BAI THi NGHIEM SO 3
MA CH TRANSISTOR GHEP LIEN TANG
MACH KHUECH PAI CONG SUAT PAY KEO

A. GIOI THIEU

Trong bai thi nghiém s6 2, chiing ta da khdo sat cach phan cuc va cic cdch
ndi co ban clia mot Transistor ludng cuc (BJT). Trong bai thi nghiém nay,
ta s& khdo sdt mdt vai cich ghép ndi lién ting cic BJT va cudi cling la
khao siat mach khu€ch dai cong suit, khdi mach quan trong nhat giao ti€p
véi thi€t bi diu cudi, nhu loa, anten phit ...

C6 bon cich chi y&u d€ ghép ndi lién ting cic BIT, d6 la: ghép lién tang,
ghép vi sai, ghép Darlington va ghép Cascode. Ty theo muc dich, yéu cau
ctia kh6i khu€ch dai ma ngudi ta lva chon cdch ghép BIT cho phi hgp. Vi
du can khuéch dai bién do tin hiéu vao 4p hoidc dong 16n 1én rat nhiéu 1an
ngudi ta Iva chon cdch ghép lién tang, hay cin khuéch dai su sai 1éch giira
hai tin hiéu vao va tranh dnh hudng clia nhiéu, ngudi ta chon cidch ghép vi
sai. BJT ghép Darlington nhim ghép hai hay nhiéu BJT thanh mot BJT c6
do 1¢i dong hge tdng 1én nhiéu lan. Sau khi ghép Darlington, ndi BJT theo
ki€u C chung s& cho dd 1gi cong suat 16n, né thudng dugc ding nhu 1a
mach khuéch dai cong sudt cho nhitng tdi c6 cong suidt nhd. BIT ghép
Cascode ¢6 1gi nhit vé mit tin s& cao. Vi thdi gian thi nghiém c6 han va
kha ning kh3o st mach trong thuc t€ bi han ché&, nén ta chi di siu khdo sit
hai mach khué€ch dai ghép vi sai va ghép Darlington.

C6 bon 16p mach khuéch dai cong suat cd ban, dé 1a: 16p A, 16p B, 16p AB,
16p C. Mach khuéch dai cong suat 16p A gin giong nhu mach khuéch dai
tin hiéu nhé ma ta da khdo siat. Mach khuéch dai 16p C dudc diing chi yé&u
trong cdc mach vo tuyén hoat dong & tan sd cao, s& dudc khio sit trong
mon hoc mach dién t& thong tin. Trong bai thi nghiém nay, ta tp trung
khao sat mach khuéch dai cong sui't diy kéo 16p B va AB.
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B. MUC PICH BAI THI NGHIEM

Mach transitor ghép lién ting
e Mach khuéch dai Darlington : Gitip sinh vién xdc dinh di€m lam viéc
tinh va do cdc thong s& cd ban nhu dd 1¢i, tong trd vao va ra. . . tir d6
nim dudc 1¢i di€m cda mach transitor ghép Darlington theo kiéu C
chung.

e Mach khué&ch dai vi sai : Gitp sinh vién thi€t k€ mach khué&ch dai vi
sai don gidn, ddng thdi khdo sat va do cdc thong s6 cd ban clia mach nhu
do 1g1 vi sai A4 (Differential mode gain) va d§ 1gi cidch chung A
(Common mode gain); quan hé pha cla céc tin hiéu vao, ra trong ché& do
vi sai (Differential mode) va ché& dd cach chung (Common mode); ti s&
nén tin hiéu déng pha CMRR (Common mode rejection ratio) va gidi
phdp d€ nang cao ti s6 CMRR.

Mach khué&ch dai cong suat diay kéo
e Gitip sinh vién x4c dinh va do dat di€m lam viéc tinh ctia mach.

e Gilp sinh vién do va xdc dinh cdc thong s6 quan trong ctia mach
khué&ch dai cong suit diy kéo bao gébm : Cong suit tin hiéu trung binh
trén tai, cong suit trung binh ngudn, hiéu suit, cdng suit tiéu tdn cuc dai
trén BJT va dién dp ddnh thing cia BJT trong cdc mach khué&ch dai
cong suat day kéo 16p B va 16p AB.

C. TOM TAT LY THUYET
I. Mach transitor ghép lién ting
1. Mach khué&ch dai ghép Darlington

Mach khuéch dai diing transistor ghép Darlington 13 ghép hai hay nhiéu
BIT thanh mot BJT nhim ting d6 1¢i dong h¢ 1én nhiéu 1an. Cach ghép
nay dugc trinh bay trén hinh 1(a), hinh 1(b) 1a mach dung BJT ghép
Darlington mic theo ki€u C chung. Mach nay vé co ban giéng nhu mach
mic C chung di khio sit & bai thi nghiém s6 2. Lgi di€ém cda né so véi
mach mic C chung mdt BJT d6 chinh 14 d6 Igi dong ting 1én nhiéu 1an.
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Ghép Darlington

J— Q1 Vi

(a)
Hinh 1. (a) BJT ghép Darlington, (b) Mach Darlington mic C chung

Pic di€m ctia mach ghép Darlington trén hinh 1(b) 12 d6 16i 4p nhd hon 1,
tdng trd vao 16n, tdng trd ra nhd, d6 1di dong dién cao c¢6 khi ning kéo
truc ti€p cdc tdi cd nhd.

Ap dung phuong phdp phén tich mach tuong duong tin hiéu nhé tin s& thap
(Xem lai gido trinh mach dién tf 1), ta xdc dinh dugc cdc thong sd vira
trinh bay nhu sau:

_ Lid
v R, +hy
h.
V6i: h,, = hlbl +h,, va R, =R,/ R,
fe2
R, =R;//h, (1)
R, =R,/R,,
Véi: R, = R, /I R,
R, = hy, + h, (1 + hfel) + Ry (1 + hfel)(l + hfez)

2. Mach khué&ch dai ghép vi sai

Hinh 2. Dang cd¢ ban cia mach khué€ch dai vi sai
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Mach khué&ch dai vi sai 12 mach chi khué&ch dai sy sai 1éch gitta hai tin hiéu
vao v nhd dé né c6 tinh triét nhiéu cao. Chinh vi vy, hiu nhu trong cic
b6 khuéch dai luon xuat hién mach khuéch dai vi sai. Mach khué&ch dai vi
sai ¢6 dang cd ban nhu hinh 2(a) va hinh 2(b).

Véi hai tin hiéu vao bat ki v, va v,, ta déu c6 thé bi€u dién ching dusi

dang:
VIZVC—E va v2:v0+£ (2)
Trong d6:
vy =V,-v, :Goila thanh phan dién 4p vi sai
v, = ViV, Goi 12 thanh phin dién 4p c4dch chung
Trong mach hinh 2 :

e Khi v, = v, = v, ch&é d cich chung, vo; = Vo2 = - Acve. V6i A, dugc
goi la do 1gi cdch chung.

. v oA e 4
e Khiv =-v,= —?d, ch€ dd vi sai, vo; = - vo2 = Agva. V61 Aq dudc

goi la do 1di vi sai.
e Khivyvav, bfl/t k}\/, Vo1 = Agva - Acve va Voo = - Agvq - Acve.

Mach khué&ch dai vi sai 1y tudng c6 A, = 0. Trén thuc t€ A, khong thé bing
khong, ngudi ta c6 ging gidm A. cang nhd cang t6t. A, cang nhé thi kha
ning triét nhiéu cla mach cang cao, cic ngudn nhiéu nhu nhiéu do dién 4p
trdi theo nhiét @, nhiéu do sy khong 6n dinh clia ngudn cung cip ... sé tc
dong nhu nhau & hai ngd vao (do mach cé tinh chit d6i xitng), nhd c6 A,
nhé nén ngd ra vo; va vg, cda mach khi dé hiu nhu khong c6 tin hiéu. Pay
12 mot 10i di€m ma & ciac mach khuéch dai khac khong c6. PE dic trung
cho mifc d9 triét tiéu nhiéu ngudi ta dua ra ti s6 nén tin hiéu déng pha

CMRR:ﬁ.
A

C
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Véi mach hinh 2(a), dua trén cd s§ phan tich mach tuong duong tin hiéu
nhé (xem lai gido trinh mach dién tif 1) ta vi€t dugc bi€u thic clia Ag, A,
CMRR nhu sau:

A, —_Re
Z(hib+RBj
hfe
R
A, = C = 3)
h,+2R +—2
hfe
CMRR = h +2R.h +R;
2(hie+RB)

Ta thay A, ti 1& nghich v6i Rg, CMRR ti 1& thuin vdi Rg. Nhu vay d€ gidm
A, ting CMRR cin phdi ting Rg. Trong mach hinh 2(a) néu ting Rg sé
dnh hudng 1én di€m lam viéc clia cdc BJT do vay d6 khong phdi 1a cich
lya chon kh3 thi. Mudn ting Rg ma khong dnh hudng 1én di€m lam viéc
clia cac BJT @6 1a thay Rg bing ngudn dong, vé mit DC né tao dong phan
cuc bing v6i dong phan cuc do Rg, vé mit AC ngudn dong nay cé trd
khdng v6 cling 16n, d6 chinh 12 Rg da dudc ting 1én. Ngudn dong don gidn
nha't dang soi guong (Current mirror ) dudc trinh bay trén hinh 3.

EE
Hinh 3. Ngudn dong dang soi guong

II. Mach khué&ch dai cong suat diy kéo

Trong mdt bo khuéch dai dugc ghép nhiéu ting, mach khuyé&ch dai cong
suat la tang khuy&ch dai cudi cung, dugc thi€t k€ nhim dua mot lugng 16n
cong suit ra tdi. Cdc mach khu€ch dai cdng suit dugc st dung rong rai
trong cdc thi€t bi Am tan nhu radio, truyén hinh, cic mdy nghe nhac . . . T4i
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hiu hét 1a cdc loa phat. Mot mach khuéch dai cong suit thudng phai hoat
dong & ché @6 tin hi¢u lén d€ c6 thé cung cap dong va dp ra 16n, tir d6 dua
mdt lugng cong sudt 16n ra tdi. C6 4 16p mach cong suit cd ban la 16p A,
16p B, 16p AB va 16p C tuy thudc vao ciach phan cuc cho BJT.

e Lép A : BIT dugc phan cuc sao cho di€ém lam viéc tinh nim trong
vung tich cuc va tin hi€u ngd ra ndm hoan toan trong ving tich cyc (tuong
tw nhu ch€ do tin hiéu nhd).

e Lép B : BIT dugc phan cuc d€ di€m lam viéc tinh nim trong viing
tat va, gid st tin hiéu vao 12 mot tin hiéu sin toan ky, BJT chi din dé tao ra
céc tin hiéu ngd ra trong sudt mdi nita chu ky duong (hoic Am) clia tin hiéu
ngod vao.

e Lép AB : BIT dugc phan cuc dé di€m lam viéc tinh nim § xap xi

ngudng tit va din (nghia 1a phan cuc sao cho mdi ndi BE x4p xi 0.7V d6i
v6i BJT Si).

e Lép C : BIT dugc phin cuc sao cho tin hiéu ngd ra chi xuat hién trong
mot khodng nhd hon chu ky séng sin cia tin hiéu ngd vao (gia s tin hiéu
vao la mdt tin hi€u sin toan ky).

Do thdi gian gidi han, phan thi nghiém sé& chi tip trung vao khuéch dai

cong sudt 16p B va 16p AB ding transitor bd phu. Cic trudng hgp khic
(khuyé&ch dai 16p A, 16p C, khuéch dai dung bi€n 4p . .. SV tu nghién cttu).

lc

/NN AL LN

Lép A Lopk Lp AE Lép C

Hinh 4. Bi€u dién tin hi¢u vao va dong ngd ra cia BJT wng véi cic 16p
khué&ch dai
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3. Khué&ch dai cong sui't diy kéo 16p B

—t "
\ T 1>—|:C; R,

'\'CCZ

Hinh 5. Mach khué&ch dai cong sud't diy kéo 16p B dung transitor bé phu

So db cd ban clia mach khué&ch dai ddy kéo 16p B cho & hinh 5. O ché& do
DC, c4 hai BJT dugc phan cuc sao cho chiing déu tit, khong c6 dong chay
qua tai R, vo = 0. O ch&€ d6 AC, ban ky duong cla tin hiéu ngd vao v; : Q
din, Q; tit; dong dugc kéo tir ngudn +Vee qua Qy, qua tdi xudng mass.
B4n ky Am cda tin hiéu ngd vao v; thi ngugc lai: Q, din, Q, tit; dong dudc
kéo tir mass qua tai vé ngudn am -Vee,. T d6, tin hiéu & ngd ra xudt hién
toan ky.

Cac cong thuc tinh todn :

Véi mach trén hinh 5, chiing ta c6 cdc cong thic tinh todn sau:

e (Cong suat tin hiéu trung binh trén tai :

2 2 2
1 R V., V.
PL:(Lm) L:( Lm) z( 1m) (4)
2 2R, 2R,

Trong d6 V,,,, V,, 1an lugt 1a cdc gi tri dién 4p dinh trén tdi va dién 4p

m?

dinh ngd vao.

Cong sudt tin hiéu trung binh trén tai dat cuc dai khi V.

im

dat dugc gid tri

16n nhét clia n6, bang Vee (gid st Ve, = Voo, = Vo)
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(PL), (Ve (5)

e (Cong suit trung binh tir 1 ngudn cung cap :

V..V
P.. = CC "im (6)
cc 7R,
e Hiéu sudt cia mot bo khuéch dai cong suit dugc dinh nghia la:
- Cong sudt tin hi€u trung binh trén tai
Cong suat trung binh dugc kéo tir cac ngudén DC
tor do
V.
==t e ™
2P.. 4\ V.
Hiéu suit dat cyc dai khi V,_ =V,
n. =%=0.785 (8)
4
e Tdng cong suat trung binh tiéu tdn trén 2 BJT
V..V (V)
Pd=2P.-P =2 im__1 In 9)
TR, 2R,

Cong suit trung binh tiéu tén cyc dai trén BJT khi V,, =2V../7. T d6

2V

(Pd),,,, =— (10)

L

V, (o
—<—. Khi thi€t k&, phai
T°R,

Nhu vdy mdi BJT sé& chiu cong suit cuc dai 1a
chon BJT sao cho tiéu tdn cuc dai do nha sdn xuit cho trén datasheet clia
BIT phai 16n hon gid tri nay d€ ddm bio BJT khong bi hdng.

e Cic BJT trong mach dugc ghép theo ciu triic EF (emiiter follower)
hay thudng goi 1a C chung, vi th€ d6 1gi 4p luén nhd hon 1. PE tim ngd ra
cuc dai, ngd vao phai dao dong sudt tAm cé thé dat dugc ciia né, 2Vcc.
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Trong diéu kién nay, cac BIT tit s& chiu mot dién 4p C-B phin cuc ngugc
12 2Vce. PE BIT khong bi héng thi dién 4p danh thing t5i thi€u ciia BJT
phai la

V. =2V.. (11)

opp
4. Khué&ch dai cong sui't diy kéo 16p AB

Khuéch dai ddy kéo 16p B c6 hiéu suit cao, tuy nhién né c6 khuyét di€m
d6 1a tin hiéu ngd ra bi méo dang xuyén tim (crossover). Chiing ta biét,
BJT chi din khi dién 4p phan cuc BE 16n hon hoic bing dién 4p ngudng
(0.7V d6i v6i BIT loai Si), do d6 n€u ngd vao la tin hiéu séng sin thi § ngd
ra, tin hiéu dugc tao ra do sy ghép ndi giita 2 ban ky din clia 2 BJT sé&
khong c¢6 dang s6ng sin hoan hio ma s& bi méo dang xuyén tdm nhu trén
hinh 5. Hoat dong khuéch dai 16p AB s& lam gidm hoic lugc bd hién tugng
nay bing cich phan cuc cho ciac BJT hoi din bing cdch dua vao mdi ndi
BE mdt dién 4p phan cuc xAp xi dién 4p ngudng. Mot cich don gidn 1a
dung cdc diode nhu hinh 6.

'

Hinh 6. Mach khué&ch dai cong sud't diy kéo 16p AB ding ngudn doi

a. Mach khué&ch dai cong suét ddy kéo 16p AB diing ngudn doi

Hinh 6 12 mach khuyé&ch dai ddy kéo 16p AB diing ngudn d6i. Cac BIT
dugc phan cuc d€ hoi din bing cic diode. Cic cong thic tinh todn hoan
toan gidng nhu mach khuéch dai cong suat I6p B. Tuy nhién, trén thyc t€
thi hiéu suit dat dugc & 16p AB khong bing khuéch dai 16p B. Hiéu suit
dat dugc s€ nim khodng giita hiéu suit cda I6p A va 16p B.
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b. Mach khuéch dai cong suit diy kéo 16p AB diing ngudn don

Vi

\A

R

Hinh 7. Mach khué&ch dai cong sud't diy kéo 16p AB diing ngudn don

Mach hinh 6 c6 khuéch di€m la phai st dung ngudn ddi. Mach hinh 7 cho
phép chi st dung mdt ngudn don biing cich phian cuc ngd ra & Vec/2 va
ghép tu ngd ra. O ch& dd DC, cac BIT dugc phan cuc hdi din va mach
dudc phan cyc sao cho tai vi tri O di€n ap DC 1a Vc/2. O ché dé AC, khi
ngd vao v; duong, Q; din dong kéo tif ngudn qua Q; dén tai. Khi v; Am thi
Q; tit, lic nay khong c¢6 dong qua ngudn cung cip. Trong thdi gian nay,
Q2 din va C, sé& x4 qua Q,. Dong s& chdy tir ti qua C, vd Q, xuéng mass.
Thdai hing R;.C, phai rat 16n hon chu k¥ ciia tin hiéu c6 tin s6 nhd nhat.
Tan s6 cit thap phu thudc C, dudc tinh

1

f = H 12
" 27(R, +R;)C, z (12)

Cong sudt AC trung binh phan phdi dén tai

im)2 RL
L
2 2(Ry+R;)’

_(L)'R. (W

e (Cong suat trung binh tif ngudén cung cip

VCC Vi m

(R, +R,) "
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e Hiéu suit

P, T R V.
77 — L - L im (14)
PCC 2 RL+RE VCC

e (Cong suat tiéu tdn trén 2 BJT
Pd=P..-P, (15)
e Dién dp danh thing t8i thi€u ma BIT phai c6 1a
Vopp = VCC (16)

D. YEU CAU TRUGC KHI LAM THI NGHIEM

, 2

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

I. Mach khué&ch dai ghép Darlington

1. Phéan cyc cho BJT

Cho mach trén hinh 1(b), Vcc = 12V, Vg =-12V, R; = 820KQ, R = 22092,
Ci va C, xem nhu I6n v6 cung, Q; va Q, ¢6 hfe = 120. Hay xac dinh R, va
R d€ diém 1am viéc clia Q; 12 Vegz = 12V, Icgr = 55mA.

2. Xac dinh d9 lgi ap

Cho mach hinh 1(b), v6i cdc thong s6 vira tim duge & (1) hdy xdc dinh do
1¢i 4p cda mach.

3. Xac dinh téng tré vao va tong tré ra

Cho mach hinh 1(b), v6i cic thong s6 vira tim § (1), hdy x4c dinh tong trd

vao, ra cia mach.
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4. Mo phong biing Pspice

Béng chuong trinh md phdng mach Pspice, hdy md phdng mach trén hinh
1(b) véi cdc thdong s6 tim dugc & (1). Xdc dinh d6 1gi 4p (Av), t6°ng tré vao
(Ry), tdng trd ra (Ro) cia mach.

II. Mach khué&ch dai ghép vi sai

1. Phéan cyc cho BJT

Mach trén hinh 2(a) ¢c6 Rg = 1KQ, R¢c = 10KQ, Vee = 12V, Vgg = -12V,
Qi va Q> ¢c6 hge = 100, Vg = 0.7V. Tim Rg d€ dong phén cyc cho Q; va Q:
la ICQ1 = ICQ2 =0.56mA.

2. Ché& do vi sai

Vi cdc thong s6 vira tim dude & (1) cia mach hinh 2(a), hay tim d6 1gi vi
sai Agq. Cho bi€t quan hé vé& géc pha ciia cdc tin hiéu vao, ra.

3. Ch& dd cach chung

Vi céc thdong s6 vira tim dude & (1) cia mach hinh 3(a), hiy tim do 1gi
cach chung A. clia mach. Cho bi€t quan hé vé géc pha clia cic tin hiéu
vao, ra.

4. Mach vi sai véi ngd vao bat ky

Véi cic thong s§ vira tim duge ¢ phan trude ciia mach hinh 2(a), khi v, = 0,
hday xdc dinh quan hé pha cta cdc tin hi€u vao, ra. Xdac dinh do Igi
A, = voi/vi, ¢6 thé tinh d6 1gi nay tr Ag va A. dugc khong? Né&u dudc hay
vi€t biéu thifc quan hé giita chiing.

5. Xdc dinh ty s6 CMRR

Vi cdc thdng s6 vira tim duge & (1) clia mach hinh 2(a), hiy x4c dinh ti s6
CMRR.

6. Mach tang CMRR

Véi cdc thong s& nhu (1) 4p dung cho hinh 2(b) khi thay nguén dong c6 so
dd mach cho trén hinh 3. Tim R,; € dong phin cuc clia Q; va Q, vin Ia
0.6mA. Lip lai cdc buéc tir (2) dé€n (5) cho mach hinh 2(b).

7. So sanh 2 mach hinh 2(a) va 2(b)
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8. Mach vi sai hoat dong khi cé tai

Tdng trd ngd ra vo; va vo 12 bao nhiéu. N&u ndi thém tdi Ry = 100 ndi ti€p
v6i tu Bypass Co vao ngd ra vy, tin hiéu trén Ry sé nhu th€ ndo so vé6i vy
khi chua ¢6 tai.

9. Mo phong biing Pspice

Véi cdc thong s6 nhu & yéu cau trude khi vao thi nghiém, hiy md phdng
cdc mach trén hinh 3(a) va hinh 3(b) d€ tim cdc thong s§ vé diém lam viéc
clia Q; (2N222) va Q; (2N222), A4, A, CMRR, cdc quan hé pha cda tin
hiéu vao, ra. Chid y & ch& dd vi sai chon tin hiéu v; va v, c6 bién do
(Vampl) bing nhau, tin s (Freq) bing nhau va biing 1kHz, géc 1éch pha
(Phase) 1éch nhau 180°.

II1. Mach khué&ch dai cong suit ghép diy kéo

12V 12V

Hinh 8. Cdc mach thi nghiém khué&ch dai cong suit ddy kéo
1. Mach khué&ch dai cong sui't diy kéo 16p B
Cho mach khuéch dai cong suit diy kéo 16p B nhu hinh 8(a).
a. Phin cuc DC
Tinh todn cdc gia tri phan cuc cho trong bang 10. Ghi lai cdc gia tri nay.
b. Ché& d6 AC

Khi v; 1a tin hiéu sin bién d6 4V, hay tinh : Bién dp dinh trén tai Vi, cong
sut tin hiéu trung binh trén tdi Pr, cong suit tin hiéu trung binh cuc dai
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trén tai Pppay, cOng sudt ngudn cung cip Pcc, hiéu suit 7, hiéu sult cuc
dal nmax ’
R

ti€u ctia BIT Vpp.

cong suit tiéu tan cuc dai trén BJT Pdy.x, dién 4p ddnh thling cuc

c. Mo phdéng biang Pspice

Bing chuong trinh md phdng Pspice, thuc hién mach hinh 8(a).

Cap ngudn v; 1a tin hiéu sin bién d6 4V, tan s& 1Khz. Ding cic probe do
dién 4p d€ quan sit ddng thdi dang séng tin hiéu ap trén tai va tin hiéu 4p
ngd vao (ding ch€ do transient). V& chiing trén cling mot hé truc toa dd.
Dung probe do dong quan sat tin hiéu dong tai chan E ctia BJT Q; va BJT
Q.. V€ ching trén cung hé truc toa dd. Ching c¢6 dang chinh luu ban ky
khong ? Céc gi4 tri dinh ctia ching ¢6 bing nhau khong ?

2. Mach khué&ch dai cong suat diy kéo 16p AB

Mach nhu hinh 8(b).

a. Phan cuc DC

Tinh todn phin cuc trong mach hinh 8(b). Ghi cdc gia tri vao bang 12.

b. Ché&€ dd AC

Khi v; 1a tin hiéu sin bién d6 3.5V, hay tinh : Dién dp dinh trén tai Vip,
cong sudt tin hi€u trung binh trén tdi Pr, cong suat tin hiéu trung binh cuc
dai trén tai PLp.x, cOng suit ngudn cung cAp Pcc, hiéu sudt 77, hiéu suit

cuc dai 77, cong suat tiéu tan cuc dai trén BJT Pd.y, dién 4p danh thiing

max

cuc ti€u cda BIT Vpp.

c. Mbob phdng bing Pspice

Béng chuong trinh md phdng Pspice, thyc hién mach hinh 8(b).

Cap ngudn v; 1a tin hiéu sin c6 bién d6 3.5V, tin s& 1Khz. Diung c4c probe
do dién dp d€ quan st déng thdi dang séng tin hiéu 4p trén tai va tin hiéu
4p ngd vao (dung ché& do transient). V& ching trén cing mdt hé truc toa
dd. So sdnh dang séng tin hiéu 4p trén tai Ry & phan nay véi dang séng mod
phdéng dugc trong phan mach khuéch dai cong suit diy kéo 16p B.

Dung probe do dong quan sat tin hiéu dong tai chian E ctia BJT Qy, probe
do 4p d€ quan sat tin hiéu 4p ngd vao. V& ching trén ciing hé truc toa do.
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E. TRINH TU THI NGHIEM
I. Mach khué&ch dai ghép Darlington

2 N [d N A
a. Khdo sit va do dac di€ém lam viéc cua BJT

Thyc hién mach trén hinh 9(a) véi cic thong s6 phan cuc tim dugc trong
phan yéu cau tru6c khi vao thi nghiém cia mach khuéch dai ghép
Darlington. Diing may do Fluke 45 nhan phim Vpc do tit cd dién 4p trén
cic cyc clia Q) va Q, tir d6 suy ra di€m lam viéc ciia Q,. Ghi nhan céc gia
tri do va tinh vao bang 1, so sdnh cdc két qua thu dudc véi tinh todn va mo
phdng.

Hinh 9. (a) Mach do phén cuc, (b) Mach do Ay, R;, Rg

Bang 1. Bang do phan cuc mach ghép Darlington

Vei[V] Ve[ V] VailV] Ve[ V] Vee V1| Icqa[mA]

b. Xdc dinh d6 10i p Ay

Thyc hién mach trén hinh 9(b) vé6i cdc thong sd phan cuc tim dugc trong
phan yéu cau tru6c khi vao thi nghiém cia mach khuéch dai ghép
Darlington. Mdy phat séng chinh séng sin, tin s6 1kHz, bién do 3V. Ding
dao dong ky dé€ & AC do va vé lai dang séng cda tin hiéu vj, v, trén cling
mdt hé truc toa d6 theo thdi gian. Xdc dinh bién d6 cua tin hiéu v,, suy ra
do 1gi 4p clia mach. Ghi nhan cdc gi4 tri vio bdng 2, so sdnh cic k&t qua
thu dugc vdi tinh todn va mo6 phdng.
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Bang 2. Bang do Ay mach ghép Darlington

Vim[V] Vom[V] AV

c. Xdc dinh téng trd vao Ry

Vi bién tr§ VR = 200KQ va cach xdc dinh giong nhu bai thi nghiém s6 2,
hiy xac dinh tng tr§ vao clia mach, so sanh k&t qua thu dugc véi tinh todn
va mo6 phdng.

d. Xéc dinh t8ng trd ra Ro

Vi bién tréd VR = 1KQ va cich xdc dinh gidng nhu bai thi nghiém s6 2,
hiy xdc dinh téng trd ra clia mach, so sinh két qua thu dudc vdi tinh todn
vd mo phéng. Chi y khi xdc dinh tdng trd ra ciAn phai hd tdi Ry ra khdi
mach.

II. Mach khué&ch dai ghép vi sai
2 VCC

M4y phat

Hinh 10. (a) Mach TN do phén cuc, (b) Mach TN do A4

a. Khdo sit phan cuc cic BJT

Thyc hién mach trén hinh 10(a), véi Rg ¢6 gid tri tim dudc trong phan yéu
cAu trude khi vao thi nghiém clia mach khuéch dai ghép vi sai. Diing may
do Fluke 45 nhan phim Vpc, do tit cd dién 4p trén cédc cuc clia Q; va Q.
Tir @6 xdc dinh di€m lam viéc ciia Q; va Q.. Ghi cdc gia tri do va tinh vao
bang 3, nhan xét k&t qua so vdi yéu ciu thi€t k&.
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Bang 3. Bang do phan cyc cia mach ghép vi sai véi dién tré cuc phiat Rg

Vi Vi Ve Vei Ve Veroi Veeg Icoi Ieqe
[V] [V] [V] [V] [V] [V] [V] [mA] [mA]

b. Khao sit ché @6 vi sai (Differential mode)

Thyc hién mach trén hinh 10(b), v6i Rg ¢6 gia tri tim dudc trong phin yéu
cAu trude khi vao thi nghiém cla mach khuéch dai ghép vi sai. Mdy phat
s6ng chinh séng sin tAn s6 1kHz, bién do di€u chinh sao cho vi,.p, = vap-p
=50mV.

Diing dao dong ky dé & AC vé lai dang séng clia vy, va, Voi, Voz trén cling
mot hé truc toa do theo thdi gian. Bing dao dong ky, hdy xdc dinh bién do
ctia vo; va vp. T d6 xdc dinh d6 1gi vi sai Aq cia mach, ghi cdc gid tri vao

bang 4. So sdnh cdc k&t qué thu dugc vdi tinh todn va mo phdng.

Bang 4. Bang do do 1¢i A4 ctia mach ghép vi sai véi dién tré cuc phit Rg

Vim[mV] Vom[mV] Voim[ V] Voom[ V] Aq

Hinh 11. (a) Mach TN do A, (b) Mach TN do Ay

c. Khdo sit ch€ @6 cich chung (Common mode)

Thuc hién mach trén hinh 11(a), véi Rg ¢6 gid tri tim dudc trong phin yéu
cAu trude khi vao thi nghiém cla mach khuéch dai ghép vi sai. Mdy phat
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s6ng chinh séng sin tin s6 1kHz, bién do di€u chinh sao cho vi,.p, = vap-p
=2V.

Diing dao dong ky d€ & AC vé lai dang séng clia vy, va, Vo1, Voz trén
cung mot hé truc toa dd theo thdi gian. Bing dao dong ky, hdy xédc dinh
bién dd cla vo; va vg. T d6 xdc dinh do 19i cach chung A, ctia mach, ghi
céc gia tri vio bang 5. So sdnh cidc k&t qua thu dudc véi tinh todn va mo
phdng.

Bang 5. Bang do dd 1¢i A. cia mach ghép vi sai véi dién tré cuc phat Rg

Vim[mV] Vom[mV] Voim[ V] Voom[ V] A

d. Xadc dinh ti s6 CMRR

Tir k€t qua & b va ¢ hiy x4c dinh tf s6 CMRR, so sdnh k&t qua thu dugc véi
tinh todn va m6 phdng mach.

e. Khdo sit mach vdi tin hiéu vao bat ky

Thyc hién mach trén hinh 11(b), v6i R ¢6 gid tri tim dugc trong phin yéu
cu truSe khi vao thi nghiém cta mach khuéch dai ghép vi sai. Mdy phat
séng chinh séng sin tin s& 1kHz, bién do6 diéu chinh sao cho vlp - p =
50mV.

Diing dao dong ky dé€ & AC vé lai dang séng clia vy, v, Voi, Voz trén cling
mot hé truc toa do theo thdi gian. Bing dao dong ky, hdy xdc dinh bién do
clia vo; va vgp. T d6 xdc dinh d6 1gi 4p A, = voi/vy, ghi cdc gid tri vao
bang 6. So sdnh cdc k&t qué thu dugc vdi tinh todn va mo phdng.

Bang 6. Bang do Ay ctia mach ghép vi sai véi dién tré cuc phiat Rg

Vim[mV] Voim[ V] Voom[ V] Ay

f. Khéao sit mach ting ti s6 CMRR

i) Thuc hién mach trén hinh 12(a), ding mdy do Fluke 45 nhan phim Vpc
do dién 4p trén cuc C cia Q; va Qs (Vci va Vi), diéu chinh bién trd VR,
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sao cho V¢ = V¢ va biing v6i mach hinh 10(a). Thyc hién do tit ci dién
ap trén cac cyc cia Q; va Q,, xdc dinh diém lam viéc cia Q; va Q,. Ghi
céc gi4 tri do va tinh vao bang 7, so sdnh k&t qua thu dugc so véi mach
hinh 10(a).

Bang 7. Bang do phan cuc ctia mach ghép vi sai v6i nguon dong cuc phat

Vi Vi Vi Vei Ve Veegi Veeg Icoi Ieqe
[V] [V] [V] [V] [V] [V] [V] [mA] | [mA]

ii) Thyc hién mach trén hinh 12(b), mdy phat séng chinh séng sin tan s&
1kHz, bién do diéu chinh sao cho vip., = vz, = 50mV. Ding dao dong
ky xdc dinh bién do clia vo; va vop, d0 1di vi sai Ag cia mach, ghi két qud
vao bang 8. So sdanh v4i mach hinh 10(b).

Bang 8. Bang do d 1¢i A4 ctia mach ghép vi sai v6i nguon dong cuc phat

Vim[mV] Vom[mV] Voim[ V] Voom[ V] Aq

May phat

° VEE

Hinh 12. Mach ting CMRR béi ngudn dong cuc phat
(a) Mach TN do phan cuc, (b) Mach TN do Ay
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iii) Thyc hién mach trén hinh 13(a), m4y phat séng chinh séng sin tin s&
1kHz, bién do di€u chinh sao cho vi,., = vz, = 2V. Dung dao dong ky
xdc dinh bién d6 clia vo; va vg, d6 16i cdch chung A, clia mach, ghi két
qua vao bang 9. So sanh v4i mach hinh 11(a).

Bang 9. Bang do d6 1¢i A, ctia mach ghép vi sai v6i nguon dong cuc phat

Vim[mV] Vom[mV] Voim[ V] Voom[ V] A

iv) Xdc dinh ti s6 CMRR, so sianh vdi két qua & phan d.

g. Mach khué&ch dai vi sai hoat dong khi c6 tai

Thyc hién mach trén hinh 13(b), mdy phat séng chinh séng sin tin s&
1kHz, bién do di€u chinh sao cho vy, ., = va,., = 50mV. Dung dao dong ky
xdc dinh bién do cda vo; va voo. So sdnh k&t qua thu dudc so v6i mach trén
hinh 12(b). Mach khué&ch dai vi sai nay c6 thé kéo truc ti€p tai 220Q dudc
khong?

220Q

oV . |_’9V01 VvV

= | M4y phat

M4y phat
séng

Hinh 13. Mach ting CMRR béi nguén dong cuc phat
(a) Mach TN do A, (b) Mach TN vi sai ¢6 tai Ry,
Véi mach trén hinh 13(b), thay tu Co va tdi Ry b3i ngd vao ciia mach ghép
Darlington & hinh 9(b). Dung dao dong ky d€ & AC x4c dinh bién do cida
Vo1, Voo. Hay so sanh k&t qua véi trudng hgp kéo truc ti€p tdi Ry. Quan sit
tin hi€u ngo ra cia mach ghép Darlington, nhan xét vai trdo clia mach ghép
Darlington trong trudng hgp nay.
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III. Mach khué&ch dai cong suat diy kéo

1. Mach khué&ch dai cong sud't diy kéo 16p B

a. Phan cuc DC

Thuc hién mach trén hinh 8(a). Khdng cip ngudn tin hiéu v;. Diing miy do
Fluke 45, nhan DC d€ do cac gid tri da tinh trong bang 10. So sdnh cic gia
tri nay vdi cac gia tri da tinh todn.

b. Ch&do AC

i) NOi may phdt séng vao ngd vao v;. Chinh mdy phat séng dang sin vé6i
bién d6 4V, tan s6 1Khz. Dung dao dong ky d€ & mode AC, quan sit dong
thdi tin vao v; va tin hiéu ra v,. Ghi nhan gia tri dién dp dinh trén tai. Tu
do tinh gia tri PL. V& ching trén cung mdt hé truc toa do.

ii) Dung probe quan sit dong thdi tin hiéu dong dién qua cic chan E clia
BIJT Q; va Q; thong qua do dién ap trén cdc dién tr6 R; va Ry. Ching c6
dang chinh luu ban ky khong ? Ghi nhén gid tri bién d6 cia ching. Céc gia
tri bién do ndy c6 biang nhau khong ? Giai thich. Tinh gi4 tri trung binh clia
cidc dong di€n nay.

iii) Dung mdy do Fluke 45 nhan DC do dong dién trung binh I,,; cia BJT
Qi va Ly, ctia Q2 thdng qua do dién dp trén ciac dién trd R3 va Ry, so sdanh
gia tri do dudc vé6i gia tri tinh todn & ii). Diing cic gid tri nay d€ tinh todn
gi tri trung binh ctia ngudn Veey (Peet) va Veer (Pea).

iv) Tinh hiéu suét 1 cda mach.

v) Thay ddi bién do ngd vao theo cdc gid tri cho trén bang 11. LAn lugt do

va tinh lai Vi, PL, Pect va Peeo, M. V& dudng cong hiéu suat n(v;).

Bang 10. Bing do phan cuc cia mach khué&ch dai diy kéo 16p B

Ir Iro Vi Vi Vo Vieqi Ve Vi
[mA] | [mA] | [V] [V] [V] [V] [V] [V]

Tinh

bo
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Bang 11. Bing do cic thong sé cd ban & ché dd AC ciia mach khué&ch dai diy
kéo l6p B

Vim [V] 4 5 6 7 8 9 10

Vi [V]

PL[mW]

Iav 1 [mA]

Peci[mW]

IavZ [mA]

Peeo[mW]

n

2. Mach khué&ch dai cong suat diy kéo 16p AB
a. Phan cuc DC

Thuc hién mach trén hinh 8(b). Khéng cAp ngudn tin hiéu v;. Diing médy do
Fluke 45, nhan DC d€ do cic gia tri da tinh trong bang 12. So sdnh céc gid
tri nay vdi cac gia tri da tinh todn.

b. Ch&do AC

i) NOimdy phdt séng vao ngd vao v;. Chinh mdy phat séng dang sin véi
bién dd 3.4V, tin s6 1Khz. Dung dao dong ky dé€ & mode AC, quan sit
dong thdi tin vao v; va tin hiéu ra v,. Ghi nhan gid tri dién 4p dinh trén tai.
Tu d6 tinh gid tri PL. V€ ching trén cung mot hé truc toa do.

ii) Dung probe quan sit dong thdi tin hiéu dong dién qua cic chan E clia
BJT Q; va Q, thong qua do dién dp trén cac dién trd Rs va Ry4. Chiing c6
dang chinh luu ban ky khong ? Ghi nhén gid tri bién d6 cda ching. Céc gia
tri bién do ndy c6 bang nhau khong ? Giai thich. Tinh gi4 tri trung binh clia
cidc dong di€n nay.
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iii) Dung mdy do Fluke 45 nhan DC do dong dién trung binh I,,; cia BJT
Qi va Iy, ctia Q2 thdng qua do dién dp trén ciac dién trd R3 va Ry, so sdnh
gia tri do dudc vé6i gia tri tinh todn & ii). Diing cic gid tri nay d€ tinh todn
gid tri trung binh ctia ngudn Veey (Peet) va Veer (Pea).

iv) Tinh hiéu suét n cda mach.

v) Thay ddi bién d6 ngd vao theo cdc gia tri cho trén bang 11. Lan ludt do

va tinh lai Vi, PL, Pect va Peeo, M. V& dudng cong hiéu suat n(v;).

vi) So sdnh dang tin hiéu va cdc gid tri d3 do dudc trong khuéch dai 16p
AB véi khuéch dai 16p B.

Bang 12. Bing do phan cuc cia mach khué&ch dai diy kéo 16p AB

Ir Iro Vi Vi Vo Vieqi Ve Vi
[mA] | [mA] | [V] [V] [V] [V] [V] [V]

Tinh

bo

Bang 13. Bang do cac thong s6 ¢ ché @6 AC cia mach khué&ch dai ddy kéo
16p AB

Vim [V] 4 5 6 7 8 9 10

Vi [V]

PL[mW]

Iav 1 [mA]

Peci[mW]

Iav2 [mA]

Peeo[mW]

n
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F. BAO CAO THI NGHIEM

[N 2 2 2 ‘A . A A N N g <R z ~ A
Trong bai bao cdo thi nghi€ém sinh vién can trinh bay t61 thi€u cidc van dé
sau:

1. Cac mach thi nghiém.
Céc s6 liéu thi€t k€& .
Céc s6 liéu mo phdng.

C4c sd liéu chay mach thyc t€.

LA A

Céc nhéan xét, giai thich va so sanh.

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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