BAI THi NGHIEM SO 4
CAC MACH LQC TiCH CUC DUNG OP-AMP
CAC MACH TAO TIN HIEU DUNG OP-AMP
A. GIOI THIEU

Trong bai thi nghiém sd 2 va s6 3, ching ta dd khdo sdt cic mach khué€ch
dai dung BJT. Trong bai thi nghiém nay, ta s& khdo sat mdt vai mach dng
dung véi khuéch dai thuat todn (Op-Amp). D6 1a cdc mach loc tich cyc va
cac mach tao tin hiéu.

Trong cdc mach khuéch dai dung BJT, ta ciing d3 khio sit sd qua vé dap
tng tin s& clia mach khuéch dai. V6i cdc mach ding Op-Amp ta s& c6
diéu kién khio sit sdu hon vé ddp ng tan sd, ching ta khong chi khio sit
ma con Wng dung d€ thi€t k& cdc bd loc tuong tu, c6 dap tng tan sd va do
1¢i nhv mong mudn.

Dua trén nguyén 1y ctia mach hdi ti€p ng dung véi phian t khuéch dai
thuat todn, dé dang tao dudc cac mach tu dao dong, tao tin hiéu sin, xung
vudng, xung tam gidc. Bai thi nghiém nay ciling sé trinh bay va khao sat
mot vai mach tao tin hiéu don gidn nhim gidp sinh vién phan nio nim
dugc nguyén 1y cia mdt may phat song da c6 mit thudng xuyén trong cic
budi thi nghiém. Theo dé gitip sinh vién c6 co s& khi khdo sdt cic mach
dao dong cao tan ding trong hé thdng vién thong.

B. MUC PICH THI NGHIEM

e Gilip sinh vién thi€t k& dudc cdc mach loc tich cyc don gidn diing
Op-amp.

e Gitip sinh vién kh3o sit, do dac cdc thong s va v& dip ng tin s6
cia mdt mach loc tich cy dung Op-amp.

e Gitp sinh vién nim dudc nguyén 1y hoat dong ciia cdc mach tao tin
hiéu don gian.

e Gilip sinh vién kh3o sit va do dac c4c thong s6 clia mach tao tin hiéu
sin, xung vudng, xung tam giac.
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C. TOM TAT LY THUYET
I. Mach loc tich cuc

Mach loc 12 phan t&r khong thé thi€u trong hau hét cdc thiét bi dién ti. N6
dudc tim thay v6i nhiéu ching loai ¢6 cAu tric va vai trd khdc nhau. Vi du
mach loc nguSn dung trong cac bo nguén nhim triét ti€u do ggn. Céac bd
diéu chinh Tone (Bass, Treble) ding trong cdc mach xi Iy 4m nhac. Cic
mach loc nhim gi6i han tin s6 tin hiéu tru6c khi né dugc 14y miu dugc
dung trong cdc bd xit 1y tin hiéu s6.

Mach loc dugc phan lam hai loai I6n dé 1a mach loc thu dong (Passive
Filter) va mach loc tich cuc (Active Filter). Mach loc thu dong c6 ciu tric
tif cdc phan t thu dong (dién trd, tu dién va cudn diy). Mach loc tich cuc
c6 cdu triic tif cdc phan i tich cyc (Transistor, Op-Amp ...) k€t hop véi cic
phan tif thu dong. Trong mdi loai 16n nay déu c6 bon loai nhé: Mach loc
thong thap (Low-pass Filter, LPF), mach loc thong cao (High-pass Filter,
HPF), mach loc thong ddi (Band-pass Filter, BPF), mach loc chin dai
(Band-reject Filter, BRF).

Mach loc tich cyc ding Op-amp két hdp véi ciac phan ti thu dong cé thé
tao dugc ddp ng bing hoic t6t hon so véi mach loc thu dong tuong dng.
Khi ghép lién ting cic mach loc vdi nhau, mach loc tich cyc nhd phan ti
Op-amp c6 tdng trd vao rit 16n va tong trd ra rit nhd, cho nén khong c6 su
suy hao giéng nhu mach loc thu dong. Pic biét, trong cidc mach loc tich
cyc dung Op-amp, thudng khong can dung phan ti cudn day. Pay 1a Igi
di€m 16n ctia mach loc tich cyc so v6i mach loc thu ddng, bSi phan ti cudn
day thudng khé ché tao chinh x4c, hon nita cudn day & tan sd thap can c6
gid tri 16n nén kich thuéc trd nén cong kénh gid thanh cao. Chinh vi thé,
ngudi ta thudng thich chon dung mach loc tich cyc hon, dic biét 1a trong
cac tng dung trong x& 1y 4m thanh. Tuy nhién, mach loc thu ddng c6 1gi
di€m hon mach loc tich cuc khi hoat ddng & tin s& cao. C4c phan ti tich
cyc thudng bi gidi han & tin s& cao, viéc ché tao linh kién Op-amp hoat
dong & tan sd cao tré nén khé khin va gia thanh dit hon. Cudn diy & tan
s6 cao dugc ché tao dé dang hon, vi vy mach loc thu dong thudng xuat
hién nhiéu trong cdc thi€t bi cao tan, nhiu nhit 13 trong cic thi€t bi vién
thong.
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1. Mach lgc thong thap

Mach loc thong thap 12 mach loc chi cho tin hiéu & tan s& nhd hon tin s&
cit fc di qua. Pép ting tan s6 1y tuéng dugc trinh bay trén hinh 1(a).

a. Mach loc thong thip bac 1

Hinh 1. P4p déng tin s6 ciia mach loc thong thap
(a) Pap ng ly tudng, (b) Bac 1, (¢c) Bac2

Mach loc thong thdp bac 1 ¢6 ddp tng tAn s6 trén hinh 1(b). Him truyén
dat H(s) c6 dang nhu sau:

H)o,

H(s) = (D

s+,
. @)

Trong d6 Hy goi 12 d6 1gi cuc dai, oy = 27fc goi 12 tAn s& cit (tdn s6 3dB).
D6 ddc clia ham truyén dat x4c dinh tir bi€u thite (3) 1a -20dB/dec

20log (sz
Hl
rolloff = ————= 3)

f
log| =
g[flj

Hi, H, 14 d6 1gi tai tAn s6 f}, f, niim trén doan xay ra sy thay di (ting hay
gidm) clia ham truyén.

Mach loc théng thap bac 1 ding Op-amp trén hinh 2(a), ham truyén clia né
c6 dang nhu biéu thic (1), vdi:

“4)

1
Hy=—2, W,=—r
R, R,C
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b. Mach loc théng thip bac 2 Butterworth

Mach loc thong thap bac 2 ¢6 d4p ng tan s& trén hinh 1(c). Him truyén
H(s) c6 dang nhu sau

HyWw 5

w
S+ 2 s+w
Q

Trong d6 Hy 1a @6 10i, @y = 27nfc 12 tAn s6 cit, Q 12 hé s6 phdm chat cla
mach. Tiy vao gi4 tri cia Q ma mach c¢6 ddp ng tin s& nhu hinh 1(c). Khi
Q = 0.707, mach c6 ddp ng phiang nhit day goi 1a mach loc Butterworth.
D6 ddc clia ham truyén dat x4c dinh tir (3) 12 -40dB/dec.

H(s) =

)

Hinh 2. Mach loc thong thip dung Op-amp
(a) Mach loc bac 1, (b) Mach loc bac 2 — Sallen - Key

Mach loc théng thap bac 2 ding Op-amp trén hinh 2(b), ham truyén ctia né
c6 dang nhu biéu thic (5), vdi:

R
H, =1+—2 6
0 R, (6)

V R1R2C1C2
VRR,C,C,

Rl +R2)C2 +C1R1(1_H0)

w,=

= (8)
Q=1

bé don gian ta chon C; = C, =C, khi d6 biu thic (7) va (8) dugc viét lai
nhu sau:
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0, =—F—— 9
CR R,
JRR,
Q : (10)

“R,2-H,)+R,

Tu (9) suy ra:
1

fo =———=
2mC\R R,

1D

Gia st R; = KR (K), Ry = KRy(K), K 14 hiing s8, khi d6 (11) trd thanh:
1

£, = (12)
2mCKy/R,(K)R, (K)
Chon:
10*
R, (K)R,(K) = e (13)
T
Ta co:
4 -4
f. = 10 K= 10 (14)

= = =
KC f.xC

Véi cic thay thé nhu trén bi€u thite (10) dugc viét lai:

VR (KR, (K) (15)

" 2-H,)R,(K)+R,(K)

Q

Biéu thic (13) va (15) dugc viét lai néu R(K) va Ry(K) 14y theo don vi
KQ :

10

R,(K)R,(K) = (16)

21
10

Q- (17)

272 ~H,)R, (K)+ R, (K)]
Pé mach trd thanh mach loc Butterworth thi Q = 0.707, hay:

10 V2

Q (18)

T 2m[2—H R, (K)+R,(K)] 2
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Hé phuong trinh (16) va (18) tudng duong v6i hé phuong trinh (19) va (20)
sau:

100
47°R,(K)

R.(K)=10 1+.2(H, -1.5) 0)
2\2n(2-H,)

Chii y : Hé phuong trinh (19) va (20) chi 4p dung cho mach ¢6 do 1gi Hy
16n hon 1.5 va Hy khac 2. Khi Hy = 2, gidi hé (15) va (16) d€ tim nghiém.
Mudn mach c¢6 d6 1gi nhé hon hoidc bing 1.5 ta can chon lai C; va C, (Cy
khéac C,) va giai lai theo cac budc nhu trén.

R,(K)= (19)

Vi du: Thi€t k€ mach loc thong thiap bac 2 Butterworth c6 tin sd cit 1kHz,

do 1¢i bang 11.

Ta cé Hp =11, tr (19) suy ra:
1-2(11-1.5)

= 0.420KQ
221 (2-11)

R,(K)=10

T (18), c6 Ry(K) = 6.03KQ

Chon R3 = 100KQ. P& Hy =11, tir (5) suy ra Ry = 10KQ
Chon C = 10nF, tir (13) suy ra K =10.

Khi d6 R; =4.2KQ, R, =60.3KQ

2. Mach loc thong cao

Mach loc thdng cao 12 mach loc chi cho tin hiéu & tan s& 16n hon tan s& cit
fc di qua. Pdp ing tan sd 1y twdng dudc trinh bay trén hinh 3(a).

a. Mach loc thong cao bic 1

Mach loc thong cao bac 1 c6 ddp ng tin s§ trén hinh 3(b). Him truyén
H(s) c6 dang nhu sau:
H,s
S+,

H(s)=

2D

Trong @6 Hy goi 12 d6 1gi cuc dai, oy = 27fc goi 12 tAn s& cit (tan s6 3dB).
D6 doc clia ham truyén xac dinh tir (3) 12 20dB/dec.
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Mach loc thdng cao bac 1 ding Op-amp trén hinh 4(a), hAm truyén cla
né c6 dang nhu biéu thirc (21), vdi:

(22)

Hinh 3. P4p @ng tan s6 ciia mach loc thong cao
(a) Pap wng 1y tuwéng, (b) Bac 1, (¢c) Bac2

b. Mach loc thdéng cao bic 2 Butterworth

R2
——
C R, C,
\'% Vi
Vi ¢
- ~ @ =

Hinh 4. Mach loc thong cao dung Op-amp
(a) Mach bac 1, (b) Mach bac 2 — Sallen -Key

Mach loc thdng cao bac 2 c6 ddp ng tan s& trén hinh 3(c). Him truyén
H(s) c6 dang nhu sau:
H,s’

w
s+ 2 st+w,
Q

Trong dé Hy 1a d6 10i, my = 2nfc 1a tAn s6 cit, Q 1a hé s6 phdm chit cia
mach. Tiy vao gia tri cia Q ma mach c¢6 dap ng tin s6 nhu hinh 3(c). Khi
Q = 0.707, mach c6 dap wng phing nhit day goi 12 mach loc Butterworth.
D6 doc clia ham truyén xac dinh tir (3) 12 40dB/dec.

H(s) = (23)
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Mach loc thong cao bac 2 diing Op-amp trén hinh 4(b), ham truyén clia né
¢6 dang nhu biéu thirc (23), véi:

H,=1+—2 (24)

w, = (25)

V RIRZCICZ
JR,R,C,C,

_ 2
Q=R (€, +C.)+R,C,(-H,) (20

ChQn C=C=C. Bi'lng cach dﬁt R, = KRl(K), R, = KRQ(K), Rl(K) va
R5(K) tinh theo KQ nhu & phidn mach loc thong thap bac 2 Butterworth ta
c6 dugc c4ch thi€t k&€ mach loc thong cao bac 2 Butterworth nhu sau:

107"
k= f.xC 7)
100
R = 41°R,(K) @9
R (K)_mw (29)
; - 2\/571:(1—H0)

Chii y: Hé (28) va (29) chi dugc 4p dung khi Hy 16n hon hodic bing 0.75 va
Ho khdc 1. Néu can Ho =1 phai gidi lai hé (25) va (26) khi C; = C, = C két
hgp véi (27) va (28).

Vi du: Thi€t k&€ mach loc thong cao bac 2 Butterworth c6 tan sd cit 1kHz,
d6 lgi 11.

Hp =11, tir (28) c6 dudgc:
1-+/44-3
2M2m(1-11)

T (27) c6: Ri(K) =4.166KQ

Chon R3 = 100 KQ, suy ra R4 = 10 KQ
Chon C =33nF, tr (26) c6: K=2.127
Suy ra R; = 12.498 KQ, R, = 1.824 KQ

R,(K)=10 =0.608KQ
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3. Mach loc thong dai

Mach loc thong dai 12 mach loc chi cho tin hiéu & tn s trong khodng fi +
fy di qua. Pdp ng tan s6 1y twdng dugc trinh bay trén hinh 5(a), ddp @ng
tan sO thuc trén hinh 5(b).

@ (b)

Hinh 5. Pdp @ng tan so cia mach loc thong dai
(a) Pap dng ly tuéng, (b) Pap wng thuc t&

Hinh 6. Mach loc théong dai ciu tric Sallen — Key
dung Op-amp

Mach loc thdng ddi c6 ciu tric nhu trén hinh 6 goi 1a mach loc thong ddi
Sallen - Key. Him truyén H(s) clia n6 ¢6 dang nhu sau

HO[UE)}S
H(s) = (30)

w
s+ Y stw,
Q
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Trong d6 Hy 12 d6 10i cuc dai, ay = 2nfy 12 tAn sd trung tAm, Q 12 hé s&
phﬁm chit cia mach. Trong mach hinh 6 néu chon R; =R3;=R»2 =R, C;
=C,=Cthi:

K:1+R_5 (31)
K
73k G2
w —L (33)
" RC
0=—1_ (34)
3-K
f
BW=-"2 35
5 (35)

II. Cac mach tao tin hiéu
1. Mach tao tin hiéu sin

a. Ngeuyén ly dao dong sin

A(s) >V,

B(s)

i

Hinh 7. Mach dao ddng sin
(a) So @6 khéi mach hai ti€p, (b) Mach dao dong cAu Wein

l
~~
=)
N

Mot mach ¢6 ham truyén dat bac hai vdi phuong trinh dic trung 12 mau s&
s’ +as+b=0 hays*+2Camys + oy =0 (36)
Khi phuong trinh (36) c6 nghi€m phic o * joy thi mach c6 ddp wng:
y(t) = Ae ¥sinmyt (37)
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Biéu thic (37) cho thdy mach c6 ddp wng la dao dong tit din. PE mach
dao dong diéu hoa thi o = 0 hay a = 0. Trong cidc mach dao dong RLC thi
chinh phin tf R giy nén dao dong tit dan. Véi k§ thuit mach hoi ti€p
duong ta dé dang tao dudc ddp tng c6 phuong trinh dic trung cho nghiém
thuan 4o (o = 0). Mach dao dong hdi ti€p c6 sd @6 khdi nhu hinh 7(a).
Trong d6 vi 12 ngudn tin hiéu bén ngoai, A(s) 1a hé sd khuéch dai vong hd,
B(s) 12 hé s6 khué&ch dai hdi ti€p, A(s) va B(s) néi chung phu thudc vao tan
s6. Ta c6 cdc mdi quan hé:

V. =V, +Vv, =V, +B(s)v, (38)

v, =A(S)v, 39)
Hé s6 khuéch dai vong kin T(s) dugc tinh nhu sau:

Tsy= Yo = AL (40)

v, 1-A(s)B(s)

Phuong trinh dic trung cda mach:
1-A(s)B(s)=0 41)

Phuong trinh (41) cho thAy miu s6 cla T(s) bing khong sé lam cho T(s)
16n vo cling. Piéu nay khong c6 nghia 1a véi tin hiéu vao v; hitu han ta c6
tin hiéu ra v, ¢6 gid tri 16n vO cling, ma né ndi Ién ring v4i tin hi€u vao v;
vO cung nhd (tuong duong 0) thi v, cé gia tri hitu han.

Trong cic mach thuc t&, ngd vao ludn ton tai nhidu vdi phd tin sd lién tuc
(nhidu nhiét hay nhidu do ngudn cung cdp ..). G mot tn s6 ndo d6 ciia
nhiéu s& lam cho (41) x3y ra va nhiéu & tin s6 nay dudc khuéch dai 1én
véi hé s6 vo cung 16n lam xuat hién tin hiéu ngd ra. Nhu vay khi khong
can tin hiéu ngd vao ta cling c6 tin hiéu ngd ra vdi tan s biing tan sd 1am
cho A(s)B(s) = +1.20°. Pay chinh la sy tu kich hay su tu dao dong cua
mach. Trong cdc mach khuéch dai c6 hdi ti€p ngudi ta ¢d ging tranh hién
tuong nay. Con trong cidc mach tao séng ngudi ta 1¢i dung né véi (41) la
diéu kién d€ mach dao dong.

V& miit todn hoc phuong trinh (41) ¢6 nghiém thuan 4o *joy sé lam cho
mach dao dong diéu hoa véi tan s& .

b. Mach dao d6ng cAu Wein (Wein Bridge)
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Hinh 7(b) trinh bay so d5 nguyén Iy cia mach dao dong cAu Wein, trong
d6R; =R, =R, C;=C,=C.
Hé s6 khuéch dai vong hé clia mach :

R

Als)=Ye =143 =K (42)
Vi R,

Hé s6 khuéch dai hoi ti€p clia mach :

v Z
B(s)=—{ = P 43
(S) \Y Zp +Z, “43)

o

V6i Z, 1a tdng tré cda nhdnh RC song song, Z, 1a tdng trd ctia nhanh RC
noi ti€p. K&t qua ta c6 :

B (K /RC )s
AGBG)= s? + (3/RC s +1/R*C? @9

Phuong trinh dic trung cia mach :

(K/RC)s
1-A(s)Bls)=0=1- = 45
(S)BLs) s? +(3/RC)s +1/R*C? (43)
Rt gon (45), ta dugc phuong trinh dic trung:
1
2+(3-K)S 4+ =0 46
B-K) st (46)
So sdnh véi (36) ta c6 diéu kién dao dong sin ctia mach :
1
a=3-K)—=0&<K=3 47
(-Koc (47)
Lic doé :
1 1 1
Wizt oy, = oy = 48
* R ® RC " 2mRC (45)
R3
I+ =—=3=R,=2R, (49)

4

Vay khi (49) x3y ra thi mach s& dao dong sin véi tan sd f.
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2. Mach tao tin hiéu séng vudong

VO

+E

= = (a) E (b)

Hinh 8. Mach tao song vudng, (a) Mach Trigger Schmitt
(b) Pic tuyé&n truyén dat, (c) Mach dao dong tao xung vudng

D€ tao tin hiéu séng vudng ngudi ta ¢ thé ding trasistor BIT hoic FET
(ch€ do khuéch dai va bdo hoa) hodc ding mach Trigger Schmitt. Trong
bai thi nghi€m nay ta xét mach Trigger Schmitt dva trén Op-amp trén hinh
8(a). Pay 1a loai mach c6 hai trang thdi bén phan biét, dudc st dung rong
rdi d€ bi€n d6i tin hiéu tuan hoan dang bat ky thanh diy xung vudng cé
cuing tan 8. Hai trang trang th4i bén tudng ng véi mifc bao hoa duong +E
va bdo hoa Am —E. Pic tuyén truyén dat cia mach Trigger Schmitt trén
hinh 8(b) c6 dang tir tré vudng géc v6i hai mifc ngudng dién 4p tdc dong
dé chuyén d6i trang thdi ctia mach : Virp (LTP : Lower Trip Point) va
Vure (UTP : Upper Trip Point). Tin hiéu vao v; dugc dua t6i ngoé ddo, con
trén ngd vao khong ddo 1a tin hiéu hdi ti€p duong. Nhu vay ng véi hai
trang thdi cia mach, trén ngd vao thuin cé hai mic ngudng dién dp so
sanh :

R, . R

V. —2 Vi —2
R, +R, H R, +R,

UTP (50)

Khi v; 1a mot gid tri Am I16n thi v, = +E va ngd vao thuan c6 v, = Vrrp. Néu
ting theo chiéu duong sao cho v; < Virp, trang thdi mach van khong ddi.
Tuy nhién néu v; > Vprp thi dién 4p ra cia Op-amp d6i dau : v, = -E va ngd
vao thuan c6 dién th€ Vyrp. Ti€p tuc ting v; hon nita mach ciing khong
thay ddi trang thai. Ngudc lai, n€u gidm v; thi mach chi thay d6i trang thdi
khi vi < Vyrp, lic d6 v, = +E va trén ngd thuén lai c6 v, = Virp. Nhu vay
dé tao ra séng vudng, ngd dido ngudi ta dwa vao tin hiéu sin cé dinh duong
16n hon Vyrp va dinh 4m nhd hon Virp. C6 thé thay tin hiéu sin bing tin
hiéu di€u hoa batky, c6 bién dd phi hgp vdi cdc dién dp ngudng.
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Ung dung mach Trigger Schmitt d€ tao séng vudng ma khong can tin hiéu
vio vi, ngudi ta ¢6 thé ding mach dao dong RC don gidn nhu hinh 8(c).

Gi4 st khi m&i cAp ngudn, dién 4p trén tu bing 0, dién 4p ngd vao cong c6
mdt gid tri ndo dé gid st 12 duong. Do mach c6 hé s6 khuéch dai vi sai
(V4 - v.) rdt 16n nén ngd ra bi bao hoa duong +E, ngd vao cong lic ndy ¢
gié tri Vyrp, tu C dudc nap tu v, thong qua R. Khi dién ap trén tu chua I6n
hon Vyrp thi ngd ra vin con bdo hoa duong, khi dién 4p trén tu vugt Vyrp,
lap tiic ngd ra clia mach chuyén trang thai sang bio hoa 4m -E. ngd vio
cong c6 gia tri 1a Virp, tu C x4 dién qua R xudng v,. Khi dién 4p trén t
chua nhé hon Virp thi mach vin con bdo hoa Am. Khi dién 4p trén tu nhd
hon Virp , 14p tifc ngd ra clia mach chuyén trang thdi sang bio hoa duong
+E. Qud trinh nay lip di lip lai tao thanh chudi xung vuéng & ngd ra.

Cin cif vao qud trinh nap x4 cda tu ta tinh dudc tan s fy clia chudi xung
ngo ra :

£ = 1 (51)

2RCln [R1+2R2j

1

c. Mach tao tin hi€u s6ng ring cua

T (a) T

Hinh 9. Mach tao séng riang cua
(a) Dang song rang cua, (b) Mach tich phan

Tin hiéu ring cuwa dugc ng dung nhiéu trong dién t&, vi du 1am tin hiéu
quét ngang trong dao dong ky, trong mach phan tich 2 d6 ddc cla volt k&
s6. Hinh 9(a) trinh bay tin hiéu ring cua véi cic thong s6 cd ban :

Ty : Thoi gian 1én ( con goi la thoi gian quét ).
T, : Thdi gian xuéng ( con goi la thdi gian phuc hdi).
T : Chuky tin hi¢u.
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Céc mach tao tin hiéu ring cua phai ddm bdo sao cho T; 16n hon rit nhiéu
T,. N61 chung tin hi€u rdng cua dugc tao ra dua trén qué trinh nap va
phéng dién cua tu trong mach RC.

Hinh 9(b) trinh bay mach tao tin hi€u xung rdng cua dya trén Op-amp (cOn
goi la mach tich phén).

N&u v; 1a dién 4p DC, vi khong c6 dong di vao ngd ddo (do tdng trd vio
clia Op-amp rat 16n), toan bd dong vao sé di qua tu :

1 o

i =i =-2 = Const (52)
R

Mit khacviv.=v,=0nén v, = v¢, v6i :
I .
Ve= & [idt (53)
Vi dong nap (i,) khong ddi nén dién tich Q tich trén tu thay d6i tuyén tinh
theo thdi gian, hay dién 4p ra thay d6i tuyén tinh theo thdi gian.

1 C [
- - @ :l>~% v,
AU ZNongN v
VAR VARV
(b) (©)
Hinh 10. (a) Dang tin hiéu vao xung vudng, (b) Dang tin hi€u ra
(¢) Mach tich phan trén thyc t&

Khi tin hi€u séng vudng trén hinh 10(a) dugc dua vao mach tich phan trén
hinh 9(b), tin hi€u ra s€ c6 dang s6ng tam gidc nhu hinh 10(b) véi bi€n do
dugc xdc dinh bdi :
V.
_ Vipp
Vi es2 54

Trong thyc t& mach tich phian dudc diéu chinh nhu hinh 10(c). Pién trd R
dudc thém vao nhim tranh ngd ra Op-amp bi bdo hoa do xudt hién dién ap
troi di€m 0 (dién 4p DC) & ngd vao. R, dudc chon ¢6 chi sd 16n gap 5 + 10
1an R;. Ry hau nhu khong 4nh hudng dén tin hiéu ngd ra néu tan sd tin hiéu
vao 16n hon rat nhiéu trj s6 :
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f= !
27R,C

(35)

D. YEU CAU TRUGC KHI VAO THi NGHIEM

, 2

Chii y: Sinh vién phdi thuc hién phdn nay trén gidy dé gido vién hudng din
kiém tra trudc khi vao thi nghiém. Khong thuc hién phdn nay, sinh vién sé
khong duoc vao lam thi nghiém. Khi chon gid tri dién tré sinh vién can lua
chon gid tri trén thuc t& gdn vdi tinh todn nhdt theo bang cho & phdn phu
luc.

I. Mach loc thong thap

1. Mach loc thong thap bac 1 nhu so dd hinh 2(a) ¢c6 C = 47nF, hiy tim R,
va R, d€ dap ting clia mach c6 do 1gi 4, tin s6 cit 1.82kHz, do doc cia dap
trng 1a bao nhiéu. Tinh lai Hy, fc ghi vao bang 1.

2. Mach loc thong thap bac 2 Butterworth nhu hinh 2(b) ¢6 C; = C,=C =
10nF, R; = 10KQ, hay tim R;, R,, Ry @€ mach c6 dd 1gi bing 4, tan s6 cit
1.82kHz. Bd déc cia dap ung la bao nhiéu. Tinh lai Ho, fc ghi vao bang 2.

3. So sdnh dd doc ctia hai mach loc vira thiét k€.
4. Bing chuong trinh md phdng mach Pspice, hdy mo phdng cidc mach

vira thi€t k&€ & phan 1 va 2, xdc dinh dd 1di, tAn s& cit, so sdnh do doc cia
hai mach véi nhau. Ghi cdc gia tri vao bang 1 va 2.

II. Mach loc thong cao
1. Mach loc thdng cao bac 1 nhu sd dd hinh 4(a) c6 C = 33nF, hdy tim R,

va R, dé€ dap tng cia mach c6 @6 1gi 4, tin s6 cit 1kHz, dd d6c cia dap
rng 1a bao nhiéu. Tinh lai Hy, fc ghi vao bang 3.

2. Mach loc théng cao bac 2 Butterworth nhu hinh 4(b) c6 C; = C,=C =
100nF, R; = 10KQ, hiy tim Ry, Ry, Ry d€ mach c6 d6 1¢i biing 4, tin s6 cit
1kHz. Po doc cla dap ung la bao nhiéu. Tinh lai Ho, fc ghi vao bang 4.

3. So sdnh dd doc ctia hai mach loc vira thiét k€.

4. Bing chuong trinh md phdng mach Pspice, hdy mo phdng cidc mach
vira thi€t k&€ & phan 1 va 2, xdc dinh dd 1di, tAn s& cit, so sdnh do doc cia
hai mach véi nhau. Ghi cdc gia tri vao bang 3 va 4.
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II1. Mach loc thong dai

1. V6i mach loc thong déi trén hinh 6, hay lya chon céc linh kién sao cho
ddp ng theo tan s6 cia mach c6 tin sd trung tAm 1.6kHz, bing thong
1.6KHz. Tinh lai fy ghi vio bidng 5. N&u sai sd cda dién trd 12 20%, hay
xac dinh sai s& cda fo.

2. Tinh hé s6 phdm chdt va do 1gi cuc dai clia mach véi cac thong sd cho
G 1. Ghi céc gia tri vao bang 5.

3. Bing chuong trinh mé phdng mach Pspice, hdy m6 phdng cdc mach
vira thi€t k€ & phin 1, xdc dinh d6 10i, tin s6 trung tAm, bang thong, hé s&
phdm chat clia mach. Ghi cic gia tri vio bang 5.

IV.Mach dao dong cAu Wein

Véi mach trén hinh 7(b), khi Ry =R, =R, C; = C; = C = 10nF, hay xédc dinh
gia tri cia C dé€ tin s6 dao dong 1a 1.59kHz. Vi C vura tim dudc tinh lai fo,
ghi vao bang 6.

Né€u sai s6 clia R 12 20%, hdy xdc dinh sai s6 clia tin s6 dao dong cda tin
hi€u ngo ra.

V. Mach tao tin hiéu séng vudng

1. VG&i mach trén hinh 8(a), R, = 10KQ, E = 15V, hdy xac dinh R, dé :
a. Di€n dp ngudng la = 7.5V
b. Pién dp ngudng la £ 1.36V
c. Pién dp ngudng la + 0.65V

V@i cac gid tri Ry vira tim dudc, tinh lai di€n 4p ngudng (Vire va Vure),
ghi vao bang 7 va 8.
2. Mach trén hinh 8(c) v6i R; = R, = 10KQ, C = 22nF, hay x4c dinh R dé
mach tao chudi xung vudng ngd ra cé tan sd 2kHz.
VI. Mach tao tin hiéu séng tam giac
Tin hiéu séng vudng & ngd ra clia mach trén hinh 8(c), véi thong s6 R, Ry,
R,, C tinh dugc & phin truc, dudc dwa vao ngd vao clia mach tich phian
trén hinh 10(c). Hay cho biét dang tin hiéu ngd ra, tin s, bién dd bing
bao nhiéu khi c4c thong s6 mach trén hinh 10(c) la:

1 R;=10KQ, R, = 100K, C =33nF.
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2. Ry =20KQ, R, = 100KQ, C =33nF.
3. R; =40KQ, R, = 100KQ, C = 33nF.
Ghi cédc gia tri vira tinh dudc vao bang 8.
E. TRINH TU THi NGHIEM
I. Mach loc thong thap
1. Mach loc thong thap bac 1

a. Thyc hién mach trén hinh 2(a) v6i cic thong s& nhu phan yéu ciu
trudc khi vao 1am thi nghiém. CAp ngudn cho mach (ngudn ddi + 15V), ndi
may phdt séng vao ngd vao v; cia mach. Mdy phat séng chinh séng sin
bién dd 1V, tin s6 10kHz, ding dao dong ky d€ & AC quan sit ddng thsi
tin vao v; va tin hiéu ra v,. Gidm din tin s6 clia mdy phat séng (chid y giit
nguyén bién d9) quan sit sy bié€n thién clia bién do tin hiéu ra. Khi bién do
tin hiéu ra cuc dai, ghi nhan gid tri nay ghi vio bang 1, tim Hy. So sanh k&t
qua thu dugc vdi yéu tinh todn va mo6 phdng.

Bang 1. Bang do, tinh toan, mé phong thong s cia mach LPF bac 1

Thong s& bo Tinh Mo phdng

Ho

fo(kHz)

rolloff

b. Dung dao dong ky hdy xdc dinh tAn s& cit cda mach. Ghi nhan gid tri
vao bang 1, so sdnh vdi tinh todn va mo6 phdng.

c. Xdc dinh do doc rolloff ciia ham truyén, ghi vao bang 1.

d. Hay lap bang do tri hiéu dung AC cia tin hi€u ra khi tin hiéu vao cé
bién d6 khong ddi 1V, tin s6 bing 10, 30, 100, 300, 500, 1k, 1.4k, 1.8k,
2.2k, 2.6k, 3k, 5k, 10k. V& d4p ting clia ngd ra v, theo tan sd f.

2. Mach loc thong thiap bac 2 Butterworth

a. Thyc hién mach trén hinh 2(b) véi cic thong sd nhu phan yéu ciu
trude khi vio 1am thi nghiém. CAp ngudn cho mach (ngudn ddi + 15V), ndi
may phat séng vao ngd vao v; cia mach. Mdy phat song chinh séng sin

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

bién do 1V, tin s6 10kHz, ding dao dong ky d€ & AC quan sit ddng thsi
tin vao v; va tin hiéu ra v,. Gidm din tin sd clia mdy phat séng (chi y giit
nguyén bién do) quan sat sy bi€n thién clia bién do tin hiéu ra. Khi bién do
tin hiéu ra cuc dai, ghi nhan gid tri nay ghi vao bang 2, tim Ho. So sdnh két
qua thu dugc vdi yéu tinh todn va moé phdng.

b. Diing dao dong ky hiy xdc dinh tin sd cit ctia mach. Ghi nhan gi4 tri
vao bang 2, so sdnh vdi tinh todn va mo6 phdng.

Bang 2. Bang do, tinh toan, mé phéng thong so ctia mach LPF bac 2

Thong s& bo Tinh Mb phdng

Hy

fo(kHz)

rolloff

c. Xdc dinh do doc rolloff cdia ham truyén, ghi vao bang 2.

d. Ding may do Fluke 45 hay lap bang do tri hi€u dung AC cuia tin hiéu
ra khi tin hiéu vao c6 bién d6 khong d6i 1V, tin sd bing 10, 30, 100, 300,
500, 1k, 1.4k, 1.8k, 2.2k, 2.6k, 3k, 5k, 10k. V& dap ng ctia ngd ra v, theo
tan so f.

II. Mach loc thong cao
1. Mach lgoc thong cao bac 1

a. Thyc hién mach trén hinh 4(a) v6i cic thong s& nhu phan yéu ciu
trude khi vao 1am thi nghiém. CAp ngudn cho mach (ngudn ddi + 15V), ndi
may phat séng vao ngd vao v; cia mach. May phat séng chinh séng sin
bién dd 1V, tin s6 100Hz, ding dao dong ky d€ & AC quan sit ddng thsi
tin vao v; va tin hiéu ra v,. Ting din tin s6 clia mdy phat séng (chi y giit
nguyén bién dd) quan sit sy bié€n thién ctia bién do tin hiéu ra. Khi bién do
tin hiéu ra cuc dai, ghi nhan gid tri nay ghi vio bang 3, tim Hy. So sanh két
qua thu dugc vdi yéu tinh todn va mo phdng.

b. Dung dao dong ky hdy xdc dinh tan s& cit clia mach. Ghi nhan gid tri
vao bang 3, so sanh vdi tinh todn va mo6 phdng.
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Bang 3. Bang do, tinh toan, mé phong thong so cia mach HPF bac 1

Thong s& bo Tinh Mb phdng

Hy

fo(kHz)

rolloff

c. Xac dinh do doc rolloff ciia ham truyén, ghi vao bang 3.

d. Dung may do Fluke 45, hday 1ap bang do tri hi€u dung AC cda tin hiéu
ra khi tin hiéu vao c6 bién do khong d6i 1V, tan sé bing 100, 300, 500,
700, 1k, 1.2k, 1.5k, 2k, 4k, 6k, 10k, 20k, 30k. V& ddp @ng clia ngd ra v,
theo tan so f.

2. Mach loc thong thiap bac 2 Butterworth

a. Thyc hién mach trén hinh 4(b) véi cic thong sd nhu phan yéu ciu
trude khi vao 1am thi nghiém. CAp ngudn cho mach (ngudn ddi + 15V), ndi
mdy phat séng vao ngd vao v; cia mach. May phat séng chinh séng sin
bién do 1V, tin s6 100Hz, ding dao dong ky d€ & AC quan sit dong thsi
tin vdo v; va tin hiéu ra v,. Ting din tin s6 clia mdy phat séng (chd y gitt
nguyén bién dd) quan sit sy bié€n thién clia bién do tin hiéu ra. Khi bién do
tin hiéu ra cuc dai, ghi nhan gid tri nay ghi vio bang 4, tim Hy. So sanh két
qua thu dugc vdi yéu tinh todn va mo6 phdng.

b. Diing dao dong ky hiy xdc dinh tin sd cit ctia mach. Ghi nhan gi4 tri
vao bang 4, so sdnh vdi tinh todn va mo6 phdng.

Bang 4. Bang do, tinh toan, mé phéng thong so ctia mach HPF bac 2

Thong s& bo Tinh Mo phong

Hy

fo(kHz)

rolloff
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c. Xac dinh do doc rolloff ciia ham truyén, ghi vao bang 4.

d. Dung may do Fluke 45, hday 1ap bang do tri hi€u dung AC cda tin hiéu
ra khi tin hiéu vao cé bién do khong d6i 1V, tan sd bing 100, 300, 500,
700, 1k, 1.2k, 1.5k, 2k, 4k, 6k, 10k, 20k, 30k. V& ddp @ng clia ngd ra v,
theo tan so f.

III. Mach loc thong dai

1. Thyc hién mach trén hinh 6 vdi cdc thong s6 nhu phin yéu cu trudc
khi vao 1am thi nghiém. CAp ngudn cho mach (ngudn d6i + 15V), ndi may
phét s6ng vao ngé vao v; cia mach. Mdy phat séng chinh séng sin bién do
1V, tin s6 50Hz, dung dao dong ky dé & AC quan sit ddng thdi tin vao v;
va tin hiéu ra v,. Tang din tAn s clia mdy phdt séng (chi y giit nguyén
bién d6) quan st sy bién thién cda bién do tin hiéu ra. Khi bién do tin
hiéu ra cuc dai, ghi nhan gi4 tri nay ghi vao bdng 5, ghi nhan tin s& trung
tam fo, tim Hy. So sdnh k&t qué thu dudc v6i yéu tinh todn va mo phdng.

2. Dung dao dong ky hdy xdc dinh bing thong BW va hé s6 pham chit Q
ctia mach. Ghi cdc gia tri thu dugc vao bang 5, so sanh ching vdi tinh todn
va mo6 phdng.

Bang 5. Bang do, tinh toan, mé phéng thong s ciia mach BPF

Thong s& bo Tinh Mo phdng

Hy

fo(kHz)

BW(Hz)

Q

3. Dung may do Fluke 45, hdy 14p bang do tri hi€u dung AC cia tin hiéu
ra khi tin hi€u vao c6é bién dd khdng d6i 1V, tin s6 bing 100, 200, 300,
500, 700, 1k, 1.2k, 1.3k, 1.4k, 1.5k, 1.6k, 1.7k, 1.8k, 2k, 2.2k, 2.4k, 3k, 4k,
5k, 6k. V& ddp tng clia ngd ra v, theo tan s f.
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IV. Mach dao dong cau Wein:
1. Khdo sit mach vong h¢

Thyc hién mach trén hinh 11, véi cdc thong sd cho va tinh & phan yéu ciu
true khi vao thi nghiém, khi khéa k hd. Diing may phat song (chinh bién
dd 1V, tan s6 1kHz) cap tin hiéu v; vio A. Ding dao dong ky d& § AC do
dong thdi va va v,, di€u chinh bié€n trd VR sao cho dd hé s6 khuéch dai
vong hé bing 3.

Cl Rl
X W
B A >V
R C,
VR
:|: 470

Hinh 11. Mach thi nghiém dao dong cau Wein

Giit nguyén bién d6 may phat séng, dung dao dong ky do dong thdi va vs.
Thay d6i tan s6 ca mdy phéat séng d&n khi v, bing vg, ghi nhan lai gia tri
tan s& nay (ky hiéu 12 fy) ghi vao bing 6. N6 chinh 12 tin s6 ma tai d6 theo
ly thuy&t mach cé thé dao dong diéu hoa.

Bang 6. Bang tinh todn do dac cic thong s6 ctia mach cidu Wein

Thong s& Tinh todn bo vong hd bo vong kin

fo(kHz)

2. Khao sit mach vong kin khong tai

Thyc hién mach trén hinh 11, véi cdc thong sd cho va tinh & phan yéu ciu
trudc khi vao thi nghiém, khi khéa k déng (chid y bi€n trd VR & phan trudc
gitt nguyén khong d6i va khong cip tin hiéu vao). Dung dao dong ky d€ &
AC quan sit tin hiéu ra v,, cho bi€t dang ciia tin hiéu v,. Néu v, chua phdi
hinh sin, diéu chinh bi€n tr VR d& c¢6 tin hiéu sin  ngd ra.

Dung dao dong ky d€ & AC vé lai dang tin hiéu cla v,, dién 4p chin cong
(v4), dién dp chan trir (v.) cia Op-amp trén ciing mot hé truc theo thdi
gian.
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Diing miy do Fluke 45 nhan phim FREQ d€ do tin s& cta tin hiéu ra. Ghi
gid tri vao bang 6. So sanh né vdi tan so tinh todn va khi do & mach vong
hé.

3. Khao sat mach vong kin ¢6 tai

Véi mach & phan khong tai, diéu chinh VR d€ c6 tin hiéu sin & ngd ra, ndi
tdi VRL vao ngd ra cia mach. Piéu chinh VR, nhan xét su thay ddi clia tin
hi€u ngo ra.

V. Mach tao tin hiéu séng vudng
1. Khdo sat mach Trigger Schmitt

a. Thuyc hién mach trén hinh 8(a), v6i R, = 10KQ, R; = 68 KQ. Dung miy
phat séng (chinh séng sin, tin s6 500Hz, bién d chinh vé nhd nhat) cip tin
hiéu vao cho mach. Diing dao dong ky d€ & DC, quan sat dong thdi tin
hi€u v; va v,,.

b. Ting dan bién d6 clia mdy phit séng cho dén khi thay tin hiéu ra c6
dang xung vudng, ding may do Fluke 45 nhin phim FREQ do tin s& cia
tin hi€u vao va ra, ghi vao bang 7.

c. Dao ddong ky chuyén sang ch& d6 XY dé€ vé dic tuyén truyén dat cda
mach. V& lai dic tuyé&n truyén dat d6 vao bang 7, dva trén dic tuyén hay
xdc dinh E, Vyrp va Vitp, so sdnh véi cac gia tri tinh todn.

d. Lan lugt thay R, tim dugc theo phin yéu ciu truSc khi vao thi nghiém
& cdc budc 1(a), 1(b), 1(c), lap lai trinh ty tir a dén c.

Bang 7. Bang khdo sit mach Trigger Schmitt v§i tin hiéu sin (500Hz)

fi fo bic E[V] Vure[ V] Vire[V]
N (Hz) | (Hz) | tyén | Tinh | po | Tinh | Po | Tinh | Po
68KQ
1(a)
1(b)
1(c)
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e. Thuc hién lai cdc budc tit a dén d véi tin hiéu vao 13 séng tam gidc.
Ghi cdc gid tri vao bang 8.

Bang 8. Bang khdo sit mach Trigger Schmitt v§i tin hiéu tam gidc (S00Hz)

f; f, bac E[V] Vure[ V] Vire[ V]
N (Hz) | (Hz) | twyén | Tinh | Po | Tinh | Po | Tinh | Po
68KQ
1(a)
1(b)
1(c)

f. So sdnh cdc thdng s6 clia hai trudng hop séng sin va séng tam gidc.

2. Mach tao tin hiéu séng vudng

a. Thuc hién mach trén hinh 8(c) vdi cdc thong s6 cho va tinh dudc &
phan yéu ciu trudc khi vao thi nghiém.

b. Diing dao dong ky d€ & DC, do va vé lai dang séng ctia tin hiéu v, va
v_(dién 4p 4p trén chan trir cia Op-amp). Nhan xét vé hai dang tin hiéu

N

nay.

c. Tinh todn dién 4p ngudng clia mach, so sdnh né vGi bién do cla v. (gid
tri do dugc). Ghi cac gia tri nay vao bang 9.

c. Dung méy do Fluke 45 do tan sd clia tin hiéu ra, ghi vao bang 9. So
sanh v6i yéu ciu thi€t k€.

Bang 9. Bang khdo siat mach tao tin hiéu séng vudng

Tan sd f, (Khz)

Tinh toan

Tinh

bo

Vire[V]

Vure[ V]

Vo[ V]
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VI. Mach tao tin hiéu séng tam giac

1. Mach trén hinh 8(c), ¢6 cdc thong s cho va tim dugc & phan yéu ciu
truGe khi vao thi nghiém cia mach tao tin hiéu séng vuong, ngé ra dugc
ndi vao ngd vio clia mach trén hinh 10(c). Diing dao dong ky dé€ & DC do
va vé lai dang séng tin hiéu vj, v, trén mach hinh 10(c) 1an ludt cho cic
truong hgp (1), (2), (3). Xéc dinh bién d6 tin hi€u v, (Vom) ghi vao bang 10,
so sdnh v4i tinh todn.

2. Dung may do Fluke 45 do tan s& clia tin hiéu vi, v, clia mach trén hinh
10(c), ghi cdc gia tri vao bang 10, rdt ra nhan xét.

Bang 10. Bang khao sit mach tao tin hiéu séng tam gidc

Vom[V]

Trudng hop fi[kHz] f,[kHz]
Tinh toan bo

(1)

2)

3)

F. BAO CAO THI NGHIEM

N¢i dung t6i thiéu ciia bai bdo cdo thi nghiém cdan phdi cé la:
1. Céc so liéu thi€t k€.

2. Céc s6 liéu mo phdng.

3. Céc s6 liéu chay thuc té.

4. Cac nhan xét, gidi thich va so sanh.

Sinh vién c6 the trinh bay phdn mé rong nhu : Ung dung cu thé cla céc
mach vira thi nghiém, trinh bay cdc uu di€m va khuyét di€ém cia chiing,
huéng khic phuc, thay thé€ biing cdc mach cé chitc ning tuong tu ...

G. GIA TRI PIEN TRO 3 VACH MAU

Hai vach mau dau tién cé trén thi trudng cho dién trd 3 vach mau sai s6
20% 1a : 10, 12, 15, 18, 20, 27, 33, 39, 47, 56, 68, 82.
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