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Bai bio cdo: CAC MACH LOC TICH CUC DUNG OP-AMP
CAC MACH TAO TIN HIEU DUNG OP-AMP
Sv: Bui Trung Hiéu, Mssv: 40200776
Lop: DD02KSTN
1.Mach loc thong thilp:

So d6 mach:
c2 1 :
I i} 1/ Mach loc théng thap
R2 R1 RZ V+ i+ Eaal:
DS AN Ay ; - Thyc hién nhu so d6 hinh
- V- ~ %VO . l oo 4= & dau tién, ta co:
Vi i+ c2 V> ! )

ﬁi- AN H(S]:m—DZHO s E
R4 R3 ; v, S"r&)o
i R

= =0 = =0 = H =20 =
P R R,C
Mach loc béc 1 Mach loc bic 2-Sallen-Key Vi céc gia tri
Mach loc thong thip diing OP-AMP Re=4H0.E =150
C =47nF
R, J24
|HO = RA =3.83 20]og 1
i Do déc: rolloff = 7fl
f= =1.88kHz log ==
° 27RC A
Thong so Po Tinh MO0 phong
H, 38 3.83 3.8288
f.(kHz) 2.3 1.88 1.856
Hi=3 | =1.78k Hi=3 | ©1=9.43k Hi=3 | £=1.4847k
—— o2 | =37k | 1O e [ emtoak | M [m=2 [=3.0555k | 112
Bing 1: Bang do, tinh toan, mé phdong théng so ciia mach LPF bic1
- Bode Diagram
20 . . — — T T T
15+ System: h .
- Frequency (rad/sec): 1.91e+004
10 T Magnitude (dB): 6.09 -
\-.\.
5 System: h
_ Frequency (rad/sec): 9.43e+003
S o Magnitude (dB): 9.51
2 s
E’ -10
15
20
25
A e e e e e e e e e e
Diing Matlab dé vé ham truyén cia mach LPF
“ (3./0555K,5.9986)
{l."lEl"l?K,S’-‘E'_S‘]
=20+
53_1..;;:

Dung PSPICE vEé ham truyén cia mach LPF
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Trang 2

Bang do gia tri hiéu dung AC cua tin hiéu ra khi tin hiéu vao c6 bién d6 khon

http://www.khvt.com

d6i, tan s thay doi:

Ts(Hz) | 10 30 100 300 500 1k 14k | 1.8k | 2.2k | 2.6k 3k 5k 10k
Do 2.69 262 | 2625 | 2587 | 253 | 235 2217 2047|187 | 1.709 | 1.57 | 1.08 | 0.55
MP | 2.708 |2.7076 | 2.7041 | 2.6731 | 2.6155] 238 | 2.16 | 1.95 | 1.75 | 157 | 1.43 | 0.95 | 0.5

Dap tng ngd r

a Vv, theo tan s6: (Dung Matlab xap xi)

* ' = 2/ Mach loc thong thép béc 2:

sl e [ o Ham truyén H(s) ¢6 dang:

H(s)=—7 2 VdriHO:1+£,
g " s Rt S mj 4
;! .
al \ 1

. O, R T —

\ JRRCC,
i Xy -
. N 0= JRR.CC,

(R+R,)C,+CR(1-H,)
Khi C=C,=C, ta c6 bicu thirc don gian hon,

Frequency (107)

2 R
VOl : e, :#, Q :#.
CJRR, R,+R(2-H,)
Néu : C;=C,=C=10nF, R3=10kQ, H,~4, f.=1.82kHz, ta tinh dugc: R;=3.9kQ, R, = HR3 = &‘,‘71 =3.3k, R,=20kQ.
201og e
D6 dbc cua dap tng : rolloff =————L-
lo 5
g
Sy
Thong s6 Do Tinh MO phong
H, 36 4.0303 4.0301
f.(kHz) 24 1.85 1.85
H:i=3 | f=1.65k Hi=3 | 1=10.9k H;=3 | £=1.7302k
rolloft Heo1| £84k | o0 [Bel| o222k | 0% [BA1 [E3s77ak ] 0%
Bing 2: Bing do, tinh toin, mé phéng théng so clia mach LPF bjc 2
S . _Bode Diagiam _ e
107 - N - e ??:n::';.;;‘a!r!;zq-'sec:;z 2204004
g 10| \
40| \
50| A .
=n \\\
Dung Matlab dé vé ham truyén cia mach LPF2 '
(1.7302K,9.609)
(3 4K, 0) l
-20+ 1 | |
1.0Hz 10H=z 100H=z 1.0KH=z 10KH=

Dung PSPICE vé ham truyén cia mach LPF2
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Bang do gia tri hiéu dung AC cua tin hiéu ra khi tin hiéu vao c6 bién 46 khong do6i, tan s thay doi:

Ts(Hz) 10 30 100 300 500 1k 1.4k 1.8k | 2.2k | 2.6k 3k 5k 10k
Do 2:59 2.63 2.62 2.59 2.53 2.33 222 | 2.04 1.84 1.71 1.56 1.08 0.56
MP 2.8497 | 2.8497 | 2.8503 | 2.8547 | 2.8578 | 2.78 249 | 2.08 1.63 1.2 1 0.4 0.1

Dap ung ngo ra v, theo tan so

10|
Eﬂ% phong
o
! e ¢ Fraquen:v‘r(,Hz} {10%) ¢ o !
Co chut it sai 1éch do do dac.
1. Mach loc théng cao:
So d6 mach:
R1
WY
R2 c1 c2 v+ +
c R = i §
T . ou %"o
Vin - ou >Vo Vin 3 V= i
+ Wv
i R4 R3
=0 =0 =0 =0 ?0
Mach loc bic 1 Mach loc bac 2-Sallen-Key
Mach lgc thong cao diing OP-AMP
1/ Mach loc théng cao béc 1:
Hémh'uyéncédang:H(s]:E:Ho ? ,Hoz—ﬁ, .coo:L
v, s+, R, RC
Néu: C1=C,=C=33nF, Ho~4, f=1kHz, ta tinh dugc: Ri=4.7kQ, R,=18kQ.
Thong s6 Do Tinh M5 phong
H, 3.67 3.83 3.828
f.(kHz) 1 1.03 1.0212
H=3 f=1.4k H;=3 | ©;=10.9k H;=3 | £=1.2940k
rolloft =2 | =065k | 77 [m=2 [w=222k| ' [m=2] =o620 | 1%
Bing 3: Bang do, tinh toin, mé phéng théng so ciia mach HPF bic 1
Bode Diagram o
20 System: hamtruyen n!
Frequency (rad/sec): 6.45e+003
Magnitude {dB): 8.65
10 o
_ — W System: hamtruyen
% ok Sygtem: hamtruyen Frequency (rad/sec): 9.532+003
* Frequency (rad/sec): 4.38e+003 Magnitude (dB): 10
E Magnitude (dB): 6.63
2 "
= -
] ,///'

' Dl‘l-ng'l\*l-at'lab dé vé ham tl;uy'én'cﬁzi iﬂz,ich HPF1
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" Ding PSPICE vé ham truyén cia mach HPF1

Bang do gia tri hidu dung AC cua tin hiéu ra khi tin hiéu vao c6 bién do khong doi, tan so thay doi:

Ts(Hz) | 100 300 500 700 1k 1.2k 1.5k 2k 4k 6k 10k 20k 30k
Do 0.302 | 0.78 1.19 1.53 1.89 2.03 2.19 2.34 2.56 2.59 263 | 2.636 | 2.61
MP 0267 | 0.774 | 1.20 1.54 1.91 2.09 2.23 2.44 2.64 2.68 2.70 2.71 2.69

Dap tmg ngd ra v, theo tan so6

10

+: Do
- Mo phong

0

(0t

A3

Gain
o

-10

-15

L L
=2 2.5 3

2/ Mach fpc théng cao bdc 2:
Ham truyén H(s) c6 dang;

w

5 <3 4.5
Fraeqgquency 10% (Hz)

2 JR R.CC, . .2
H(s]:L vd'iHO:1+£,wo: ! .0= e . Khi C,=C,=C, ta c6 bicu
32+ﬂ5+w§ R, JRR.C,C, (C+C)R +C,R, (1-H,)
o
R,
thirc don gian hon, véi:w, = L . Q0= Rk, .
C\RR, 2R +R,(1-H,)
Néu : C;=C,=C=1001nF, Rs=10kQ, H,=4, f=1kHz, ta tinh dugc: R;=2.7kQ, Ro=1kQ, Rs=3.3kQ
201log H
Do doc cia dép ting : rolloff = 7fl
log £
S
Thong s6 Do Tinh Mo phong
Ho 4 4.0303 3.9872
f.(kHz) 1.216 0.9684 0.979
H,=3 =1.4k Hi=3 | o,=7.4k H;=3 | ££1.0529k
rolloff H=2 | £ossk | Y [Bm=2] o=k | 2> [H=2 [Fo73939 | 217
Bing 4: Bang do, tinh toan, m6 phéng théng s6 ciia mach HPF bic 2
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o Bode Diagram
20 -
10 i W =
0+ . ; System: TransferFunction 2
System: TransferFunction Frequency (rad/sec): 7.4e+003
PRl Frequency (rad/sec): 58+003 Magnitude (dB): 10.2 il

Magnitude (dB)

Magnitude (dB): 6.81

1.0H= 1O

Bang do gid tri hi¢u dun,

Ding Matlab dé vé ham truyén ciia mach HPF2

3G H =

Diung PSPICE v& ham truyén cia mach HPF2

1. OFH=

1 OFCH=

AC cua tin hiéu ra khi tin hiéu vao c6 bién d6 khong doi, tan s6 thay doi:

1O OFH=

Ts(Hz) | 100 300 500 700 1k 1.2k 1.5k 2k 4k 6k 10k 20k 30k
Po 295m | 238m | 0.6 1.06 1.8 2.03 23 2.52 272 | 2.76 2.79 2.8 25
MP 30m | 276m | 0.7 1.34 | 2.06 234 | 258 | 2.74 2.81 2.81 2.81 2.81 2.81

Dép ting ngd ra v, theo tan so

10 T H
+: Do P e e
- : Mo phong ‘ o
51 +
0 - —
-5 |- /I," -
8 -0
2 "
'(% -15 - -
_20 t
25 - -
-30 ;»‘"y =
-3s5 '
2 25 3 35 4 45

CuuDuongThanCong.com
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Trang 6

I11. Mach loc théng dai:

So @6 mach:

http://www.khvt.com

®
v He 2
R1 H (s] = wig , néu chon Ri=Rs=R,2=R, C;=C=C, ta
Fa—=ga wj
Vin Q
“ mick-iiv e -t ol g L
- : 3-K RC 3-K
— =0 =0 ;'_ BW = f—o 4
0 0 0 Q
Mach loc thong ddi dilng cau triic Sallen-Key Deé f.=1.6kHz, BW=1.6kHz, ta tim dugcQ=1, K=2, R+=Rs. Chon
R4+=Rs5=20kQ, R=10kQ, C=10nF
Thong s6 Do Tinh Mo phong
Ho 1.95 2 1.9996
fy(kHz) 1.53 1.592 1.5849
BW(Hz) 2540-940=1600 1592 15874
Q 0.95625 1 0.998

Bang 4: Bang do, tinh toin, mé phong thong s6 ciia mach BPF

—50
1 . OH=

Pap tmg tn s6 ciia bp loc thong dai (BPF)

YH = 1. OKH=

Bang do gi4 tri hiéu dung AC cua tin hiéu ra khi tin hiéu vao c6 bién d6 khong doi, tan s thay doi:

1L OFH=

Ts(Hz) | 100 | 200 | 300 [ 500 | 700 Ik | 1.2k | 1.3k | 14k | 1.5k | 1.6k | 1.7k | 1.8k
Do |0.103 0216 | 0303 [ 048 | 0.71 | 1.15 | 124 | 134 | 14 | 142 | 141 | 139 | 136
MP | 0.080 | 0.181 | 0.275 [0.471 | 068 | 1.02 | 122 | 1.3 134 | 138 | 141 | 1.38 | 135

Ts(Hz) 2k 2.2k 24k 3k 4k Sk 6k
Do 1.24 1.18 1.06 0.83 0.62 0.49 04
MP 1.28 1.18 1.08 0.84 0.61 0.47 038

Dap ng ngd ra v, theo tan so

CuuDuongThanCong.com
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IV. Mach dao déne cau Wein:
So do mach:

1 R1 So d6 nguyén 1y tao dao dong:

1t ) M X{s) + E(s) Gls) - Y(s)
v+ 1+
N

§RZ:C2 7 |3

N

+

AW He)
R4 . : z ;
A i Ham truyen dat c6 thé tinh bang bieu thic:
= =T = Y : ;
0 o0 0 T(s]:ﬂ,Hém tong c6 the tinh:

X(s)

Mach dao dong Sin - Mach dao dong cdu Wein E(s)=X(s)iH(s)Y(s), S — tf}ng SR thé tiiih:

Y(s)=G(s)E(s). Tir d6, ta c6 duoc ham truyén: 7'(s) = Fis), . G
X(s) 1FG(s)H(s)
< Néu cac diém_ cuc cua T(s) déu & bén trai mat phéng cua toa do cwc-zero, hé thc"}ng s& on dinh va Y(s) suy
giam. (HAi tiép am)
Néu céc diém cyce cia T(s) déu & bén phai mat phang cua toa d¢ cye-zero, hay trén truc phirc, hé thong
khdng 6n dinh va Y(s) s& co the ting téi vo cung (Hoi tiep duong)
% Khi c6 diém cre khong 14p lai & truc do cua T(s) ma khong trén mit phang bén phai, hé théng sé co gia trjla
hang s6 hoac ¢ tinh trang ty dao dong.
Hinh bén, dudng truyén thuén 14 mach khuéch dai khéng

dao(G(s)), G(s)=K =1+ R& . Néu hoi tiép dwong ciia mach

4

»,
0’0

. 7
dugc noi vao, chia 4p, ta sé co duge H (s)=—2— v6i
T Z,+Z;
) Vi
1SRG vaz, - — R kéthop dudng thugn va
sC, 1+sRC,

feedback, ta co ham truyén téng congla (Ri=R,=R. C1=C=C):

gLl 66) &
O30 T 60AD 5]

Z,+Zs

Vo

zZ

r

R2 = c2|

K[(sRCY +3sRC+1]

(sRC) +(3-K)sRC +1
truyén ban dau (chura c6 feedback), dugc dinh nghia 14 vi tri ctia diém cuwc . Dé mach ty dao dong, diém cuc phai

T(s)= S H(s)

- gi4 trj cia K c6 thé coi 1a ham

- <. - r r A A n ~ o1 ]-
trén truc phirc(boi vay K=3), no co dang J_rRJ—C, tan so dao dong s la: o, = Rk

4 Neéu K<3, 4p ra sé dao dong tdt dan, vi diem cuc ndm bén trai truc phic.
4 Néu K>3, hé thong s& khong on dinh, va 4p ra sé tién tdi gia tri bdo hoa (cia OP-AMP).
Khi R1=R;=R, Ci=C,=C=100nF, d¢ f=1.59kHz, ta s& c6: R=1kQ, chon Rs=470Q ta c6 Rs=940Q.(dung bién tré
diéu chinh Ry) Thyee té, c6 thé 16n hon gid tri nay chat it dé duy tri dao dong.
a. Khdo sat mach vong ho:

Thong s6 Tinh todn Do vong ho Do vong kin

f,(kHz) 1.582 1.82 2

Béng tinh toan do dac cic théng so clia mach ciu Wein

b. Khdo sdt mach vong kin khéng tdi: Tan so tai d0 Va4 va Vg bang nhau chinh 12 tan s6 ciamach tao dao dong sau
nay.
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Bl

S| _

Wt
|

W1

10Hz

100Hz

1.0KHz

10KHz

100KHz

c. Khdo sét mach véng kin ¢ tai: Anh hwong caa tai dén OP-AMP déng ké khi tai ¢6 tro khang c6 thé so sanh véi
tr& khang ra cia OP-AMP. Theo danh dinh, R, cia OP-AMP HA17741 vao khoang 75Q, tuy nhién, trong bai thi
nghiém, véi tai khang 122Q, ta dd dugc Vomx. S tAng giam tai ciing anh huéng téi ap hoi tiep vé cho mach.

V. Mach tao tin hiéu séng vuéng:

Ta bict rang, cau hinh cia OP-AMP la:

Rout
o —0

Rn  AVin

=0

Mach Trigger Schmitt

Mach tao dao dong xung vudng v6i A=100dB, nén khi c6 s sai 1&ch 4p

7 S & ngd vao, sé duge khuéch dai rat 16n
va ap ra nhanh chong tién téi trang thai bio hoa (néu hoi ticp dwong).
a. Mach Trigger-Schmitt: 1a tmg dung dung OP-AMP & ché d6 so sanh.

Véi mach nhuw trén, v; 1a tin hi¢u vao ngd am v ,cac mirc nguong la: 7, =V, L Vi =-V, R, ,ngdra
"R+R R +R,
bao hoa v=+V... Pat 1= R Nguyén 1y hoat dong ciia mach nay c6 thé giai thich ngan gon nhw sau:
1 + 2
B> Khi Vig>Vyre, licd6 v —v™ < 0, VA Vo tién téi mirc bio hoa 4m, mirc nay giir khi Vi>Vi1p.
B> Khi Vii<Vyrp, lic 36 v —v™ > 0, VA Vo tién t&i mirc bdo hoa dwrong, miic nay gitt khi Vi,<Vyrp.
fi f SR E[V] Vure[V] Vire[V]
RO | ) | [y Dic tuyen Tinh Tinh Po Tinh Po
68k | 500 500 15 1.92 2 -1.92 -1.7
10k | 500 500 "~ T 15 7.5 7 -7.5 -7.3
100k | 500 500 B 15 1.36 1.25 -1.36 -1.28
220k | 500 500 1 . 15 0.65 0.6 -0.65 -0.62
Bdng 7: Bang khio sat mach Trigger-Schmitt vi tin hiéu Sin (500Hz)
Vi tin hidu tam gidc, ta co bang sau:
fi fs . g E[V] Vure[V] Vire[V]
RO | (g | g | PRt Tih Tah | Do | Tah [ Po
68k | 500 500 15 1.92 1.9 -1.92 -1.8
10k | 500 500 T 15 7.5 7.2 -1.5 -6.8
100k | 500 500 SN 15 1.36 1.5 -1.36 -1.2
220k | 500 500 :_.“ . 15 0.65 0.65 -0.65 -0.7
Bdng 7: Bang Khio sat mach Trigger-Schmitt véi tin hiéu tam giac (500Hz)
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b.Mach tao dao déng xung vudng: 1a tng dung cia mach Trigger-Schmitt.

Nguyeén ¥ ctiané co thé giai thich ngan gon nhw sau:
&~ Gia st miee kich ban dau cia v™ 12 mot gia tri dwong nao d6, bang hoi tiép, Ve tién t&i gi tri bio hoa dwong.
&~ Khi v~ tiéntéi gid tri AV, ngd ra chuyén tdi trang thai bdo hod am (Veu=-Ve). Llc nay, tu C co dién tich

=L =3
ACV.. va bit dau xa. Phuong trinh xa dién tich 1a: ¢ = CV[l—eRCJ +q,e®¢ Vi V="V, va q:=ACV,,, ta c6

—t —t
thé viét lai pt trén nhu sau: g = -CV,, {1 —eX¢ J +ACV, exC .
a~Khi v~ tiéntdi gia tri -AV,. (lic nayngd ra chuyén téi trang thai bao hoa dwong (Vou=Veo)), 1a uc duge V2

oF =
chu ki cia xung vuong tao ra, ta s€ co: —ACV,, =—CV,, {l—em‘“}+ ACV e**¢ | giai phurrong trinh nay. ta tim

duoc: T= 2RCLn[1+A]

1-A
Do dac, ta dugc bang sau:
Tan so f,(Hz) Po Tinh
Tinh Do V{:[p [V] V]_n) [V] VUI? [V] VLTP [V]
2.1k 2.24k 75 -7.5 4.5 -7.5
Bdng 9: Bang khao sat mach tao tin hiéu song vuéng

V1. Mach tao tin hiéu séng tam gidc:

So @6 mach nhw hinh vé bén. Pon gian mach

R2
AWV tao tin hiéu song tam gidc tir tin hiéu song
b vuoéng 12 mét mach lay tich phan. Céc 50 liéu
R1 ) can co:

fi f. Vom[V]

RaGki2) [kHz] | [Hz] | Tinh Do

10 224 | 22 10.98 8.4

20 224 | 22 55 45

=0 40 224 | 22 2.7 22

Mach tao séng tam gidc

Gia tri Vo 0 offset khoang 1VDC, d6 1a do OP-AMP chwa duoc diéu chinh Offset null.
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