong.
PE thi€t k€ mach d€m khong dOng b0 ki€u Preset, thuOng ngUdi ta lam
nhU sau:
- Phan tich s6 d&m N = 2" N’ (N’<N) r0i két hgp hai mach dém n bit va N’.
Viéc thi€tké rat don gidn khi s6 N' << N
- Quan sit bang trang thdi va k&t hop v&i phuong phap thi€t k& mach dém
dong bo
(MARCUS hay ham chuy€n) d€ x4c dinh JK cUa c4c FF.

Thi du, d€ thi€t k€ mach dém 10, ta phan tich 10=2x5 va ta chi can thi€t
k€ mach dém 5 roi két hgp véi mot FF (d€m 2)
Bang trang thi clla mach dém 5.



Soxung Cx | S6Nhi Phin  Ra S6 thap phan
Vao Qp Qc Qg fwong ung
Xoa 0 0 0 0

| 0 0 | |
2 0 | 0 2
3 0 | | 3
4 | 0 0 4
5 0 0 0 0

Gia sUr dung FF JK ¢6 xung CK tic dOng canh xulng.
TU bang trang théi, ta thdy c6 th€ dung tin hi€u ngd ra FF B 1am xung
dong ho cho FF C va dua J¢ va K¢ 1én mUc cao:
Ckc=Qs. ; Je=Kc=1
Céc FF B va D sé dung xung Ck cUa hé thOng va cic ngd vao JK dugc
x4c dinh nhO ham chuyén:

Ck | Qo | Qc | Qs [ Hp | Hs
I~ 0 0 0 0 |
2 0 0 | 0 |
3v 0 | 0 0 |
4 0 | | l |
S5v | 0 0 | 0
0 0 0
Diing bang Karnaugh x4c dinh Hy, va Hg rOi suy ra cdc tri J, K cUa cic FF.
QEQB QEQE
ph_ 00 01 11 10 Op, 00 01 11 10

0 @ oD ]
11 | x| x | ) 1 @le

> =Q..Q.Q, +Q, =Q,Q, +Q,

= Jp Q..Q; ; Kp=I ) ::.-JE=QD=KB=I
C6 thé xdc dinh J, K cla céc FF B va D bang phuong phdap MARCUS:

Ck | Qo | Qc @ Qs Ip Kp Is Kg

| 0 0 0 0 X | X

24 0 0 | X X

3v 0 | 0 0 X | X

44 0 | | | X X |

sbo| 0 ‘ 0 X | 0 X
0 0 ]

Ta c6 ngay Kp=Kz=1
Dung bang Karnaugh xéac dinh Jp, va Jg



QGQB UCQB
Qo 00 01 11 10 Qg 00 01 11 10
0 m 0 (1 ¥ | x |1 )
1] x| x @ % 1 ¥ | x| x

Mach dém 10 thiét ké theo ki€u dém 2x5 v&i mach dém 5 c¢6 dugc tir
két qud trén.

+ J +
J 2 —.J L] J [ J Q—
A b Gk —abCk b Ch el oM
- + - - + -
K & O —* G OfF K G O —* G ©
& 1 i i [
B

IC 7490 12 IC dém 10, c6 cau tao la thém cic nga vao Reset 0 va Reset 9 c6
s0 d6 mach

i [ SR L L N R iy
1
S T I
J Frao LJ ol J o L}J F'r-:;—l
A b Ck —ab Ck b Che ——c Gk
K 3l | [H% @ af K@d- | *&b
Fl1)
Rgl@ D ]
B
Bang su that cho c4c ngd vao Reset
Reset Input Outputs
S
Ro(1) | Ro(2) | Ro(l) | Re(2) Qo Qc Qs Qa
1 1 0 X 0 0 0 0
] ] X 0 0 0 0 0
0 X 1 1 1 0 0 ]
S T N A O A B N
X 0 X 0 Pém Pém Pém Pém
0 X 0 X nt nt nt nt
0 X X 0 nt nt nt nt
X 0 0 X nt nt nt nt

Diing IC 7490, ¢6 thé thuc hién mOt trong hai cdch mac:



* Mach d&m 2x5: NOi Q, vao ngd vao B, xung d€m (Ck) vao ngd vao A
* Mach dé&m 5x2: NOi Qp vao ngd vao A, xung dém (Ck) vao ngd vao B

Hai ciach mac cho két qua s6 d€m khéc nhau nhung cing mOt chu ky dém
10. Tan s0 tin hi€u & ngd ra sau cling bang 1/10 tan s6 xung CK (nhung dang
tin hi€u ra khic nhau). DUGi day 1a hai bang trang thdi cho hai triGng hgp néi
trén.

Qo Qc Qs Qa Qo Qc Qs Qa
0 0 0 0 0 0 0 0
0 0 0 l 0 0 l 0
0 0 | 0 0 l 0 0
0 0 l l 0 l l 0
0 1 0 0 l 0 0 0
0 1 0 l 0 0 0 l
0 1 | 0 0 0 | |
0 1 l l 0 l 0 l
l 0 0 0 0 l l l
l 0 0 l l 0 0 l

Déll"j 2x5 Déll’] Ay 2

Dang séng G cic ngd ra cla hai mach cing d€m 10 nhung hai ki€u d€m
khac nhau:
- Ki€u dém 2x5 cho tin hiéu ra & QD khong d0i xUng
- Ki€u dém 5x2 cho tin hi€ura 8 Q dobi xUmng

o1 2 3 4 5 &6 7 & 9 10 1 12 13 14 15 16 17 18 19 20 21
ARIRaRaRIRARRARARARRARARARARARARARR2RARY
Qp (Dém 2x5)
Qp (Dém Bx2)

I11.3. Mach dém vong
Thuc chat 1a mach ghi dich trong d6 ta cho hoi ti€p tU mOt ngd ra nio dé
v€ ngd vao d€ thuc hién mot chu ky dém. Tuy dudng hoi ti€p ma ta cé cic
chu ky dém khic nhau. Sau day ta khdo sat vai loai mach dém vong phd
bién.
3.3.1. HOi ti€p tr Q, vé J, va 0, vé K,



Q.
L A B C D J
J 0 J Q J Q J Q

CK _":'EP: —C"'EP: —-:nCK
—Kg @ Kg @ Kg @ Kg
1] [x] [»]
T —‘
cl

c

P6i v&i mach nay, su d€m vong chi thdy dugc khi ¢ dat trudc ngd ra
- Pat trude Q, =1, ta dugc két qua nhu bang trang thai

Ck Qp | Qc | Qe | Qa | SOTP
Preset 0 0 0 1 1
|+ 0 0 1 0 2
2w 0 1 0 0 4
) 1 0 0 0 8
4 0 0 0 1 1
- Néu dat trudc Q, = Qg = 1 ta c6 bang trang thai
Cg Qp | Oc | Qr | Qa | S&TP
Preset 0 0 1 1 3
Iv 0 1 1 0 6
2w 1 1 0 0 12
) 1 0 0 1 9
Ao 0 0 1 1 3
3.3.2. HOi ti€ép tr 0, vé JA va QD vé KA
Q. Qg Q. Q,
L A B C D
J Q J W] J Q J ar+
Cy —ap Gy —p Gy —ab Gy
—K g @ Kg @ Kg@ K g O
[ e
|

Mach niy con ¢é tén 1a mach dém Johnson. Mach ¢6 mdt chu ky dém
mdc nhién ma khong can dat trudc va n€u c6 dat trudc, mach sé cho céc chu
kY khéc nhau tity vao t6 hgp dat trudc d6. Bang trang théi sau 1a chu ky dém
mac nhién.



Ck Qp | Qc [ Qs | Qa | SOTP
Preset 0 0 0 0 0
I+ 0 0 0 1 1
2v 0 0 1 1 3
34 0 1 1 1 7
4o 1 1 1 1 15
3 1 1 1 0 14
G 1 1 0 0 12
74 1 0 0 0 8
3 0 0 0 0 0
3.3.3. Hoi ti€p tir 0, vé J, va Q. vé K,
SO d6 mach:
Q. Qg Q. un|
L A B C D J
J Q J Q J Q—=—.J Q
Ck —< Gy — Ck — Gy
—K g @ Kg Q K g @ Kg @
[

Bang trang thai

Cx Qo | Qc | Qs Q. | s&TP
Preset 0 0 0 0 )]
14 0 0 0 1 ]
2% 0 0 1 1 3
o 0 1 1 | 7
4 1 1 1 0 14
3o | 1 0 0 12
64 1 0 0 0 8
70 0 0 0 0 0

BAI TAP



1. Thi€t k€ b0 d€m dbng b c6 diay d€m sau: 000, 010, 101, 110 va 1ap 1ai.

2. Lam lai bai 1. Thém di€u ki€n cic trang thdi khong st dung 001, 011, 100
va 111 phdi luon ludn nhdy vé€ 000 & xung dong ho k€ ti€p.

3. Thi€t k& b0 dém dOng bO dung FF-JK v&i ddy dém sau: 000, 001, 011, 010,
110,111, 101, 100, 000 . ..

4,

a. Thi€t k€ mOt mach dém dong bd dung FF-JK tdc dOng canh xudng, c6 diy
dém nhu sau: 000, 001, 011, 111, 110, 100, 001. . . Nhing trang thai khong sUr
dung dugc dua vé trang thai 000 & xung dOng hd k€ ti€p. V& so dd mach.
b. Mac n6i ti€p mbt bd dém 2 (Dung FF-JK, tic ddng canh xudng) vGi b
dém da

duogc thiét k€ G cau a. V& dang séng & cic ngd ra cla b0 dém gid sU trang
thi ban dau cUa cic ngd ra déu bang 0. X4c dinh diy dém cla mach.

Thuc hanh:

Bai 1: Lap rap, khao sit Flip Flop RS co' ban

Lua chon IC, két n6i mach nhu hinh vé, theo so do chan va thuc hién
ki€m tra hoat déng mach, di€én két qua Y vao bang



1C1A

K hidu: SW1 2 1 Q
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Bai 2: Lap rap, khao sat Flip Flop RS st dung tan sé xung nhip
Lua chon IC, két n6i mach nhu hinh vé, theo so dd chan va thuc hién
ki€m tra hoat ddng mach, dién két qua Y vao bang

Ky hiéu SO do logic
i . IC1C S 1 s
0 CLOCK ) T4ALSOON ‘ Y 3
R
RS C1B
kLB ~  FLIP FLOP w2 12 ! : E
R T4ALSOON
s o’
So df) chan Bdang trang thdi
— , CLKSW2(R)SWI(S 00011111
M [F B FE EE G (R)SWI1(S)QQ

§_|
LT (o] Lo L] [T Led 2]
741500 GND

.........................................................................................

................................................................................................




................................................................................................

Bai 3: Lap rap, khao sat Flip Flop JK

Lua chon IC, két ndi mach nhu hinh vé, theo so d® chan va thuc hién
khdo siat hoat ddng mach trén IC 74LS112N, két quad Y vao bang trang
thai

K,hiéu ~ .
y e SO do logic
FRE SW1, s
"]’ swo, e s,
CLOCK_I i
S | ¢ 2 swi, 2| ol
o—ahC SW4 S Ik
CLK - TALS112N
o— ® ) 55 %%
l PAVITIPa i
CIR g 5
n n

Bang trang théi
PR\CLR\CLKJKQQ\01XXX10XXX00XX
X110011101101111111XX




Két lua

n:

.........................................................................................

................................................................................................

Bai 4: Lap rap va khado sat mach dém lén khong dong bd dung FF JK st
dung IC 74LS112N
a. SO dd mach dién

7% aF.e Era%d aF.e
SW1 ] ] ]
SW2 . .
L | b | e | | b,
;Lrol-l} CLK " SWI w2l SW3 | LHD4 | LED3| HED2 || LEDI
5 = 0 o] s g e
T 1 | 1 o o
I . 1. i
b. Ket poimachvakhaoyat I
- CUaghon IG 7ALSTIZN| |
- LapdC Ién ho tHuc hanh|a viitri Ho IC 16 chan
- K&t 66i mac¢h theo sio d@ malch dién va s@ dO chanp IC 74L$112N
- Cap’hguon duan satkin hi€u kung CLK vil tin hiéultrén cdc [LED.
c. Ghi ket_célamlbang_tﬁang_tha}
1 1° 1
10 1 1 1
11 1 1 1
12 1 1 1
13 1 1 1
14 1 1 1
15 1 1 1
16 0 0 0




Bai 5: Lap rap va khao sat mach dém xudng khong déng bd dung FF D
st dung IC 74L.S74
a. S0 d6 mach dién

ot By Ehaty am*
g agH az¥ g
SW1 .
IC1A Lclma IC2A Lcloza
4] PRE o |2 1“ PRE o |-& 4] PRE o |2 1“ PRE o |2
i |CLK || swil [. w2 ||LED4.] [LED3|[ LEDZ. | LED]
CLOCK =S IRl 0 = N y 0] CLR O T TR O
TALSTAN FALETAN TALSTAN [FALSTAN
1 1 1
sw2 2 1 1
~ ~ e N 2 e
b. Két n0i mach v khBo sat !
- Lua ghodIcl7410s74 |
_Lé RTINS SO N =T DUV AL 7. (IR
ppc 1!:611 94 ult_J\.« na ullu VIt O 1¢C—1=Ciat
- Ket mormragir thgo spdq mach dienva so dochan TIC74ES74

- Cé'p ngu@n quanjsat fin hjéu xung CLIK va tin hieu tren|cac LED.
c. Ghi két qua vao bang trang thaj

10 1 1
11 1 1
12 1 1
13 1 1
14 1 1
15 1 1
16 0 0

GNDA



. BA14 ,
CHUYEN POI TUONG TU SO
MA BAIL: MP19-05

Muc tiéu:
- Hi€u dugc nguyén tac hoat ddng cic mach chuyén doi tuong tu_ sO
- Lap rap dugc cic mach chuyén ddi tuong t&_ sO va mach Ung dung
- Tinh tu duy, chinh x4c trong cong viéc.
NOi dung chinh :
1. Mach chuyén déi tuong tu - s6
Muc tiéu:
- Trinh bay duQc nguyén tac hoat dOng cic mach chuyén ddi tuong tu_ sO.
1.1. Mach 1&y mau va gilt (sample anh hold)

PE bi€n d6i mot tin hi€u tuong tU sang tin hi€u sO, ngudi ta khong thé
bi€én d6i mOi gid tri cUa tin hi€u tuong tU ma chi c6 thé bi€n d6i mOt sO gia
tri cu thé€ bang cich 18y mau tin hi€u d6 theo mOt chu ky xac dinh nhd mot
tin hi€u c6 dang xung. Ngoai ra, mach bi€n d6i can mOt khodng th0i gian
cu thé (khodng 1ps - 1ms) do d6 can gilt mUc tin hi€u bi€n dbi trong khodng
thOi gian nay d€ mach c6 th€ thuc hién viéc bi€n dbi chinh xdc. D6 12 nhiém
vU clla mach 18y mau va gil.

Hinh vé sau 13 dang mach 18y mau va git co ban:



"% b s s b
4@%6 -
L |
[a) [b)

Dién thé tuong tu c@n bi€n d6i dugc 1dy mau trong thoi gian rat ngdn
do tu nap di€n nhanh qua tOng trd ra thdp clla OP-AMP khi cdc transistor dan
va gi(r gid tri nay trong khodng thOi gian transistor ngUng (tU phéng rat cham
qua tOng trd vao rat 16n clla OP-AMP)

1.2. Nguyén tac mach bién déi ADC
Mach bién d6i ADC gdm b0 phén trung tdim 12 mOt mach so sanh .

Dien the I

tuong tu 7, Tao ma SM:
) Vr

Dien the o0— ra

tham chieu

Pién thé tuong tU chua bi€t va dp vio mOt ngi vio clla mach so sanh, con
ngd vao kia n0i d€n mOt dién thé tham chi€u thay d6i theo thoi gian Vr(t).
Khi chuyén d6i dién thé tham chi€u ting theo thOi gian cho dén khi bang
hodc gan bang véi dién thé tuong tu (voi mOt sai s6 nguyén luong héa). Lic
d6 mach tao ma sO ra c6 gid tri Ung vGi di€n thé vao chua biét. Vay nhi€ém
vU cla mach tao ma sO 12 th(r mOt bd sO nhi phan sao cho hiéu sO gilta va va
tri nguyén 1ugng héa sau cing nhd hon 1/2 LSB

va-(Ves /2"-1)(B), | <1/2LSB

1.3. Mach doi ding dién thé tham chiéu nac thang

s
" rtJ-L Sta rtﬂ

& —

=]

DAC n -bit

2LSB} | [Vpac!
Ma : EOC 1LSB
s0 mm% lech T

|
: | :
T ASBT | | ]—
0

ra 112 LSB

=1

Mach dem n-bit —C Cr (fc] '”'c 3 N i

Reset [ 1
EOC

(a) (b)



MOt cdch don gidn d€ tao dién thé tham chi€u c6 dang ndc thang 13 diing
mOt mach DAC ma sO nhi phan vio dugc 1ay t& mach dém 1én . Khi c6 xung
bat dau FlipFlop va mach dém dugc dat vé O nén ngdra Q cla FF 1én 1, mG
cOng AND cho xung Cx vao mach dém. Ngo ra mach dém ting dan theo
dang ndc thang (Vpac), diy chinh1a di€n thé tham chi€u, khi Vr con nhd hon
va, ngd ra mach so sanh con & mUc thdp va Q van ti€p tuc & mUc cao, nhung
khi Vr viia vUGt va ngd ra mach so sanh 1én cao khi€n Q xuOng thap, déng
cOng AND khéng cho xung Cx qua va mach dém ngung. POng thdi ngd ra Q
1én cao bao két thic su' chuy€n ddi. S6 d€m 3 mach dém chinh 1a s6 nhi phan
tuwong Ung véi di€n thé vao.

Goi thOi gian chuyén d6i 12 tc. Thdi gian chuyén ddi tuy thudc di€n thé
can chuy€n d6i. Thoi gian 1au nhat Ung v&i dién thé vao bang trj toan giai:

t(max)=2"/ fex=2" .Tex

Mach d6i nay c6 tOc d6 chdm. MOt cich cdi ti€n 1a thay mach d€m 1én
bd&i mOt mach dém lén/xubng .

O =

Ua th
san

i /

DAC n -bit

Dem . R
lenfxuong | Logic

Cr: [fc]
Néu ngd ra mach so sanh cho thdy Vr nh® hon va, mach Logic sé& di€u
khi€én d€m 1én va nguoc lai thi mach sé d€m xuOng. Néu va khong doi Vr sé
dao dOng quanh tri va v&i hai tri sO khdc nhau 1 LSB

2. Mach chuyén déi so - tuong tu
Muc tiéu:
- Trinh bay dudgc nguyén tac hoat ddng cidc mach chuyén d6i s6 - tuong tu.
2.1. Mach bi€n d&i DAC ding mang dién trd cé trong luong khic nhau



b, LSB b, b, b, M3B

il Rt R oo L
#A FA FAal A e
ErA: S S SRS
__l'
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Trong mach trén, n€u thay OP-AMP bdi mOt di€n trd tai, ta cé tin hi€u ra
12 dong di€én. Nhu vay OP-AMP gi(t vai tro bi€n dong di€n ra thanh di€n thé
ra, dOng thOi n6 12 mOt mach cOng.
Ta co:
vo=-Re.I = -(2°bs+2%b2+ 2by+bo)Vr.Re/2°R

= (2" by + 2" bys+ .t 2by + b)VERE /2™ R

Néu R =R thi:
Vo =-(2"" byt + 2 bya + oot 2by + b))V /27,

Thi du:
1/ Khi s6 nhi phan 1a 0000 thi vO =0
1111 thi vO =-15Vr/8
2/VGi Vr=5V ;R =Rp = 1kQ
Ta c6 két qua chuyén d6i nhu sau:

o
=
=

Vo (V)

0

-0,625 « LSB
-1,250

-1,875

-2.500

-3,125

-3,750

4,375

-5,000

-5,625

-6,250

-6,875

-7,500

-8,125

-8,750

-0.375 « Full Scale (Vi)

e i R R B B e e e B )
=R = = R = e = R = Rl = =]
—_o—mom,o=o=—o =0 —o—=o|5

e R T e e e s T o T o T e O e

Mach c6 mOt sO han ché:



- Su chinh xdc thy thubc vao dién trd va mlc dd On dinh cUa nguOn tham
chi€u Vr
- V&i sO nhi phan nhi€u bit thi can cic di€n trd c6 gid tri rat 16n, khé thuc
hién.
2.2. Mach d6i DAC ding mang di€n tré hinh thang

by LSB by b, b, MSB

Y

2R 2R 2R 2R Af‘/{

Ny Ay NI% sz Ay -
2R

Cho Rr = 2R va lan lugt

Cho b; =1 cac bit khac = 0, ta duQc: vy = -8(Vr /24)

Cho b, =1 céac bit khac = 0, ta dugc: v, = -4(Vr /24)

Cho b, =1 céac bit khac = 0, ta dugc: v, =-2(Vr /24)

Cho by =1 cac bit khac = 0, ta duQc: vo= - (Vr /24)

Ta thay vO ti 1€ vé&i gia tri B cUa t0 hgp bit B = (bs b, b by ),
Suy ra v0=-B(Vr/24)

3. So'luoc vé bd nhé
Muc tiéu:

- Trinh bay dugc tinh ning cUa c4c b0 nhd kY thudt sO.

Tinh uu viét chU yé€u cla cidc hé thOng s so v&i hé thOng tuong tu 1a
khd ning 1uu trlt mOt 1ugng 16n thong tin s& va d{t li€u trong nhiing khodng
thOi gian nhdt dinh. Khd ning nhd nay 1a di€u 1am cho hé théng s6 trd thanh
da niing va c6 thé thich hgp v&i nhi€u tinh hubng.

Thi du trong mOt may tinh sO, b0 nh§ trong ch(ta nhiing 1€nh ma theo d6
may tinh c¢6 th€ hoan tat cong viéc clla minh vGi suU tham gia it nhat cla con
ngUOi.

B& nhG ban dan dugc st dung 1am bd nhG chinh trong cdc mdy tinh nhG
vao kha ning thda man tOc d0 truy xuat d{f li€u cla b x( 1y trung tim
(CPU).

Ching ta da qud quen thuQc véi Fliflop, mOt linh ki€n di€n tU ¢4 tinh nhdG.
Chiing ta cting di thdy mOt nhém cic FF hop thanh thanh ghi d€ luu trlt va
dich chuyén thong tin nhu thé ndo. Cic FF chinh 13 cdc phan t& nhd tOc d6
cao dugc dung rat nhi€u trong viéc di€u hanh bén trong may tinh, noi ma dit
liéu dich chuyén lién tuc tl noi nay dén noi khéc. Ti€n b0 trong cong nghé
ché tao LSI va VLSI cho phép k€t hgp mOt lugng 16n FF trong mOt chip tao



thanh cdc b0 nhG véi cdc dang khdc nhau. Nhing b0 nhG ban dan véi cong
nghé€ ché tao transistor IuGng cuc (BJT) va MOS Ia nhitng bd nhé nhanh nhat
va gid thanh cUa né lién tuc gidm khi céc cong nghé LSI va VLSI ngay cang
duoc cai tién.

DI liéu s0 ciing c6 thé dugc 1uu trlf dudi dang dién tich cla tu dién, va
mOt loai phan t& nhG ban dan rat quan trong da ding nguyén tac nay d€ luu
tr(r d(r li€u v4i mat dd cao nhung tiéu thu mOt ngubn dién ning rat thap.

B6 nhd ban dan dugc ding nhu 12 bd nh trong chinh cla mdy tinh, noi
ma vi€c van hanh nhanh dugc xem nhU Uu tién hang dau va ciing 12 nGi ma
tat cd dit liéu cUa chuong trinh 1Uu chuyén lién tuc trong qu4 trinh thuc hién
mOt tic vu do CPU yéu cau.

Maéc dit b0 nhé ban dan c6 tbc dO 1am viéc cao, rat phit hop cho bd nhé
trong, nhung gid thanh tinh trén moi bit 1uu trlf cao khi€n cho né khong thé 1a
loai thiét bi c6 tinh chat luu tr(r khOi (mass storage), 12 loai thiét bi c6 khd
ning 1Uu tr(f hang ti bit ma khong can cung cap ning IUgng va dugc ding nhu
12 b0 nhG ngoai (dia tUr, bing tir, CD ROM . . .). T6c d0 x(r 1y dit li€u & b0
nh@ ngoai tuong ddi cham nén khi mdy tinh lam viéc thi d{ li€u tU b0 nhé
ngoai dugc chuyén vao b0 nhd trong.

Biing tU va dia tU 1a cdc thi€t bj luu tr{f kh6i ma gi thanh tinh trén moi
bit tuong d6i thap. MOt loai bd nhé khoi méi hon 14 bO nhG bot tUr (magnetic
bubble memory, MBM) 1a bd nh& dién t(r dua trén nguyén tac tU c6 khd ning
luu trr hang tri€u bit trong mOt chip. Vi tOc d0 tuong dOi cham né khong
dugc diing nhu bd nhd trong.

C6 3 loai bd nhé ban dan :

- BO nhG ban dan chi doc : (Read Only Memory, ROM)

- BO nhd truy xudt ngdu nhién : (Random Access Memory, RAM)

That ra ROM va RAM déu la loai b0 nhd truy xudt ngdu nhién, nhung
RAM dugc gilt tén g0i nay. DE phan biét chinh xdc ROM va RAM ta c6 thé
g0i ROM 12 b0 nhd ché(nonvolatile, vinh c{tu) va RAM 14 b0 nh& sOng
(volatile, khong vinh c(fu) hodc néu c6 ROM 12 b0 nhG chi doc thi RAM 1a bd
nhG doc dudc - viét dugc (Read-Write Memory)

- Thiét bi logic 1ap trinh dugc : (Programmable Logic Devices, PLD) c6 thé
n6i di€m khac biét gilta PLD v&i ROM va RAM la qui md tich hop clia PLD
thudng khong 16n nhur ROM va RAM va cédc tic vU cla PLD thi ¢6 phan han
ché.

3.1 ROM (Read Only Memory)

Mac di1 ¢6 tén goi nhu th€ nhung chiing ta phdi hi€u 1a khi st dung ROM,
tic vU doc dudc thuc hién rat nhi€u 1an so vGi tic vu ghi. Thadm chi c6 loai
ROM chi ghi mOt 1an khi xudt xudng.

Cic t€ bao nhd hodc tU nhé trong ROM sdp x€p theo dang ma trén ma
mOi phan t& chi€m mot vj trf x4c dinh bdi mot dia chi cu thé va nbi v4i nga



ra mOt mach gidi ma dja chi bén trong IC. NEu moi vj tri chlra mOt t€ bao nhd
ta n6i ROM c6 t6 chifc bit va mOi vj tri 12 mOt tU nhd ta ¢ t6 chirc tU.

Ngoai ra, d€ gidm mUc d0 cOng kénh clUa mach gidi ma, mOi vi trf nhG ¢6
th€ dugc x4c dinh bGi 2 dudng dia chi : dudng dia chi hang va dudng dia chi
cOt va trong bO nh& c6 2 mach gidi ma nhung mOi mach cé sO ngi vao bang
1/2 sO dudng dia chi cla ca bl nhd.

3.2 Thiét bi logic 1ap trinh duoc (Programmable logic devices, PLD)

LA tén gOi chung céc thi€t bi c6 tinh chat nhG va c6 thé 1ap trinh d€ thuc
hién moOt cong viéc cu thé nao dé Trong cong vi€c thi€t k€ cac hé thOng, doi
khi ngudi ta can mOt sO mach tG hop d€ thuc hién mot ham logic nao dé.
Viéc st dung mach nay cé th€ 1ap lai thuOng xuyén va su' thay dGi mOt tham
sO cla ham c6 th€ phdi dugc thuc hién d€ thda man yéu cau cla viéc thiét
k€. Néu phai thi€t ké tUr céic c5ng logic cO bdn thi mach sé rat cOng kénh,
tOn kém mach in, diy nOi nhi€u, két qua 12 d6 tin cady khong cao. Nhu Vay,
s€ rat tién 10i n€u cic mach nay dugc ché tao san va ngudi st dung c6 thé
chi tic dOng vao d€ lam thay d6i mOt phan nao chlc ning cla mach bang
cdch 1ap trinh. D6 13 ¥ tuéng cO s cho su ra doi cla thi€t bi logic 1ap trinh
dugc. Céc thi€t bi nay c6 th€ dudc x€p loai nhu bd nhG va gbm céc loai:
PROM, PAL (Programmable Array Logic) va PLA (Programmable Logic
Array).

Trudc nhat, chiing ta xét qua mot s6 qui udc trong cdch bi€u dién céc
phan t0 cla PLD MOt bi€n trong cic ham thuGng xudt hién & dang nguyén
va ddo cla n6 nén chiing ta ding ky hiéu dém va ddo chung trong mOt cOng c6
2 ngara.

MOt ndi chét, con goi 1a nOi clng (khdng thay d6i dugc) dugc vé bdi
mOt cham dam (.) vi mOt ndi sOng, con goi 1a ndi mém (dung 1ap trinh) bdi
mOt ddu (x). NOi sOng thuc chat 1a mOt cau chi, khi 1ap trinh thi dugc phé bo.

MOt cOng nhi€u ngd vao thay thé bGi mOt ngd vao duy nhat v&i nhi€u

mOi nOi.
—P = -
/J -

Chiing ta chi 13y thi du v&i mach tuong d6i don gidn d€ thdy dugc cdu
tao cla cic PLD, d6 1a cic PLD chi thuc hién dugc 4 ham mOi ham gbm 4
bi€n, nhU vy mach gdm 4 ngd vao va 4 nga ra. Trén thuc t€ s6 ham va bién
cla mOt PLD rat 16n.

3.3 RAM (Random Acess Memory)
C6 hai loai RAM : RAM tinh va RAM dbng



RAM tinh cdu tao badi cic t&€ bao nhd 1a cac FF, RAM d0ng 10i dung céc
dién dung ky sinh gilta cdc cuc cUa transistor MOS, trang thai tich di€n hay
khong cUa tu tuong Ung v6i hai bit 1 va 0. Do RAM dOng c¢6 mat do tich hgp
cao, dung 1ugng b0 nhG thudng rat 1én nén d€ dinh vi cic phan t& nhG ngudi
ta ding phuong phdp da hgp dia chi, m0i ttr nhG dugc chon khi c6 dU hai dia
chi hang va cOt dugc 1an 1uot tic dOng. Phudng phap nay cho phép n duOng
dia chi truy xudt dugc 2> vi tri nhd. Nhu vay gidn do thOi gian cla RAM
dOng thuOng khdc vdi gidn d6 thdi gian clla RAM tinh va ROM.

Thuc hanh:

I.Lap rap mach chuyén déi tuong tu - s6
1. Chudn bi dung cu, thiét bi, vét liéu

a. Thiét bi:

- bbng h6 VOM

- M4y hién séng

- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién SO luong
1 |IC 741 20
2 | Dién tr@ céc loai 100
3 | Tu dién 20




4

IC RS

20

5

IC AND

20

2. Trinh tu thuc hién:

Budc 1: Kiém tra linh kién

Budc 2: Lap rdap mach

Budc 3: Kiém tra mach

Budc 4: K&t n6i mach v&i ngudn dién

Budc 5: Dung dong hd do dién 4p vio va ra clla mach

Budc 6: Dung mdy hién séng do tin hi€u vao va ra cla mach

IL.Lap rap mach chuyén doi so - tuong tu.
1. Chudn bi dung cu, thiét bi, vat liéu

a. Thiét bi:

- bbng h6 VOM
- Mdy hién séng
- Ngubn 12V

- Test board

b. Linh Kién:

STT Loai linh kién S6 luong
1 IC 741 20
2 | Pién trd céc loai 100
3 | Tu dién 20
4 |ICRS 20
5 IC 7414 20




2. Trinh tw thuc hién:

Budc 1: Ki€m tra linh kién

Budc 2: Lap rap mach

Budc 3: Ki€m tra mach

Budc 4: K&t n6i mach v&i ngudn di€n

Budc 5: Diing dong h6 do di€n 4p vao va ra clla mach

Budc 6: Dung mdy hi€n séng do tin hiéu vao va ra cla mach
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