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Chuong 1 : KHAI NIEM CHUNG
§1.1. TIN HIEU XUNG VA THAM SO

Ngay nay, co rat nhi€u thi€t bi cong tic trong mot ché do dac biét 1a ché
do xung. Khac véi cac thiét bi dién tir lam viéc trong ch€ do lién tuc, trong cac
ché&€ do nay, dong dién hoac dién ap tac dung 1én mach mot cach roi rac theo mot
quy luat nao dé. & nhitng thoi diém déng hodc ngat dién dp, trong mach s& phat
sinh qua trinh qua do, pha huy ché do cong tic tinh ctia mach. Bdi vay viéc
nghién ctiu cic qua trinh xay ra trong cac thiét bi xung cé lién quan mat thiét
dén viéc nghién cttu qua trinh qua do trong cac mach dé. Cac thi€t bi xung dugc
ting dung rat rong rai trong nhiéu linh vuc khoa hoc k§y thuat hién dai nhu: thong
tin, diéu khién, ra da, vo tuyén truyén hinh, mdy tinh dién tir, dién t& tng dung...

Tuy theo timg nhiém vu ma trong céc thiét bi c6 st dung nhiéu loai so d6
xung khic nhau. Ching khac nhau v€ nguyén tic ciu tao, vé nguyén ly lam viéc
cling nhu vé tham s6. T6 hop cdc phuong phdp va céc thiét bi dé tao va bién déi
dang xung, dé biéu thi va chon xung goi 1a “ KY THUAT XUNG "

Trudce khi di vao nghién cttu cdc qud trinh xung, ta can hiéu thé nao 1a tin
hiéu xung va cac tham s6 dac trung cua né. Theo dinh nghia: “ Xung dién 1a
nhiing dién 4p hay dong dién ton tai trong mot khoang thoi gian ngin c6 thé so
sdnh dugc v6i qua trinh quéa do trong mach dién ma ching tac dung .

Néu c6 mot day xung tac dung 1én mach dién thi ta gia thiét thoi gian
gifta cac xung k€ ti€p nhau du 16n so véi thoi gian qia do cua mach khi dé viéc
nghién ctu tic dung cia mot day xung giong nhu viéc nghién ctu taic dung cua
mot xung don 1én mach d6. Ngugc lai néu thoi gian gitta cac xung k€ tiép nhau
khong du 16n thi viéc nghién ctu tic dong cua mot dy xung s€ phirc tap hon.

Thong thudong hay gap l1a nhitng day xung c6 chu ky 1ap lai Tx khi d6 day
xung dugc dic trung bang cac tham s6 nhu: Tan s6 lap lai fx , d0 rong Qx va hé
sO day n.

+ Do rong ctia mot day xung la ty s6 gitta chu ky 1ap lai Tx v6i do rong
clia xung t,

TX
Q. =—
t

X

+ Tri s6 nghich dao clia Qx 1a hé s6 day ctia xung

Thong thudng pham vi bién d6i cia Qx khd 16n tr mot vai cho dén hang
tram, tham chi hang nghin don vi .

+ Tan s6 lap lai cua ddy xung dugc do bang Hy tic 1a s6 xung trong mot
giay va lién hé véi do rong theo biéu thiic :

fx= 1

Q. t,

1
TX
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Dang xung 1a qui luat bién déi cua tri s6 dién ap (dong dién) xung theo
thoi gian, cling 1a mot tham s6 co ban cua tin hiéu xung. Tuy theo muc dich cong
tdc ma nguoi ta st dung cac diy xung c6 hinh dang khac nhau nhu:

UA UA
tx, a) c)
U.,
LT, [ NSNS
o T T
U“ Uu
A U N [\ .t

> d)

by = Ik T«

Hinh 1-1: Mot s6 dang xung thuong gap:
a-xung vuong; b- xung tam giic; c- xung hinh thang ; d- xung kim

Qua céc vi du trén ta thdy thong thuong thoi gian ton tai clia xung tx rat
nho so v6i chu ky lap lai Tx va c6 nhing thoi diém xung bién déi dot ngot. Tuy
vay trong thuc t€ con gip nhitng ddy xung ma ma thoi gian ton tai tx bing mot
ntra hoac 16n hon mot nira chu ky lap lai. Nhitng day xung nhu vay dugc goi la
day xung rong. Tuy nhién khai niém nay hoan toan khong phai la tuyét doi, vi
du: Trong diéu khién tu dong thuong ding xung c6 do rong dén hang giay, trong
thong tin lién lac dung xung c¢6 do rong vai chuc ps dén vai ms. Trong vat 1y lai
dung xung cd ns hodc xung c6 do rong hep hon.

Dé dic trung cho dang cua tin hiéu xung, nguoi ta thudng ding mot s6 céc
tham s6 co ban sau (hinh 1-2).

U A
! (.. t AU
U 0,9 Un
101U,
< > T < > g t
tsl tSZ
< @
Hinh 1-2

- Do rong xung ty: 1a khoang thoi gian ton tai cia xung.

- Bién do xung Un, (Im): 12 gid tri cuc dai cua xung.

- Do rong suon trudce ty : 1a khoang thoi gian tang cua bién do xung.
- D06 rong suon sau ty : 1a khoang thoi gian giam cua bién do xung.




Bai giang K§ thuat Dién tir Phan xung sd

Nhu ta da biét, viec phan tich cdc mach tao va bién déi dang xung, truGc
hét dan dén viéc xac dinh su phu thudc ham s6 cua dién ap hoac dong dién trong
mach theo thoi gian khong phai & trang thai xac 1ap, ma la & trang thai qua do.
Boi vay, viéc phan tich cac mach xung c6 lién quan truéc hét dén viéc xac dinh
qua trinh qua do trong mach dién.

Khéc v6i nhitng tin hiéu hinh sin don thuén, c4c tin hiéu xung c6 thé bi thay
déi hinh dang mot cach nghiém trong ngay ca khi dua qua cdc mach dién tuyén
tinh. Vi vay nguoi ta da ding mach dién tuyén tinh dé€ tao nhiing tin hiéu xung
c6 dang can thiét. Phuong phap d6 duoc goi 1a “Phuong phdp tao tin hiéu xung
tuyén tinh". Mot phuong phap khéc dé tao tin hiéu trong k¥ thuat xung 12 phuong
phdp st dung cic doan khong thang trong dic tuyén clia cdc dung cu dién tir va
ion, thuong goi 1a “Phuong phdp tao tin hiéu xung phi tuyén". Khi d6 cic den
dién tir va ban dan duoc st dung nhu mot role dién tir ¢6 hai trang thai “thong”
(tiic 1a dan dién) va “tat” (tic 1a khong dan dién).

Chuong 2. CAC CHE PO KHOA CUA DUNG CU BAN DAN
TRONG THIET BI XUNG

§2.1. KHAI NIEM CHUNG

Trong cac thiét bi xung, cac dung cu dién tir va ban dan thudng cong tac &
tat ca cac ché do, song chu yéu nhat 1a cong tac trong ch€ do dong ma. Khi d6 vé
thuc chat, cac dén dién tir va dung cu ban dan dong vai trdo nhu mot cai khoa dién
tlr nam & mot trong hai trang thdi: khod mé 1a dén tat va khod déng 1a den thong.
Ché do déng mo nady duge dic trung bang su chuyén doi ciia khod mot cdch
nhanh chéng tir trang théi dén tat sang trang thai deén bio hoa,va nguoc lai, dudi
tdc dung cua tin hiéu vao dat 1én cdc dién cuc diéu khién. Khi dén da nim & mot
trong hai trang théi trén thi moi su thay déi nhd & ddu vao déu khong 1am anh
huong gi dén dién ap hoac dong dién & dau ra.

Mot c4ch gan ding, khi so véi céc so do thuc t€, ta c¢é thé coi cdc khod 1y
tudng c6 noi trd bang vo cung khi khod md va bang khong khi khod déng. Nhu
vay mot khoa dién tir ¢6 thé duogc dic trung bing céac gid tri noi trd clia khoa &
hai trang thdi. Ngoai ra khod con dugc dac trung bang cong suat yéu cau doi véi
céc tin hiéu diéu khién & ddu vao va thoi gian can thiét dé chuyén khod tir mot
trang thai nay sang trang thai khéc.

V& mat nang luong ma ndi, cidc khoa dién tir dung tranzito yéu ciu cong
sudt diéu khién nho hon so v6i dén dién tlr. Song noi trd cua khoa tranzito khi
khod m& lai nho hon nhiéu so véi den dién tir. D6 1a di€u can hét stc luu § trong
nhiing so do thuc té.

Nhin chung, trong cac thi€t bi xung, cac den dién ti va ban dan lam viéc
trong ché do ma dién 4p diéu khién trén cdc dién cuc thay d6i trong pham vi 16n
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thuong duoc goi l1a ché do tin hiéu 16n. Khi dé dac tuyén von — ampe cta dén
c6 do cong rat 16n va tuy theo do chinh xdc, c6 thé thay ching bing nhiing
duong cong toan hoc khac nhau. Song viéc thay thé dac tuyén von — ampe clia
den bang nhitng dudng cong nhu vay chi ding dugc trong mot pham vi rat hep
dé giai nhitng bai todn dac biét, khong dugc ap dung rong rii trong tinh todn ky
thuat.

Boi vay, trong thuc t€ thudng thay thé cdc dudong cong d6 bang nhiing
duong gay va dugc goi 1a phuong phap tuyén tinh hoa ting doan. Khi d6,véi
nhitng cong cu todn thong thudng,viéc gidi cdc bai todn cu thé trd nén dé dang,
thuan loi hon .

§2.2. CHE PO KHOA CUA TRANZITO

Tranzito lam viéc & ch€ do khoa hoat dong nhu mot khoa dién tir dong mod
mach véi t6¢c do nhanh (10° —10%s) do d6 c6 nhiéu dic diém khdc vé6i ché do
khuyéch dai da xét & cac phan trude.

2.2.1. Cac yéu cau co ban
Yéu cau co ban véi mot tranzito & ché€ do khoa 1a dién ap dau ra c6 hai
trang thai khac biét :
Ura =2 U khi Uwo <UL
Ura < UL khi Ui > Un

2-1)

Ché do6 khoa cua tranzito dugc xac dinh boi ch€ do dién ap hay dong dién
mot chi€u cung cap tir ngoai qua 1 mach phu tro (khod thuong déng hay thuong
md ).Viéc chuyén trang thdi clia khéa thudong duoc thuc hién nhd mot tin hiéu
xung ¢6 cuc tinh thich hop tic dong t6i dau  vao..

Dé dua ra nhitng dic diém chi yéu ciia ché do khod, hay xét mach cu thé
(hinh 2-1). So d6 thuc hién dugc diéu kién (2-1) khi lya chon ciac miic Uy, UL
cling nhu cac gid tri R va Rg thich hgp. Ban dau (khi U, =0 hay U, <U) tranzito
¢ trang thdi déng, dong dién ra L. = 0, ldc khong c6 tai R, Un=+Ec.

Hinh 2 -1: Mach khoa (dao) dung Tranzitor
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Ldc dién tré tai nho nhat R =R, (v6i R, 1a dién trd vao ctia mach tang sau noi
vGi dau ra ctia so d6), Ur. =1/2Ec 1a mic nho nhat cta dién ap ra & trang thai H,
dé phan biét chic chan, ta chon Un < 1/2E.. (chiang han Uy =1,5V khi E.. =5V).
Phi hop véi diéu kién (2-1), dién dp vao phai nim du6i mic Up (duoc hiéu 1a
dién 4p vao 16n nhat dé tranzito vin bi khoa chic UL =Uvmax ).V6i tranzito silic
nguoi ta chon UL =0,4V.

Khi c6 xung diéu khién cuc tinh duong dua t6i ddu vao Uy, > Uy tranzito
chuyén sang trang thdi mo (bdo hoa), dién dp ra khi d6 phai thoa man diéu kién
U, <U.. Dién trd R. chon thich hop dé thoi gian qua do du nho va dong I. khong
qué 16n, chang han R. =5kQ.X4c dinh Rg dé khi U, =Uy =1,5V thi U, <UL
=0,4V. Mué6n vay Ien=Ec /Rc =ImA v6i B=100 khi d6 dong bazo I =10 A
Dé tranzito bdo hoa vitng, chon Iz=100 £A (tic 1a ¢6 du trit 10 14n ), ldc d6 Iuu y
Usge =0,6V ta co:

R. - (L5-06V

RN _gkQ.
100A

82.3. CHE PO KHOA CUA KHUECH PAI THUAT TOAN

Khi lam viéc & ché do xung, mach vi dién tlr tuyén tinh hoat dong nhu mot
khoa dién tir déng, md nhanh, diém 1am viéc luon ndm trong viing bdo hoa cla
dac tuyén truyén dat Uy, = f (U ). Khi d6 dién dp ra chi nam & mot trong hai
miic bdo hod Utramax V& Uamax ting v6i céc bién do U, di 16n. Dé minh hoa
nguyén ly hoat dong clia mot IC khod ta xét mot vi du dién hinh 12 mach so sanh
(compatator ).

2.3.1. Mach so sanh mot nguong

Mach so sanh (hinh 2-6) thuc hién qua trinh so sanh bién do cua dién ap
dua vao (Uwo ) v6i mot dién dp chudn (Unguone ) €6 cuc tinh c6 thé 1a duong hay
am. Thong thuong gia tri Uyguone duoc dinh trude c6 dinh va mang y nghia 1la mot
thong tin chuén (tuong tu nhu qua can trong phép can trong lugng ki€u so sanh),
con gid tri Uwo 12 mot lugng bién déi theo thoi gian can dugc giam sat theo doi,
danh gid, mang thong tin cta qua trinh dong (thudng bién déi cham theo thoi
gian) can dugc diéu khién trong mot dai hay & mot trang thdi mong muon.

Khi hai muc dién dp nay bang nhau (Ui = Unguone ) tai ddu ra bo so sanh sé
c6 su thay doi cuc tinh cta dién ap tif Utramax t61 U ramax hodic ngugc lai. Trong
truong hop riéng, néu chon Ungune = 0 thi thuc chat mach so sanh danh dau lic
déi cuc tinh ctia Uy .
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“Ura
" UT+ra max Uss
\
N Ui | U
s b)
+Us,
m T et Uf .....................
0 +ra max 3
Uwo |, a - — # U“a‘;
< %ﬂngmg 1 Uned | U o
= = ) E Frmmmm .
Hinh 2-6

Trong mach hinh (2-6a), Ui va Uneuone dugc dua téi hai dau vao dao va khong
dao tuong ung cua IC. Hiéu cta ching Uy = Uy-Ungene 12 dién dp giita hai dau
vao cua IC s€ xdc dinh ham truyén cta né:

Khl Uv <Ungu6ng thi U() <0 dO dé Ura = U+ramax .
(2-3)
Khl Uv Z Ungu(mg thi U() > 0 dO dé Ura = U_ramax,

Tic 1a dién dp ra ddi cuc tinh khi Uy, chuyén qua gia tri ngudng Ungeuong . NEU
Uvio v Ungueng trong hinh (2-6a) d6i vi tri cho nhau hay ciing déi cuc tinh (khi vi
tri gitt nguyén ) thi dac tinh hinh (2-6b) dao nguoc lai nghia Ia (hinh 2-6¢c vad) .

* Chu y: trong nhitng truong hgp bién do cua Ui va Unguang 16n hon gia tri
dién dp dau vao t6i da cho phép cua IC, ciAn méac ching qua bo phan dp dién tré
hodc méc 2 di6t mac song song nguoc trude khi dua téi cadc dau vao cta IC.

2.3.2. Mach so sanh hai nguong

I/jnguang 1 Xl |
Vad +K1 Xl 0 0 1 Uvao:
Uvéo / X2 i
>ﬁ/

+ X2 Ura 0 1 : 1 Uvﬁo

Un uong 2 K2 i X >
o / —;L | i
a) Un t : !

0 0 1 Uwao

Hinh 2-7: Mach nguyén li bo so sanh hai Unguong 1 Unguong 2

NZUBREGY Hihfldcdhy é&iéﬂl@"\/@@t ¢B)nim trong mot gi6i hankgid tri cho trude
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hay khong, nguoi ta sit dung mach so sanh 2 ngudng hinh 2-7a. Thuc chat mach
nay la su két hop cdc mach hinh 2-6a va 2-6¢ trong cliing mot so do. Dé phoi
hop cac dau ra cua K; va K, & day dung 1 ctra logic phu G (goi la ctra “Va”). Tai
16i ra ctia G, U, =Y = 1 (tuwong tGng v6i mitc dién dp cao ) chi khi tai cac 161 ra
cia K; va K, ¢6 X; =X, = 1. Cac truong hgp con lai véi moi gia tri X; va X
(tdc lakhi X1. X1 =0), U =Y=0 (tuong ting v6i muc dién dp thap ).

K&t hgp cac tinh chat cia mach hinh 2-6a va c¢ véi tinh chat cta clra G ta
nhan duoc dic tinh truyén dat X, X> vd Y =U,, phu thudc Uy, thé hién trén
hinh 2-7b.

TfI hinh 2'7b théfy 10: Ura =1 khi Unguﬁ‘ngl < Uvéo < Unguf)‘ngZ
Ura = O khl Uvﬁo <Ungu’6ng1 hOéC Uvéo > Ungu&ngZ (2‘4)
(Luu y & day can chon Unguongz > Unguong1)

B0 so sanh hai ngudng duogc ting dung dac biét thuan lgi khi can theo doi va
khong ché tu dong mot thong s6 nao dé ctia mot qua trinh trong mot gidi han
cho phép da dugc dinh sin (thé hién & hai gia tri dién 4p ngudng) hoidc nguoc lai
khong cho phép thong s6 nay roi vao mot vung gidi han cdm da chi ra nho 2
ngudng dién ap tuong ung .

Chuong3. CAC PHUONG PHAP TAO VA BIEN POI
DANG XUNG PIEN AP BIEN POI PUONG THANG.

§3.3. CAC MACH TAO PIEN AP BIEN POI PUONG THANG

3.3.1. Khai niém

Céc dién ap bién déi dudng thiang con dugc goi 1a dién ap hinh rang cua hay
dién 4p quét vi can cit vao hinh dang va ting dung co ban ctia né dé quét tia dién
tu trong cac ong tia dién tir ciia cdc may hién séng. Cac mach tao dién 4p bién
déi dudng thing (PA.BDDT) 1a mot trudong hop ting dung phd bién clia céc
mach tich phan va tich phan thuat toan.

AU
Un
M_M
i —  /
Uo
t < > —> : t
NW tq thp

Tx

Hinh 5003378 13 c4c dang dién ap bién Héakid8g thang. Theo hinh vé ta
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thdy cdc dién 4p bién d6i dudng thang 1a nhitng xung c6é chita mot phan dién 4p
bién déi theo qui luat dudng thang theo thoi gian. Cic doan d6 c6 thé 1a ting
hoac giam theo qui luat dudng thang néu nhu dao ham cla chiing 14 duong hoic
am (hinh 3-7 a, b).

Thong thuong mot xung DA.BDDT c6 dang nhu (hinh 3-8). N6 duoc dac
trung bang cac tham so sau:

+Um: bién do xung quét.

+tq4: thoi gian quét thuan.

+tnp: thoi gian hoi phuc (quét nguoc).

+Ngoai ra con dugc dac trung boi mic ban dau Uy. Yéu cau d6i véi mot
mach tao DA.BDDT la phai sao cho trong thoi gian quét thuan dién 4p bién déi
theo quy luat cang dudng thang cang tot va trong thoi gian quét ngugc cang nhod
cang tot .

Cac mach tao DA.BDDT hién nay chu yéu dua trén qua trinh phong nap
cta tu dién. Nhu ta da biét su thay doi dién ap trén hai ban cuc cua tu duoc tinh
theo cong thuc:

|
u () ==[i.dt (3-22)
oo
Vi ic 1a dong dién di qua tu. Qua biéu thiic trén ta thdy néu ic khong déi thi:
I
ue(t)= Ect =kt ; k=const (3-23)

Phuong trinh (3-23) 1a phuong trinh clia mot dudng thang. Do d6 khi ic = Ic
= const thi dién 4p trén tu s& bién thién theo quy luat duong thang.

Dé tao duoc mot day cdc xung dién ap quét can thuc hién viéc dao mach
nap va phong ctia tu dién tai thoi diém t=0vat =tq.

Nhu vay mot mach tao DA.BDDT phai bao gdm hai phan tir co ban nhat 1a
nguén dong dién khong doi va thiét bi ddo mach. C4c thiét bi ddo mach can phai
c6 noi tré nho va én dinh trong khi ngdn mach va néi trd 16n khi hé mach.

Sau day ta s& xét 2 mach tao DA.BDDT dién hinh sau:
3.3.3.2. Mach tao PABDDT dung tranzitor c6 khau 6n dong.

+Ec ?l ! |j R UV“ t
E >
H R, DZ %

U, 7 : T
//_|CI_'_ T, HRI C f U E el ECE Ec
= L el i
; >
a) b)
Hinh 3-12
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V6i so d6 hinh 3-12a, Tranzitor T>» mac theo ki€u bazo chung c¢6 tac dung
nhu mot nguén 6n dong (cé bu nhiét nhd dong nguoc qua diot 6n dp DZ), cung
cép dong 6n dinh I, nap cho tu trong thoi gian ¢6 xung vuong cuc tinh am diéu
khién 1am kho4 T, v6i diéu kién gan diing dong cuc colector T» khong déi thi:

U, (t) = % [1e,0t = 'Cﬁt 12 quan hé bac nht (3-27)
0

* Mot dang khdc ctia mach tao DABDDT dung tranzitor c¢6 khau 6n dong ma
hién nay nguoi ta hay su dung, nhit 1a trong Iinh vuc tu dong hoa doé 1a st dung
truc ti€p dién dp xoay chiéu lam tin hiéu diéu khién. Mach ndy c6 uu diém Ia tao
ra duoc su dong bo hod trong qu4 trinh diéu khién.

So d6 nguyén 1y mach va gian d6 dién ap clia mach phat s6ng rang cua nhu
hinh 3-13.

Uccl @ |
% oz1

R2 t /\ UBEmax
1 t
f T1 0 2, [ t
D1 —0
R1 urc Urc [
[_ T2
l) —oa
D) 0 ot
JBADB R3 R4 Re2 .
Dk
| ! (b)

GND

Hinh 3-13: So d6 nguyén 1y (a), gian do thoi gian (b).

Trén so d6 nguyén Iy mach phat séng rang cua gom co:
+ BADB: La bién 4p dong bo dé tao tin hiéu dong bo hoa.

+ Cac phan tir con lai 1a mach tao dién 4p rang cua, trong d6 Ti, Dzi, Re;,
R tao thanh mach 6n dinh dong dién nap cho tu C;.

+ uab: 1a dién ap dong bo 1ay trén cuodn thi cdp BADB.
* Nguyeén ly hoat dong:

Tru6e tién ta tim hi€u vé nguyén 1y 1am viéc ctia mach 6n dong, 6n dinh dong
dién nap cho tu C,. Quan sat trén so do ta thiy:

Uret + Uebri - Up, = 0.
—>Ure1 + Uggri = Up, = const (Up, : dién ap 6n dinh trén diot 6n dp Dz).

&> Iet1.Re1 + Ugsri = Up, = const.
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Mat khac et = Iori + Lot = Lemi (vi dong Iyri it nho so véi dong Lery).

Ta gia thiét vi mot 1y do nao d6 lam cho dong et ting qud gi4 tri 6n dinh,
diéu nay s€ lam cho dong Lt cling tang theo va lam Ieri.Rer ting. Do téng dién
ap (Leri.Rer + Ugsri) luon ludn bang hing s6 nén khi Ieri.Re; tang thi Uewri phai
giam. Dién 4p diéu khién cua T, giam s& lam cho T; dan kém di va vi th€ ma Ly
giam dan vé gi4 tri n dinh. Chang han vi mot 1y do khéc 1am cho dong Ieri gidm
nho hon gid tri 6n dinh thi dan dén Ier; cling giam theo va Leri.Rer gidm. Su giam
cta Leri.Rer 1am Uggr ting, dién ap diéu khién ctia T tang 1dm T; din manh Ién,
Lt ting lén gid tri 6n dinh. Néu ta gia thi€t nguyén nhan gay ra céc qué trinh
trén 1a do tai thi Ieri luon luon dugc mach giit 6n dinh méc du ¢6 su thay déi cla
tai.

Khi dién 4p dong bo & nlra chu ky am c6 cuc tinh duomg o khong (*), am &
(*) phan cuc nguoc cho diot D1, D; khoa. Du6i tic dung ctia ngudn cung cap
Ucci qua dién trd dinh thién R, trong mach dinh thién theo kiéu phan 4p gém R
va Rz ,Tranzistor T: m&. Nguoi ta tinh chon R, va R3 sao cho T1 m& bao hoa. Gia
str truée do6 tu C; da c6 dién thi tu s€ phdng dién theo duong: +C; — Ti — Rex —>
- C,. Dién ap trén tu s€ giam vé dén gia tri Ucgwh clia Tranzistor To, nhung gia tri
nay rat nho nén ta coi nhu tu C; phéng hét dién.

Khi dién ap dong bo chuyén sang nira chu ky duong c6 cuc tinh duong & (*),
am & khong (*), diot D; dugc phan cuc thuan nén thong. Trén dién tré R4 xuat
hién mot dién 4p c6 cuc tinh duong dat t61 chan E va cuc tinh am dat t6i chan B
ctua Ti. Dién ap nay gay ra bai dién ap dong bd ug khi & ntra chu ky duong. Khi
dién 4p nay c6 gia tri du 16n thi T, khoa do ti€p giap J. cia nd bi phan cuc nguoc.
Tranzistor T khéa thi tu C; dugc nap dién tir nguon 6n dong, dong nap cho tu C;
chinh 1a dong L.ti = const. Dién 4p trén tu C; tang dan va duoc tinh theo biéu
thic:

Ug J.Ic1 dt= C11 o= Cillm.t.
Ta thay dién ap trén tu C; c¢6 dang 1a mot ham bac nhat, do dé dién ap trén tu C,
khi tu nap dién la mdt ham tuyén tinh theo thoi gian.

Tai cic diém lan can diém “0", dién 4p dong bo chua da 16n dé phan cuc
ngugc cho tiép gidp Je ctia Ti nén Ti van mo boi cap dién trd dinh thién R, va
Rs.

bién 4p ra cua mach DPBH-FSRC Uy dugc 1ay trén tu Ci nén no ciing ¢6 cic

quy luat bién thién theo dién 4p Uci. Pay 1a mot day dién dp rang cua cé tan sO
bang tan so dién 4p ug. Sudn trude cua dién 4p ring cua dugc tao boi qua trinh
nap dién ctia C; tir nguén dong 6n dinh do d6 né cé dang 1a duong thang tuyén
tinh theo thoi gian. Qua trinh phong dién cua tu qua T» tao nén phan sudn sau
cua dién ap rang cua.
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3.3.5.1. Mach tao PABDDT mot cuc tinh dung vi mach KDTT .

Udbo
| [ 1 ot

0

Ura
ot

0

b)

Hinh 3-15: So d6 nguyén 1y (a), gian do thoi gian (b).

So d6 nay lam viéc & ch€ do doi, nhan diay xung vao 12 U, cho ra day
Xung rang cua cung tan s6. Xung rang cua c6 sudn trudc bién doi tuyén tinh, c6
thé diéu chinh duoc tri s6 clia bién do.

Khi Ugo = 0 = T khod — dién ap -U.. qua WR1, R, dua dén dau vao dao
— Pau ra cia KDTT c6 dién ap duong — tu C duoc nap dién, dong nap cho tu C
trong mach: +Ucc > IC - C—> R — WR — -Uc.. Dong dién nay ¢ tri s6 khong
doéi.
i = _tUe
R2+WR

vi dién ap gitta 2 16i vao dao va khong dao cua KDTT ¢6 tri s6 nho nén dién ap
ra c6 tri s6 dugc xem bang dién ap trén tu C;.
l t
U, =U, =6£|Cdt+uco
Néu tan s6 ludi fic = 50 Hz thi khoang thoi gian tu C dugc nap ¢6 tri s6 =~ 0,01
gidy. V4i gia thi€t sau moi ntra chu ky cta dién dp ludi tu C phong hét dién tich,
dién ap trén tu C giam vé 0 thi Ug = 0. Khi d6:

U -

1 ooz, +U,
rc max EI

dt=———«__001
o o C(R, +WR) M)

Khi thiét k€ bo phat séng rang cua ta can dua ra cac thong so : Uce, Uremas,
fi-. Trén co sG cdc thong s6 da cho ta c6 thé tinh dugc hing so thoi gian clua
khau tich phan, chon gia tri cua tu C va suy ra gia tri cua (R2 + WR).

- Tinh chon cho mach phéat s6ng rang cua:

+U
Tu cong thuc U, . = ﬁ.0,0l V).
c(rR, +WR

-~ 15 -
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— C(R, +WR)= = 001

Vél +Ucc = +15 (V), ChOl’l Urcmax = +5 (V).

= C(R, +WR )= %.o,m: 0,03(s)
Chon tu ¢6 dung luong: C=1 (uF) =1.10° (F).

0,03
R2+WR)= ——=3.10* (Q).

= (R2+WR) 1.10° @)
Chon R, =10 000 (€2) =10 (KQ); WR =50000 (€2) =50 (KQ).
Khuéch dai thuat todn c6 thé chon loai pA 741.

Chuong 4. CAC MACH TAO XUNG VUONG

Pé tao ra diy xung vuong lién tuc c6 thé diéu chinh mot cach dé dang bién do
cling nhu tan s6 nguoi ta thuong s dung cac mach da hai tu kich (tu dao dong)
dung Tranzitor hay IC tuyén tinh hoac dung IC chuyén dung nhu IC 555....
4.3.1. Da hai tu dao dong dung Tranzistor.

Mach da hai tu kich dung Tranzistor ¢6 cu tao tir hai tang khuéch dai phu tai
cuc gép mac hoi ti€p véi nhau boi cac tu Ci, C> nhu hinh 4-11a.

Usi4
+Ece i 1 1 th b 3 t ts

g = < —t

Rei Re Bl ] /_“5““ A_i____ /

Ve el = f—l
BT
@ N VAR VN VATV

Uc P P i |

V__. ! T o

Hinh 4-11 0 r_ r

* Nguyén ly hoat dong:

Ta gia thiét mach 1a do6i xing thi khi déng mach nguoén cung cép ca hai
Tranzistor déu thong, dong dién qua hai Tranzistor 1a bang nhau, dién th€ trén
cuc gop cua cac Tranzistor 1a nhu nhau. Tuy nhién hién tuong doi xting tuyét doi
trong thuc té€ 1a khong ton tai do cé sai s0 gitta cac dién trd, tu dién, do tan man
cac tham so cua cac Tranzistor cung loai .. v.v nén moét trong hai Tranzistor s€
dan manh hon.

Gia thiét Tranzistor T; dan manh hon — I¢; tang — Uc; giam, lugng giam ap
nay thong qua tu C; dua ca sang cuc goc den T> lam Ug, giam theo. Dién ap diéu
khién Ug, ctia T> giam lam I giam va Ue tang. Luong tang 4p trén cuc goép cua
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T, thong qua tu C; dua ca dén cuc goc cua Ti nén Ug; tang — Ic tiép tuc tang.
Qua trinh nay chi két thic khi Ic; giam vé bang “0” (T» khod han: Ucx Ec) va Iai
dat gia tri Icisn (T1 m& bao hoa: Uci = 0).

Ngay khi T; m& bdo hoa, T, khoa chac chan thi tu C;> duoc nap theo dudng:
+Ec > Rz > C = Tverrn — mat (dm ngudn Ec). DPong thoi v6i qua trinh nap
dién cua tu C; 1a qua trinh phong dién cta tu Ci: +C; — reetni = Ec (qua noi trd
ctia nguon) — Rgx — -Ci. Chinh qua trinh phéng dién cua tu C; tao nén mot sut
4p am trén ti€p gidp goc - phat ctia T gitt cho T ¢ trang thdi khéa chic chan.

Theo thoi gian, dong phéng cta tu C; giam dan, dién thé trén cuc goc cua T,
b6t am dan. Khi dién dp Uberz > 0 thi dén T s& thong lai bat ddu mot qua trinh
hoi ti€p nhu sau:

’—' Ic> tang = U giam — Usg; giam — Icr giam — Uci tang — Ug tang —|

Két thdc qua trinh hoi tiép trén, Ti khéa, T> thong bao hoa bat diu qué trinh
nap dién cta tu C, va phong dién cta tu C;, Uci = Ec, U = 0.

Qua céc phan tich ¢ trén ta thay mach c6 thé tu dong chuyén tir trang thdi can
biang khong 6n dinh nay sang trang thdi can bing khong 6n dinh khiac ma khong
can tin hiéu kich thich tr ngoai. Mach c¢6 hai dau ra duoc 1ay trén hai cuc gép
cta hai Tranzistor Ti (Uci) va T2 (Ue). Uci, Ue thuc chat 1a hai diy xung c6
bién do xap xi bang ngudn nuoi ctia mach 14 Ec va Uci = Uc. Chu ky T clia hai
diy xung ra ndy duoc tinh theo biéu thitc: T = 1 + To.

Trong do 11 = Rp2.Ci.Ln2 = 0,7. Rp2.Cy (4-19)
12 hing s6 thoi gian phéng cua Ci.
T2 = Rp1.Co.Ln2 = 0,7. Rp1.CG (4-20)

12 hang s6 thoi gian phong cua Cs.
=T ~=0,7.(R2.Ci + Rp1.(%).
Néu ta chon Rei = R =R, C1 = C; = C thi:
T=14R.C. (4-21)
Nhin vao biéu thiic ctia T ta thay khi muon thay déi tan s6 xung ra ta chi viéc
thay déi dién dung tu C hoic gi4 tri dién tr6 R.

+Ec e——1 —1
WR
R [] R
Hinh 4-12
R R
UCl |C C|_‘_> Ucz
id )

Ij Tz
O hinh 4-12, khi ta thay d8i bién tr& WR thi hing s6 thdi gian phéng, nap
cua tu C; va C; déu thay déi, dan dén do rong xung ra thay déi.

V6i cach mac trén ta ¢6 chuky Tla: T~ 1,4.(WR +R).C.

Trong mach ta chon Tranzistor 1a loai N-P-N c¢6 cong sudt nho nhung hé so
khuéch dai 16n nhu loai Tranzistor silic ¢6 nhan hiéu Cgs, hoac Coas.
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4.3.2. Pa hai tu dao dong dung IC KDTT.

Dé 1ap cdc xung vuong tan s6 thap hon 1000Hz so d6 da hai dung IC tuyén
tinh dua trén cau tric cia mot mach so sanh hoéi ti€p duong c6 nhiéu vu diém
hon so d6 dung Tranzistor da néu. Hinh 4-13 1a so d6 nguyén 1y (a) va gian do
thoi gian (b) 1am viéc ciia mach phat xung dung vi mach khuéch dai thuat toan.

UC“
| G " +Uramax o >
R 0 t W
»
{1 ¢
- U-p 3 \
R — ey -Ijra max
C J— N | kprT U, |
L + U . U,  +Uramax
-uJcCc
S S e . y
R»
u Rl —Ura max = .
4 a) b) ) T: :

Hinh 4-13: So d6 nguyén ly mach phat xung (a) va gian do thoi gian (b).
Nhin vao so d6 nguyén ly ta thady dién ap dat t6i dau vao dao cia KDTT
dugc 1ay trén tu C va tuan theo quy luat bi€n thién cua dién ap trén tu: Ux = Uc.
Con dién 4p dat vao dau khong dao cia KDTT duoc 1ay trén dién tré R;:
Up = Ug; va duoc coi nhu 12 1 dién 4p ngudng (chuén).

* Nguyén 1y hoat dong ctia mach:

Khi dién th€ trén dau vao N (dién ap trén tu C) dat tGi ngudng lat (dién ap
ngudng Up) thi so d6 s€ lat trang thdi va dién 4p ra dot bién gia tri nguoc lai véi
gid tri cii. Sau d6 th€ trén ddu vao N thay déi theo huéng nguoc lai va ti€p tuc
cho dén khi dat ngudng 1at khac. Qud trinh thay d6i Un duoc diéu khién bai thoi
gian phong nap cua C tir U, qua R.

+ Khoang thoi gian (0 + t;) dién dp ra cia KDTT & gia tri Ura = +Ura max.

R

:>UP =U"r :+Uramax % = +Uramax‘ﬂ ’ \( B:m

Dén thoi diém t; dién the trén N dat dén ngudng U, =U*» = +U
lat trang thai.

+ Tu t1 + 2, Un =Uwmmx — dién 4p ngudng ciing lat trang thai:
U,=U"%=-U_..A,dong thoi tu C phong dién tit + C - R — KDTT — -Ucc
— noi trd nguon — mat — - C. Khi dién ap trén tu giam vé bang khong thi tu lai
nap theo chiéu nguoc lai tir: mat - C - R — KDTT — - Ucc, dién dp trén tu
tang dan véi cuc tinh nguoc lai. Tai t> dién thé trén N dat dén gid tri ngudng
Uc = Up = -B.Uumx — s0 d6 lai lat trang thii —» Un = +Unmax—
U,=U" =+U__ .43, dong thoi tu C phong dién theo duong +C — mat — noi trg

4 thi so do

ra max

ramax

nguoén — +Ucc = R — - C. Khi dién 4p trén tu giam vé “0” thi tu dugc nap theo
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chi¢u ngugc lai tir: +Ucc > KDTT - R — C — miat.

Qua céc phan tich trén ta thay qua trinh phong va nap cua tu C déu thong qua
dién tr& R trong cac khoang thoi gian 0 + ti, t; + t2, lic d6 phuong trinh vi phan
dé xac dinh Un(t) c6 dang:

dUN _ 4+ Uramax —UN 4.2
d ~ RC (4-22)
Giai phuong trinh vi phan trén véi diéu kién dau 1a Un(t = 0) = Up = - Usa max.f3
t

ta c6 nghiém sau: UN (t) = Uramax 1-(1-Be RC ) | (4-23)

Tai thoi diém t; dién 4p trén tu dat gid tri Un(t1) = Up = Usa max.B

T

= UN(tl) = U+P < Uramax 1—(1+B).6_E = B‘Uramax‘ (*)

Véi 1112 hing s6 thoi gian phong nap cua tu C khi Ury = Ura max.

) ed-P)= (1 + B).e_E , thay B= = RlR , t01 gian va 14y In hai vé ta dugc:

1 2

N erc —Ln(l+ 211;—;) — 1, =RC.Ln(l +2 Ili—;). (4-24)
Néu ta chon Ry =Rz thi: 7, =R.C.Ln3 =1,1. R.C.
Do qua trinh phong nap cua tu déu qua R nén ta ¢c6 11 = 2 =t~ 1,1.R.C nén
chu ky T cua xung ra :
T=2.1~2.1,1.R.C=22R.C. (4-25)
Nhin vao biéu thic trén ta thay: khi mu6n thay doi tin s6 clia ddy xung ra ta c6
thé thuc hién bang cach thay d6i dién dung ctia tu C hoac thay doi gia tri dién trd
R.

Hinh 4-14: So d6 nguyén ly mach
phat xung st dung pA741.

Hinh 4-14 1a so d6 nguyén ly mot mach phat xung dung khuyéch dai thuat toan
dung vi mach pA741 c6 do rong thay déi dugc nho bién trd WR. V6i mach nay
ta c6 cong thic tinh chu ky ciia xung ra nhu sau:

T=2.1=2.1,1.(WR +R).C=22.(WR +R).C.

§4.5. MACH TAO XUNG VUONG DUNG IC CHUYEN DUNG (IC555)
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4.5.1. Khai niém
Vi mach dinh thi 555 va ho cua n6 duogc tng dung rat rong rai trong moi

Iinh vuc dién néi chung va dién tir néi riéng, vi néu n6é dugc két hop véi cac linh
kién RC roi bén ngoai mot cdch thich hop thi né c¢6 thé thuc hién nhiéu chic
nang nhu dinh thi, tao xung chudn, tao tin hiéu kich thich ... Vi mach 555 la loai
vi mach dugc dung dé phat xung vuong chuyén dung.

4.5.2. So do chan va cau tric bén trong cua IC555.

1. So do chan :

5 Chan 1 : GND (noi dat)

1 Chan 2 : Tin hiéu vao so sanh

Chan 3 : Output (ngo ra)

Hinh 4-17 D IC555 Chan 4 : Reset (hoi phuc )
Chan 5 : bién 4p ngudng

I

1 3

8 7 6
11 1]

I Chan 6 : Tin hiéu vao so sdnh
4 Chan 7 : Xa dién
Chan 8 : Nguon duong

[
2

2. Cau truc bén trong cua IC555.

Hinh 4-18

* Cau tao ctia IC 555 goém c6:

+ Cau phan 4p gom 3 dién tré Ry = SKQ noi tir ngudn duong xudng mass
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g o s, 2 N
cho ra hai dién ap chuan la: chc va %UCC .

+ A va Az 12 hai IC KDTT mic theo kiéu so sanh c6 ngudng lat duoc 14y
. LA < I L2 o o 4 ea aa
trén cau phan 4p gom 3R, 1a %U o 401 véi Az va gucc doi v6i Aj. Tin hiéu dau ra

ctia A duoc dua t6i dau vao R cua Trigo RS (Tin hiéu nay phu thudc vao tin hiéu
so sanh & chan 6). Tin hiéu dau ra ctia A> dugc dua tGi dau vao S cta Trigo RS
(Tin hiéu nay phu thudc vao tin hiéu so sanh & chan 2) .

+ Trigo RS 1a mach ludng 6n kich mot bén. Khi chan set (S) ¢6 dién dp cao
thi dién ap nay kich dai trang thai ctia Trigo lam ngd ra Q 1én miic cao coOn ngd
ra Q xudng mic thap. Khi chan Reset (R) ¢ dién dp cao thi dién dp nay kich
déi trang thai clia Trigo 1am ngd ra Q lén mifc cao con ngd ra Q xudng mic
thap.

+ Khi chan Reset (R) va chan set (S) déu c6 miic dién d4p thap hodc chuyén
tir mic dién dp cao vé€ mic dién dp thdp thi trang théi dau ra cta Trigo RS dugc
gitt nguyén. Khi chan Reset (R) va chan set (S) déu c¢6 mdc dién dp cao thi trang
thai dau ra ctia Trigo RS khong dugc xac dinh .

+ Mach Ouput 12 mach khuyéch dai ngd ra dé tang do khuyéch dai dong
cép cho tai. Day 1a mach khuyéch dai dao c6 ngd vao la chan Q cua Trigo RS,
nén khi Q ¢6 mifc cao thi ngd ra chan 3 c¢6 miic dién dp thap (= 0V), va nguoc
lai Q ¢6 mic thap thi ngd ra chan 3 ¢6 miic dién 4p cao (» Uc) .

+ Tranzitor Ty c6 chan E n6i vao dién 4p chuin khoang 1,4V, nén khi cuc B
nodi ra ngoai boi chan 4 cé dién ap cao hon 1,4V thi Ty khoa va khong anh huong
tGi hoat dong clia mach. Khi chan 4 mic v6i moét dién trd nho roéi noi mass thi T
mo bio hoa, lam dau ra chan 3 c6 dian 4p thap. Chan 4 goi la chan Rsset, c6
nghia 1a n6 Reset IC 555 bat chdp trang thai & cac ngd vao khac. Khi st dung
néu khong dung chiic nang Rsset thi noi chan 4 1én mic dién ap cao dé tranh
mach bi Reset do nhiéu.

+ Tranzitor T c6 cuc C dé hd noi ra chan 7. Do cuc B duoc phan cuc boi
mtc dién 4p ra Q nén khi Q ¢6 mic cao thi T m& bdo hoa va khi d6 cuc C ctia T
coi nhu dugc noi mass, lic d6 ngd ra chan 3 ciing c6 muc dién dp thap (= 0V),
va ngugc lai Q ¢6 miic thap, T khod cuc gép C bi hd mach, liic d6 ngd ra chan 3
c6 muc dién ap cao (=~ Uc).

+ Chan 5 thuong duoc no6i véi mot tu ¢6 dung luomg nho khoang 0,01 4F ,
r6i ndi xuéng mass dé€ loc nhiéu tdn s6 cao c6 thé 1am anh hudng t6i dién ap

o 2
chuan chc-
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4.5.3. Mach tao xung vuong dung IC55S.

Hinh 4-19 1a so d6 nguyén 1y cia mot mach phat xung vuong dung IC555.
Muon tao ra dugc day xung lién tuc ngudi ta ti€n hanh ghép vi mach nay véi tu
dién va dién tr& nhu hinh veé.

Dé hiéu 16 nguyén 1y hoat dong ctia phdt xung clia vi mach 555 ta quan sét

so do trai ca vi mach 555 hinh 4-20. o +U.
R
Hinh 4-19: So d6 nguyén 1y mach WR,
phat xung chuén dung IC 555 J 1
7 8
D WR: | 555 3L EuneT
R, 2

Hinh 4-20: So do6 trai cua IC 555

Phan duoc déng khung bang nét ddt 1a vi mach 555, n6 ¢6 céu tao co ban tir
2 phan tir khuéch dai thuat toan OA1, OA2 va 1 Trigo R-S. Trong d6 hai khuéch
dai thuat toan dugc méc theo ki€u mach so sdnh c6 dién ap ngudng dugc 14y trén
bo phan 4p ding 3 dién trd c6 cung gid tri R. V&i cdch mac nhu trén thi dién 4p

2UCC 46 v6i OAL. Quan

~ o ‘ < U Jpe N
ngudng cua cic mach so sanh la % doi v6i OA:z va
sat trén so do ta thdy dién dp trén tu C duoc dat t6i dau vao con lai cta hai mach
so sanh nén gia tri dién ap trén tu s&€ quyét dinh trang thai ctia ching.

e Nguyén ly hoat dong cua mach phat xung:
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Uc 4
2Ucc/3 g .
s W\/
0 : : : ! : : : ot
Uraﬁ it it it 1ts 'te ! "
A 1 1 1 h 1 1 1
0 S

Hinh 4-21&Giafrdg thoi gian cua dién 4p trén mach phat )Eung.
T

2UCC i dau ra

* Gia st tai thoi diém dau (t = 0) dién dp trén tu C 12 U, =

OA1 c¢6 mic logic “1” con dau ra OA2 c6 miic logic “0”, dau ra 1 c¢6 mic logic
“1” (R = 1, S = 0), tranzitor T thong, tu C phéng dién qua Rg, qua T vé mét lam
cho dién ap trén né giam dan. Pau ra cia mach phat xung khong cé xung ra
(muc logic “07).

+ Khi %<UC < 2Ucc

thi dau ra cia OA; va OA; déu c¢6 mic logic “0”

trigo van giit nguyén trang thai (R =0, S = 0), T van mg, tu C ti€p tuc phong
dién, dién 4p trén no ti€p tuc giam, xung ra & muc logic “0”.

+ Dén thoi di€ém t; : U, S%, dau ra OA; c6 muc logic “1”, con dau ra
OA, van c6 mic logic “0”,-Q nhan tri “0” (R =0, S=1). Qua c6ng NAND ta
nhan dugc xung ra & mic logic “1”, déng thoi tranzitor T khod, tu C dugc nap tir
+Ucc = Ra > Rg > C — mat. Qua trinh tu nap dién ap trén né tang dan theo
biéu thiic sau:

t t

- U -
Uc=Ug.(1—e Ty 4 —§C e (FrrEe, (4-35)

+ Trong khoang thoi gian dién 4p trén tu thoa man: 2% >U, 2% cac
dau ra bo so sdanh déu nhan tri “0”, trigo git nguyén trang thai (R = 0, S = 0),
xung ra van ton tai & muc logic “1”, T van khéa tu C ti€p tuc duoc nap dién.

+ Cho dén thoi diém t2: Uc > 2Ucc/3 dau ra cia OA, chuyén trang théi 1én
muc logic “1”, dau ra cia OA; van giit nguyén trang thai, Qnhan tri “1” (R =1,
S = 0), xung ra nhan mdc logic “0” dong thoi T thong bao hoa, tu C phéng dién,
hoat dong cua mach lap lai nhu qua trinh tir O +t;. Két qua 1a ta thu duoc mot day
xung vudng & dau ra trén chan 3 ctia vi mach 555.

Dé thay déi tan s6 xung ra thi thay d6i hing so thoi gian phéng, nap cua tu
C bang céch thay d6i gia tri cdc dién trd Ra va Ra.

Thoi gian dé dién 4p trén tu dugc nap tir gié tri Ucc/3 dén gid tri 2Ucc /3 ta
tinh dugc theo cong thuc sau:
tn tn

2U U (R _+R .C TR R YO
cc _ Y cc (R, +R;).C (R, +R).C
3 3 .e + U 1—¢€
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Pon gian phuong trinh ta dugc :
—tn
2 Ucc .e(RA +Rp).C _ UCC

3
Lnhaivé: t, =(R, +R;).C.In2~0,69.(R, +Ry).C. (4-36)
Trong khoang tir 0 + t; tu C phong dién tir gia tri ban dau 1a 2Ucc /3 dén Ucc /3.
Biéu thic dién 4p trén tu:  Uc(t) :chc.eRB'C. (4-37)
T t:t: CC:_UCC.eRB.C.
at=h 33

Vi t, 1a hang s6 thoi gian phéng cua tu C.
t, =R,.C.In2~0,69.R ,.C.

Chu ky T cua day xung ra:

T=ta+t,=0,69(Ra + R3).C + 0,69Rs.C = 0,69(Ra + 2R5).C.

Néu mac thém diot D song song véi dién trd Rg nhu hinh vé thi tu C s& nap
dién theo duong: +Ucc — Ra — D — C — miat, thoi gian nap cta tu C sé dugc
tinh: t, = 0,69.C.Rx, va khi d6 chu ky cua day xung ra s€ duogc tinh:

T=ta+t,=0,69.Ra.C+0,69.Rs.C=0,69.(Ra + Rp).C.

Néu tachon Ra=Rg > ta =t, > T =2.t, = 2.t, = 2.0,69. RAa.C = 1,4.RA.C.
Trong truong hgp nay xung ra c6 do rong va khoang thoi gian khong ton tai
xung 1a bing nhau. Nhin vao biéu thifc ta thay khi mu6n thay d6i chu ky T cua
xung ra ta c6 thé thuc hién bang 2 cdch 1a thay déi dung luong cta tu C hoidc
thay déi gid tri cua dién trd Ra, va Rg.

Trén hinh 4-19 d€ c6 thé thay doi duoc chu ky T ta diéu chinh hai bién trd WR,
va WR,, day la hai bién tr& dong truc ma khi ta tang thi ching cung tang con khi
ta giam thi ching cung giam nén WR; = WR, = WR. Vi mach nhu hinh 4-19
cong thuc tinh chu ky cua xung ra nhu sau:

T=2.0,69.(WR+R).Ci. = 1,4.(WR+R)).C\. (4-38)

CO SO PAI SO LOGIC VA CAC PHAN TU LOGIC CO BAN,
THONG DUNG
§1. PAI SO BOOLE

Trong mach s6 cac tin hiéu thuong cho & hai mdc dién ap 0(v) va 5(v).
nhiing linh kién dién tir dung trong mach s6 lam viéc & mot trong hai trang thai
(tdt hodc thong). Do vay dé mo ta mach s6 ngudi ta dung hé nhi phan (Binary)
hai trang thai trong mach duoc ma hod tuong tng 1a "1" hoac "0". Hé nhi phan

thé hién duoc trang thai vat Iy ma hé thap phan khong thé hién dugc. Mon dai so
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mang tén nguoi sang lap ra né - Dai s6 Boole con duoc goi 1a dai so logic.
1.1. Mot so dinh nghia:

- Bién logic: Pai luong bi€u dién bing ky hiéu nao d6 chi 1dy gia tri "1"
hoac "0".

- Ham logic: Biéu dién nhém céc bién logic lién hé v6i nhau thong qua céc
phép toan logic, mét ham logic cho du la don gian hay phtc tap cling chi nhan
gid tri hoac 1a "1" hoac 1a "0".

- C4c phép todn logic: c¢6 3 phép todn
co ban.
Phép nhan (va) - ki hiéu 1a AND.

Phép cong (hoiac) - ki hiéu 1a OR.
Phép phu dinh (dao) - ki hiéu la NOT

b. Bang trang thai:
* Bang trang thdi: Ham ra khong nhiing phu thudc vao bién vao & thoi diém
hién tai ma con phu thudc vao (trang thai) qua khi ctia né.

Gia str ¢6 n bién thi bang c¢6 (n+1) cOt va 2" hang

+ (n+1) c6t — (n) bi€n + (1) gia tri ham. A B f(AB)
+ 2" hang — 2" t6 hop gid tri bién. 0 0 0
Vi du: Ham c6 hai bién - bang goém c6 3 cot, | 1 1
4 hang. 1 0 1
1 1 1
Bang that
A}@,B): A+B.
c. Bia Karnaught (Cic no). 01011
Biéu dién tuong duong bang that. Mi dong LN S

ctuia bang that ting v6i mot 6 ctia bia cac nd. Toa do
cua 6 dugc quy dinh bdi gid tri t6 hop bién, gid tri
ctia ham tuong ting véi t6 hop bién dugc ghi trong 6
do.
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1.3. Cac ham logic co ban.
_ Ham pha dinh (NOT): f(A) = A

Bia cac no

f(AB)=A+B
- Ham cong (OR): f(A,B,C) = A+B+C.
- Ham nhan (AND) : f(A,B) = A.B
Cac bang that tuong Gng cac ham trén. Al B|cC| fABC
0010 0
A | B | f(AB) 0011 1
HA) 0 | 0 0 0|10 1
04 1 0 | 1 1 011 1
L10 1 | 0 1 110]0 1
f(A) = A 1 1 1 1011 1
f(A,B)=A +B 11,0 1
1|1 |1 1

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

1.4. Mot so tinh chat cua ham nhan, cong, phu dinh:

- Tén tai phan t trung tinh duy nhat cho phép "nhan", phép "cong".
A+0=A;
Al=A;

-Hoinvi: A+B=B+A;
-Kéthop(A+B)+C=A+B+C)=(A+C)+B
(A.B).C=A.B.0O)=(A.0).B
- Phan phoi: A.(B+C)=A.B+ A.C

0 - Phan tir trung tinh cho phép tinh "cong".

AN

1 - Phan tir trung tinh cho phép "nhan".

A.B=B. A.

- Khong ¢6 s6 mi, khong c6 hé so.

A+A+.. . +A=A;

-Bu: Z:A; A+A=1;

* Pinh 1y Demorgan:

Truong hop théng quat :

Thi du:

AA.. A=A

AA=0

X+Y=X.Y ;

1

f[x; 0, +]=1f[X;,+,0]

XY=X+Y
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(Pdo clia mot tong béng tich cdc dao, dao ciia mot tich bang tong cac dao)
- b6i ngau + e 01
Thidu: A+B=B+A< AB=B.A

A+AB=A+Bo A(A+B)=AB

A+1=1 <A0=0.

§2. BIKU DIEN GIAI TICH CAC HAM LOGIC

V6i cac ki hiéu ham, bién va cac phép tinh giita ching. C6 hai dang giai
tich duoc sir dung Ia.

+ Dang tuyén: Ham duoc cho dudi dang téng cua tich cc bién.

+ Dang hoi: Him dugc cho duéi dang tich clia téng céc bién.

+ Dang tuyén chinh quy: Néu méi s6 hang chita diy di mat cdc bién.

+Dang tuyén khong chinh quy: Chi cén it nhat mot s6 hang chita khong day
dlt mat cac bién.

+ Hoi chinh quy: Néu moi thira s6 chita day du mat céc bién.

+ Hoi khong chinh quy: chi can it nhat mot thira s6 khong chita day dt mat
cac bién.

Thi du: f(X,Y,Z) = X.Y.Z+XYZ+XYZ+XYZ (tuyén chinh quy)

f(X,Y,Z)= XY.+XYZ+XYZ+XZ  (tuyén khong chinh quy)

f(x,y,2) =(X+Y +Z).X+Y+2Z).(X+Y+Z). (hoi chinh quy).

f(x,y,z) = (X +Y +Z).(Y + Z).(Z +Y +X). (hoi khong chinh quy).
2.1. Dang tuyén chinh quy

Pinh ly Shannon: Moi ham logic c6 thé dugc khai trién theo 1 trong cic
bién duéi dang téng cua 2 tich logic nhu sau:

F(AB,...,Z)=AF(,B,...,Z)+ A.FO,B,....7).

Vi du: Ham 2 bién: F(A,B) = A.F(1,B) + A .F(0,B). (¥)

F(1,B) = B.F(1,1) + B.F(1,0)

F(0,B) = B.F(0,1) + B.F(0,0)

Véi F(0,0), F(0,1), F(1,0), F(1,1). duoc goi la cdc ham thanh phan.Thay cac
ham F(1,B), F(0,B) vao (*) ta duoc:
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F(A.B) = ABF(1,1)+ A .BF(0,1) + A. B.F(1,0) + A .B.F(0,0) (**)
Nhu vay : Him 2 bién — Khai trién 4 s6 hang (2%)

Ham n bién — khai trién 2" s6 hang

T biéu thic (**) ta c6 nhan xét:

S, . |STT| A B C | Z=f(A,B,0)

- Néu gid tri cua ham thanh phéan
) N 0 0 0 0 [0 F@,,)
="1" — So6 hang 1a tich cua cac bién. 1 0 0 1 1 F00.1)
="0" — ta loai s0 hang dé. 3 0 1 1 |1 F@,1,1)
Gia st vé6i vi du trén: 4 1 0 0 | 0 F(1,0,0)
F(1,1)=1;F0,0)=1; 5 1 0 1 1 F@1,0,1)
F(0,1) =F(1,0)=0. 6 1 1 0 |0 Fd,10)
Thi: f(A,B)=A.B+ A.B . 71 11 Fd LD

Thi du: Cho ham 3 bién c6 bang that nhu hinh trén thi:

Z=1(A,B,C)=A.B.C+ABC+ABC+ABC+ABC

Tur cac phan tich trén ta thdy khi biéu dién ham logic dang tuyén chinh quy:

- Chi quan tam dén cdc t6 hop bién tai d6 ham thanh phan nhan tri "1".

- S6 s6 hang bang s6 1an ham thanh phan nhan tri "1".

- Trong biéu thiic logic c4c bién nhan tri "1" gilt nguyén, bién nhan tri"0" ta
lay phu dinh.
2.2. Dang hoi chinh quy :

Pinh 1y Shannon: Moi ham logic duoc trién khai theo mot trong cac bién
dudi dang tich clia hai tong logic nhu sau:

F(A,B....,.Z) =[A + F(1,B....,Z)].[A + F(0,B,...,Z)].

Thi du: Ham 2 bién F(A,B).

F(A,B)=[A+F(1,B).[IA+F0O,B)] ().

F(1,B) = [B+ F(1,1)].[B + F(1,0)]

F(0,B) = [ B+ F(0,1)].[B + F(0,0)] | Thay cdc gi4 tri nay vao (1) ta dugc

F(A,B) = [A +B+F(1D][A+B+FOD][A+B+F10)|[A+B+F00)] (2
Neéu gid tri cha ham thanh phin = 0 — Thira s6 bing tong cac bién.

Ne&u gia tri cua ham thanh phan = 1 — Thira s6 bi loai bo.
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V6i bang that trén thi:
Z=1(A,B,C)=[A+B+C][A+B+CL[A+B+C].
T céc phan tich trén khi biéu dién ham logic dang hoi chinh quy:
- Chi quan tam dén céc t6 hop bién tai d6 ham thanh phan nhan tri "0".
- S6 thira s6 bang s6 1an ham thanh phan nhan tri "0" .
- Trong biéu thifc logic cdc bién nhan tri "0" giit nguyén, cac bién nhan tri
"1" ta lay phu dinh.
2.3. Biéu dién tuyén chinh quy, hoi chinh quy duéi dang so:
a). Tuyén chinh quy dang sé.
Tur thi du truée tuyén chinh quy dang s6 duoc cho:
Z=FA,B,C)=x2(1,235,7)

(tai céc gia tri t6 hop 1, 2, 3, 5, 7 clia bién vao ham nhan tri "1")

STIT| A|B| C| Z=FABC
1 oo 1|1 Fo00D
2 o0 1]0]| 1 F0,1,0)
3 o111 FoLy
s |1]lol 1)1  Fao
7 11111 Fa1LD

Z = F(A,B,C)=A.B.C+A.B.C+A.B.C+ A.B.C+AB.C
b). Hoi chinh quy dang so:

Ciing tur thi du trén hoi chinh quy dang s6 dugc cho nhu sau:
Z =F(A,B,C) =11(0,4,6).
(tai céc t6 hop bién 0, 4, 6 ham logic nhan tri "0" )

STT| A | B | C | Z=F(A,B,0)
0]0]0/[0 F000)
10|00 Fa100

6 |1 |1]0]0 Fa1,10)

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

-29 -



Bai giang K§ thuat Dién tir Phan xung s

§3. TOI THIEU HOA CAC HAM LOGIC
Mot ham logic c6 thé c6 vo s cach biéu dién giai tich twong duong. Tuy
nhién chi ton tai 1 cdch gon nhit t6i uu vé s6 bién, s6 s6 hang hay thira s6 va
duoc goi 1a t6i gian. Viéc toi gian ham logic mang ¥ nghia quan trong vé phuong
dién kinh t€, ky thuat. Dé t6i thi€u hoa cdc ham logic ngudi ta thudng dung
phuong phap dai s6 va phuong phap bia cac no.
3.1. Phuong phap dai so:
Bién dai bi€u thitc logic dua vao cdc tinh chat cia dai s6 Boole.
Thidu :AB+ AB=B; A+AB=A; A+ A.B=A+B.
Ta chitng minh cdc dang thic trén, theo tinh chat d6i ngiu:
AB+ AB=B< (A+B).(A +B)=B.
A+AB=A < A(A+B)=A.
A+ AB=A+B < A(A +B)=AB.
Quy tac 1:
Nhém céc s6 hang c¢6 thira s6 chung.
Thidu: A.BC+AB.C =AB(C + C)=AB.
Quy tac 2:
Pua s6 hang da c6 vao biéu thic logic.
AB.C+ ABC+AB.C+ABC=
=ABC+ A.BC+A.B.C+ABC+AB.C +ABC
=B.C.(A+A)+A.C.B+B)+A.B.(C+ C)=B.C+A.C+A.B
Quy tac 3:
Co6 thé loai cdc s6 hang thira.
AB+B.C+AC=AB+ B.C+A.C(B+ B).
=AB+B.C+ ABC+A.B.C
= A.B+B.C (loai A.C)
3.2. Phuong phap bia cac no.
a. Cau tao:

- Gom 1 d6 hinh céc 6 vuong, ham cé n bién bang c6 2" 6 (1 bién - 2 6, 2
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bién -4 6,3 bi€n-86 ...).

- Thit tu cua céc 6 do gia tri t6 hop bién quy dinh

-Hai 6 dugc goi 1a ké nhau, hoac d6i xiing chi khac nhau 1 gia tri cta bién.

- Gi4 tri ciia ham tuong ting véi t6 hop bién dugc ghi ngay trong 6 do.

- C4c 0 tai d6 gi4 tri cia ham khong xdc dinh dugc déanh bang dau "X".

b. Nguyén tac toi gian ham logic trén bia cac no

- Thuc hién nhém céc 0 tai d6 ham nhan tri "1" hodc "0" ké nhau hoac doi
xting, s6 0 trong mOt nhom dan phai la s6 Iuy thtra ctia 2 (khi viét ham dang
tuyén ta nhém cdc 0 c6 gid tri "1", dang hoi nhém cac 6 ¢6 gid tri "0").

- Trong moOt nhém ddn cac bién co tri thay doéi ta loai, cdc bién c6 tri khong
déi gilt nguyén, diéu nay c6 nghia 1a s6 6 trong nhém ddn cang nhiéu thi s6 bién
bi loai cang tang (2 6 - loai 1 bién, 4 6 - loai 2 bién ... 2™ 6 - loai m bién).

- Biéu thic logic ¢6 s6 s6 hang hay thira s6 chinh bang s6 nhém dén. Khi
viét ham logic du6i dang tuyén cac bién con lai nhan tri "1" ta gilt nguyén, nhan
tri "0" ta 1ay phu dinh, khi vi€t ham logic dudi dang hoi thi nguoc lai.

- Mot 6 ¢6 thé tham gia vao nhiéu nhém dan.

- Céc 0 tai d6 gia tri ham khong xéc dinh ta coi tai 6 d6 ham c6 thé 14y gia
tri "1" hodc "0" tuy ting trudng hop cu thé.

* Chu y: Phuong phdp t6i gian ham logic trén bia cic no chi thich hop véi ham

c6 s6 bién < 6. Truong hop ham c¢6 s6 bién 16n hon 6, bang cac no rat phc tap.

C
ABC 00 o1 11 10 AB 0 | 1
0 | A A 4 o e
1 a 4 A & ol # ~
| a1 75
4 cot - 2 hang (ham 3 bién) 10 S -
6 7

2 cot - 4 hang (ham 3 bién)

FaVa\ Qo
UyU |

—
—
[S= Ty
[ Ty
P
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AB CD
< 1 3 2 Ham 4 bién
. < e e (4 hang - 4 cot -16 0)
M2 3 A5 14
g <3 AT (10
ApcoEt 000 001 011 010 110 111 101 100
000 Al A A3 Al &l AL A &
001 Va3 I Y 1 MY (1| Y | MY v R | MY )
011 Vo2 I . .- R 1 R 11 R, N3
010 A6l A7 M M M £ A 6
110 P 5| N1 R .7 R 1 Y. <| R~ )
111 Vo 1 R R<| N ) I < N | R 1
101 Pzt 5 R < N o) Y R 7| R <|
100 Va5 < 1 N7 - R R < | N < - R < 71 B < 73
Ham 6 bién (8 hang - 8 cot - 64 0)

Thi du: Cho ham logic 4 bién

F(A,B,C.D) = 3(0,1,2,4,6,8.9,10) va khong %
D
DD 00 01 1110

xdc dinh tai N = 5, 11,13,15. (Thi du nay

. : o 00 1 1 0 1

tuong duong vé6i viéc cho ham logic 4 bién
F(A,B,C,D [1(3,7,12,14) va kho A ol 1 2 0 1
'( ’ 9'7 )_ ( sl s )Va Ong Xac 11 0 X X O
dinh tai N =5,11,13,15) 10 1 1 % 1

Tir bai ra ta ¢6 bang cac n6 nhu sau:
+ Biéu dién dang tuyén (3 nhém ddn)
-Nhém 1: Cac 6 0, 2, 8, 10 — két qua: B.D
-Nhém 2: Cac 6 0, 2, 4, 6 — két qua: A.D
-Nhém 3: C4c 6 1, 5,9, 13 — két qua: C.D
Ham biéu dién duéi dang tuyén: F(A,B,C,D)= B.D+A.D+C.D
+ Biéu dién ham logic duéi dang hoi (2 nhém)

-Nhém 1: Gém cdc 6 3,7, 11,15 > két qua: C+D
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- Nhém 2: Gém cdc 6 12, 13, 14,15 - két qua: A+ B
Ham biéu dién duéi dang hoi: F(A,B,C,D)=(C+D).(A +B)

§4. CAC HE THONG SO PEM THUONG SU DUNG TRONG
KY THUAT SO.

4.1. Hé thap phan (Decimal Number System)

* Cdu tao : Dung 10 chit s6 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 d€ biéu dién con s6
dém va tinh toan.

* Tinh chat: Khi ¢6 mot s6 dém duoc viét bai hé co s6 10 ma ¢ 2 chit s6
bat ky ké nhau va giong nhau thi chit s6 bén trai c¢6 gia tri gap 10 lan chit s6 bén
phai.

* Kha nang thao tdc todn hoc: c6 thé thuc hién moi phép todn +, -, *,+ céc
phép toan dai so.

* Moi s6 dém hé 10 déu c6 thé tdch thanh téng cdc s6 luy thira co s6 10.

Vidu: [2452,34]p=[2.10° + 4.10* + 5.10" + 2.10° + 3.10" + 4.10]p
4.2. Hé nhi phan (Binary number System)

* C4u tao: Chi dung hai chit s6 "0" va "1" dé bi€u dién s6 dém va tinh toén.

*Tinh chat: Khi c6 mot s6 d€m dugc vi€t bai hé co so 2 ¢6 hai chit so bat ky
ké nhau va giéng nhau thi chit s6 bén trai c6 gia tri gdp 2 lan chit s6 bén phai.

* Kha nang thao tac toan hoc: Rat thich tng véi cac phép toan trong dai sO
logic.

* Moi s6 dém hé co s6 2 (nhi phan) déu c6 thé tich thanh tong cdc s6 luy
thira co so 2.

Vidu: [10101.10112=[1.2*+0.23 +1.22+ 02! + 1.2°+ 1.2 + 0.2 + 1.2%]s0.

* Phép cong hai s6 nhi phan:

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

1 +1=0—>nhd 1 gt lén phép codng bit cao hon ti€p theo.

1+1+1=1-—nhé1 glilén phép cong bit cao hon ti€p theo
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Thi du : S6 nhé 0010 1110
S6 hang thi nhat 0101 0111
S6 hang thit hai 1001 0101
Tong 1110 1100
* Phép trir hai s6 nhi phan:
0-0=0.
1-1=0.
1-0=1.

0-1=1—nh6 1 (muon) gt 1én phép trir bit cao hon ti€p theo

1-1-1=1—nhé 1 (muon) glri Ién phép trir bit cao hon ti€p theo

* Thi du: S6 muon 11001.00
S6 bi trir 10011.01
So tru 1100.10
Hiéu s6 00110.11
* Phép nhan hai s6 nhi phan: 101
0.0=0. X 110
1.0=0 000
0.1=0 + 101
101 .
L1=1 11110
Vi du: 35/5 =7 000 0111
1000
101
111
101
101
101
0

* Pinh nghia bit:

Mot chit s6 hé co so 2 1a 1 bit:
Ow— 1bit; 1@ — 1bit; 10m — 2bit; 101w — 3 bit

* Pinh nghia Byte:
8 bit noi ti€p tao nén mot Byte.
4.3. Hé co so6 16: (Hexa Decimal System).

* CAu tao.
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Dung 16 ky hiéu : 0, 1,2, 3,4,5,6,7, 8,9, A, B, C, D, E, F d€ biéu dién
con s6 d€m va tinh toan.

* Tinh chat:

Khi ¢6 mot s6 d€m duoc viét bdi hé co s6 16 ma ¢6 2 chit s6 bat ky ké nhau
va giong nhau thi chit s6 bén trai cé gia tri gdp 16 lan chit s6 bén phai.

* Kha nang thao tac toan hoc:

Thuc hién moi phép todn +, - , *, + va cac phép toan logic.

* Moi s6 dém hé 16 déu c6 thé viét bang tdng céc so lily thira co s6 16.

Thidu:

[3A2F]i6 = [3.16° + 10.16% + 2.16" + 15.16"] 0.

*Y nghia clia hé 16:

C6 kha nang biéu dién, tinh todn rat gon vi 1 chit s6 trong hé 16 twong tng
v6i 4 bit nhi phan.
4.4. Chuyén doi giita cac hé dém

* Chuyén d6i s6 thap phan sang so nhi phan ( He 10> 2)

Thi du: Chuyén doi [254]10 =[ ? 1.

25
Oy 11

4] 2 \\15}_2_
L 27 }6723 , @,\ 7 }TZ ,
O] O]
RSICT

Két qua [254]i10=[1111 1110]>

* Chuyén d6i s6 thap phan sang Hexa:

Ssal 16 He 10 | He 16 He 2

®, I'15]16 0 0 0000

E O '7 I 1 0001-35-
F 2 2 0010




Bai giang K§ thuat Dién tir Phan xung s

—Keét qua :
[254]i10 = [FE]is =[1111 1110]>»

* Chuyén ddi s6 nhi phan sang Hexa:

{1011 1101 1111} =[BDF],¢
—_— e ——
B D F 1

* Cong thic chung dé tinh gi4 tri s6 dém:
Ne=AnC" + An.C + A C2
+..t AoC+ ALLCT + An.C? +..4+ An.CP
Trong d6: C: La co so.
n: Vi tri cua so.
(A3 A2 At Ag) >n=3
Thi du:
+ Nio=1999 = 1.10° +9.10* +9.10" +9.10°
+ N, =[101101.01], =[1.2° +0.2* +1.2°
+1.2240.2" +1.2° +0.2" +1.2°2 J10.
4.5. He BCD: (Hé 2 - 10)

Cac s6 nhi phan c¢6 do dai (s6 bit) 16n hon 4 thuong khé doc. Theo théi

quen thap phan thong thuong nguoi ta duing ma nhi - thap phan (BCD). Dung 4

bit nhi phan dé dién ta mot chit s6 hé BCD, gi4 tri thap phan cta 4 bit nhi phan

nay khong 16n hon 9.
Thidu: [9 ]io<[100 1]pcp.
[19]10[0001 100 1]scp.

[1999]10=>[000110011001100 1]scp.

4.6. SO bu
a. Sobul

Trong hé co s6 2 khi cho trudec mot s6, tim duoc mot s6 khac sao cho tong
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clia s6 da cho va sd vira tim dugc c6 cac hang déu bang 1 thi s6 vira tim duoc goi
l1a s6 bu 1 cta so da cho.
Vi du:
*[0,—>Sobulcaandélaso[1 ..
Vi + 0
1 vangugc lai s6 [ 1 ]2 thi so bu cua né 1a s6 [0]2
1
* Cho s6 [101]2 — tim sO bu 1 cua s6 da cho.

+101

XXX — Sobulcuaso[101],1a[01 0],
111
Nhan xét: S6 bu 1 1a s6 dao cua so da cho.
b. SO bu 2:
Trong hé co s6 2 néu cho trudc mot s6, tim dugc mot s6 khac sao cho tong
ctia 8O da cho véi s6 tim duoc ¢6 két qua cta cdc hang déu bang 0 nhung ¢6 1
hang vuot ra ngoai nhan gia tri 1. S6 tim dugc goi 1a s6 bu 2 cta s6 da cho.
Thi du: Cho s6 [0]2 ta tim s6 bu 2 cua nd.
0

+
X .

10 —>x=[10]; [10] lasobu?2chal0]

- Cho s6 [1]2 ta tim sO bu 2 cua no.
1

X.

10 —x=[1]2; [1]21as6 bu 2 cua [1]..

+

Nhan xét:

S6 bu 2 clia mot s6 nhi phan chinh bang s6 bu 1 cia né cong thém 1.

§5. CAC PHAN TU LOGIC CO BAN

Cac phép toan co ban cua dai s6 logic c6 thé duoc thuc hién bing cdc mach
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khoa dién tir (Tranzitor hoac IC). Nét dac trung nhat ctia cac phan tu logic & day
la hai mtc dién thé€ cao hoac thap ctia mach khoa hoan toan cho mot su tuong
ung don tri v6i hai trang thai ctia bién hay ham logic. Néu su tuong ting dugc
quy udc 1a dién thé€ thap - tri "0" va dién thé cao - tri "1" ta goi d6 la logic duong.
Trong truong hop nguoc lai v6i quy woc muc thé thap tri "1" va muc thé€ cao tri
"0", ta ¢4 logic am. D€ don gian & day ta chi xét v6i miic logic duong.
5.1. Phan tir phu dinh logic (phan tu dao- NOT).

- Phan ti phu dinh ¢6 1 dau vao bién va 1 dau ra thuc hién ham phu dinh
logic: Fnor = X

Tac 1a Fxor = 1 khi x = 0 hoac nguge lai Fyor = 0 khi x = 1. Bang trang

thai, ki hiéu quy udc va gian do6 thoi gian minh hoa duoc cho trén hinh la, b, ¢

tuong ung:
X Fvor X4 1 11

Fror ~—Do—. T 0 0 0 t

ol 1 Froh 1 1 T

t

1 0 . >0— 0 0 .

a) b) c)
Hinh 1: Bang trang thai (a); Ky hiéu quy uéc (b); Gian do dién 4p minh hoa cta
phan t NOT (c)

- D€ thuc hién ham Fnor, c6 thé ding mot trong ciac so d6 mach khoa
(Tranzitor hay IC). Dya trén tinh chit dao pha cua moét tang EC d6i vé6i Tranzitor
hay do6i v6i ddu vao dao cua IC thuat toan. Mach thuc t€ c6 phic tap hon dé nang
cao kha nang 1am viéc tin cay va chinh xdc. Hinh 2 dua ra mot so d6 dao kiéu
TTL(Tranzitor - Tranzitor - logic) hoan thién trong 1 vo IC s6. Mach ra cua so do
gom 2 Tranzitor Tz va T, lam viéc ngugc pha nhau (& ch€ do khod ) nho tin hiéu
14y trén cdc 16i ra phan tai cha T.. Mach vao cta so d6 dung Tranzitor T; mac
kiéu BC va tin hiéu vao (x) dugc dua t6i cuc emito cta T; thé hién 13 c4c xung
dién 4p cuc tinh duong (lic x = 1) ¢6 bién do 16n hon mic Un hodac khong c6
xung (lic x = 0), diéu khién T, khod (Idc x = 1) hay m& (lic x = 0). Nghia 1a khi
x =0, Ti md, dién thé Uc) = Up, 6 mic thaip — T> khod, di€u nay lam Ts khoa
(vi Ug2 6 mtc thap) va T4 mé& (vi Uez & miic cao), két qua la tai dau ra, dién thé

tai diém A & mic cao hay Fxor = 1. Nhd Ts m&, mic dién th€ tai A dugc nang
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lén x4p xi ngudn +E (wu diém hon so véi viéc dung dién trd Rcs3) nén Ty dugc goi

1a Tranzitor "kéo l1én", di€u nay con 1am tang kha nang chiu tai nho hay dong 16n

cho tang ra. Khi x = 1, tinh hinh s€ nguogc lai Ti khoa T> m& lam T4 khoa va Ts

m& dan t6i Fyor = 0.

o +E

b)

Hinh 2: Bo dao TTL c6 hai dau trang thai két cau dudi dang mot vi mach s6 (a)
ki€u méc chung sai dau ra cho hai phan tir NOT (b).

Ta c6 nhan xét sau:

K&t cau mach hinh 2 khong cho phép dau chung céac 16i ra ctia hai phan tir

ddo kiéu song song nhau vi khi d6 néu néu Fxori =1 va Fror = 0 s& xdy ra ngin

mach T v6i T3 hodc nguoc lai. Lic d6 can st dung phan tr NOT kiéu dé ho

colecto Tz (khong c6 Ts) va dung dién tré Res
6 mach ngoai.

C6 thé két cau phan tr NOT tr 1 cap
MOSFET kénh n va kénh p (mdét loai thuong
mo& va mot loai thuong khod) nhu hinh 3

Khi x = 0 (Uwo = 0) Tomo Ti khod.

U. = Upp hay Fror =1

Khi x = 1 (U = Upp) Tokhod, T mé.
U. ~ 0 hay Fxor=0.

Ubp
T J MOS FET
Tz (kénh p)

I NOT

T MOS FET
J E (kénh n)

Hinh 3: So d6 NOT kiéu CMOS

So d6 hinh 3 duoc ché tao trén cong nghé CMOS va c¢6 uu diém 1a dong tinh

16i vao ciing nhu 16i ra gan bang 0.

5.2. Phan ti Va (AND): La phan tlr ¢6 nhiéu dau vao bién va mot dau ra thuc

hién ham nhan logic tic 1a ham Fanp.

Fanp = X1 X2 X3 ... Xn
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Fano= 1 khi va chi khi tat ca cac bién x; nhan tri 1.
Fanp = 0 khi it nhat 1 trong cac bién x; nhan tri 0
Bang trang thdi, ki hiéu quy udc va gian d6 thoi gian minh hoa ctia Fanp

cho trén hinh 4 (v6i n =2). X
A X1

o[T]o[T]ot

X1 X2 | Fanp

X
\Ql— Fano=X1.Xo  4Xo

ol o] o D—g

o 1| o & o[ 10 [1]o[T]ot

1 0 0 e Fanp,

1 1 1 |

. b) 0 o [iot
C)

Hinh 4: Bang trang thai (a) ky hiéu quy ude (b) va gian do thoi gian (c¢) cta
phan trt AND

Mach dién thuc hién Fanp loai don gian nhat dua trén cac khoa diot cho trén
hinh 5, binh thuong khi x; = x2 = 0 nhd E qua phan ap R; Rz c¢6 Ua > 0 cac diot
D; D, déu md, dién 4p ra & miic thap (cd bang sut dp thuan cua diot) Fanp=0,
tinh hinh trén khong thay déi khi chi x; =0 hoic x> = 0.

Khi x; = x» = 1(ing vé6i trang thai cac

dau vao c6 xung vuong bién do 16n hon U,), X,
cic diot déu khod cic nhanh dau vao, liuc do Xo
JL Do
A= .R2 0 thé cao Fanp =1
R, +R,
(khi R> >>Ry) Hinh 5: So d6 nguyén 1y mach AND

dua trén diot

Luu y: Khi s6 lugng dau vao nhi€u hon s6 bién, cdc dau vao khong dung
can dugc noi v6i +E dé nhanh tuong tng tdch khoi mach (diot khod) tranh dugc

nhiéu véi ciac dau khiac dang lam viéc.

5.3. Phan tir hoac (OR):
La phan tir ¢6 nhiéu dau vao bién, mot diu ra thuc hién ham cong logic:

For=X1+ X2+ ... Xn D

X1, >
- 40 - Xoo— P4
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For = 1 khi it nhat mot trong cac bién x; nhan tri 1
For = 0 khi tat ca cac bién nhan tri O:
Xi=X2=..=Xa=0
Bang trang thai, ki hiéu quy udc va do thi thoi
gian minh hoa ctia For cho trén hinh 7
(cho v6in =2).

C6 thé dung kho4 diot thuc hién ham For

Binh thuong khi x; = x> = 0 cdc diot déu khod trén R khong c6 dong dién
Ui = 0, For = 0. Khi it nhdat mot dau vao ¢6 xung duong, diot twong ting ma tao
dong trén R do d6 Ua & mic cao hay For = 1.

Luu y: Khi s6 ddu vao nhiéu hon s6 bién, dau vao khong dung dugc ndi

mass dé chong nhiéu.

Xi
X 1 1 1

X X2 | For °c )_OFOR 0 |_| 0 I_I 0 0 ¢

00710 X2 X2 | |

1 1
0 1 1 X For 0 o[ ] o t

1 0 1 @_Q =

1 1 1 X OR 1 1 1

o[ lo ol Jo[] ¢
a) b) C)
Hinh 7: Bang trang thai (a); Ky hiéu quy udc (b); va gian do6 thoi gian (c¢)

cua phan tir OR
5.4. Phan tir va - phu dinh (NAND)

La phan tir nhiéu dau vao bién, mot dau ra thuc hién ham logic va - phu dinh:

Fyanp = X1Xp- Xy,
Fnano = 0 khi tat ca cac dau vao bién ¢ tri 1.
Fnanp = 1 trong cac truong hop con lai.
Hinh 8: Dua ra bang trang thai, ky hiéu quy udc va do thi thoi gian minh hoa
trong truong hop n = 2.

2 X1
1 1
X X2 | Fnxanp o[ Jo 0 |_| 0 t,
X1 1X
0 0 1 21 1 1
o—o] Fnanp
o 1| 1 - p—o |0 [0 o []¢
i (1) (1) X TFRNAND ] T 41-
1 {ol o !

N 1\
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Ciing nhu céc phan tir NOT, OR, AND c6 thé thuc hién phan tir NAND
bang nhiéu cich khac nhau dua trén tit ca cidc cong nghé ban dan: loai dién trd
Tranzitor - logic (RTL), loai diot - Tranzitor - logic (DTL), loai Tranzitor -
Tranzitor - logic (TTL) hay cong nghé MOS, CMOS ... D€ minh hoa, hinh 9 dua
ra mot phan tit NAND dua trén cong nghé TTL, sir dung loai Tranzitor nhiéu cuc

emito, c6 uu diém 1a bido ddm muic logic tdc dong nhanh va kha ning tai 16n.

130Q2

ﬁ TE45v)

N
~
I ey
[S—
>
~
—T

Hinh 9: Nguyén ly xay dung Hinh 10: Phan tr logic NAND TTL thuc t€ ¢6

phan tit NAND loai TTL dau vao diéu khién (loai ba trang thai ra 6n dinh)

V6i mach hinh 9, khi tat ca 16i vao c6 dién ap cao (x; = X2 = X3 = 1) Tu
khod Uem = U2 6 muc cao 1am T> md, Fxano = 0. Néu chi mdt trong cac 16i vao
c6 muc dién ap thap ti€p gidp emito - bazo tuong tng cia Tv m& lam mat dong
Is> nén T, khoa : Fxanp = 1 thuc t€ T» dugc thay bang 1 mach ra (hinh10) dang
day kéo tuong tu hinh 9 cho dong ra 16n tang kha nang chiu tai va chéng nhiéu.
Khi T, khoa Tz ciing khoa (do Ug, =~ 0) Fxano =1 nho bd 1ap cuc emito Ty trd
khang ra thip tang kha nang chiu tai cho toan mach.

Khi T> m& — T3 md Ts khoa, D tich nhanh T khoéi mach ra Fxanp = 0 (mic
raco +0,1V).

Dé diéu khién ting ra c6 thé dung mot 16i vao dic biét khi Ug ~ 0 (muic
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thap) T3, Ts déu khod (trang thdi 6n dinh thit 3 ctia so d6 con goi 12 trang thdi trd
khang cao). Khi Ua & miic cao diot D' khod, so d6 lam viéc binh thuong nhu da
phan tich & trén vdi hai trang thdi on dinh con lai. Tin hiéu Ug duoc goi 1a tin
hiéu chon vo (CS) tao kha nang cho phép (lic CS = 1) hay khong cho phép (lic
CS = 0) mach NAND lam viéc, diéu nay dic biét thuan loi khi diéu khién nhiéu
NAND Iam viéc chung véi mot 161 ra.

5.5. Phan tir hoac - phu dinh (NOR):

Gom nhiéu dau vao bién, mot dau ra thuc hién ham logic hoac - phu dinh.

Fyor =X X, +...+X
Fyor = 1 khi moi bién vao c6 tri s6 "0"
Frnor = 0 trong céc truong hop con lai.

Bang trang thdi, ki hiéu quy udc va gian do6 thoi gian minh hoa cua Fnor

(v6in =2) cho trén hinh 11. 1 X
X
X X> | For i’:} F_OOR —| [ ] ot
0|0 |1 X X
0 1 0
X For [ ] [ g
1o ]o @)_o o=
1| 110 A ie _
oL
a) b) C)

Hinh 11: Bang trang thai (a); Ky hiéu quy udc (b); va gian do thoi gian (c)
ctia phan tt NOR

Hinh 12 cho két cau thuc hién Fyor trén cong nghé RTL.

Khi it nhat mot trong cac clra vao cé xung duong md, dién ap ra & muc thap
Frxor = 0, con khi x; = X2 = ... = X, = 0, do cac Tranzitor dugc thiét k€ & ché do
thuong khod, tat ca cac Tranzitor khod — Fnxor = 1 (luu y néu thiét k€ céac
Tranzitor thuong md& thi mach hoat

. )”’ +E
dong nhu mot phan tt NAND véi cac

xung vao cuc tinh am diéu khién khoa

cac Tranzitor).
C6 thé thuc hién phan tir NOR dua

X ‘L Xz 4’X3

- 43 -
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trén cong nghé MOS hoac CMOS (timg cap MOS, va MOSp v6i moi ddu ra ) véi
nhiéu vu di€ém néi bat: thdi gian chuyén bién nhanh, khong c6 dong do va tiéu

thu cong suat cuc bé.

§6. CAC THONG SO PAC TRUNG CUA PHAN TU LOGIC.

Dé danh gid dic tinh k§ thuat va kha nang st dung cta IC logic ngudi ta
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thuong st dung cac tham s6 co ban sau:
- Tinh tdc dong nhanh (phéan ting vé thoi gian clia phan tr v6i su bién doi

dot bién cua tin hiéu) thé hién qua thoi gian tré trung binh khi truyén tin hiéu

xung qua no: Tos =

Trong do:
t*: 1a thoi gian tré sudn truée chuyén miic logic "0" 1én "1".
t: 12 thoi gian tré sudn sau khi chuyén miic logic "1" vé "0".
Néu 1w < 10®%  :loai phan tit cuc nhanh.
Twe < 3.10% : loai nhanh.
Twe < 3.107s : loai trung binh.
Twe < 0,31 s :loai cham.

- Kha nang st dung thé hién qua so luong dau vao m va hé sd phan tai n &
ddu ra (s6 ddu vao clia cdc phén tir logic khdc c¢6 thé ghép vé6i ddu ra cua no).
Thuong n = 4 + 10, néu ¢6 bo khuyéch dai dém & ddu ra c6 thé tang n = 20 +50;
m=2+6.

Ngudi ta quy dinh v6i nhitng phan tir logic loai TTL cac muc dién ap (mtc
logic) cao va thap nhu sau (v6i logic duong).

- Dai dam bao muc "1" 6 dau ra : +E > U 2 2,4(v).

- Dai dam bao muc "0" 6 dau ra : 0,4(v) 2 U 2 0(v).

- Dai ddm bao muc "1" 6 dau vao:  +E > Uy > 2(v).

- Dai dam bao muc "0" 6 dau vao:  0,8(v)= Uy = 0(v).

Nhu vay du trit chong nhiéu & mdac "1" 1a 2 +2,4 (v), du trit chong nhiéu &
muc "0" 1a 0,4 +0,8 (v).

- Do chénh léch cuc tiéu gitta 2 mic logic tai ddu vao 0,8 +2(v).

§7. MOT SO PHAN TU LOGIC THONG DUNG

7.1. PHAN TU TUONG PUGNG (CUNG DAU).

La phan tr logic c¢6 hai dau vao bién (X;,X>), mot dau ra (Fep). Quan hé cta
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ham ra véi cac bién vao thoa man y tudng sau:
- Khi X; = X; ham ra nhan tri “1”— Fep = 1.
- Khi X # X; ham ra nhan tri “0”— Fcp = 0.

Hoat dong cua phan tlr cing dau dugc trinh bay & bang trang thai hinh 3.

X1 Xi X2 | Fep
21 [ Phan :) ) Rics
tir Fep X2 0| o 1
cung 0 1 0
X | g X1 _@QED 1 0 0
X2 — I T
Hinh 1: Mach mo phong. Hinh 2: Ky hiéu. Hinh 3: Bang trang thai.
Tir bang trang thdi ta c6: Fo, =X1.X2 +X,.X, =X, ®X,. (1)

Bién ddi biéu thic (1) ta dugc: Fop =X1.X:2 +X,.X, = X1.X2.X, . X, (2).

Fop = X, . X, + X . X, =X, + X, + X, + X, (3)

Tur biéu thitc (2), (3) ta nhan duoc mach dién cia phan tir tuong duong (cling
ddu) dugc xay dung tir cac phan tt NAND, (NOR) c6 hai 161 vao.

Annnooo
i

Hinh 4: Gian d6 xung.
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X1 | Xi

Fcp

X2

00 O
§

X,

a)

1
L)

b)

Hinh 5: Phan t tuong duong (cung dau) cdu tric tir phan tir

NAND (a) hoac phan tit NOR (b)

7.2. PHAN TU KHAC DAU (CONG MODUL 2).

La phan tr logic ¢6 hai dau vao bién (X1,X>), mot dau ra (Fkp). Quan hé cua

ham ra vdi cac bién vao nhu sau:

- Khi X; = X5 ham ra nhan tri “0”— Fxp = 0.

- Khi X # X5 ham ra nhan tri “1”— Fxp = 1.

Hoat dong cua phan tr khac ddu duoc trinh bay & bang trang thai hinh 8.

Xi

tu Fxp X,

Hinh 6: Mach mo6 phong. Hinh 7: Ky hiéu.
Tur bang trang thdi ta c6: Fyy = )_(1.X2 + Xl.)_(z

Mach dién ctia phan tir khac dau dugc
suy ra tit mach dién clia phan tu cling
dau bang cdch mac thém vao diu ra
phan tir dao.

Phép cong modul 2 cé tinh chat sau:
Néu X; @ Xo = X3 thi Xi® X3 = X, va
X3 ® X2 =X

| Phan Xo N

0
X, | nic D 0
1

FKD Xl

X Fxp
0 0
1 1
0 1
1 0

Xn
1

Hinh 8: Bang trang thai.
=X, ®X, =I_:CD. (1)

X21 I

1
Fxop 1 !

Hinh 9: Gian d6 xung.
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CHUONG II

CAC MACH SO HOC
§1. BO CONG
1.1. Phan tir nira tong:
La mach logic ¢6 hai dau vao bién a, b, hai dau ra 2., R véi:
- a, b: hai s6 nhi phan 1 bit can cong.
- 2.: két qua ctia phép cong hai s6 nhi phan a, b.
- R: K&t qua nhé cta phép cong hai s6 nhi phan néi trén.
Qua trinh 1am viéc thoa man bang trang thai hinh 2 (bang trang thai duoc

xay dung dua trén co s& quy tac ctia phép cong hai s6 nhi phan 1 bit).

a R a | b ||>X R

T Noa [T olofo]lo
oy Bl o1 |10
Lo 1]O

Hinh 1: Mach mo phong 1 1 |0 |1

Hinh 2: Bang trang thai
a I
_ _ 3
{2=a.b+a.b=a@b - D)=
R=ab (1) ‘j s R
2

Tur (1) ta c6 mach dién hinh 3.

Phan ti nlta tong gdm mot phan tir cong

T bang trang thdi ta c6 hé sau:

\S]

Hinh 3: Ciu tric cia phén tir ntta tong

modun 2 (thuc hién phép cong) va 1 phan tot AND (két qua nhé cta phép cong)
1.2. Phan tir toan tong.

Gom 3 dau vao (hai dau vao bién, mot dau vao két qua nhd ctia nhip trudc

gui tGi ) va 2 dau ra (thuc hién cong modun 2 a i
o— | ———o
va tao nhé cho nhip sau ) thoa man Cong
) ) b; : Risi
bang trang thai Hinh 5. o— T °
+R; : K&t qua nhé cta nhip trude dén. R:i

+ Ri:1 : Két qua nhé guri dén nhip sau. Hinh 4: Mach dién m6 phong
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a | b | R |3 | R *_ab

o lolololo RN 00 0l 11 10
olol1l1]o0 0L 0 L
ol1]lol1]o L 10 ] 110
0|11 ]o]1 R Y
110101110 RNC 00 01 1110
11 oJ 11011 oL, 0ol 0o | 1] 0
1l1]o]o]1 o | 1 | 1 | 1
1l 1]

Hinh 5: Bang trang thai
Hinh 6: Bia ciac n6 cac ham ra X, Ri+i
Tt hinh 6a:
T, =R,(@b, +a,b,)+R,(@.b, +a,b,) =R.(a, ®b,)+R,(a, Db,)
=a, ®b, DR, (2)
Tt hinh 6b:
R.,, =ab +R.(ab; +ab) =ab, +R,(a; ®b;)  (3)
Tu (2) va (3) ta c6 mach dién hinh 7:

A . 1
1 3 1
b | D @) 5.
1
\ 3 1
R, e A )ﬂRiﬂ

Hinh 7: Bo t6ng ddy du dugc cau triic tir hai phan tir
nira téng va phan tr OR
1.3. Phép cong hai s6 nhi phan n bit:

Vé nguyén tac dé thuc hién phép cong hai s6 nhi phan n bit can sir dung n
phan tir toan téng. D€ don gian cho qu4 trinh phan tich ta xét phép cong hai so
nhi phan 4 bit: A=asazai ao; B=bs b2 b1 bo
Phéi cin dén 4 phan tlr cong dl dé thuc hién phép tinh nay
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Rs R> R: Ro
+ A=a3 a a ao
B=bs b by bo

Rs R3 R, R
R4 23 22 1 20

Kétqua= Rs 35 X2 X1 o

as bs T b, ajl lbl 510 lbo
Cong :R3 Cong :Rz Cong :RI Cong | o
Ry gy ri
Ri2Y 329 $:(2%) 51(2') %0(2°)

Hinh 8: Bo cong song song hai s6 nhi phan 4 bit

V6i két cdu hinh 8, mach c¢6 wu diém 1a don gian tuy nhién c6 nhugc diém
la do tac dong khong nhanh vi phai cho két qua tur bit thap dua 1én phép cong bit
cao hon ké né. D€ khic phuc nhuge diém nay ta dung bo cong song song tinh
trudc sO nhd.
4. Bo cong song song tinh trudc s6 nhag: (thoi gian tré khong phu thudc vao
chiéu dai cua bit).

Tue(3) > R,,,=a,b, +R,(a, ®b,); bat P, =a, ®b, Gi=a.bi

Khidé R, =Gii+RP  (4) Khii=0— R, =ayb,+R,P, (5)

Tir (5) ta ¢6 mach dién hinh 9:  Gi

Go -
Go R, P; >_
- —y __Ro
Po o—j ; —
Ro——rd ? Po R —
Ti — RO —J ©
T=T1+ T2 NI
U T=T1+ T
Hinh 9 Hinh 10

*Khii=1—>Ry=Gi+R/P; (6). Thay R, tur (5) vao (6) ta co:
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R>=Gi + GoP1 + RoPoP1 (7).  Tu (7) > Mach dién hinh 10
So sdnh két qua (thoi gian tré T ) cua hinh 9, hinh 10 ta c6 két luan : thoi
gian tré khong phu thuoc vao do dai cta bit.

Nhu vay theo phuong phap nay trinh tu cac buéc dugc ti€n hanh nhu sau:

- Tinh P;, Gi. a3 b3 a» by ai by ags bo Rof

- Tinh R, I O O

- Tinh tong a; + bi + R;
i tong Tinh P, G,

Hinh 11: Luu d6 cédc bo P; Gale Gz | P1 | Gi| Po|Go

A Y Y A 4 y 4 Y A

cong song song 2 soO nhi ]
Tinh cac s6 nhé R;

phan 4 bit c6 tinh truéc s6

R4 ! as b3 az bz a1 b1 ao bo Ro

LS

Tinh téng a; + b; + R;

b bk

§2. BO TRU

nhé

2.1. Bo nura trir (ban hiéu): C6 hai dau vao bién a, b va hai dau ra D, B véi:

a:sO bitrir; b:so trir ; D: két qua
ctia phép trir ; B: két qua nhé (vay cua phép
trir) a D

: Nua :

o tru °

b B

—_ = O O (®
- o = O |CT
S = = o T
o o = O |W

Hinh 1: Mach mo6 phong

Hinh 2: Bang trang thai

T bang trang thai ta c6 ai ! ﬁ\/ ; D

D=ﬁb+aB=a@b (1) . 2_6_> \ 1
_ bi

B=ab ; B

Ttr (1) xay dung mach dién hinh 3
Hinh 3: Cau tric phan ti nira trix
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2.2. Bo tru day du:

Gom 3 dau vao (2 dau vao bién, mot dau vao nhé két qua clia nhip trude gui

tGi) 2 dau ra (thuc hién phép trir va tao nhé nhip sau) thoa man bang trang thai

hinh 5.
e ai Di
+ ai :sO bi trir. o— | I,
+ bi : SO trir. bi Tru Bi+i
o— ——o0
+ D; : hi€u s6

+ Bi : K&t qua nhé cua nhip trude giri dén.

+ Bi+1 : K&t qua nhé glri dén nhip sau. Hinh 4: Mach dién m6 phong

a | b | B | Di | Bu b aib:

o Lol ol0 o BN 00 01 11 10
P R A ol o | 1] 0 | 1
ol 1011 1110110
0 1 1 0 1 Bis1 Y
110101110 BN 00 01 11 10
11011010 ol o | 1] 0] o
1 l1]o0]o]lo 1 T B R I
HEEEE NN

b)

Hinh 5: Bang trang théi
Hinh 6: Bia cac n6 cac ham ra D;, B+

Bang trang thai duoc xay dung dua vao quy tac cua phép trir 2 s6 nhi phan.
T hinh 6a: D, =B, (a;b, +a,b,)+B,(a;b, +a,b,)

—B.(a, ®b,)+B,(a, ®b.)

=(a, ®b,)®B, 2)
Tir hinh 6b: B., =a.b, +B.(@,b, +a;b,)
=a,b, +B,(a; ®b,) 3)

T (2) va (3) ta c6 mach dién hinh 7:
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Hinh 7: a ;
| D)2

Bo trir day da duoc céu

O
tric tir hai phén tir — — e
p / ‘—ZD—,_Z’_T>3—‘BH—I
Bi —

ntra trir va phan tod OR

2.3. Phép trir hai s6 nhi phan n bit.
Ta xét truong hgp phép trir hai s6 nhi phan 4 bit.

Phai cin dén 4 phan tr trir da dé A=a; a a1 a

B=b; b2 by bo

B3 <I B> <I B <I Bo
Bs Bs B> B:

D3 D: D Do

thuc hién phép tinh trén

Két qua =
a3 bs af by ai lb] af lbo
HEnEN BO
Bl rrir Bl e 2| Tra Bl T —
R R
Ds(2%) D2(2?) D.(2") Do(2%)

Hinh 8: Bo trir hai s6 nhi phan 4 bit
2.4. Dung phan tir toan tong thuc hién phép trir hai s6 nhi phan.
Xuatphat: A-B=A+bu2cuaB=A +[(bul cuaB) + 1] ta c6 mach dién

sau:
Hinh 9: Dung 4 phan tir toan tong thuc hién phép trir 2 s6 nhi phan 4 bit

Két qua cua phép trir = 33 X2 X1 Yo (b0 két qua nhG R 4).

a3 ?‘m a ?bz all ?bl af ?bo
< R3 . Rz R Rl N RO
Hinh 9 Cong |, Cong |, Cong |, Cong | °
- - nln
¥3(2%) >2(22) >i(2h >0(2°)
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§3. BO NHAN

Ta thuc hién phép nhan hai s6 nhi phan 4 bit.

a3 a2 ar ao
A=asasa; ao

B =bsbyb; by X bs by bi bo
A.bg asbo axbo aibo aobo
A.b; Dich trdi mot bit <« + asbi abr aib: agbi
A.b, Dich trai mot bit <« asbz axby aiby agb2

A.bsz Dich trdi mot bit <« asbs absz aibs aobs
R
P, P« Ps Ps P P P Py

Ti phép nhan trén ta dua ra luu d6 thuat toan nhu sau:

A.bo

!

A.b;
|
(A.bo) + (A.b; dich trai 1 bit) = 3,
!
A.b>
|
1+ (A.ba dich trdi 2 bit) = X,
|
A.bs

}
. + (A.bs dich trdi 3 bit) = P

Tur luu d6 thuat toan ta trién khai mach dién cu thé hon.
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by 2}3 :’:}2 ‘al ao bo 2.13 Q& 70211 7210
A b- Tt ¢t TI Aby * 1T 1T 1 TI
v WYY T YY)
A.b; dich trai 1 3 2 1 0 G 3 2 1 0
bit, tinh 3, > G 3 2 1 0
b, ?1.3 2}2 7%1 ?0
A b; A R R O I
A B B
A.b dich trai 2 32 1 0 3 2 1 O
bit, tinh >, > 3 2 1 0
bs ?}3 Q& a a0
¢ ) S S S W
a YPY|
A.bs dich trai 3 3 2 1 0 2 1 0
bit, tinh P > Co 3 2 I 0
17 £ £5 1134 lls isz ig)l 150

§4. BO SO SANH
Thuc hién thuat toan so sanh hai s6 nhi phan:
An = (an-18n-2...2120)2 ; Bn = (bn-1bn-2...b1bo)2
K&t qua so séanh phat hién ra mot trong ba trang théi ¢6 thé x4y ra:

Hoac Ax < By hodc A, = By hodc A, > B..
4.1. Phép so sanh bang nhau: a0 %
Pé thuc hién viéc so sdnh bing bo e—

A=B
nhau cua 2 s6 nhi phan n bit ta dung n ai & @3__
by e— Fss

phan t tuong duong cung diu két hop B
P . A 5 PN R An- 1] @ |
v6i mot phan tr AND n 161 vao. Hai bit b,.®

cé trong s6 tuong tng (cung chi s6) dugc

Hinh 1: Mach so séanh bang nhau
) cua hai s0 nhi phan n bit.
dau. Fss=1khi A=B; Fss=0khi A#B

so sanh vGi nhau bdi mot phan tir cling
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Khi tit ca cac bit ¢6 trong s6 tuong ting cta hai s6 nhi phan cung gia tri, cac dau
ra cua cac phan tlr cing dau déu nhan tri "1", qua mach AND thi Fss nhan tri "1"
(A = B). Chi can ¢6 it nhat mot su sai khac ve tri s6 ctia 2 bit cé trong sO tuong

tng thi Fss nhan tri "0" (A # B).

4.2. Phan tir so sanh van nang hai s6 nhi phan mét bit

C6 3 dau vao Ej, a;, b;, 3daura S, Ei.1, L.

Ei
Ei: Tin hiéu cho phép (Enable)
o WhA c y aj Si
+ Ei = 0: Khong cho phép so sanh,  So B
khi d6 cdc dau ra déu nhan tri "0". bi sanh I,
+ Ei =1: Cho phép so sanh.
KhiE = 1: Hinh 2: Mach mo6 phong

-a;>b; — Si="1"; Ei1, I; déu nhan tri "0".
-ai=b; > Eiy ="1"; S, Ii déu nhan tri "0"
-ai<b;i > L ="1"; S, Ei.i déu nhan tri "0"

Qua cac y tudng trén ta xay dung bang trang thai hinh 3.

Ei a; b; Si Eii I; . j

oo oo ol o] BT ) S

o]l o] 10| 01| o0 Q

ol lolole] elOH YL
. _/ I;

1o lolo | 11]o0

1o 1o | o] 1

1 1o |l1 |01 o0

1l 1o 1] o Ei

Hinh 3: Bang trang théi Hinh 4: Mach dién thuc hién

Tir bang trang thai ta xac dinh dugc quan hé ctia cac ham ra véi cac bién

vao nhu sau:
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Si=Eiai.bi  (1); I.=E,a.b, (2); E_ =E.@.b +a.b) (3);

1

E, ,=E.(a;®b,) =E,(S, +1,) =E,.S,.I, (4

Tir céc biéu thifc trén cho phép ta xay dung dugc mach dién hinh 4.

4.3. Mach dién so sanh van nang hai sé nhi phan n bit
Vé nguyén tac ta phai ding n phan tlr so sanh van nang 2 s6 nhi phan 1 bit,
viéc so sanh bat dau duoc thuc hién tir cép bit ¢6 tri s6 16n nhat. Dé don gian cho

qua trinh phan tich ta xét mach so sanh van nang (so sanh du) 2 s6 nhi phan 3 bit

E> l
a_ S \
} So sanh 2 E, Si
OR
b2, So A>B
E: I
ai
So sanh 1 Eo
o} | A<B
E() l
ao =
So sanh 0 A Be
bo

Hinh 5: Bo so sanh van nang 2 s6 nhi phan 3 bit
Dé bat dau qué trinh so sanh ta cho E, nhan tri "1", qu4 trinh so s4dnh thuc

hién xong, két qua clia qud trinh so sanh dugc thé hién & cac trang thai logic cla

cic dau ra.
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CHUONG III
CAC MACH TRIGO

Trigo (Flip - Flop) 1a phan tir co ban nhét dé tir d6 ché tao ra cdc mach day
(mach logic ¢6 nhG). Mach Trigo thuoc loai mach khong dong bo cé hai trang
thdi 6n dinh bén theo thoi gian ting v6i hai mic logic "1" va "0". Trang thdi cla
Trigo c6 thé thay d6i khi tic dong xung lén céc ddu vao. Trang thdi twong lai clia
Trigo khong nhitng phu thudc vao cac bién vao ma con phu thudc vao trang thai
hién tai. Khi ngiing tic dong xung 1én cac dau vao, trang thai Trigo giit nguyén,
v6i dac diém nay cdc mach Trigo duoc dung dé luu trit thong tin dudi dang ma

nhi phan.

§1. TRIGO R-S
1.1. Trigo R-S khong dong bo:
La loai Trigo co ban nhat dé tir d6 tao ra céc loai Trigo khdc gém c6 2 dau
vao 1a R, S va hai ddura Q, Q véi:
- Q: PAu ra chinh thuong duogc sur dung.
-Q:Piura phu, luoén thoa man Q + Q=1
- R (Reset): Dau vao xo04.
- S (Set): Dau vao thiét 1ap.
Y tudng thiét ké trigo R-S khong dong bo theo cic diéu kién sau:
+ R, =S, = 0, trang thai cta trigo gitt nguyén — Qn+1 = Q.
+ R, =0; Sy=1 dau ra trigo nhan gia tri "1" — Quu1 = 1.
+ Ry =1; Sy=0 dau ra trigo nhan gia tri "0" — Qu1 = 0.
+ Rn = 1; Sy =1 day la trang thdi cam , trang thai Trigo la khong xé4c dinh,
trong bang trang thai duoc ddnh dau bang dau "x".
Hoat dong cua trigo R-S tuan theo bang trang thai nhu hinh veé.
- n: Trang thai hién tai
- n + 1: Trang thai tuong lai.

- "-": Gia tri tuy chon - ¢6 thé 14y gid tri "1" hoac "0".
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- x: Trang thai cam tai d6 gia tri cua ham ra la khong xac dinh.

Trigo
S | RS

Hinh 1: So d6 mo6 phong

Qn+1 Rn, Sn
QN 00 01 11 10
0| O 1 X 0

1 1 1 X 0

Hinh 3: Bang chuyén tiép.

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

Hinh 2: Bang trang théi

Qn Qn+1 Rn Sn
0 0 - 0
0 1 0 1
1 0 1 0
1 1 0 -

Hinh 4: Bang dau vao kich.

Tir bang trang thdi hinh 2, ta ¢6 bang chuyén tiép hinh 3, bang kich hinh 4.

Thuc hién nhém céc 6 c6 gid tri “1” trong bang trang thai (dang tuyén) ta co:

Q,.. =S, +R,Q, (1)
Nhém cac 6 cé gia tri “0” trong bang trang thai (dang hoi) ta co:
Q... =R,.(Q, +S,) (2)
Tr() - Q,,=S,+Q,R,=5.Q,R, 3)
Tr@ - Q,,=R,.Q,+S,)=R,Q,5,
- Q,,-R,Q,S,) 4)
Tr2) - Q.,=R_.(Q, +S)=R_+(Q_ +S) (5)
Te(l) - Q. =S, +1ﬁ:sn +Q, +R,
Q,. =S, +Q, +R, (©6)

T (3) va (4), (5) va (6) cho phép ta xay dung Trigo RS khong dong bo tir
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cac phan tt NAND, cac phan ti NOR hai 16i vao.

" R_n S_n Qn+1
1
E | )0 0 | 0 || X
0 1 0
J 1 —a 1 (1’ é
a) b)

Hinh 5 : Trigo RS x4y dung tt NAND (a) va bang trang thai (b)

Rn Sh Qns+1
0 0 Qn
0 1 1
1 0 0
1 1
a) b)

Hinh 6 : Trigo RS x4y dung tr NOR (a) va bang trang thai (b)

V6i cdc tin hiéu xung vao R_,S_ va Ry, S, di cho két hop véi cac bang

trang thai hinh 5b, 6b ta vé dugc dang xung ra ctia cac Trigo R-S khong dong bo
(hinh 7). Trén gian d6 xung ta c6 nhan xét:

- Bai v6i Trigo R-S duge xay dung tir cac phan tir NAND trang thai Trigo
chi thay déi (1at) & cc thoi diém xung diéu khién chuyén tir tri "1" vé "0". Ta néi
d6 1a loai Trigo chi phan Gng vG6i Cac swon ame ciia xung diéu khién dat t6i 161
Vao.

boi v6i Trigo duge xay dung tir cac phan to NOR trang thai cua Trigo chi
thay doi & cdc thoi diém xung diéu khién chuyén tir tri "0" lén "1" ta né d6 1a

loai Trigo chi phan ing v6i CAC suon duvng clia xung diéu khién.
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S
™ 1 1 Su 1 1 1
0 oo 0) V.o t 0 1 0 i 0 :[
R,1 | 1 Rt g I 1
......... y S | 4 t
Qn+1 4 1 1 1 Qn+l 4 1 1
----- > 0 LIS TS O I ‘t O - | 0 e — 0 ‘t
Qn+1 1 1 Qn+1 T 1 1 _1
0 0 0 0 0 t
a) b)

Hinh 7: Gian d6 dién 4p tin hiéu xung minh hoa qua trinh lam viéc
cta Trigo R-S dugc xay dung tit NAND (a), tir NOR (b)

1.2. Trigo R-S dong bo.

Nguoi ta mudn Trigo chi phan R 1

G o

E
-
2)
Tm
L

ting vao nhimng thoi diém x4c dinh,

diéu nay dugc thuc hién bang cach C |

dua thém t6i dau vao tin hiéu phu C i
N 3 2
dugc goi 1a tin hiéu dong bo. S 2|G4 )O—§__

B
‘fw

—Q

-Khi C="0" thi R =S=1 trang
PR o . Hinh 8: Trigo R-S dong bo
thai Trigo gitt nguyén.
- Khi C = "1" hoat dong cua so
do6 giong nhu Trigo R-S khong dong

bd nhu da phan tich & phan trén.
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§2. TRIGO D (DELAY)

Gom c6 hai dau vao C, Dy va hai dau ra Q,, Q, Véi:
- C: Bién diéu khién (xung nhip - xung déng bo)
- Du: Dit liéu vao.
Y tudng thiét ké trigo D tuan theo cic diéu kién sau:
+ Khi C = 0, trang thdi cla trigo gitt nguyén — Qn+1 = Qn.
+ Khi C =1, gia tri diu ra trigo nhan gia tri dua dén dau vao D — Qn+1 = Dn.

Hoat dong cua trigo D tuan theo bang trang thai nhu hinh 2.

C Dn Qn+l
D Q
Trigo | 8 (1) 8“
C|D n
Q 1 0 0
1 1 1
Hinh 1: So d6 mo phong trigo D. Hinh 2: Bang trang thai cta trigo D.
Qn+
C. D, Q [Qu| C | D
QN 00 01 11 10 P P
0| O 0 1 0 0 1 1 1
1 0 1 0
1
11 |1]o0 A O
Hinh 3: Bang chuyén tiép. Hinh 4: Bang dau vao kich.

Tu bang trang thdi hinh 2 ta ¢6 bang chuyén tié€p hinh 3, bang kich hinh 4.

Thuc hién nhém céc 6 ¢6 gid tri “1” trong bang trang thi (dang tuyén) ta c6:

(LH=CDH+QWE+QWDH=CDn+Q{E+Dﬁ=CDn+QW€3n

=CD, +Q,.CCD,=CD, .Q,CCD,. (1)
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Thuc hién nhém cac 6 ¢6 gia tri “0” trong bang trang thai (dang hoi) ta co:

Q... =[c+p,]lQ, +cJ[Q, +D,]=[c+p, [0, +Q, D, +Q,C+CD,]

-[c+p,]lQ.(1+D, +c)+cp,]=(c+D,)Q, +CD,)=CD,.Q, CD, =CCD, .Q, CD,

=Q,, =CCD,.Q,CD,. (2)
Tur céc biéu thic (1) va (2) ta c6 mach dién cta trigo D dugc xay dung tir cac
phan tit NAND hai 161 vao.

C @O—@o_—o@

Dn @o @O_—O Qn

Hinh 5: Trigo D duoc xay dung tir cic phan tit NAND.

C A
0 t
D. 4 i ity it s it b7 ity il jtio it (i
0 i i | i i i ot
Qui 1 :h R T
0 : >t
N b} ty te ts tio tiz
LT

Hinh 6: Gian d6 xung minh hoa qua trinh 1am viéc cua Trigo D.

Trén gian d6 xung ta nhan thdy xung ra cham sau so v4i xung vao mot
khoéang thoi gian 1a 1 (chinh vi dac di€ém nay ma ngudi ta goi nod 1a trigo tré D-
Delay), & gian do trén do rong xung ra bang chu ky cua diy xung C.

Trigo D 1a phan tlr co ban xay dung nén cic bo ghi thong tin nhi phan, cic bo

chot dém dit liéu (khi C = 1 thuc hién nhan dit liéu — ch& do dém, C = 0 trang
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thdi trigo khong doi — chot dit liéu).
§3. TRIGO CHINH - PHU
( Trigo M - S)

Thong thudng dé tranh dnh hudng clia nhiéu, tang do tin cay trong viéc ghi
doc thong tin, tir R-S Trigo nguoi ta xay dung cac M-S Trigo bang cdch ghép hai
Trigo R-S d6éng bo lién tiép nhau (hinh 1). Khi d6 viéc ghi thong tin chi x4y ra
khi 16i ra bi khoa va ngugc lai viéc doc thong tin chi x4y ra khi 16i vao da bi
khoa.

Nhém cédc phan tir Gy, Gz, G3, G4 tao nén R-S Trigo chinh, nhém Gs, Gs, G,
Gg tao nén R-S Trigo phu. Hai nhom lam viéc véi hai day xung nhip C nguoc
pha nhau nhd clta ddo Go. O day chi minh hoa cho qud trinh ghi va doc thong tin

qua gian do6 thoi gian cua xung nhip C (hinh 2).
R

1

2G13

| G5

1
g 1 @03 2@03_ Go6

Hinh 1: Trigo M-S c4u tric tir phan td NAND

Tai suon duong khi bién do xung U

< . e g2 . Xung nhip C
tang tuong Ung voi diem a Trigo phu Sv
ngat khoi Trigo chinh nhd C ="0"khoa [~ b

............... a
Gs, Gg . khi bién do xung tang t6i muc b I Ld

e

thong tin dat t6i 161 vao s& duoc ghi vao : —

TI'igO' chinh. Tal suon am khi bién do Hinh 2: Qu4 trinh ghl, doc th()ng tin
xung giam t6i mic d Trigo chinh bi ngat dugc diéu khién boi xung nhip C
khoi 16i vao nho khi d6 C = 0 khoa Gi, G, ldc dat t6i muc e thong tin  duogc
chuyén tir Trigo chinh sang Trigo phu (do C ="1")va dat t6i 16i ra Q (su thay

d6i trang thdi & 16i ra chi x4y ra trén sudn am cua xung nhip C)
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§4. TRIGO VAN NANG J-K

Gom c6 3 diu vao C, Ja, K, va hai dau ra Qn, Q, Vdi:
- C: Xung dong bo.
- Ju, Kz Céc dau vao diéu khién.
Y tudng thiét ké trigo van nang J, K theo cdc diéu kién sau:
+ Kiw=Jn = 0, trang thai cla trigo gilt nguyén — Qn+1 = Qn.
+ K, =0; Jo=1 dau ra trigo nhan gid tri "1" — Qus1 = 1.
+ K, = 1; Jo,= 0 dau ra trigo nhan gia tri "0" — Qu+1 = 0.
+ K= 1; Ju= 1 trigo 1at trang thdi — Qu+1 = Qn.
(Céc trang thdi trén x4y ra tai cac thoi diém xung dong bo C chuyén trang thdi
tir "1" v "0" néu nhu Trigo dugc xay dung tir cac phan tt NAND)

Hoat dong cua trigo van nang J-K tuan theo bang trang thai nhu hinh vé.

Kn Jn Qn+1
b Q
Trigo | 0 0 Qn
K JK Q 0 | 1
' — 1 0 0
C 1 | 1 | on
Hinh 1: So d6 mo6 phong Hinh 2: Bang trang thai
Qn+1 Kn Jn Qn Qn+1 Kn Jn
QN_00 01 11 10
oo |1 ][1]0 0 1 0 -1 0
0 1 - 1
1| 1 1 0 0 1 0 1 -
1 1 0 -
Hinh 3: Bang chuyén tiép. Hinh 4: Bang dau vao kich.

T bang trang thdi hinh 2 ta ¢6 bang chuyén ti€p hinh 3, bang kich hinh 4.

Thuc hién nhém céc 6 ¢6 gid tri “1” trong bang trang thdi (dang tuyén) ta c6:

Q.. =K,Q,+J,Q, (1)
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Nhém céac 6 ¢6 gia tri “0” trong bang trang thai (dang hoi) ta c6:
Q.. =K, +Q)dJ, +Q,) 2)

Cac biéu thic (1) hodac (2) duoc goi 1a phuong trinh dic tinh cua Trigo van

nang J-K R
L1
K ; _
5 1
TG Q
Ce
1
Q
1 s Tolas )1

Qn+1

Hinh 6: Gian d6 xung minh hoa qua trinh lam viéc ctia Trigo J-K

Nho hai mach vong hoi tiép Q = R, Q =S nénkhiJ=K =1 thi tin hiéu ra
bi ddo qua mdi sudn am cha xung dong bo. Dé tang kha ning diéu khién cla
Trigo nguoi ta ché€ tao cé nhiéu dau vao J, K, diéu nay dugc thuc hién bang céich
chon cédc cong logic G1, G2 c¢6 nhiéu ddu vao, trong mach dién st dung s6 dau
vao J, K khong dung dén s& dugc néi v6i mite logic "1" dé€ chong nhiéu.

Puoc goi 12 Trigo van nang 1a vi bing cdch thay doi cach noi cidc dau vao J, K va

muc logic ctia ching sé tao ra cac loai Trigo khac.
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§5. TRIGO PEM T

C6 hai ddu vao T, C, hai ddura Q,Q.
C: Xung dong bo (xung nhip).
T: Bién diéu khién, thoda min yéu cau sau:
+ T ="0" trang thai Trigo gitt nguyén — Qn+1 = Qn.

+ T ="1" Trigo lat trang thai = Qu:1 = Q,, .

Nhu vay hoat dong cuia Trigo dém T tuén theo bang trang thai nhu hinh 1b

Tn Qn+1 Qn+1 Tn Qn Qn+1 Tn
Q
- 0 R n 0 0 0
T Trigo | _ 1 3 T 0 o 1
T | Q Q, 0
1 0 1
€
1 1 0
a) b) c)

Hinh 1: a) Mach mo6 phong; b) Bang trang thai; d)

¢) Bang chuyén tiép; d) Bang kich

Tir bang trang théi ta c6 bang chuyén tiép hinh 1c, bang kich hinh 1d.

Tir bang chuyén ti€ptacé: Q. =T, Q_n +T,.Q, (1)

Q.. =(T, +Q).(T, +Q,) )

Biéu thiic (1) va (2) duoc goi 1a phuong trinh dic tinh clia Trigo dém T.

C 4 Y Y Yy

Tn

Qn+1

Hinh 2: Gian d6 xung cta Trigo dém T
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§6. CHUYEN POI TRIGG VAN NANG J-K
THANH CAC LOAI TRIGO KHAC.

6.1. Chuyén doi Trigo J-K thanh Trigo R-S
Phuong trinh dac tinh cha Trigo J-K: Q.. =K_.Q . +J_.Q. (1)
Phuong trinh dac tinh cta Trigo R-S:  Q,,, =S, +R_.Q, )

Tr(2) > Q,.,, =S,.Q, +Q,)+R,_ Q. =S .Q +S,.Q, +R_.Q,

=S..Q. +R_.Q. +S Q. .R,+R)=S .Q +R_.Q +S .Q R_+S .Q R _
=S, .Q +R_Q (1+S).+S Q. R, S Iy ol—
LT R )
=S..Q. +R_.Q, 3) K 0—
So sanh (1) va (3) = Sn = Jn ; Ra = K. C ]
6.2. Chuyén déi Trigo J-K thanh Trigo D Néi Trigo J-K thanh R-S
Phuong trinh dac tinh cta Trigo D: Qun+1 =Dn 4)
Tir (4)— Qui=D_.(Q, +Q,)=D_.Q. +D_.Q, (5)
Sosanh (1)va(5) > D_=J =K_
(Nho phan tir dao ma & so d6 bén luon dam C J Q—
bao J # K, mat khac tir bang trang thai cta K ol

Trigo van nang JK ta thay khi J # K thi dau c
ra Q luon thay déi theoJ,maD =]

—> Qn+1 = Dn )

6.3. Chuyén doi Trigo J-K thanh Trigo dém T

Noi Trigo J-K thanh D

Phuong trinh dac tinh ctia Trigo d€m T : T ]
L o . Q —e
Qn+1 = Tn ‘Qn + Tn ‘Qn (6) .
K e
So sanh (1) va (6) »> Th =J. =K., Q
C.—l

+ Khi T =0 — J =K =0 trang thai
Noi Trigo J-K thanh T
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Trigo gitt nguyén Qn+i = Qn;

+Khi T=1-—>J=K=1 Trigo lat trang thdi: Qu:1 = Q

Chwong IV: BO BEM

Tién hanh ghép lién tiép cac Trigo dém T ta duoc bo d€m thuc hién chiic
nang dém so luogng xung dua tGi dau vao. Tuy thudc vao két cau cia bd dém ma
c6 thé thuc hién dém thuan (cong s luong xung diu vao), d€m ngugc (trir xung)
hoac dém thuan nguoc.

Téng quit mot bo dém dém duoc (n -1) xung con xung thit n s& dua bo dém
vé trang thai ban dau, ta n6i s6 lugng xung dém dugc 1a (n - 1) xung, boé dé€m cé
mo dun dém 1a n . Bo dém mo dun 2 (Trigo dém T) 12 bo d€m co s& dé tir d6 xay
dung nén cac bo d€m c6 mo dun bat ky. Két qua (s6 lugng xung d€m duge) duoc
14y tr cdc ddu ra ctia bo dém va dugc biéu dién duéi dang ma nhi phan.

§1. CAC BO PEM NHI PHAN.

Ghép lién tiép N trigo dém T ta dugc mdt bo d€m nhi phan c6 mod dun dém
1a 2V, dung lugng bo dém (s6 xung t6i da bo dém c6 thé dém duge) 1a 2N-1.
Trong thuc t€ v6i nhi€u 1y do khac nhau thuong N = 4 khi d6 ta ¢ bo d€m nhi
phan 4 bit, m6é dun 16, dung luong d€m la 15 xung. Gian do xung va bang trang
thdi minh hoa qué trinh 1am viéc clia bo dém nay duoc thé hién & cdc hinh vé
sau. ¢ Thiét lap

Tu bang trang thai H L
Vao

(hinh 2) ta c6 cac nhan xét

— P
— 1
W
—
~
oe]
O
—

1 2 11121314 1516
ITL ﬂ' y VL VL l’ JL ﬂ' l’ ﬂ' ﬂ' ﬂL ﬂ' t‘
sau: !
oo Qog
a. Trang thai cua mot e I T T e B e B e T s O
o|tyo[1}o toj1yo[t}o[1loft]of1}o ¢
trigo bat ky sé€ chi lat khi 9 ”
14
dau ra Q cha trigo cap o [tdofrjofriofi}og
thdp hon ké n6 chuyén gid Q..
tri tir 1 vé 0. 0 I v O I 40¢
LA g s Qs
V61 nhan xét nay cho 0 I 10t
phép ta ch€ tao bd dém g
nhi phan khong dong bo Hinh 1: Gian d6 thdi gian minh hoa hoat dong

ctia bd dém nhj phan thuin 4 bit, moédun 16 (ip
v4i suon am) - 69 -
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(b0 dém noi tiép).
b. Trang thai cia mot trigo bat ky s€ chi 1at khi tat ca cac dau ra Q clia cac
trigo cap thap hon déu nhan gia tri 1.
V6i nhan xét nay cho phép ta xay

dung bo d€m nhi phan dong bo (bd dém S5 Trang thdi trigo dém
song son Xxung
; ) g) Y vio | @) | @) | @Y | @)
1.1. B0 dém nhi phan kiéu noi tiép F 5 E Fo
(khong dong bo ).

Hinh 3 1a c4u tric cua bo dém nhi
phan thuan, modun 16 kiéu noi ti€p
dung céc trigo JK dang MS Fo +F; (cau
tao tr cic phan tt NAND) ndéi thanh
trigo dém T thuc hién chic nang bang
trang thai hinh 2.

Cic diac diém chinh cua bo dém
hinh 3 la:

- Xung can dém dugc dua vao mot

cach tuan tu tai 16i vao dong bo (ctra C)

O PP PP, PP, P, OO0 000O00 00
O—RLr PP, P OO0 O0O R~ PL, OO0 O0
O—Rr P OO Rr P OO —RLr L OO~~~ OO0
O~ OR O, O—R,OR,RO—,O—~=,O~O

NN E Dm0 N AW —=O

cua trigo dau tién Fo. Dau ra Q cua trigo
truéc dugc noi voi dau vao dong bd C  Hinh 2: Bang trang thai cac trigo dém cia

cua trigo ti€p theo cap cao hon (Q; noi bé dém nhi phan thuan 4 bit médun 16.
v6i Cis).

20 21 22 23
Fo Fi F» F3
C 1— Jo Qo 17 Ql l_Jz Qz 1_'13 Q3
X e G C _ G G _
e eml— Ko Qi 1K Qi 1K Q I—/Ks Q-
Xung x04 R R R R

Hinh 3 : Bo0 d€m nhi phan khong dong bo (n6i ti€p) thuan, modun 16 diung
4 Trigo JK loai MS néi ti€p kiéu Trigo dém.

- Xung xo4 phai xuat hién trudc diy xung d€m dé thiét lap trang thdi ban
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dau Qo = Q1 = Qz = Q3 ="0".

- D¢ trang théi cla trigo bat ky chi lat khi ddu ra Q cua trigo cap thap hon
ké né chuyén déi tir "1" vé "0" thi cdc dau vao diéu khién cua céc trigo phai
cung nhan tri "1" (J=K=1).

- Qua mdi trigo F; thuc hién chia doi tan s6 ctia diy xung vao.

- D€ tao ra bo dém c6 dung luong 16n ta cin ting s6 trigo (s6 bit) khi d6 do
c6 hién tuong tré tich luy gitta ddy xung vao va day xung ra lam giam kha nang
dém nhanh khi s6 bit ting dan, do tré tich luy chung bang téng do tré do cdc
trigo tao nén. Pay ciing chinh 14 nhuoc diém chinh ctia bo d€m nhi phan noi tiép
(khong dong bo).

- Néu dung cac trigo duoc xay dung tir cac phan trt NOR (lat theo sudon
duong cua xung dong bo) thi tir hink 3 ta nhan dugc bo d€m nhi phan lui. Truong
hop dung cac trigo dugc xay dung tr NAND ma tao ra bo dém nhi phan lui can
noi dau ra Gi v6i Cisi.

1.2. B dém nhi phan kiéu song song (dong bo)

20 021 022 73
ol P
— JO QO *— Jl Ql — ] f Q2 — *1— ‘;32 Q3
Go G G ] 2
—1 Ki L | K,
— KO — Kl K2 | 1K,
K;
Fo F, F E
Xung dém R R R *[R
Xun;_/,y X04

Hinh 4 : Bo dém nhi phan thuan dong bo 4 bit mo6 dun 16 dung Trigo JK

Hinh 4 1a cau tric cua bo d€m nhi phan dong bo 4 bit dung cac trigo JK loai
MS, bo dém nay c6 diac diém nhu sau:

a- Cac xung dém dugc dua tGi dong thoi cdc 16i vao dong bo (ctra C) cua
céc trigo, cidc dau vao JK duoc dung dé diéu khién qua trinh lat ctia méi trigo
theo trinh tu cta bang trang thai hinh 2. Do vay thoi gian tré chung cua bo dém

chi bing thoi gian tré cia mot trigo gay nén, day cling chinh 12 vu diém ndi bat
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so vGi bo dém nhi phan khong dong bo.

b- Theo bang trang thai hinh 2:

+ Trigo Fo 1at trang thdi Gng v6i moi xung nhip (xung dém) dua tGi mudn

vay doi v6i Fothi Jo = Ko =1.

+ Trigo F; 1at chi khi Qo = "1" dong thoi ¢6 xung dém dua téi.

+ Trigo F, 1at chi khi Q; = Qo= "1" dong thoi c¢6 xung dém dua téi.

+ Trigo Fs 1at chi khi Q2 = Q1 = Qo= "1" dong thoi c6 xung dém dua tdi.

Cac dau vao diéu khién J,K duoc no6i vé6i cdc ddu ra Qo, Qi, Q2 cho phép
thuc hién dong thoi cic diéu kién trén.

Bo dém nhi phan dong bd c6 két cau hinh 4 v6i uu diém la don gian tuy
nhién ton tai nhugc diém 1a khi bo dém can dung luong 16n thi cdc trigo & bit
trong s6 cao cdn rit nhiéu cdc ddu vao diéu khién JK diéu nay lam cho mach

dién phiic tap. Dé khac phuc nhuoc diém nay ta dung so do hinh 5 .

20 1 2 23
@) 02 @) 2 @)
E: Tin hiéu dk Gis—>
> 1 T Ce
G
%j G A N
Jo Qo 3, Q , Qf 1, Qi
—1C —{C —{C —{C
Ko R Kl R K2 R K3 R
Xung dém Fo F, F, F;
C >
R >
Xung xo0a

Hinh 5: B6 d€m nhi phan thuan 4 bit, moédun 16 dung céc trigo van nang JK
két hop véi cac cong logic, ¢6 1ogic tao nhd.

Tu hinh 5 ta thay:
Ce=0Q0.0Q1.Q2Q.E; J=K;=Q0.Qi.Q2.E ; J.=Ky;=0Q0.Q:.E
Ji=Ki=Qo.E ; Jo=Ko=E.

- E: 1a tin hiéu diéu khién, E = "1" cho phép bo dém lam viéc, E = "0" trang
thdi cia bo d€m khong doi.

- Trang thdi ctia mot trigo bat ky s€ chi lat khi J = K =1 va xung dong bo
chuyén déi tir "1" vé "0" (gia thiét trigo dugc xay dung tlr cic phan tr NAND),

-7 -



Bai giang K§ thuat Dién tir Phan xung sd

diéu nay ciing c6 nghia 1a trang thai ciia mot trigo bat ky sé chi 1at khi tat ca cac
dau ra Q cua cdc trigo cap thap hon déu nhan tri "1".
~ Tin hiéu nhé Cg nhan tri "1" khi bo dém da ddy (Qu=Q=Q.=Qs=E ="1")
Khi can bo dém c6 dung luong 16n hon ngudi ta ti€n hanh ghép lién tiép cac
mo dun d€m v6i mbi mo dun 1a bo d€m nhi phan dong bo 4 bit mo dun 16 nhu

hinh 5.

20+ 23 24+ 27 2821 2124215
——E %CE —E %CE =E%CE —E%CE—’
-C -C -C -lC
(4 R {4 R {4 R 14 R
Xung:dé'm v 4 4 v 4 L 4
Xung xo0d "

Hinh 6: B6 d€m nhi phan dong bo 16 bit

Hinh 6 1a cau tric cua bo dém nhi phan déng bo 16 bit, dung luong 2'°-1

xung dugc xay dung bang cach ghép lién ti€p 4 bdo d€m 4 bit ¢o logic tao nhé

§2. BO PEM NHI PHAN CO MO PUN bEM BAT KY.

Dugc xay dung dua trén co s& cidc bo dém téng nhi phan (bo d€m c6 mo
dun dém day da) sau khi da loai bo cac trang thai du. S6 trang thai du véi mo
dun dém n1a S=2-n (N - s6 trigo hay s0 bit). SO trigo d€m st dung duoc chon
theo s6 luong cuc ti€u cha S. Viéc loai bd cdc trang thai du dugc thuc hién cudng
biic nhd cdc mach vong héi ti€p thich hop, vao cdc thoi diém thich hgp theo ¥
dinh thiét k€. Cu thé ta xét bo dém nhi phan mo6 dun 10 (con goi 12 bo dém nhi -
thap phan hay BCD), n6 duoc xay dung dua trén co s& bo dém nhi phan 4 bit mo
dun 16 sau khi da loai 6 trang thdi du, nho cdc mach vong hoi ti€p thich hop ma
dén xung dé€m thi 10 s€ dua bo d€m vé trang thdi ban dau (cac dau ra déu nhan

tri HOH).
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Xung vao
1234567 8 910 So Trang thai cac Trigo d€m
HARARRANRRNRNR ¢ [xmef@T@ T
> vao F; F> Fi | Fo
Qo 0 0 0 0 0
X 1 o] o]o]1
‘ ' Ll 2100 ]| 1]o0
Qi 3 0 0 1 1
I 4ol 1 lolo
4 4 5 0 1 0 1
Q2 6 0 1 1 0
I ¢l 7 1o 1] 1]1
[ . 8 1 0 0 0
Qs 9 1 0 0 1
I oo fojolo
Hinh 8: Gian d6 thoi gian minh hoa Hinh 7 : Bang trang théi cua bo dém nhi
hoat dong bd dém nhi phan mo6 dun 10 phan mo dun 10

Tur bang trang thdi hinh 7 ta ¢6 d6 hinh chuyén déi trang thai hinh 8

Q3 Q2]1Q1 Qo Q3 Q2 Q1 Qo Q3 Q2 Q1 Qo Q3 Q2 Q1 Qo
0 00O 0111 1 00O 1 111

A 4

Q3 Q2|Q1 Qo Q3 Q2(Q1 Qo Q3 Q2]Q1 Qo Q3 Q2 Q1 Qo

00O0°1 0110 1 001 1 110
I :

Q3 Q2{Q1 Qo Q3 Q2 (Q1 Qo Q3 Q2 Q1 Qo Q3 Q2 Q1 Qo

0010 0101 1 010 1 101

Q3Q2"Q1 Qo Q3 Q2(Q1 Qo Q3 Q2 Qi1 Qo Q3 Q2Q1 Qo
00171 » 01 0O 1 011 11 00

Hinh 8: D6 hinh chuyén d6i trang thai ctia bo d€m modun 10.

Dé so trang thdi du 1a it nhat, ta dung 4 trigo van nang JK dé xay dung bo dém
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Dua vao bang dau vao kich cta trigo JK va bang trang thai hinh 7 ta dua ra
bang trang thai sinh 9 minh hoa qua trinh hoat dong cta cac trigo (véi tiing trang
thai 12 céc gia tri tuong Ung cua cic ddu vao diéu khién J, K) trong bo dém nhi
phan mo dun 10. Nhu da biét trong bo dém ton tai cac mach hoi ti€p vé6i lugng
vao 12 trang thai ra clia cdc trigo, lugng ra diéu khién cac dau vao JK nho d6 qua
trinh 1am viéc cia bo dém sé tuan theo bang trang thdi hinh 7. Dé xay dung duogc
céc mach hoi tiép diéu khién su hoat dong clia céc trigo ta coi Jo +J3, Ko +K3 1a
cac ham ra, Qo + Qs 1 cdc bién vao. Dé tim quan hé giita cdc hAm ra vé6i cdc bién
vao dong thoi dua ching vé dang t6i gian ta ding phuong phédp bia cdc no (c6

tan dung 6 trang thai du dé t6i gian ham).

Trang thdi cdc trigo dém Trang thai cac ham dau vao kich
x| Hiéntai Tiép theo cta cic trigo

Q| Q| Q| Q [Q:]Q:|Qi|Qu| L [Ki| I |Ka| Ii | Ki| Jo | Ko

0 0 0 0 0 0 0 0 1 0 _ 1 0] _ 0 _ 1 _
1 0 0 0 1 0 0 1 0 0 _ 1 0] _ 1 _ 1
21010 1 0,00 1 1 o _ O _1|_160 1 _
3 0|0 1 1 0 1 o107} 0| _ 1 N 1 _ 1
410 1 0,07]0 1 0 1 O _|_10/|0| _ 1 _
5 0 1 0 1 0 1 1 0 0 _ 1 _ 10 1 _ | _ 1
6 10 1 1 0|0 1 1 1 o _|_10}|_160 1 _
7 0 1 1 1 1 0 0 0 1 _ | _ 1 _ 1 _ 1
8 1 0]01]0O0 1 0|0 1 _ 1010 |_ 1|0/ _ 1 _
9 1 0|0 1 0|0 0] 0] _ 1 O _ 101 _ 1| _ 1

Hinh 9: Bang trang thdi minh hoa qud trinh lam viéc cua bo dém nhi phan

mo dun 10 dugc xay dung tir 4 trigo van nang JK.

Chd y: Trong bia cic n6 cac 6 ghi dau "_"

, "X" tai d6 gia tri ciia ham Ia
tuy chon, khong xac dinh. Trong qua trinh t6i gian ham cac 6 duoc ghi nhu trén

c6 thé 14y tri "1" hodc "0" tuy timg trudng hop cu thé.
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J

Q:Q2

J
Q3Q

00

0
1

10

J

Q3 Q2
00
01
11
10

00
01
11
10

3
Q1Qo

00

01

0

0

X

| x| o ola

J3 =0Q2.Q1.Qo

: Q1Qo

00

0

1

11

0

1

1

M~
J

1

X

0
X
0

1 \
X
0

X

2
Q1Qo

Ji= Q3.Q0

00

01

11

I N

—

>

p—
S

ST I N

@QIQO

Q:Q\ 00 01 11 10
00| — _[ _ | -
oo _ | _[[]-] -
11| X X\ /X X
101 O l\ X | X
K3 =Qo
@QlQO
Q:ON_00 01 11 10
00| _ — 1 0
o1l _ _/ \1 0
11] x x\ }x X
101 _ _\~ X X
Ki=Qo
@QIQO
QsQ2\ 00 01 11 10
00| — | — |/ =
01l 0] 0 [1\ 0
11 X X \X} X
o] _ | - [\ x
K> =Q1.Qo
Q1Q0
QQx_00 01 11 10
00| — /1/\1\ _
ot _/f 1] 1]}\_
11 x\ X X /X
o| — N_| %/ x
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Quan hé cua cdc ham ra véi cdc bién vao cua cidc mach hoi ti€p nhu sau:

Jo=1 Ko=1
J1=Q3.Qo Ki=Qo
J2=Q1.Qo K2 =Q1.Qo
J3 = Q2.Q1.Qo K3 =Qo

Ti cac quan hé trén ta dua ra so d6 nguyén 1y bo dém nhi phan dong bo 4

bit médun 10 dung trigo van nang J, K..

QO A Ql A Q2 A Q3
1

5V 1 \_‘ L’ J

¢ Jo Qo ,>_ h Q _i ) ) Q2 |>_ I Q&

. »{Co To oC; T G T G Ts
Xl/mg | .
dém Ko g, QF Ki g, Qi — K2 g, Q- —1Ks R, Qs
Xu-ng x6a

Hinh 10: So d6 nguyén ly bo dém 4 bit modun 10 st dung trigo J-K.

Trén so d6 nguyén Iy ta thdy trang thdi ké tir 0 dén 9 bo dém I1am viéc giong
nhu bo dém nhi phan 4 bit moédun 16. Khi xung nhip thtt 9 két thic trang thai
ciacactrigos€la: Q3=1;Q:=0; Qi =0; Qo= 1:

Sau xung nhip thit 10:

-13=0;Ks=1 ->Q3=0; (J#K — Qbién dai theoJ)

-1h=K;=0 —>Q:=0; (Trang thdi cua trigo gilt nguyén)

-Ji=0;Ki=1 -Qi=0; (J#K— Qbién dai theo J).

-Jo=Ko=1 —>Qo=0; (Trigo lat trang thai).

Nhu vay sau xung nhip tht 10 dua bo dém vé trang thai ban dau.

2.1. Bo dém nhi phan nguoc (trir xung).
Nguyén 1y lam viéc tuong tu nhu bd dém nhi phan thuan, gia tri nhi phan

clia bo dém giam dan khi c6 xung dua t6i. O bo dém nhi phan nguoc ndi tiép ma
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cdc trigo dugc xay dung tir cdc phan tif NAND ngudi ta thyc hién néi Q, Vé’i3C1+1
2

20 21 22
Fo F, F, F;
1
Xungdém—Jcoo Q 1—2 o 1I4n q 1_.2 Q
1 Qo i 1 3, lil_ 2 o I 3 5.
—_— Ko K1 K2 K3
Xung xo0é R R R =

—

Hinh 11 : B6 d€m nhi phan khong dong b 1ui 4 bit mo6 dun 16

Xung x04
|_| t S6 | Trang thai trigo dém
Xung ” Xu\ng 23 22 21 20
démas 12345678 910111213141516 vao | (29 | (29 | (2) | (2D
NI t F, | R |F | R
Qot A OO, o000 o
B - I S T T S T
Qg 2 1|1 |1]o0
L 31101
Q2“ 4 1 1 0 0
t 5 1o |11
Qs 6 |1 ]o0ol1]o0
t 7 ]1]0}|0]1
0 8§ | 1]0o|o0]oO
’ A ool
10 ]o|1]|1]o0
Qi ool
2lo|l1]o0]o0
QZI t 3100111
14 lolo|1]o

Qs ¢

15 oo o1
600 o]0

Hinh 12: Gian d6 thoi gian minh hoa hoat dong

ctia bo dém nhi phan khong déng bo 1 4 bit. Hinh 13: Bang trang théi
cac trigo dém cua bo dém

nhi phan 1ui 4 bit.
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2.2. Bo dém nhi phan thuan nguoc
Ngudi ta tao ra bién diéu khién L véi chitc nang sau:
- L =1 thuc hién dém thuan — Q; n6i v6i Cisi.

- L = 0 thuc hién d€ém nguoc — Q noi v6i Cisi.

Y tudng trén dugc trinh by & bang trang thai L C
i+1
hinh 14. T bang trang thai ta co: 0 —
— Q;
=L.Q; +LQ; =L. Q LQ,
1 Qi
il Qo — Ly Q- Hinh 14: Bang trang thdi
Xung . |Co Fo——(, cua mach diéu khién dém
_ P 1 _
dem 4, Qo LK QT thuan, dém nguoc

Hinh 15: M6 phong chuyén mach

[} L
e Q4> YW ol Yr @f
Xung " . Co )—1 Ci )—1 G
dém —1Ko Qo r} — K 61 r} —Ka 62 B
a
0L )
1 1 1
L, QO—LDQ 1 le UL b
Xung Go — G G
dém 1] — 1 — 1 _
Ko Qo Ki O T_]DO Ko Qx—
b)

Hinh 16: Bo dém nhi phan thuan nguoc 3 bit mo dun 8 véi chuyén
mach dung cac cong logic hdn hop (a), chi dung cong NAND (b).
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Bai giang K§ thuat Dién tir Phan xung s

Chwong V. MOT SO HE LOOGIC THONG DUNG
§1. BO GHI DICH

Cic thong tin nhi phan c¢6 thé dugc luu trit nhd cac trigo ¢ vai trd nhu mot
0 nhd s6 nhi phan. P4u noi ti€p nhiéu trigo D ta nhan dugc mot bo ghi dich: Moi
khi ¢6 xung nhip dat vao ctlra nhip, thong tin vao cua D sé dugc dich tir mot 6
sang 0 ti€p theo tut Fo + F3, day l1a phuong phap ghi ndi ti€p thong tin vao cac 6
nhd.

Bo ghi dich 4 bit nhi phan véi kha nang ghi va nhé 4 bit thong tin cau tao tir
4 trigo JK noi kiéu trigo D dugc cho trén hinhl. C6 hai kha nang 1ay thong tin ra
khoi bo ghi dich: 1ay ra dong thoi & Qo + Qs (ki€u song song) sau 4 nhip ghi noi

ti€p hoac 14y ra lan luot tai Qs cac thong tin vao trudc do6 4 nhip.

Qo Q Q2 Qs
OXung X04 4 4 t
D 1 | ! |
Jo R Qo IR Q LRQ I R,
(SO lieu Co C G G
A h- —_ — —_ -
fl?;lh% ! } Ko Qo Ki Qi K. Q Ks Qs
Fo Fi F> F;
0
C (Xung nhip)

Hinh 1 : Bo ghi dich dua vao néi ti€p dung Trigo JK néi kiéu trigo D

Ngoai ra con cach ghi song song (dong Nhip| Q | Q | @ | @
NN N A A 1 s . 0 0
thoi) vao cac 6 nhé nhu hinh 3. 1
D,
- Go + G7 la cdc cong 3 trang thdi vé6i > D | D
dac diém : Tin hiéu diéu khién G = "1" dau 3 D; | D, | D
ra dugc nodi v6i dau vao, G ="0" dau ra & 4 | Dy | Dy | D | D
trang thai tré khang cao. > Ds | Do | Ds | D
. . A . . 6 Ds Ds D, D;
- Khi 1énh ghi nhan tri "1" thong tin nhi
7 D’7 D6 D5 D4

phan Do + D7 dugc ghi vao cac trigo D (Fo +

F»), két thic lénh ghi (nhan trj "0") Hinh 2: Trang thai ra cua bo ghi
. . dich 4 bit theo trat tu xung nhip
thong tin nhi phan dugc luu trit trong do.
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Khi c6 1énh doc (G nhan tri "1") cdc cong 3 trang thdi dugc md, thong tin

nhi phan dugc gui téi dia chi can nhan

Cac thao tic ghi - doc duoc
thuc hién dong thoi véi ca 8 bit
thong tin.

Ngoai ra nguoi ta con két hop
phuong phap noi ti€p va song song
trong mot bo ghi dich dé st dung
linh hoat cdc wu th€ cia moi cich
déng thoi tao kha nang chuyén tir
mot day thong tin noi ti€p thanh
dang song song hodc nguoc lai.
Hinh 4 dua ra cau tric mot bo ghi
dich 4 bit kiéu nay, st dung 4 trigo
D két hop véi céc cong logic phu.

S6 liéu dua vao bd ghi dich

Xung x0d o | | I1lo Lénh "doc"
Fo '—‘
D() o———— Q ”\ O
Qo
CRr Go
|
F] 1
Do Q '}
LG Q
R
g
R
ool L3
Lénh "ghill

Hinh 3: Bo ghi cau tric vao - ra

hinh 4 ¢6 thé tuan tu (kiéu noi tiép) song song (8 bit)
& dau vao D hay kiéu dong thoi &
cac dau Py + Ps tuy theo xung dicu
khién L va xung nhip C.
R (Xung x04) JQ ) } Q
O
Co * *
(Xung dong bo) L R L R R R
C Qo —¢ C Q— Y4C Ql— YHC Qs
D D — D — D
Fo F, F>
Goo Gor Gozﬁ Gos
BOWW - ANG AG| NG ANG| A\Gs AN\Ge Ae A
—| P oS ps
D>
L
(Tin hiéu diéu khién)

Hinh 4: Bo ghi dich 4 bit hon hop.

Qs

Dra
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Khi L = 0 thi vé6i viéc ¢6 xung nhip C, thong tin D sé duoc dich phai 1 bit
huéng Fo — Fs. Lic L = 1 thi khi ¢6 xung nhip C, thong tin Py + P3 s€ dugc dua
déng thoi vao Fy + Fi. Viéc 14y s6 liéu ra ciling c6 thé dong thoi ca 4 bit trén cac
16i ra Qo + Q3 hay tuén tu trén 16i ra Dy, kiéu vao trudc ra truSc sau 4 nhip cla
xung C.

K&t céu hinh 4 cho phép st dung linh hoat va khai thac hét cdc uu diém cta

mdi phuong phdp ghi dich kiéu tuan tu hay dong thoi.

§2. BO BIEN POI MA VA GIAI MA

Céc bo bién d6i ma thuc hién viéc chuyén doi cach biéu dién ciia mot so
nhi phan & dang nay sang dang khac nho d6 qua trinh gia cong xu ly, ghi nhé
hay hién thi két qua thong tin duoc thuan loi hon. Trong phin nay ta s& dé cap
t6i mot s6 dang bién doi va gidi ma dién hinh nhat
2.1. Bo bién d6i ma nhi phan sang ma "1 tirn".

Trang thdi clia bo bién d6i ma nhi - thap phan (BCD) sang ma "1 tir 10"

duoc cho trén bang hinh 1

23 | 22| 21| 20
M % | % | % | x Yo | Yu | Y2 | Y3 | Y4 | Ys | Ye | Y7 | ¥s | Yo
o0l 0]0]|O0]1
100|001 1 L
20010 1 /
3101011 1 / /
410111010 RN B
slol1]0]1 / / 1
6 01|10 / / 1
710111 ]1]1 — 1
8/ 1]0/01|0 1
9 1]0]0]1 1

Hinh 1: Bang trang thdi bo chuyén d6i ma nhi - thap phan sang ma "1 tir 10"
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Dé xay dung bo gidi ma ta xem yo, yo 1a cdc ham ra, Qo, Qs 12 cac bién vao.
Pé tim quan hé cta cdc ham ra véi cdc bién vao déng thoi dua ching vé dang toi
gian ta dung phuong phap bia cac no c6 tan dung céc trang thai du ctia bo dé€m.

Két qua nhu sau:

Yo = XXX Xg 5 ¥ =X3XXK X 1 Y XXXy 5 Y3 = XXX
Y4 = XXX v Y5 = XX Xg 5 Yo TXX Xy 5 Y7 = XXX
Yg = X3X, ; Yo = X3Xg

o+E
R
I I I = " S
é 12( 2‘: o X X 0 Y2
.L 2(‘ '2( o o X o Y3
R 2@( )A/ e "
L B EARNE
R_ A &
é ')A/* ')K‘ o X o Y7
o I - " -
_|R: 225 )( X o Yo
%}_ >_(3 433—)_(2 Xi 4}— Xo
° X °X °oX, ° Xo

Hinh 2: Bo giai ma "1 tir 10" c4u tric kiéu ma tran diot - dién tro

Hinh 2 dua ra mot ciu tric don gidn nhat cta bo giai ma "1 tr 10" kiéu ma
tran diot - dién tré. Cac hang ngang tuong tng véi cac ham ra, cac cot tuong Ung
vGi cac bién vao. Cac diot ¢6 cdc Andt noi v6i hang ngang tuong ing véi ham,
Katot noi v6i cdc cot ing véi cdc bién. Vi mot gia tri t6 hop bién ddu vao chi
duy nhét ¢c6 mot hang cdc diot déu khod, ham tuong tGng nhan tri "1", con cic

hang khac c6 it nhat mot diot thong do vay cdc ham con lai déu nhan tri "0".
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Yo Yr y2 ¥3 Y4 ¥ys Yo ¥y7 y8 Y9

o o B o Bo o T e o e
N
x| | | | ! |
Fo X,
vy
F] z
! X,
F, X,
v X
F; X
Bo dém nhi phan BCD

Hinh 3: Bo gii ma BCD - "1 tir 10"

2.2. Bo giai ma nhi phan BCD - ma thap phan 7 dau.
Bo chi thi 7 d4u ki hiéu dugc ding phd bién dé bi€u thi két qua thong tin
bing s6 thap phan nhd dic diém c6 cdu tao diot phat quang (LED) hay tinh thé

16ng bo tri nhu thé hién trén hinh 4.

a
M Bién vao Ham ra b / _’\L_—’\r /:
X3|X2|Xi|Xo|la|b|lc|d|e|f]|g d
ololojolo|1|1|t|o]1]1]1 . / /f
1/0/0/0|1/0/0]J1]0]0]1]0 g
21001101 ]O0|1T |1 |1|0]|1
3/]0/]0] 11 [1]0]1T][1]0]1]1]| Hinhd4:Dangbo chithi?7 thanh
410(1](]0[0]JO0]1]1]1]0]1]0
500(1 (0|1 |(1]1]0|1]0|1]]1
6lol1l1lol1l1lol1l1l1]1 Bang bién do6i cua bo
7101 1[1]1]0]1/0]0]1]0] giai mda BCD - ma 7 cho
8/1]0]0 0| 1|1 1|1 |1]1]|1]| tenbanghinkh5.O daydsu
O1LIO0OJOJLJLITJTIJLIOJTIT] c4e pign logic dau vao ky
Hinh 5: Bang trang thai bo giai ma hiéu 1a xo — x3 va cac ham

ralaabcdefg.
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Binh thuong cac diot phat quang a, b,
c, d, e, f, g khong phéit sang.
Ung v6i méi t6 hop nhi phan & ddu vio, mot vai trong s6 7 thanh ddu ra

nhan duoc tin hiéu "1" (thé cao) kich thich ching phat sang va hién hinh s6 thap
phan tuong tng. Cau triic t6 hop clia bo giai ma nay duoc xay dung xudt ph4t tir
hé cdc ham a + g sau khi da dugc tof thiéu hoa. Thudng ching duoc két ciu &

mot dang vi mach ¢6 san.

§3. BO CHON KENH, PHAN KENH

3.1. BO CHON KENH

Bo chon kénh (Multiplexer) 1a mach logic c6 nhiéu dau vao, mot dau ra,
cho phép chon mot trong cac dau vao dugc ndi véi dau ra.
3.1.1. Bo chon kénh 2 dau vao:

C6 hai dau vao bién trang thai, mot dau vao bién dia chi, mot dau ra thoa

man bang trang thai hinh 2.

Xo Co Y
—oO
X 1 ‘A\O_ Y 0 Xo
G |
Hinh 1: Mach dién mo phong trang thai Hinh 2: Bang trang thai
Xo, X1: 2 dau vao bién trang thai. 2—17 ;
) 3
Co: Bién dia chi. >° 1 N
3
Y: Ham ra. % 2| P —
! 1
Ti bang trang thai (hinh 2) ta c6: 5 Ea
Co

Y =Cy. Xy +CoX; =Co-Xo-Co- Xy () Hinh 3: Bo chon kénh 2 ddu vio
Twr (*) — Mach dién hinh 3:
3.1.2 Bo chon kénh 4 dau vao:

Gom 4 dau vao bién trang thai Xo, Xi, X», X3, hai dau vao bién dia chi Ci,

Co mot dau ra Y. Pau ra Y s€ dugc ndi véi mot trong 4 dau vao thong tin dugc
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chon.

XO *———F—o Cl CO Y

0|1 |Xy
X; oe——F— |

1|0 |X
A

Co o— | 1L |1 |Xs
Ci e
Hinh 4: Mach dién mo6 phong Hinh 5: Bang trang thai

Tir bang trang thai ta xac dinh dugc quan hé cia ham ra véi cac bién vao:
Y =C,.Cy.X,+C,.Cy.X, +C,.Cy.X, +C,.Cy.X, (¥¥)

Tu (**) ta ¢c6 mach dién hinh 6:

— )
— ) v
X
—1

X, r
R

1SR

L Cl CO

Hinh 6: Cau tric bo chon kénh 4 dau vao

Tong quat néu ¢6 n bién dia chi tit Cy.1 + Co, cho phép dau ra dugc ndi véi 1
trong 2" dau vao dit liéu dugc chon. Truong hop cac bién dia chi duoc 14y tir dau
ra cia bo dém nhi phan thi bo dém ¢6 modul chinh bang s6 diu vao cua bo chon
kénh, thi du bo chon kénh 12 dau vao can c6 4 bién dia chi Cs, C;, Ci, Cy duoc
1ay tir dau ra ctia bd d€m nhi phan 4 bit mo dun 12.

3.1.3. Mot s6 iing dung cua bo chon kénh:

a. Chon nguon thong tin :
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Nguon 1 Nguon 2
I
Chon ! !
Hinh 7: Chon nguén thong tin kénh —— o 7/‘
¢ Nhan
A = A3ArA Ao
T T = B = B:B:BiBy

YRVIVE T
LT 7

o

Nhan tin

Hinh 8: Truyén hai thong tin nhi phan 4 bit (hodac chon A hoac chon B).

b. Chuyén doi (tin hiéu) song song - ndi tiép.
Thong tin nhi phan 4 bit A = A3A2A1A dong thoi dua téi cac 161 vao, dudi
su diéu khién cta C;, Co (phtt hop nhu hinh v&) tin hiéu & ddu ra y s& xudt hién

trinh tuw Ao- Ai- Az- As.

AO Cl

A.‘__.\_ Y 0 ! !
A2 Gt

A | o |1 o |1 t

e Y

C() A

A t
c Ao | AL A | Ayt

Hinh 9: Mach dién mo6 phong Hinh 10 : Gian d6 minh hoa qua trinh 1am viéc
chuyén déi song song - ndi tiép
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c. Tao ham logic.

Theo dinh 1i Shannon, ham logic 2 bién dang tuyén chinhquy: | Ci | Co | Y
foap =ABfgg + ABfo, +ABf o +ABf,,, (1) 0 101X
Vi f,0), fo.1), f1,0), fi,1) duoc goi 1a cac ham thanh phan. 0 b
Theo két qua bo chon kénh 4 dau vao: L] 0] X
Y =C,.Cy.Xy+C,.Cy.X, +C,.Cy.X, +C,.Co. X5 (2) o I
Tir (1) va (2) ta thiy c6 su tuong Ung :
Ci o A; G v B; Xo <> £(0,0); X, © £(0,1); Xo £0.0)
Xz ¢ 1(1,0); X3 <>f(1,1). X f@:\_ v
Do vay bing cach thay doi tri logic cla X2 f@ . —
c4dc dau vao bo chon kénh sé& bién doéi bo X3 [A.D] |
chon kénh thanh cac phan tu logic vé6i chic N -
nang theo mong mudn (mach cdng, mach €, A
nhan, phan t&r khac diu, cung dau.v..v...). C0= 5
Khi nay nguoi ta goi day 1a mach tao ham Hinh 12: Mach dién mo phéng

logic c6 1ap trinh.
Gia st tao mot s6 ham logic hai bién co ban.

*Tao mach nhan: Cho Xo=0; X;=0; X, =0; X3 =1.

*Tao mach cong: Cho Xo=0; Xi=1; Xo=1; X3 = 1.
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*Tao mach tuong duong cing dau : Cho Xo=1; X;=0; X, =0; X3 =1.

—_

|
|

Y

0

0 X; T 1 PN Tj% AB
0 :

1

—| O = O

»—AO»—AOQ

— o= =] O =
>
b
-
>

Da

— = o] ©

—~ o =| of Q

— O o ~| =
l
I

*Tao mach khac dau : Cho Xo=0; X; =1; Xo = 1; X3 =0.

Glaly Xo O .
X 1 A A®B
X 11 o B

O | 1|1 X;s 0

11011

TT1 1o C A
C B
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Yo
] C |G |yo |yt |y2]y3
Xo / —t !
y2 OO0 [Xo| O]0]0
N 0] 1]0([Xo|0]0
: 110 0 | Xo
Co, 11 0 | Xo
Ci,
Hinh 1: Mach dién mo6 phong Hinh 2: Bang trang thdi

3.2. BO PHAN KENH

Bo phan kénh (Demultiplexer) 1a mach logic ¢6 mot dau vao bién, nhicu
dau ra. Cho phép noi tin hiéu vao dén mot trong cac dau ra dugc chon.

Ta xét bd phan kénh 4 dau ra (Hinh 1) bao gom 1 dau vao Xo, 2 dau vao
bién dia chi Ci, Co, 4 dau ra yo, yi, Y2, y3 thoa man bang trang thai (hinh 2).

/°_ — e Ci| G |yo|y|y2]|Vys
e e Y 00 [X] 000
i e——e y2
: 01 Xo
e )3
: 110 0 | Xo
Coo— | 1|1 0| 0 | Xo
Cie
Hinh 1: Mach dién mo6 phong Hinh 2: Bang trang théi

Tur bang trang thdi (Hinh 2), ta c6: y, = Cl.C_O.X0 sy = C_1-C0-Xo

Tu cac ham trén ta c6 mach dién hinh 3.

Ung v6i mot gid tri t6 hop cia bién dia chi, ddu vio duoc ni véi mot dau
ra duy nhat dugc chon.

Truong hop dau vao Xo nhan tri "1" (n6i v6i +Ucc) bd phan kénh lam viéc

nhu mot bo giaima "1 tirn".
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Téng quat: néu cé n bién dia chi Co
Co1 thi c6 thé noi dau vao véi 1 trong 2"
dau ra.

Mot trong céc tng dung quan trong
ctia bo phan kénh la duoc dung dé chuyén

déi (tin hiéu) noi ti€p - song song.

Yo

Vi

y2

o \\N? \ﬁj \\gfj

,_D_

» C)

Y3

._DJ_

DC()

» Xo

Hinh 3: Bo phan kénh 4 16i ra
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CHUONG VI. BO NHO

§1. CAC KHAI NIEM

Doi véi cac thiét bi so, kha nang chita dung dugce dit liéu 1a mot yéu cau
quan trong. Ching han trong mdy tinh, c4c con so can thiét trong phép todn phai
duoc luu trit ngay trong mdy. Con cdc thiét bi diéu khién s6 thi 1énh diéu khién
ciing phai duoc luu trit dé thuc hién dan theo mot trinh tu nao dé. Vi vay, bo nhé
12 mot thanh phan khong thé thi€u dugc cua céc thiét bi so.

Khi nghién cttu vé bo nhg, thong tin hay dit liéu luu chuyén trong cdc thiét
bi s6 déu phai viét dudi dang ma hé 2, tic 1a mot chudi két hop bdi 0 va 1 va
dugc biéu dién boi hai muc dién the khac nhau.

Thong thuong, thong tin hay dit liéu dugc tao thanh tir mot don vi co ban
goi 1a tir (word). Mot tlr ¢6 chiéu dai nhat dinh tuy theo loai mdy, chang han 8
bit, 16 bit, 32 bit, .v..v... Tir 1a thanh phan thong tin co ban nhit. Cac bo phan cua
thiét bi thuong chi truyén di hay nhan vao nguyén mot tir (hay nguyén tir) chd
khong phai vai bit cta tlr. Tuy nhién, vi tir dugc tao thanh tir nhi€u bit nén don vi
co ban ctia bd nhé chinh 1a bit.

Khi so sanh cac bd nhé nguoi ta thuong luu y dén cac dac tinh sau:

+ Dung luong.

Dung lugng (hay néi 16 hon la dung Iuong nhé) 1a khoi lugng thong tin hay
dit liéu c6 thé luu trit duge trong bo nhé. DE xac dinh dung lugng ta thudng dung
don vi 1a so bit (hoac kilobit hoac megabit). Dung lugng lién quan mat thiét dén
gid thanh ctia bo nhé. Gia thanh nay dugc ddnh gid theo tiéu chuan: chi phi/ bit.

+ Thoi gian tham nhép (access time).

Thoi gian nay gom c6 2 phan: thit nhat 1a thoi gian cén thiét dé xdc dinh vi
tri can thiét cta tir (thoi gian tim tir) trong bo nhG va thi hai la thoi gian can thiét
dé 14y ra khoi bo nhé. Thoi gian tham nhap (viét tit 1a at) 1a mot thong s6 quan
trong ctia bo nhd, n€u ndé kéo dai thi s€ lam giam kha nang lam viéc cua thiét bi
vi thiét bi chi hoat dong dugc chimg nao ching nhan duoc dit liéu ma thoi.

Bo nhé thuong duoc chia lam hai loai can ct vao hai tinh chat vira néu trén

1a bo nhé chinh va bd nhé phu.
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+ B0 nhé chinh.

BoO nhG chinh ndm gén cac bo xir 1y dit liéu va can c¢6 ar rat ngin (< psec)
v6i dung luong khong cén 16n 1am (vai chuc kilobit 1a ¢6 thé duoc). Phan nay
chita cac dit liéu, thong tin, hoac cac 1énh can ngay cho cong tac.

+ B0 nhé phu.

Bo nhé phu khong can thiét phai nim gan thiét bi, ar ¢ thé 16n (t6i ms)
nhung lai can c¢6 dung lugng 16n (tir hang chuc kilobit try 1én, c6 thé dén hang
chuc megabit) dé€ Iuu trit cdc thong tin chua can ngay hodc cdc két qua vira duoc
xu ly xong. Ching c6 tinh chat nhu mot thu vién.

B0o nhé chi ¢6 kha nang luu trit, khi st dung ta phai ghi dit liéu vao (thuong
goi la viét vao) hoac lay dir liéu ra (thuong goi la doc ra). Viéc viét va doc nhu
vay thuong bao gém ca viéc xdc dinh vi tri cia moi tir trong bo nhd. Mbi tir
(trong bo nhd) phai ¢c6 mot vi tri riéng dugc xac dinh bsi mot ma s6 goi la dia
chi cua tir. Nhu vay bo nhé can phai c6 mach dé x4c dinh dia chi clia mi tir
trude khi doc hay viét.

Ta thuong c6 thé xod cdc dit liéu cii trong bo nhG dé viét vao do dit lieu
m&i, loai bd nhé nhu vay goi 1a bo nhé doc - viét (Read - Write Memory). S& di
phai goi nhu thé 1a vi can phai phan biét v6i mot loai bo nhé khac c6 chia san
cac dir liéu, khi st dung ta can doc ra ma khong viét gi vao dugc. Véi loai bd nhé
nay di liéu duoc ghi vao trong qua trinh ché tao, sau d6 ndi dung cua bd nhé
duoc luu trit vinh vién trong bo nhé ma khong thay d6i dugc. Loai nay goi 1a bo
nhé chi doc (Read Only Memory) ting dung ctia loai nay thuong 1a dé chida cac
léenh diéu khién su hoat dong cuia thié€t bi ma cdc 1énh ndy khong can thay déi
trong qua trinh 1am viéc khac nhau. Nam giita hai loai bd nhd ndéi trén con c6
mot loai bo nhd khdc, chiing giong nhu bo nhd doc viet & chd co thé viet vao
bang phuong tién dic biét va sau d6 noi dung dugc luu trit vinh vién cho dén khi
ta muon xod di (tit nhién cling biang phuong tién dac biét), loai bo nhé nay doi
khi dugc goi 1a bo nhé ban ¢6 dinh (Read Mostly Memory).

Sau day ching s€ xét cac loai bd nhé thong dung nhat hién nay.
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§2. BONHO RAM

Thuat ngit RAM Ia viét tat cha tir ti€ng anh Random Access Memory,
thudng dung dé chi cdc bo nhé doc viét.

Bo nhé Ram thudng dugc sir dung trong cac thiét bi tinh dé cat giit cac két
qua trung gian hay két qua tam thoi khi thuc hién céc chuong trinh diéu khién.

Nhu ta biet mot mach FF ¢6 hai trang thdi bén, rat tién dung dé 1am mot
don vi nhé cta bo nhé doc viét. Tuy nhién, trong qua khit y tudng nay khong
duoc thuc hién vi mach FF 1lam bang bd phan roi ¢6 kich thuéc tuong doi 16n,
tieu thu cong suat diang ké va t6n kém. Nhung tir khi k§ thuat mach tich hop ra
doi nguoi ta ché tao dugc cac mach tich hop véi nhiéu bo phan ban dan trén mot
dién tich Silic ngay cang bé. Tt d6 bo nhé ban dan dung FF ra doi.

Hién nay c6 hai loai bo nhé ban dan RAM chinh 1a dung Tranzitor ludng
cuc (npn) va loai MOSFET.

+ Bo nhé Ram dung Tranzitor ludng cuc 1ay FF l1am don vi nhé co ban nén
van toc rét cao, at vao khoang vai chuc nanosec va cong suét tiéu thu vao khoang
1 nanowatt/bit.

+ B0 nhd RAM dung MOSFET dugc chia lam hai loai:

- Loai tinh (static) cling lay c4u tric FF lam don vi nhé co ban.

- Loai dong (dynamic) loi dung dién dung ki sinh clia cuc cong (gate) dé
chita dit liéu.

S6 di nguoi ta goi tinh va dong la vi loai dung FF khong can xung kich
thich dé tang cudong thém dién tich trong tu dién (thao tdc 1am tuci bo nhé ), néu
khong dién tich nay s€ giam di va mat dit liéu.

N6i chung bo nhé MOSFET cham hon b6 nhé ludng cuc nhung bu lai don
vi nhé ¢6 kich thudc nhd hon nén c6 thé thu gon nhiéu don vi nhé trong mot dién
tich silic nhd ma cong sudt tiéu thu lai khong déng ké (chang han 250 mW cho
4096 bit doi v6i cac bo nhé thé hé dau tién).

Khi can cdc bo nhd RAM c6 dung luong 16n ta ¢6 thé méc nhiéu bo nhd
nho lai v6i nhau ma kich thudc toan thé khong 16n 1am.

Sau day ta s€ khao sat chi ti€t hon vé bo nhé ban dan RAM.

-94 -



Bai giang K§ thuat Dién tir Phan xung sd

2.1. Bo nh6 RAM dung Tranzitor luong cuc
2.1.1. Pon vi nhé.

Don vi nhé (memory cell) 12 mot FF nhung dugc bién déi di doi chiit nhu
so do trén hinh la : Tranzitor c6 nhiéu cuc phat (nhu TTL), mach c¢6 hai dudng
XX' va mot duong Y.

Mbi duong Y dung cho mot tir, cap XX' dung cho timg bit cua tir. Nhu vay
muon chon tr nao va bit nao ta sé€ kich thich cac duong Y, XX' tuong tng. Trén
hinh 1b la m6t mach nh6 c¢6 6 don vi nhé dugc tao thanh tu 6 FF. Duong Y,
dung cho tr thit nhat (c6 3 don vi nhé FF 11, FF 21 va FF 31), con duong Y»
dung tir thit hai (c6 3 don vi nhé FF 12, FF 22, va FF 32).

X X'1Xs X' X3 X'3
X +U X 7 99 99 9
o Q > | FF o o FF —e > | FF —d
11 21 31
) I I i
. — FF M | FF 1 t FF
12 22 32
! ! [ I [ T2
Y (a) (b)

Hinh 1: Bon vi nh6 RAM dung Tranzitor ludng cuc

Binh thuong thi duong Y & dién thé thp (chang han 0V) con hai duong XX'
6 dién th€ cao (+U). Do d6 hai cuc phat ndi vao day XX' khong dan dién, FF
hoat dong nho hai cuc phat n6i vao day Y va duy tri trang thai bén nao do, ching
han T; dan T, ngung.

+ Thao tac doc.

Mué6n doc mot tur ta nang dién th€ duong Y tuong tng 1én cao hon +U lam
cho hai cuc phat n6i vao day nay ngung dan va FF phai hoat dong nho hai cuc
phdt n6i vao XX'. Liic nay dong dién s& chay qua Tranzitor T; (din) d€ vao X' va
ra ngoai. Su hién dién cua dong dién bao hiéu su xuét hién cua tin hiéu:

- Néu c6 dong dién chay trong duong X' (T dan) thi ta bao FF chia bit 0.

- Néu c6 dong dién chay trong duong X (T dan) thi ta bao FF chua bit 1
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Mach ngoai s€ c6 nhiém vu bién dong dién thanh dién thé€ thich hop cho cac
cong logic (thuong 1a TTL). Sau khi doc xong dudng Y lai tr& vé dién thé thip,
nhu vay ta chi dua vao Y mot xung dién thé dé doc va nhan mot xung dong dién
chay ra. Phép doc nhu vay khong lam mat dit liéu nén khong can phai viét lai.

+ Thao tac viét.

Muén vi€t mot tir ta phai qua hai giai doan: Trudc hét ta phai nang dién thé
dudng Y tuong ting dé lua chon tir. Sau d6 diéu khién cdc dudong XX' dé viét cdc
bit nhu sau:

- Muén viét bit O ta ha dién th€ duong X' thap hon duong X trong mot thoi
gian ngan lam T dan.

- Muén viét bit 1 ta lam nguoc lai, nghia 1a ha dién thé duong X thap hon
duong X' 1am cho T dan.

Diéu noi trén ¢6 nghia 1a ta s€ cho vao X hay X' mot xung huéng am.

2.1.2. Pac tinh.

B6 nhé RAM dung Tranzitor ludng cuc c6 cac dic tinh sau:

- Van tdc cao, thoi gian tham nhap bé (khoang chimng vai chuc nanosec) nén
thuan tién cho viéc st dung truc tiép véi cac bo phan xu ly dit lidu.

- Vi luon c¢6 Tranzitor & trang thai dan nén luon tiéu thu cong suét. So véi
loai MOSFET thi cong suit tiéu thu ludn luon 16n hon.

- Nhitng mach ¢6 dung lugng 16n thudng c6 thém mach giai ma dé tim dia
chi clia tlr va cac mach dau ra dé 1am tiang hé s6 méc tai (fan out), tit ca duoc dat
1én cing mot phién ban dan.

2.2. Bo nh6 RAM dung MOSFET
2.2.1. Loai tinh (SRAM)

+ Don vi nhé.

Pon vi nhé cua loai RAM tinh dung MOSFET ciing l1a FF nhung hoi khac
dang da dé cap & trén (hinh 2).

Ta van ¢6 hai dudng XX' va duong Y d€ xdc dinh tir va cdc bit clia tir. FF
dugc tao thanh bodi cac Tranzitor Ti va T» con T3 va T4 hoat dong nhu hai dién
tr. Ts va Ts 1am viéc nhu hai khod dién tir d€ doc ra hay viét vao FF da dugc

chon.
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Néu tat ca cdc tranzito déu 1a loai kénh p thi Upp thudng am con Uss c6 thé
bang 0. Cac duong XX’ thudng c6 dién th€ am

- Thao tac doc.
Muoén doc ta cho xung vao dé lam giam dién th€ cta dudng Y xuéng am, Ts va

Te dan. Gia st T> dan thi cuc mang ctia né ( nit b noi vao T ) 6 dién thé thap, vi
vay Te s€ dan mot dong dién chau vao X’ tao ra dit liéu. Trong khi d6 vi T
ngung nén cuc mang cta né & dién th€ am cao bang dién th€ dudong Ts khong
dan. X Ubp X

(o)
l
- Thao tac viét: 3, |—| 4

Muoén viét, ta cling giam dién thé 5 6
cua duong Y xuong dé€ mé& Ts va T \( T
1 |— | 2

Te ( chon tir ) roi sau d6 néi dudng >

X hoac X’ xuong OV tuy theo ta
o Uss Y

muon T hay T> ngung dan. Néu
T, dang din, nit b & dién thé thep Hinh 2: Don vi nhé RAM finh ding MOSFET
gan 0V, nén khi n6i duong X’

xuong OV thi s& khong ¢6 gi thay d6i ca, nhung niit a dang & dién th€ am nhiéu
nén néu noi X xuong OV thi s€ l1am ha dién thé tai day xuong dudi tri s6 ngudng
nén T> nguong dan lam T; trd nén dan.

+ Dic tinh.

- Nguoi ta goi loai bo nhd nay la tinh bdi vi dit liéu dugc luu gitt vinh vién
trong mach chimg nao ma ta con cung cap nguodn dién cho né. Cic duong diéu
khién khong can thém mot xung nao.

- Loai bo nhé nay tuong doi ré hon loai Trazito ludng cuc vi hai 1y do: mot 1a
phuong phap ch€ tao don gian va hai la kich thuéc cua mot don vi nhé nho nén
cho phép ché tao bo nhé cé dung luong 16n trén mot dién tich miéng silic nho.

- Thoi gian tham nhap 16n hon loai ludng cuc vi c¢6 dién dung ky sinh & cuc
cong cua MOSFET.

- C6 thé ché tao theo phuong phdp kénh P, kénh N hay CMOS
+ Vidu
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Trén hinh 3 gidGi thiéu so d6 chiic nang (b), so d6 phan bd chan (a) va bang
chan 1y (¢) cuia mach nhé Ram tinh ¢6 ky hiéu 1a TMS 4016. Pay 1a bo nhéG ¢6
cau tric 2048 x 8 bit

1 24

A1 Ucc(+5V) N
i() 3 2 28 Cic dudong | | A?
A4 21 dia chi " —
Ay D 20 g | Aw «—> | Dit liéu vao ra
6 19 ( 3 trang thai)
A ] EAlo s
ATy 175 Chon chi
A9 ] 16 Ds on P —qS
Bl 10 15 gv Cho phépra —q /G
2 11 14 e Cho phép doc/viét — /W
Ds 12 3 Ds phep
GND — 4
(a) (b)
/W 1| /S | /G D; dén Ds Ché€ d6 (mode)
0 0 X | Ditliéu x4c dinh Viét
1 0 0 Dit liéu ra boc
X 1 X Hi-Z Cam vi mach
1 0 1 Hi-Z Camra
()

Hinh 4: Vi mach RAM tinh TMS 4016

Chan 20 ( ki hiéu /G) dung dé dua tin hiéu cho phép dua ra (Output Enable)
hay khong vao vi mach. Khi /G & mic cao (H) thi dau ra & trang thai cao (Hi-Z) .
Khi /G & muc thap (L) thi dau ra s& n6i thong véi hé thong.

Chan 18 (ky hiéu /S) dung dé dua tin hiéu chon chip (chip select) vao vi
mach. Khi /S & mitc cao (H), thi vi mach bi déng va khong thé doc hay viét dit
liéu.

Chan 21 (ky hiéu /W) dung dé dua tin hiéu doc — viét vao vi mach. Khi /W
6 trang thai cao la doc (read), va khi /W & trang thai thap la viét (write).

Ao dén Ay 1a cac dudng dia chi. S6 dia chi t6i da c6 thé su dung 1a 2!'! =
2048 dia chi.

D dén Ds 1a cdac dudng dit liéu. Vi vay, ma & trén ta néi rang vi mach nay

c6 cau trac 2048 x 8 bit.
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Bang chan 1y trén hinh 4c¢ cho biét ro cac hoat dong ctia vi mach.
2.2.2. Loai dong (DRAM).

+ Don vi nhé.

V6i tré khang vao vo cliing 16n cia MOFET nguoi ta ¢6 thé ché tao mot
loai don vi nhé khéc, st dung su ¢6 mat hay khong cé mat cta dién tich trén
cong ciia MOSFET dé luu trit thong tin trong khoang thoi gian nhat dinh, goi 1a
RAM dong dung MOSFET. Trén hinh 4 1a mét dang thong dung cua loai bd nhé
nay.

Mach sir dung 3 MOSFET nhung khong néi theo kiéu FF. T; va T; hoat
dong nhu cac khoa dién tlr, T ¢6 tdc dung nhu mot mach dao. Dit liéu duoc luu
trit du6i dang dién tich tai cuc cong ctia T» .

Pon vi nhé c6 4 dudong: Diéu khién doc

duodng diéu khién doc va duong

diéu khién viét thudc vé mot tir i
. A 2 . R T T T3 I

(word), duong viét dé ghi di liéu "__\_ll___| 2

vao va dudng doc dé 14y dit lieu ra. -— ¢ |

Ta gia st Tranzito 1a loai kénh P.

Piéu khién viét

+ Thao tac viét: S
Viét boc

Khi muén viét ta cho xung am
vao dudng diéu khién viét 1am cho T dan. Néu dudng viét & OV, tu C khong ¢6
dién tich, ta ghi bit 0. Néu duong bit & —U thi tu C c6 dién tich, ta ghi bit 1.

+ Thao tac doc.

Khi muén doc, ta cho xung am vao dudng diéu khién doc va dudng doc.
Néu tu C khong c6 dién tich (bit 0) thi T> ngung dan lam T ciing ngung dan nén
trén duong doc khong c6 dong dién ra. Nguoc lai, néu tu C c6 dién tich thi T
dan lam T; cling dan cho nén trén duong doc cé dong dién chay, & mach ngoai sé
c6 dong dién va tao ra mot xung dién thé tuong tng.

Mach c6 thé duoc 1am don gian hon béng cdch ding mot dudng chung cho
ca diéu khién doc 14n diéu khién viét. Lic do, ta can luu ¥ ring xung diéu khién
viét thudng phai bé hon xung diéu khién doc dé tranh 1am cho (khi doc) T cling

dan dién khién dit liéu cta tu C thay doi.
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Bo&i vi mach lIuon luon bi mét dan dién tich trén tu C nén dit liéu khong luu
trit duoc vinh vién. Do d6 mach phai duoc viét lai lién tuc, nguoi ta goi d6 1a thao
tac lam tuoi bo nhé. Muon viét lai truée hét ta phai doc xem tu C cé dién tich
hay khong ré6i can cit vao d6 ma viét lai nhu cti. Chu ky viét lai thuong vao
khoang 2ms.

+ Dac tinh.

- Khi khong doc viét hay khong viét lai, mach hau nhu khong tiéu thu cong
sudt. Vi vay, ndi chung loai RAM nay tiéu thu it cong suit so véi cac loai da
khao sat & trén.

- Vi chi str dung it Tranzito cho mot don vi nhé nén dé ché tao mach véi
dung lugng 16n trén mot dién tich ban dan nho.

- Thoi gian tham nhap bé hon cac loai RAM tinh vi cau tric ctia mach don
gian hon.

- Bo nh6 loai nay ¢6 mot nhuge diém 12 1uon luon can phai lam tuoi bo nhé
khién cho viéc sir dung trd nén ric r6i hon va tin hiéu thudng khong pha hop véi
TTL.

+ Vidu

Trén hinh 5a 1a so d6 chan cia b6 RAM dong ky hiéu TM 4116 thuoc loai
MOSFET c6 céu triic 16K x 1 bit. TA biét rang 16K tuong tGng v6i 16.384 vi tri
nhé trong thuc t€, nén s6 dudng dia chi yéu ciu phai 1a 14 dudong ( vi 2!* =
16.384 ). Dé tiét kiém so6 dudng dia chi (va ciling chinh 12 s& chan ctia vi mach)
hau hét cic loai RAM dong déu sir dung phuong phép kiéu chon kénh nén thay
vi can 14 duong dia chi thi thuc ra chi can 7 duong. Trong qua trinh doc hay viét,
dau tién 7 dudng dia chi chita cac thong tin vé hang roi sau d6 1a chita cac thong
tin vé cot. D€ ddm bao cho su hoat dong nhu vay, ngudi ta st dung hai tin hiéu 1a
/RAS va /CAS c6 biéu d6 thoi gian trén hinh 5b. Khi /RAS thap, thong tin trén
cac duong dia chi s€ duoc mé thong duong qua mach chét dia chi hang (row —
address latch ).

Address Row Column
. >< Agto Ag X A7tOA13><
Uns | | Uss (GND) Lines
D — __/CAS Row address
-100 - /WE — — Dou RS TN ald
100 //IXAS— TMS4116 |
6 Column address
/:;o — — z?a Cas valid
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/Khi CAS thap, thong tin trén cidc duong dia chi s& dugc mé thong duong
qua mach chét dia chi cot (column — address latch). Cac duong /RAS va /CAS
khong bao gid dugc phép cung thap vi vay s€ lam r6i loan cdc duong dia chi.
Puong /WE (write enable) diing dé dua tin hiéu cho phép viét vao vi mach. Khi
viét thong tin vao vi mach, duong /WE phai thap, lic d6 thong tin trén dudng Din
sé duogc viét vao dia chi da duoc chon. Con khi muén doc ra, duong /WE phai
cao ldc d6 dia chi da dugc chon la thong tin s€ duoc dua ra duong Dow. So do

khoi cua vi mach nay dugc v€ trén hinh 5Sc.

- 101 -



Bai giang K§ thuat Dién tir Phan xung s

2.3. B nhé ban dan véi dung luong 16n.

Dé c6 duoc cac bo nhd ban dan vé6i dung luong 16n (va co thé rat 16n) ngudi
ta cin phai t6 chifc bing cdch mic cdc bo nhG cé dung luong nhd hon (& miic
cong nghé cho phép) lai v6i nhau. Cac bo nhé LSI thuong duoc ché€ tao nhu mot
mach chita M tir 1 bit. Do d6 n€u muén c6 M tir n bit ta mac song song n mach

nhu vay lai v6i nhau nhu trén hinh 7.

Dia chi (k bit)
b .k doc
D .k viét
M M ........... M
lbitn lbitn lbitn

Hinh 7: Mic song song n mach nhé M tir 1 bit dé tao bo nhé chita M tir n bit

Trén hinh 8 1a so d6 mét bd nhé M tir 3 bit. Pon vi nhé (1,1) luu trit bit dau tién
cua bit thit nhat, don vi (1,2) 1a bit thit hai cta tir tht nhét...v.v... Cac don vi nhé
luu trit tir thit nhat duge dinh dudng dia chi bang cich nang mic cua dudng Z;.
Néu bo nhé luu trit M tir thi can thi€t M duong dia chi Z1, 7> , Z3,...Zm.

Viéc xac dinh vi tri cia sy luu trit trong bd nhé dugce thuc hién thong qua
mot bo gidi ma c6 A bit diachi Ao, Ar, As...Ar-1.

Tat ca cac don vi nhG (Cii, Ciz ... Cwi ) ding dé luu trit cac bit ddu tién
cua cédc tur dugc ndi vao mot cap duong dit liéu chung . Va ciing twong tu nhu
vay cho cédc bit thi hai, thi ba cua tir. Cac khoi ky hiéu I/O 1a cdc khoi diéu
khién doc/viét. C4c bit by, biz, va biz 12 cdc bit s& dugc viét vao bo nhé khi
dudng doc viét (R/W) chuyén 1én mic logic 1. Céc bit boi, boz va bes 1a céc bit s&

dugc doc ra tr bd nhé khi duong RW & muc logic 0.

(M.1 (M.2) (M.3) p=—
102 - ) :

Ay
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Trong trudng hop muoén ¢ s tir nhiéu hon M ta st dung cidch mic tdng
hop. Luc nay ta phai st dung thém mot mach gidi ma dé chon hang ngang,
dudng ra tir cia mach ndy dugc néi vao dau vao diéu khién chon mach (CHIP
SELECT) thuong c6 san trén mot mach LSI nhu trén hinh 9. Trén hinh nay dau
vao ¢6 dau * la dau CHIP SELECT.

Khi duong chon mach dugc kich thich thi mach LSI mé cho tin hiéu xuat
hién & dau ra. Trong truong hop néu trén, néu M = 16, n = 8, m = 8 ta s€ c6 mot
bd nhd 16x8 = 108 tir, moi tir dai 8 bit. Muon x4c dinh dia chi ta cAn mot ma dai
7 bit: 3 bit dé chon 8 hang (m) 4 bit dé chon 16 tir méi mach LSL.

Hién nay da xuat hién mot bo nhd RAM cé dung lugng hang tram kilobit

trén mot chip, thoi gian tham nhap va nang luong tiéu thu ngay cang nho.

R k bit%
dia chi P bit
(c+P)bit M| M ] iR
Nfach | ! '
gidi =103 -

mﬁ—\ ‘*M ‘*M‘ ..................... ‘*M‘ >m
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+ Vi du: Trén hinh 10 bi€u dién mot bo nhé c6 dung luong 16Kx8bit diung
8 vi mach loai TMS 4116 (16.384 x 1 bit). Trong trudng hop nay, ta Iuu ¥ rang
tat ca cac dudng dia chi va duong diéu khién ctia vi mach déu phai néi song song
vGi nhau. Lic d6 néu thao tac 1a viét thi tit ca cdac vi mach déu duoc dit & ché do
cong tac viét, con néu thao tic 1a doc thi tit ca cac vi mach déu dugc dat & ché
do cong tac doc. Cac duong dix liéu (8 bit) tao thanh mot hé thong nhé c6 ¢G5 8
bit ( con goi cd byte).
2.4. Cac bo nh6 ROM

Thuat nglt ROM 1a viét tét cla tir ti€ng Anh 1a Read only Memory. Bo nhé
ROM c6 dac tinh 1a chira san dit liéu, khi can ta chi doc ma khong viét ngay vao
duoc. Dir liéu trong bd nhé nay da dugc ghi vao tir truée va thuong duoc luu trix
mot cach vinh vién. C6 loai ta khong thé xoa duoc noi dung clia né va viét lai, co
loai c6 thé xo0d dugc noi dung ciia né hay viét lai nhung can phai qua mot tha tuc
phiic tap (day chinh la cdc bd nhé ban dan c6 dinh).

Chinh vi khong can viét ngay nén loai mach nay don gian hon so v6i RAM
vi khong ¢6 cac b phan can cho thao tac viét vao.

Bo nhé ROM ngay cang thong dung, nhit 1a loai bo nhé ban dan. Ca hai
cong nghé ludng cuc va MOSFET déu dugc s dung ché tao ROM. Thoi gian
tham nhap (af) cua bd nhé ludng cuc vao khoang 50 — 90 ns, con doi véi
MOSEET thi gap 10 lan (cham hon). ROM ludng cuc nhanh hon va cé kha nang
kich thich tét hon, trong khi d6 b6 nhé MOSFET ¢6 cung dung Iuong thi c6 kich
thudc nhd hon va tiéu thu cong suat it hon.

Thuc t¢ ROM chinh 1a mét mach ma hoa do d6 duéi dang can ban thi ROM

thuong bao gom ca mach giai ma nhu trén hinh 11.
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Dang duoc gi6i thiéu trén 1a dang phang trong d6 méi dia chi vao x4c dinh
mot duong ctia mach giai ma, nghia 1a xac dinh mot tir con dau ra 1a cac bit cua
tlr. V6i cdu tric nhu vay mach khong khic gi mot mach ma hod dé chuyén tir

moOt ma hé 2 sang mot ma nao do.

Ma Mach M@Sh -
R - hod , liéu
chi ma (nho) ra

Hinh 11: Dang co ban cia ROM
2.4.1. Bo nhé ROM dung diot

Trudc hét ta xét mot vi du trén hinh 12. Pay 1a mot mach nhg ROM gom 8
tlr, mAi tir dai 4 bit. Vi tri clia mot bit 12 giao diém cuia hai dudong 1a dudng tir va
duodng bit. Tai giao diém d6 néu c¢6 mot diot thi bit 12 1, néu khong thi bit 1a 0.
Muén doc thi ta cho dia chi, chang han 010 (2) vao mach gidi mi, tai dudng cla
chit s6 2 s& c6 dién th€ +U lam cho céc bit A va C bang 1 (+U) con bit B va D
khong ¢ diot nén khong ¢6 tin hiéu ra titc bang 0. Nhu thé€ duong s6 2 ( hay dia
chi 010) c6 dit lieu 1010. Vay c6 thé mac diot vao cac giao diém nao theo y
muon va khi can ciling c6 thé thay déi vi tri cdc diot dé viét dit lieu vao mach
nhd.

Mach nhu vay rit don gian, gon va khi khong doc thi hau nhu khong tiéu
thu niang luong. V6i dang mach nay chic chin chiing ta ¢6 thé ché tao theo
phuong phép tich hop trén quy mo 16n (LSI), titc 1a 1am toan bo mach nhé trén
mot miéng silic nho. Thuc té, nguoi ta ch€ tao cac b0 nhd ROM dung didt véi
dung lugng 4096 tix, mdi tir dai 1 bit trén mot miéng silic khoang vai mm? va c6

at khoang vai chuc nanosec.

Tu
0
duong tur
dudng 1
/ bit 2 o °.
cau chi 3

i 5 “1(s -
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Trong truong hgp bd nhd LSI
kiéu nay nguoi ta cling con c6 thé noi
ti€p moi diét mot cau chi nho & tat ca
moi giao diém nhu trén hinh 13 dé tao
ra mot loai ROM 13p trinh dugc
(Programmable ROM hay PROM).

Khi sir dung ta viét dit liéu vao bo nhd bang cdch phong vao bo nhé mot
xung dong dién c6é cudong do du dé chdy cu chi tai d6, nhu vay giao diém nay
duoc viét bit 0. Con giao diém nao khong bi 1am dut cdu chi thi s& 12 bit 1. V6i
loai nay nha ché tao lam hang loat bo nhé LSI giong nhau va khi st dung thi
nguoi si dung sé ghi vao theo y muon ciia minh. Di nhién la sau khi viét xong ta
khong thé thay déi duoc noi dung 14n nita.

2.4.2. Bo nhé ROM dung tu dién.

Néu thay déi mach nhd ROM dung diot bang céach thay di6t & mdi giao

diém bing mot tu dién nhu trén hinh 14a, ta lai c6 mot loai ROM khdc 1a ROM

dung tu dién.

e dudng tr |
Y dudng tir ;
), N X < ) ;
X. / ( E_l,_ duong
— ‘S/ L) -T blt

A / dudng bit / ;

~ ~ g Chat c4ch dién tu dién

bit
(a) (b) (c)

Hinh 14: B6 nhé ROM dung tu dién

Khi cho mot xung vao dudng tlr, tai giao di€ém nao c6 tu dién thi dudng bit
tuong tng s€ c¢6 xung ra (bit 1). Trong thuc t&, ngudi ta ché tao loai bd nhé nay
bang phuong phdp mach in (hinh14b). Trong d6 cdc dudng tir va bit nim cédch
nhau b&i mot 16p cdch dién. Tai giao di€ém c6 tu dién thi dudng tir va bit c6 thém

hai miéng kim loai mong, cach nhau bdi chat cach dién (hinh14c). Véi cu tric
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nhu vay ta c6 thé ché tao cdc bo nhé c6 cau tric tuong doi 16n.
2.5. B6 nhé6 dung tranzito luong cuc

Trong bd nhé ROM dung i
Tranzito ludng cuc 1a phan tir nam & 4{ )

giao diém cua dudng tir va dudng bit. R

Mot mang nhé (ma trdn nhd) dung

Tranzito tiéu biéu dugc biéu dién nhu
trén hinh 15. MOt tranzito giao gifla  Hinh 15: Bo nhd ROM diing Tranzito ludng cuc
dudong tir va dudng bit duoc tao bdicuc phat cua Tranzito.

Viéc noi dugc hoan thanh trong qua trinh ché tao. Cac bo khuyéch dai nhay
cam dong dién & cot dugc chon dé x4c dinh miic 1o6gic 1a 0 hay 1a 1.
2.6. Bo nh6 ROM dung MOSFET.

MOSFET 1a cong nghé 1y tudng dé ché tao ROM nhd mat do linh lién cao

cho phép thiét ké& cac cdu tric dang ma tran chita hang nghin phan tdt MOSFET.
AR phx

Trén hinh 16 1a so do

Giai ma chon cot ddu ra

mach ROM st dung 1 1 ) 3 M
MOSFET kénh P. Sy A *— Giai —* T+ |- dudng bit
. . , R pilll B R S P Ry W B Ry P iy Uy
cO mat cua mot B d;la} ’ '
e—| chi - L
MOSFET noi cac ((ih(.)n 3 o L 0—1_|—1 0—1_|—1 o L
hang) T~ T L
duong tir, dudng bit -~ N ¢ 444l
| S I
dugc xdc dinh boi 16p / IR in iR inPpind
oxit & vi tri clia moi duodng tu Uce
' L Le L L
Tranzito. Trong qua - - L1 Uw

trinh ch€ tao néu 16p Hinh 16: Bo nhé ROM dung MOSFET kénh P
oxit d6 day thi xem nhu khong c6 Tranzito, con néu 16p oxit mong thi ting véi
mot Tranzito & muc 16gic 1 cho vi tri 4y. Viéc cay hay khu cac Tranzito trong ma
tran dugc tao thanh trong qud trinh ché tao ma nguoi sit dung khong c6 thé can
thiép vao dé thay déi duoc.
2.7. Cac bo nhé PROM, EPROM VA EAROM.

Cac bo nhé PROM, EPROM va EAROM duoc viét bai nguoi st dung sau
khi da ché tao.
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- Bo nhd PROM chi c6 thé viét dugec mot 1an. Viéc viet vaio PROM yéu cau
phai c6 nhitng mach cung cip dong dién du 16n dé dot chdy cau chi & nhiing bit
mong muén. Nhitng thiét bi viét nay c6 thé do ngudi st dung tu thiét k& hodc
mua san.

- EPROM va EAROM mic du vé gi4 thanh thi dat hon PROM nhung c6 thé
viét nhi€u 14n nén to6 ra thuan tién trong viéc thiét k€&, thir nghiém hodc san xuat
dai v6i khoi luong nho.

EPROM duoc xo4d bang tia cuc tim con EAROM thi dugc xod bang dong
dién nén khi xo4 c6 thé dé trong mach dién ma khong can phai g& ra nhu doi véi

EPROM.
2.7.1. Bo6 nh6 PROM néi bang cau chi.

Mot bo nhé PROM tiéu biéu da duoc gidi thiéu trén hinhl4, trong d6 chiing
ta luu ¥ dén su ¢ mat clia ciu chi noi ti€p véi didt. Nguoi ta cling san xudt ra
mot loai PROM ma cau chi dugc ndi tiép véi mot Tranzito (thay vi diot) nhu trén
hinhl17. Cau chi dugc 1am bang Niken — Crome hay silic da tinh thé. Khi dudng
tir dugc chon Tranzito m&. Néu c6 cu chi thi duong bit dugc dua 1én dién thé 5V

(Ucc). Néu cau chi da lam bi dat (trong qua trinh viét vao) thi duong bit bi tha

noi.
Bo nhé PROM duoc xic dinh dudng tr
bing chuong trinh lam dit cdu chi +Ucc
& cac phan tir giao nhau hay
khong. D6i v6i loai PROM ¢6 cau
chi ch€ tao bing da tinh thé silic duong bit
xung lam ddt cau chi c6 bien do '(;u |
20-30 mA va do rong tang dan cho
dén khi cau chi dut. Hinh 17: Phan t& nhé PROM néi bing ciu chi

2.7.2. B6 nhé EPROM c6 cira tha néi.

Cic bo nh6 EPROM (Erasable PROM) c6 cita tha néi duoc st dung rat
thuan tién khi thi€t k& cac hé thong, dac biét la trong k§ thuat vi x{t ly. Vi mach
nhé loai nay dau tién do hang Intel dua ra nam 1971, d6 1a vi mach 1702 c6
dung luong 256 tir 8 bit st dung cong nghé PMOS va déng trong vo 24 chan.

EPROM duoc thiét k& v6i cac 6 nhé c6 thé xoa va viét lai duge. Hién nay
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EPROM di dugc ché tao dudi nhiéu dang véi dung luong khac nhau.
2.7.3. BO nhé EAROM.

Bo nhé EAROM (Electrically Alterable ROM) thay déi noi dung dugc nho
cac tin hiéu dién tuong tu nhu doi v6i bd nhé RAM. Ching cé thoi gian viét va
X04 tliing 0 riéng biét, chang han vi mach ER400 clia hing General Instrucments
c6 dung luong 1024 tir 4 bit, thoi gian viét 1a 1 ms, thoi gian xod 1a 10 ms va thoi
gian tham nhap la 900 ns.

EAROM thuong duoc st dung trong nhitng ng dung doi hoi khong nhitng
bo nhé bat bién ma noi dung con c6 thé thay déi khi can thiét. Nhuoc diém quan
trong ctia b6 nhd EAROM la céan so luong cac muc dién ap khac nhau khi xo4,
viét va doc.

2.8. Ung dung ctia bo nhé ROM

Bo nhé ROM c¢6 nhiéu tng dung khéc nhau, dudi day 1a mot s6 tng dung
tiéu biéu:

- Chuyén ma: khi cho vao ddu vao mot tir ma nao d6 thi dau ra ctia bo nhé
ROM s€ 1a mot tir duéi dang ma khéc.

- Chita cac lénh diéu khién cho cdc phan tir cia mot thiét bi lam viéc. Khi
can thuc hién mot cong viéc gi, may sé tim & mot dia chi twong ting ma tai d6 c6
viét cdc chi tiét can thuc hién.

- Chita céc dit lieu ma may thuong khong dung dén, chang han cic so T, e...

CHUGONG VII. CHUYEN POI TIN HIEU

Do su phét trién nhanh chéng cta ky thuat so, dic biét 1a su tng dung pho

bién clia mdy tinh dién tir s&, nén nguoi ta thudng dung mach so dé xt 1y tin hiéu
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twong tu. Muon dung hé thong s6 dé xir 1y tin hiéu twong tu thi phai bién déi tin
hiéu twong tu thanh tin hiéu s6 twong tng roi dua vao dé hé thong s6 xur ly. Mat
khac thudng c6 yéu cdu can bién d6i tin hiéu s (két qua xir 1y) thanh tin hiéu
tuong tu tuong ting dé dua ra sir dung. Ta goi su chuyén déi tir tin hiéu tuong tu
sang tin hiéu s 12 chuyén d6i AD va mach dién thuc hién cong viec d6 1a ADC
(Analog to Digital Converter). Goi su chuyén doi tir tin hiéu s6 sang tin hiéu
tuong tu 12 chuyén doi DA va mach dién tuong tng 1a DAC (Digital to Analog

Converter)..

§1. MACH CHUYEN SO - TUONG TU (DAC)
Mach chuyén d6i s6 — tuong tu dugc dung dé chuyén déi cac tin hiéu so
thanh tin hiéu tuong tu.
Ban chit clia qua trinh chuyén déi DAC 1a qué trinh nhan mot nhém xung
dué6i dang ma nhi phan hay ma nhi — thap phan (BCD) sau d6 bién déi thanh
mot muc dién thé hay cuong do dong dién tuong tu nao d6. Mic do (hay do 16n)

cua tin hiéu 4p (dong) nay ti 1€ véi gia tri s6 dau vao nhan duoc.

(D
Dir | Bo | oo,
lieu | Di , Tin hiéu ra
6 ) chuyén tuong tu
dau : doi
vao .
| D, DAC

Hinh 1: So d6 khéi cia mot bo DAC

Nguoi ta thuong st dung 3 phuong phap chinh trong mach DAC Ia:
- Phuong phép tao ra dién thé.
- Phuong phép tao ra dong dién.
- Phuong phéap nhan.
1.1. Phuong phap tao ra dién thé

1.1.1. Dang mach véi dién tré co trong so khac nhau:

Rt
| R/20
U +l Ko N >
110 - 1 .k, R2 Uo —
l . : v + ra
L—ex K. R/2" : -
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Mach gém mot nguén dién 4p chudn Uen , cdc chuyén mach Ko , K , ...K,1, cdc
dién trd ¢6 gia tri 1an luot 1a R/2° , R/2! ,...R/2™! va mot KDTT. Vé6i mach dién
nhu hinh vé trén khi mot khod dién nao duoc ndi vao nguon dién dp chuin U

thi s€ cap cho mach KDTT mot dong dién c6 cuong do:
Uch
R/2!

Ii=

Cuong do dong dién nay doc 1ap vdi cdac khod con lai. Trong truong hop cé nhiéu
khod K ciing ndi vao Ug ta s€ ¢6 nhiéu dong dién cong chung chay qua Ry tao
thanh dién 4p ra. Ta thy tri s6 dién dp ra phu thuoc vao chd khod dién nao duoc
ndi v6i Ue tic 12 phu thudc vao gia tri cua bit twong tng trong tin hiéu s6 duoc
dua vao mach chuyén doi. Mot cach tong quat mot DAC n bit (tir B® dén B™!)
ché tao theo phuong phép dién trd c6 trong s6 khac nhau, ta c6 thé tinh dién 4p

tuong tu ra theo cong thic sau:
Ry
U = -Ua ? [2°.B% +2!.B! +...+2™1 B™!]

Véi: B° dén B™! ¢6 gid tri “1” hodc “0”.

B' = 0 — khod K; no6i mass; B'= 1 kho4 K; n6i v6i Ue
Truong hop tin hiéu s6 vao duéi dang ma BCD thi cac dién tré hop thanh ting
nhém bon dién tré mot, moi nhém ¢ gia tri gap 10 1an nhém k€ can canh nd.
Cac mach nhu trén ¢6 uu diém 1a don gian nhung lai c6 khuyét diém 1a do chinh
xdc va tinh 6n dinh cta két qua phu thuoc nhiéu vao tri s6 tuyét doi ctia cac dién
trd. Van dé ché tao cac dién trd theo ding ty 1é chinh x4ac nhu vay thudng rat khé

khan va t6n kém, ngoai ra Us con phu thudc vao ca do chinh xac va tinh 6n dinh

9 N
cua nguon Ug, . R —R

— ] 11—
R2I U,

Do’n Vi. R/4 v + Ura

— 1+ - 111 -
R/10

R/ON
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1.1.2. Mach véi dién tré hinh thang

Loai mach DAC véi dién trd hinh thang R — 2R khac phuc duoc mot s
nhugc diém cua loai mach trén. Mach goém hai dién tr& R va 2R méc theo hinh
thang v6i nhiéu kho4 dién (mdéi khoa cho mot bit) va mot ngudn dién dp chudn.

Pé tinh dugc U theo su déng md clia céc khod dién ta gia thiét:

- Nguén dién dp chuin Ue, ¢6 noi trd bang 0(QQ), nhu vay dién trd tuong
duong tir mo6i nut nhin vé phia trai déu 1a 2R.

R:
—

20 R 1 R on-l

I | ’ ’ —

Ura

2R 2R 2R 2R +

AR 1

Hinh 4: Mach DAC véi dién trd hinh thang

- Tai ndt 2™' do dac tinh cia KDTT ma dién thé tai day dugc coi bang 0.

- Dai lugng can tim 1a dong I chay vao mach KDTT khi ¢c6 mot s6 khoa
dién ndi vao nguodn Uy, . Lic d6 ta c6:

Uia=-In..Rs.

Dién 4p ra cia mach DAC n bit (tir B dén B™!) v6i so d6 dién trd hinh
thang dugc tinh theo cong thic sau:

Rt
[271.B™! 4272 B2 +.. .+2L.B! +2°.B’]

Ura = 'Uch

2n

Trong d6 B® dén B™' ¢6 gia tri 0 hoac 1.

-112 -



Bai giang K§ thuat Dién tir Phan xung sd

1.2. DAC ché tao theo phuong phap tao ra dong dién

Uphén cuc

Hinh 5: Mach DAC ché tao theo phuong phap tao ra dong dién

Mach bién doi DAC béing phuong phdp tao ra dong dién c6 st dung nguyén
1y nhu hinh v&, mach thuc chat 12 cac nguén dong méac song song véi nhau va cd
chung tai R, , ch€ do lam viéc cua ting nguon dong duoc quyét dinh bai gia tri
tin hiéu s6 & dau vao. Cu thé 1a 1 bit ndo d6 gid tri 1a 1 thi di6t twong ting s& khoa
va Tranzito tuong tng s€ thong, dong dién tuong tng qua Tranzito ra dién trd tai,
gia tri dong phu thudc vao gia tri cta dién trd mac trong mach cuc phat, rd rang
dién 4p & ddu ra ti 1& v6i téng cdc dong dién chay qua cdc Tranzitor khi thong va
nguoc lai bit ndo bang khong thi di6t tuong tng thong va Tranzito tuong ing sé
khoa.

Dién ap ra dugce tinh theo cong thuc:

Un=In.R=K2"". B! +...+2". B' + 2° B").

Vi K 1a hé s6 ty 1é phu thudc vao Ua , dién trd mac & cuc phat, dién trd tai.

Cach nay c6 uu diém la c6 thé dé dang két hop céc tin hiéu dau ra bang
cach n6i thang tin hiéu diu ra vao mot dién tr& R, .

1.3. Cac thong so ky thuat co ban cua DAC.

Khi stir dung hay thiét k&€ mot DAC ta phai quan tam dén céac thong so ky
thuat sau:

Do phan giai:

Do phan giai lién quan dén s6 bit cia mdt DAC. N&u so bit 1a n thi so trang
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thai cua tin hiéu s6 nhi phan dua vao la 2", tuong tng tin hiéu ra sé cé 2" mic
dién thé€ khac nhau, do d6 do phan giai cia mach 1a 1/2" . D6 phan giai cang bé
thi dién thé & diu ra c6 dang cang lién tuc va cang gan véi thuc té.

Thi du mot DAC 10 bit s& ¢6 2!° = 1024 mic dién thé khac nhau ¢ du ra va
do phan giai cia mach s€ 1a 1/ 1024.

Do tuyén tinh:

Trong mot DAC 1y tudng su tang tin hiéu dau vao so6 s€ ty 1é véi su tang cla
tin hiéu tuong tu & dau ra. Do tuyén tinh cia mot DAC phan anh tinh chinh xac
ctia yéu cau nay (nghia 1a DAC gan hay xa ly tudng).

Do chinh xac:

Do chinh xac cua mot DAC cho biét su khac biét gitra tri sO thuc t€ cua U,
va tri sO ly thuyét cho mot gia tri bat ky cua tin hiéu s6 dau vao, su khac biét
cang bé thi su chinh xdc cang cao.

Thoi gian thiét lap:

Khi tin hiéu s6 ddu vao cia mot DAC thay doi, tin hiéu dau ra khong thé
thay d6i ngay lap tiic ma phai qua mot thoi gian nao d6 dugc goi 1a thoi gian
thiét 1ap. Thoi gian thiét 1ap phan anh tinh tic dong nhanh cia mach, né cang bé
thi mach hoat dong cang nhanh.

Do nhay nhiét:

V6i mot gid tri s6 dau vao co dinh, tin hiéu dau ra cia DAC thuong thay déi

theo nhiét do, tinh chat nay duoc goi la d6 nhay nhiét cia mot DAC.

§2. MACH CHUYEN POI TUGNG TU - SO (ADC)
Chtic niang ctia ADC 12 bién déi tin hiéu tuong tu thanh tin hiéu s6.
Ban chat ctia qué trinh bién d6i ADC 1a nhan vao mot gia tri dién thé (tuong
tu) sau mot khoang thoi gian xac dinh né sinh ra trén dau ra mot ma nhi phan

(s0) ti 1é véi gid tri tuong tu & ddu vao. Qua trinh chuyén d6i nay phiic tap va mat
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thoi gian hon so v6i su chuyén déi trong DAC.
2.1. ADC sit dung bo dém.
2.1.1. Chuyén déi theo kiéu bac thang tuyén tinh.

Uvao o >%logic)

Ua
DAC 'Uch

y Fy r N r N r N r N EOC

D, *—
Ditlicura| BO L
< dém
D,=D, | chot fe
Do |e

Dy D% S
Bo dém 8 bit *
) p CLK
Start 1 Reset

Nguyén ly lam viéc:

- Mot xung diéu khién kich vao Start dé bat diu chuyén déi. Xung nay dong
thoi Reset bo d€m vé 0.

- Ua ban dau bang 0 nho hon Uy, Vi thé dau ra bo so sanh 1a 1, mic logic
nay cho phép xung CLK kich hoat truc ti€p bo dém.

- Bo dém bat ddu dém tix 0, gid tri d€m duogc dat trong thanh ghi va chuyén
t6i bo DAC, DAC ¢6 tac dung chuyén doi gid tri dém (s6) thanh gid tri tuong tu
Ua va dua vao bo so sanh dé so sdnh v6i Uy .

+ Néu Ua con nho hon Uy, thi dau ra van 1a 1 va tin hiéu CLK tiép tuc kich
hoat bd dém thém mot don vi, qua trinh lai lap lai.

+ Cho dén khi Ua > Uy, dau ra bo so sanh s€ 1a 0, mach AND s€ duogc dong
lai, xung CLK khong vao dugc bo d€m va bo d€m ding lai ¢ gia tri xac dinh nao
d6, dong thoi tin hiéu ra EOC vé miic 0, bo dém md gia tri s6 dugc 14y tir dau ra

ctia bod dém nay chinh la gia tri s6 tuong tng véi dién ap tuong tu vao U .

Start
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Tc 1a thoi gian chuyén déi, nhu vay thoi gian chuyén d6i phu thuoc vao tri
$O Uyao.

* Nhuoc diém: V6i phuong phap nay thoi gian chuyén doi kha dai bdi vi bo
dém luon dugc xod vé 0 khi c6 xung Start, bat ddu mot 1an chuyén déi méi. Budc
bac thang d€m luon bat dau tir 0 va tang 1én ting don vi dén khi gia tri 16n hon
gia tri ctia U , quang thoi gian nay la rat 1ang phi.

2.1.2. ADC sir dung bo dém thuan nguoc

Pé khic phuc nhuoc diém clia bo chuyén déi theo kiéu bac thang tuyén

tinh, & bo chuyén déi ADC nay sit dung mot bo dém c6 thé dém theo chiéu tién

hoic 1uii, diéu nay s& gidm thoi gian chuyén déi. So d6 khéi nhu sau:

UVZO + > Out (logic)

B
DAC
Bo N

: |

dém <
B6 dém thuan nguoc Clk
: F—* Start

Nguyén ly hoat dong ctia né tuong tu nhu bo chuyén déi bac thang tuyén

Up/Down (1/0)

tinh chi khdc, xung Start khong xod4 bo dém ma lai diéu khién bo dém tai vi tri
hién tai dém thuan hoac dém nguoc mot don vi tuy thudc vao dau ra ctia bo so
sanh: néu nhu Ua < U thi s€ dé€m thuan va ngugc lai thi d€m nguoc, vi vay dau
ra cia DAC (Ua) luon luodn tién t6i gid tri cia U, . Khi dau ra ciua bo so sanh

chuyén trang thdi thi n6 bdo hiéu ra Uy, s€ cét gia tri ciia Uwo , qud trinh chuyén
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d6i sé két thic, gid tri s6 tuong ing vGi Ua khi d6 chinh 12 gia tri s6 cin tim.

Loai ADC nay yéu cdu thoi gian dém di nho dé Uy, bién thién khong 16n.

Mai lan 14y gia tri d€m cin ghim bo dém dé tranh sai s6 khong xdc dinh khi bo

dém chuyén muc bit O thanh 1 hay bit 1 thanh 0. Sai s6 ctia phuong phap nay 1a 1

LSB.

Biéu do6 thoi gian nhu sau:

4

2.2. Chuyén doi A/D theo phuong phap xap xi lién tuc.

>%logic)

‘Uch

Uvéo ¢
Ua
DAC
D7 f
Ditlicura| BO e
<L dem
D, =D, | chot fe
Dy |«
Dy Dy
SAR <— CLK
Start 1 EOC

Luu do thuat todn hoat dong ctia ADC loai nay nhu sau:

START

A4

Xo4 cac bit ciia SAR vé 0

A 4

Bat dau tir bit MSB
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Nguyén 1y hoat dong:

Phan quan trong nhat ciia b0 ADC nay la thanh ghi xap xi lién tuc SAR.

+ Mot xung diéu khién kich vao Start d€ bat ddu chuyén déi, xung nay dong
thoi Reset bo d€m trong SAR vé 0.

+ Tai chu ky dong h6 dau tién sau khi c6 xung Start, SAR thiét 1ap bit cao
nhat cua thanh ghi (MSB) gia tri 1 trén ddu ra dé dua t6i bo DAC..

+ Bo DAC c6 nhiém vu bién déi gia tri s6 do SAR dua t6i thanh gia tri
twong tu dé so sanh vé6i gia tri vao (Uwo).

- Néu dién thé Ua nay 16n hon gid tri Uwo thi bd so sanh cho diu ra mic
logic 0 va SAR xo04 bit n6 vira thiét 1ap bai vi gia tri né tao ra qua 16n.

- Néu Ua nho hon Uy, thi dau ra bo so sanh s€ 1a mitc 1, SAR s€ gilt nguyén
bit vira thiét 1ap.

+ Chu ky dong ho tiép theo SAR lai ti€p tuc thiét 1ap bit thap hon tiép theo
va lap lai qua trinh trén cho téi khi dat tGi bit thap nhat (LSB).

Viéc SAR gilt nguyén bit vira thiét 1ap hay xod vé 0 la phu thuoc vao tin
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hiéu ra ctia bo so sdnh, qua trinh nay bat d4u tir MSB t6i LSB. Nhu vay qud trinh
chuyén déi can so chu ky dong hé bang so bit cia SAR va khong phu thuoc vao
tri s6 ctia Uy, . Khi qud trinh chuyén déi két thic, SAR gt ra tin hiéu EOC, khi
d6 gia tri nhi phan trong thanh ghi SAR chinh 1a gia tri can tinh. Néu nhu tin
hiéu EOC dugc noi v6i Start thi qué trinh chuyén déi lai duge bat ddu va qua
trinh chuyén déi sé lién tiép xay ra.

Vi du: Bo chuyén déi ADC 8 bit theo phuong phép x4p xi lién tuc v6i Uy
c6 gid tri 7,5 v. K&t qua chuyén d6i cho dau ra 1a 7,4 v v6i thanh ghi SAR cudi

cung c6 gia tri 1a 01001010B. So d6 lam viéc nhu sau:

ut —
9,6 [----1 B S —
8,0 ————— s B Ui = 7,5V
N INI N I s M S
6’4 _____ N 1 1 1 i i i i

I O R I

o 1 0 O 1 O 1 O

* Chu ky Clock dau tién:

Thiét 1ap bit B7 ctia SAR = 1 (céc bit khac da xoa vé 0).
Ua = Uapcou = 128/256 * U

Néu Ua < Uy thi gitt bit 7 bang 1

Néu Ua > U thi x0d bit 7 vé 0.

* Chu ky Clock tha 2

Thiét 1ap bit B6 ciia SAR = 1.

Ua = Uapcour = (128 + 64)/256 * Uep.

Néu Ua < Uy thi giit bit 6 bang 1

Néu Ua > Ui thi x04 bit 6 vé 0.

Sai s6 cua U, lic nay so véi Uvo 12 £1/2 LSB.
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* Pay 1a mot trong nhiing loai ADC dugc st dung nhiéu trong thuc t€, toc
do chuyén déi kha nhanh.
2.3. Chuyén doi A/D theo phuong phap so sanh song song.

Vi du v6i bo ADC 2 bit:

+4v
[ﬁ 10kQ
+
As
Vi Jioke
’ +A2 B6 ma hoa g?
Nguyén tac:

Gom c6 mot day cac bd so sanh duge dau ghép song song.

Str dung mot mach dién dé chia dién thé U va dua t6i dau vao dao cla cdc
bd so sanh. Dién thé & phan dau cta bd chia dién thé chinh 1a mic cao nhat ma
ADC c6 thé chuyén déi duoc.

Dién thé can chuyén déi s& duoc dua t6i ddu khong ddo cla tat ca cac bo so
sanh. Cac bo so sanh lam viéc, dau ra cta cac bo so sanh duoc dua tGi bdo ma
ho4, tai cac dau ra ctia b0 ma hoa nay ta s€ nhan duoc gia tri sO tuong ung véi
gid tri dién 4p vao can chuyén déi.

* Uu di€ém ctia bo ADC kiéu nay 1a toc do chuyén d6i rat nhanh khong phu
thudc vao xung Clock.

* Nhuoc di€ém: Can c6 s luong 16n bo so sanh va dién trd, néu cin xay
dung bo ADC n bit ki€u nay thi can t6i 2" -1 bo so sdnh, 2" dién trd va mot mach

logic d€ ma hod4 tin hiéu, khi so bit 16n mach ma hoa rat phuc tap.
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2.4. ADC tich phan hai suon doc.
DPay 1a phuong phdp chuyén déi A/D theo kiéu gian tié€p. Loai ADC nay su

dung bo tich phan, so do sau:
K

Us A Ki R C [ Clk (1Mhz)
Uch ° /._:.“C - _
(+1V) B J_— + j

+

\?

B0 so sanh

|
|
7

Czero_ B —

A

Diéu khién

Bo dém

Hoat dong cua mach dugc chia thanh cac giai doan sau:

+ Giai doan 1: (tich phan).

Mach diéu khién xo4 tat ca cdc gia tri d€m, khod K; dong vao vi tri A dién
thé vao Uy, dugc dua téi diu vao bo tich phan, khoa K3 mo ra.

Khi d6 bo tich phan lam viéc, tu dién tich dién, dién thé tai Z thay déi theo
cong thuc.

t

1
Uz()= =~ [ Uno.dt
Gia st dién th€ vaoUy, la (Pu’dng thi Uz s€ 1a suon doc am (hinh v€). Ngay

sau khi Uz ¢6 dién thé€ nho hon O(v) (vai nV) thi dau ra ctia bo so sanh sé c6 miic
logic 1, khi d6 céng AND lam viéc cho phép xung Clock kich hoat bo dém.

Sau mot khoang thoi gian xac dinh, bd dém ciing dém dugc s6 xung xac
dinh, mach diéu khién dua khod K vao vi tri B, két thiic giai doanl.

Giai doan 2:

Khi dau vao mach tich phan duoc néi vé6i dién thé Ue (-1 V), bo dém ciing
dugc x04 vé 0, tu dién C bat dau phong dién. Dién thé Z thay doi theo cong thiic.

1 o7
Uz (t+T) = —— [ (-Ua).dt + Uz (b)
RC ¢

Do Uz khac 0 (Am) nén ddu ra bo so sdnh van cho mitc 1, céng AND cho
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phép xung Clock kich hoat bo dém. Bo dém s€ dung dém khi Uz = 0, két qua
chuyén déi chinh Ia gi4 tri cha bo dém duoc tinh & thoi diém nay (Uz = 0).

Giai doan Zeroing:

Céc khod K- , K3 déng, dién dp trén tu, dau ra ctia KDTT c6 tri s6 bang 0.

Biéu do6 thoi gian nhu sau:

A

U . T .
t (¢6 dinh T T N
+()*«T~ | t
Uvaot i
RC i
Nhan xét:

Vi céac gia tri U, khdc nhau, gia tri nao 16n hon thi sau khoang thoi gian
c6 dinh trong giai doan 1 bd dém sé dém dugc nhiéu hon tic 1a tu dién s€ tich
duoc nhiéu dién tich hon do vay qua trinh giai phong dién tich cua tu dién sé lau
hon (T° > T).

Toc do giai phong dién tich cua tu dién la nhu nhau vi thé do doc ctia duong
phong 1a nhu nhau (cac duong phong song song v6i nhau).

* Nhuoc di€ém: Day 1a loai ADC c6 t6c do chuyén déi rat cham ( tir 10ms
dén 100ms)

* Uu diém: gid thanh sdn xuit thip, trdnh duoc sai s6 nhu cic loai ADC
khéc vi né khong st dung DAC. Nguyén ly hoat dong don gian la tich dién va
giai phong dién tich cua tu dién mot cach tuyén tinh. Céac thiét bi nay it bi anh
huéng do nhiét do va moi truong.

* V6i ting dung khong can toc do chuyén doi cao thi viéc Iua chon ADC
nay kha tot.

2.5. Mach trich va giit mau.
Nhu ta thdy, ddu vao ADC dugc n6i truc ti€p v6i dién thé tuong tu can

chuyén doi, gia st tin hiéu tuong tu nay bién doi rat nhanh trong mot thoi gian
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ngan dan t6i két qua chuyén doi 1a khong chinh xdc do qua trinh chuyén doi
cling mat mot khoang thoi gian xdc dinh tic 12 tin hiéu dién thé nay bi thay doi
nhiéu ngay trong qua trinh chuyén déi ciia ADC.

Dé xir Iy trudng hop nay ngudi ta sit dung mot mach dién goi 1a mach trich
va gilt miu c6 tdc dung gilt 6n dinh gia tri dién 4p vao trong sudt qué trinh
chuyén déi.

So d6 téng quat cia mach trich va giit mau nhu sau:

e
UVin g + Ura 1’161 téi déiu

Ch vao cua ADC

I

Chan diéu khién' S | [

+ Ch€ do trich mau: Khi S = 0, cong tic dong dién th€ & Uwo qua bd
khuyéch dai 1 nap dién cho tu Cy , qua trinh nap dién cho tu xay ra trong mot
thoi gian dt da dai sao cho tu Cy tich du dién tich ¢ = C * Uys. Khoang thoi gian
dt nay duoc goi la khoang thoi gian 1ay mau.

+ Ché€ do 14y mau: Khi S = 1, cong tac md, tu dién khong nap nita nhung né
ciing chita du dién tich dam bao dién thé trén dau ra luon bang dién thé trén tu Cy
tiic 12 bang Uswo. Vi trd khdng vao cia KDTT Ia vo ciing 16n nén dién tich trén tu
khong bi x4 ra va gitt gid tri n dinh cho U, trong sudt ché do giit mau.

* Khoang thoi gian 14y mau dt hoan toan phu thudc vao do 16n cua tu Cy, va

dac tinh cua mach dién nay.

2.6. Cac chi tiéu ky thuat chu yéu cia ADC.

1. Do phan giai.

Do phan gidi cia ADC bi€u thi bang s6 bit cua tin hiéu s6 ddu ra. S6 bit
cang nhié€u thi sai s6 luong tir cang nho, do chinh x4c cang cao.

2. Dai dong, dién tré dau vao

3. Miic logic cta tin hiéu s6 dau ra va kha nang chiu tai ( n6i vao dau ra).

4. Do chinh x4c tuong doi.
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Néu ly tuong hod thi tat ca cdc diém chuyén doi phai nim trén mot dudng
thang, do chinh x4c twong doi 12 sai s6 clia cidc diém chuyén ddi thuc t& so véi
dac tuyén chuyén doi ly tudng. Ngoai ra néi chung con yéu cdu ADC khong bi
mat bit trong toan bo pham vi cong tac.

5. Toc do chuyén doi.

Toc do chuyén déi xdc dinh boi thoi gian can thi€t d€ hoan thanh mot 1an
chuyén déi A/D. Thoi gian nay tinh tir khi xuat hién tin hiéu diéu khién chuyén
d6i dén khi tin hiéu s6 dau ra 12 6n dinh.

6. Hé so nhiét do.

H¢ so6 nhiét do 1a bién thién tuong doi tin hiéu s6 dau ra khi nhiét do bién
déi 1°C trong pham vi nhiét do cong tac cho phép véi diéu kién muc tuong tu dau
vao khong déi (ciing c6 thé dung bién thién tuyét doi).

7. Ty s6 phu thudc nguon.

Gia str dién ap tuong tu ddo vao khong déi, néu nguén cung cap cho ADC
bién thién ma anh hudng dén tin hiéu s6 dau ra cang 16n thi ti s6 phu thudc
nguon cang 16n.

8. Cong suat tiéu hao.
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