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Bai bao cdo: MACH TRANSITOR GHEP LIEN TANG
MACH KHUECH DAI CONG SUAT BAY KEO
Sv: Bui Trung Hiéu — Ms: 40200776
Lép : DDO2KSTN

L. Mach khuéch dai ghép Darlington:
a. Khdo sat va do dac diém lam viéc cua BJT: ) ,
V&1 cdc 50 ligu co trén mach nhw hinh Ve, ta tinh bang Iy thuyet:

Ve

v,
Ry~ 2V + Vs _12x120k_, 06412
¥ et _ 12}?k+8?{0k 2384
RR 2 820k x120k 2
=V, =128V
V&isai s6 20% cua méi dién tro R1, R2, R, gid tri 7, xap xi 0.6V cho méi

BIT, trong trirdng hop cac linh kién co sai so, ta tim dirge khoang bién thién ciia
b

V. 12x144k

EC:
e :R?_+R1R2 2VBE+VEE: TV 2504
Mk dophan e = KR + (e +1) Ry 7656}‘X144k+(120+1)2x330
R +R, - 144)k + 656k
(V1) =1.877
Twong tir:
ij Rl AP P %_mo.aﬂz
Lo ="RER, (h t 'R :984k><96k+(120+1)2X330:2'29“"4:’%)-%»:O'SW
R,+R T TE 96k 1984k -

Dung Matlab, ta c6 dwgc do thi biéu dién sy bién thién ctia Vb1 theo R1 va R2:

Su thay doictia Vbl khi R1 va R2 bién thi€n trong khoing sai s6 20% ctia no
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Trang 2 http://www.khvt.com
Thuc té do dac:
VBI [V] VB2 [VI VCl [VI VEZ [mV] VCE‘QZ [V] ICQZ [m‘A]
1.4585 0.8905 12 286 11.684 37.171

S0 liéu do dac va tinh Iy thuyét co gi khac nhau?

Chn ¥ t6i Datasheet ctia Q2SD468, Q2SC1815(Group GR) ta s& thay véi T

=~ 40mA. ta sé& co hggr=120,

co2
khi do: Ipg; = % = 0.3mA . thi hgg;=250 (c6 thé sai léch quanh 250), nhwr vay, gia si cic trd R; va R, 1a tét
(sai s6 khong déng ke) ta tinh lai gia trj Igg; nhw sau:
RVfR Ry~ W +Vr %—b«l&tlz .
b= RR, +(lh 41)(Bpg, +1)R 8206120k +121%256 %330 e LR
R+R = £ 120k+820k

1a khong déng ké. Vi dong I,,, =1.22p4 ta ciing suy ra dwge dong
I, =1.22pA4x121x251=37.1mA = I o, xép xi véi gia tri do dac(dong Iy, duoc tinh nhe ap dat trén tai

Re).

D.C. CURRENT GAIN
vs COLLECTOR CURRENT

DC Current Transfer Ratio vs.
Collector Current

H ] ,L l E S.WO \”r:=l=rélll
FE i w 5
i | Nl vee=sv | F=
600 | [ Hi o 1000
L - ¢ 500
400 | -"—r- \ % 200 Ta=75C SR
” 1 T I T e \ _.E; 100 —E-—- — 25"C 4 :
200 . , 5
. | | | ;
0.01 0.1 1 10 100 1 3 10 30 100 300 1,000
Ic (mA) Collector Current | (mA)
25C1815 25D408
b. Xac dinh dg loi ap Ay:
Vcc AQY
,;f"' ..\"\ [ .,«"'.
R1 o .«"f \ f \
820K / '\.\ '\%\ _
e Q1 / H -
/1 ov T T 1
Miy phdt séng AV1 4700 gf - g
Bién d6 = 40m 120K Co f,.f'
Tin s6 = 1kHz = = o RL \ : F I'\u\\ f.-f |
0 0 A% . | \ /
330 330 LN L] N
Mach do Av, Rin,Rout |, =0 e g s ot e
o, s ) 25.6mV ) 25.6mV as
Ta da tinh dugc rang: hiel =1.4x =2238k0 hie2 =14x———  =117Q . tir do:
1.22puA4 1.22pA4 %251
(R +1) (o +1) (Rs / R,)

988

4= (s +1) ey +1) (Ry // R, ) +( by +1) hie2 + hiel =0
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Trang 3 http://www.khvt.com
Céc s0 liéu thu duoc:

Vrim(mv) Vrom(mv) A\'
Do dac: 40 40 1
Tinh I{ thuyét 40 39.537 0.988
MO phong: 40 39595 0.99

c. Tong trg vao:
Z, =Ry I Ry /[Py + 1)y +1)(Rg // R, )+ (I +1) hi€2+ hiel| = 102,558k
Séligu do dac Z, =85.75kQ
S6 lidgu mo phong Z, =101.744kQ
d. Téng trora:
B R, ~1.920.
T (e 1) (B 1) (R, 1)
S6liéu do dac: Z,, = 2.4Q
S6 liéu mo6 phong: Z,, —1.80.
e. Nhan xét: Gié tri tong tré vao ciia mach 16n va tong tré ra nho, do 1a dac tinh caa mach ghép Colector
chung (EF) ma ta mong muon.

1. Mach khuvéch dai ghép vi sai:
a. Khdo sat phdan cwe cac BJT:

Veco

Vi

Rb1
Q2SD468 Q2SD468

My phdt song
D)
Bién dé = 50mV C 1—

T -0
I'an s6 = 1kHz g 39

-Vee

Mach thi nghiém phin cue Sd dé AC do Ad cho mach ghép vi sai

Cac so lidu do duoc:

Va [mV] Ve [mV] Ve V] Ve [mV] | Ve [mV] chgq [VI] Vcagz VI | 1 cot [tA] I co? (A]

217 2221 | -06203 | 618 | 6309 | 6806 | 6930 581.4 569.1

Ta nhén thay cac gia tri do dugc trén 2 BJT khong hoan toan doi xing nhau va chi xap xi voi gid tri tinh
toan hay mé phong, bai vi cac BIT nay khong hoan toan gidng nhau veé cc thong s6 ki thuat khi thiét ké, va
con xuéat hién sai léch do céc tr¢ Collector va Emitter c6 sai s6 dén 20% gia tri thuc té.
So véi yéu cau thiét ké (Irg=11.2mA) thi c6 thé chap nhan dwgc. Si sai khac khoang 2% giita 2 gié tri dong
diénI.; val, ciing c6 thé chap nhan dwoc.(gia tri Vpe=0.62V).
b. Khdo sat ché dg vi sai: (Differential mode)
Thuye hi¢n thi nghiém nhw hinh trén, ta s€ duoc dang song cua vi, va, Vor, Vo2 nhwr hinh sau:
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40mVv
ov
-40mV
4.0V g N ___/ \ _,'2".. fJ \ "-.\
o _."& \\'\, Ir.a \\t / \ y \ If'r \
[ WA EL
\ |I.". : Y \ i Yoot ) \
I'|I Iu'l : I'ul 56 I'\ I|I II'|I f Il'ul I|Il I\I
-f T B i ! VT |
\/ \/ \/ oo \/ |
ov — — : 1
L 1\ AR i\ } il /
{1\ I\ Pl I|' '|I i i\ /
#okt o) {4 8 -\ f
|III. -IIl {1 J"I t .'III \ ."I !'\. f.'ll
Y / ey [T .m
T J ol Bl b X /
Fy T\, I_r | 7 I \\ 7 R / \_\ 7
SEL>> 4 4 ¥/ PN NS I
4.0V . - . e PN N/ 4
Os 1.0ms 20ms 3.0ms 4.0ms 5.0ms
o V(Vo2:2) o V(Vol:2)
Time

Nhan xét thay rang pha cia v; va vo;, pha cia v, va v ngirge nhau, con pha cia vy Va va, Vop Va Vg giong

nhau. DAy 14 tinh chat cia mach khuéch dai ghép vi sai.
Gié tri do dac thue té:

vi(mV) vo(mV) Vo1 (V) va(V) Aq
25 25 3 31 60
C0 the tinh nho so ¢6 mach twong duong AC: (Bai nay nén chon he s6 m=1.3 (experience factor))
Tach: I,—— ' Ve _ 114 —1.893pd = hie=13x 2™ 1 17.58k0)
Ri+2(hegy +1)R; 1k +2x301x10k 89u
(TaiI=0.6mA, ta chon hgg=300)
Tinh theo Iy thuyét: 4, — — Re ___ 10kx300 g4,
ol hip 4 Re 2x(17.58k +1k)
hfe
Rb hie hie Rb
Ay A My
Tk qpp 1758k 17.58k 12 1k
V5 V2
WAMPL = 25m i ) WAMPL = 25m > Rel < Re2
FREQ = 1kHz CD § # Re g ele g # CJI=REQ= 1kHz hfe1lb1 3 hfe2lb2
==
-0
S¢ @b tuong duong AC ciia mach vi sai
Tinh toan cac gia trira giong véi mé phong trén BJT va mo phong trén so d6 trong dwong.
¢. Khdo sat ché dé chung: (Common mode)
Béng do d¢ 1oi A. cia mach ghép vi sai véi di€n tré cuc phat Re:
vi(V) v2(V) Vo1(V) Va(V) Ac
1 1 0.6 0.6 0.6
Dung 1y thuyét vi sai. ta tinh dwoc:
4= R = 10 =0.498=0.5
hib+&+2R 2><10k—|—£+”'—58k
hfe  ~F 300 300
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Trang 5

May phdt séng
Biéndj =1V

Tin s6 = 1kHz

1.0W
0.5V
oW
0.5V
1.0

CMMR =

Os
BONVII2)

hie+ 2R hfe+R,
2(hie+R;)

Vo1 (V)

Cac gia tri tinh toan, do va mo phong trong d6i phit hop nhau.

=162, Thyc té CMMR = % =130

24

http://www.khvt.com

Voo
< Ret Rc2 §
Vol T\ Vo2 Vol L L Vo2
Vi va V1 ..%
Rbi Rb2 Rb1 Rb2
Q25C1815 qzsc1s1§l ANA Q2SC1815 Q2SC181
1 1k 1k
Miy phit séng L
s i =0
Bién di =25mV
Tén s6 = |kHz 10k Re
~Vee
— ~Vee
0 _—
T g "0 a o
Sd dd AC do Ac cho mach ghép visai So dd AC do Av cho mach ghép vi sai
£ £ ¥ i |
i
Fi £
f i ."I
! I
i = i
f A ‘
/ -
f \
[ | \'.
% | i Y\
\ \
R . A
L {
L f
i !
1 '\.\ .l,.l"l
) .I Oms= i ) ) .:‘..DI'“: -‘.3.Ul'l1;
WW2:1) ViVo1:2) _— . WiVo2:2)
BEidn didn sdng Vin va Voot trén otinge trpe ton A6

Ay
96

24

vi(mV)

d. Khdo sat mach vdi tin higu bdt ki: (So ¢ do Av)
Bang do d6 loi Ay cua mach ghép vi sai véi dién tro cuc phat Rg:
Vo2(V)

1

125mV 14 6 4278

25

5

Duing 13 thuyét vi sai, ta tinh dwoc:
v,

1'“2:12.5mViM:HI.—
’ 2

b

and i, = A.i, + A,Ai=

125mV 15 5+ 2x80.73]

i

Li_ 5

=4 25mV
Rb

N |

23
25m

v,
v;

Vs
e
= b 2 "
N A X, " < .
4 \\\\ "/' + L _(/ 1 \\ i
& b o , -
N / S
S : |
| 21N, F K
17 N il | BT B!
# \ i ‘ - b
A s o !
: 7 N / = A .
< > L ;
T =c
Tirm=
£ ac on ol T nEhIem do A
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—=8.098 = 4 =[] =80.98
V;

Mo phéng: 4, =-2=—""—=92. Vay, cdc gid tri tinh toén, do va md phong co chut it sai khac.
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Trang 6 http://www.khvt.com
e. Khao sat mach ting ti s6 CMMR:

Vcc
Chinh VRref ¢dé V1=V va nhu bai trén, ta thu dugc bang so
, liu dudi:
VRref
& I Taco: J— ez :
- hfel +2
Re1 Re2 i T 5 oo
10k 10k L So vdi ket qua thu dugc 6 bai trén
Y i Vei va Ve géﬂ nhau hUIl (df}l
., xumg hon) Tuy nhién, van chwa
R. b.. k Kozscms Q2sci81 . s w doi xirng hoan toan(chira bang
1k 1K | nhau)
- alls -Vee
=0 =0
VRref '
8.2k
=0
-Vee
VBI [IIIV] VBZ [mV] VE1 [V] Vc1 [mV] ch[mV] VCEQI [V] Vc:agz [V] I co1 [#A} I coz [NA]
-2.16 -2.21 -0.6203 6.222 6.321 6.833 6.937 577.8 506.3
Voo
Bdne sé liéu:
vi(mV) | vo(mV) | voi (V) | ve(V) A4
25 ) 3.5 3.5 70
Két lugn: mach doi ximg tot (Re->°°) nén ticn t6i
Vo2 Vo gan gia tri Iy thuyét va mo phong hon.

Khi tinh ly thuyet, ta gia st rang dong Ic=0.56mA,
lic do, ta s& chon hpg=300 va tai nhiét ¢6 phong
(27°C=300"K) ta c6:

Q25C1815 Q2s5C181

ARG hie = 1.3x 2222 300 ~ 18KQ). Tinh duroc:
Bién d§ = 50mV 56m
Tén 58 = 1kHz vﬂ ; R
a Ry, + hiel X e Ry
Sd dd AC do Ad cho mach ghép vi sai _ 25m %«300x 10k = —3 957
1k+18%
Déi véi mach do A,:
Ta ciing c6 ban s6 liéu sau:
| W) [ vAV) [Ves(mV) | veolmV) | A
1 1 20 20 0.02
Vo, S0 1 2_ye So véi mach ding dién trd cuc phat thi mach nay
L 2k tot hon, gid tri Ac nho hon nhiéu, diéu do 1a diéu
o~ pasciens e ol mong mudn cua mach vi sai.
i i Tis6 CMMR=A4A~4000>>s0 vi mach lic
o diu->tot hon.

Tin st = |kHz
o

St diy AC do Ac cho mach ghép vi sai
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V6i mach thi nghiém vi sai ¢ tdi Ry :(Bai nay thiec hién mé phong béng PSPICE)

RL

220

May phit séng

Bién dd = ]iI}mV@

Tédn s6 = 1kHz

Vol
C1

}_.

Voo

Vol
V2

Rb2
Q25C1815 Q25C181

S0 db AC do Ad cho mach ghép vi sai

Rb hie Rb

AAA

v,
v, =——E  _xhfex(R,//R
ol Rgl h:el f ( el L)
50,

2 %300 (10k//220)=—175mV
1k +18%

Vi

=——180 _xhfex
Ry, + hiel yexRe,
50m

1k +18k
(Dau trir chi pha ciia &p tinh véi ap so sanh la V)
Thyc hién mo phong, ta c6 ket qua sau:

VOE

%300 <10k =7.895V

AN M

W gy M8 18k 2 1k
VAMPL = 25 ¥ > Vaan.qpl_ 25m Rel = RL Re2
D 3w = ) 2
FREQ = 1kHz EREQ = 1kHz \/ hfedlbi 220 N/ hte2lb2
. -
o
S¢ dé tuong duong AC ciia mach vi sai
200mV — _ :
ov
SEL==>
-200mV
10v
ov
—1ov i }
2.0m 3.0ms 5.0ms

V(Vo2:2)

Time

nhur sau:

Dang song ra ctia mach cho trén.

*Néu ndi true tiép tai Ry véi mach(khong qua tu Bybass), cdc dong tinh Ic; vaIc, da khic nhau, tuy nhién,
khong dang ke, va lac do. khong co sy thay doi nhiéu ve thanh phan AC cua cac tin hiéu ra, chi ¢6 thanh
phin DC 16t nén cho Vo, droc nang 1én khoang 140mV.

*Khi thay thé tai Ry bang ngd vao ciia mach Darlington, ta ¢c6 mach nhw sau:

Luc nay, nhd c6 trg khang vao twong d6i 16n (~100KQ) va tré khang ra nhé (~2€) nén tang Darlington nhuw
mat téng deém cach ly tai va bg khuéch dai (mach vi sai). Ta c6 hinh dang song ra cua céc ngd Vo1, Vo2, VL
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820K
Q1l
Q28C1815 Qz2scC181
Mdy phiit séng 120K
: qo
Bién dd = 100mY
= RL
Téin s& = 1kHz
330
=0

4.0v

ov

-2.0v

-4.0v

Os 1.0ms 2.0ms 3.0ms 4.0ms

= WV(VazZ:Z) 4 VIRL:2)
Time

) Hinh dang song ra cia tin hi¢u dién ap trén tai va so sanh véi mic Vo
Ta thay, hai tin hiéu khéng cung bieén dg, bdi co sy that thoat khi dong chia qua trd R¢y va Ry, cua mach
ghép Darlington, lam suy giam ap dat trén ching.
1I1.Mach khuéch dai cong sudt dav-kéo:
1.Khuéch dqi day kéo Iop B:
a. Phédn cuc DC:

Thuec hién mach dﬁy kéo nh& cap Transistor bé tro
Q2SA1015 va Q2SC1815.

Khi phan cuc DC, ta khong cap nguon ciia may phat. Ding
FLUKEA45 do va so sanh voi cac gia tri tinh toan, ta co
bang sau: ) ) )

Néu cac BIT bo phu 1a tot va tré ¢6 sai s0 nho, ta sé dugc
s6 nhur tinh to4n, tuy nhién, thic té khong dwgc nhu vay,
két qua 1a ta do duge nhimg gia tri khong mong muon. c6
Miy phit song A\ vé nhr cip BJT nay di dugc phan cuc.
Bién dd =4V
Téin s6 = 1kHz

-0
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[ri[mA] | Iro[mA] | Vmi[V] /82[ V] VolV] | Veeu[V] | Vee@e[V] L[V]
Tinh toén 545 545 0 0 0 0 0
Do dac 5.76 5.16 -0.625 -0.625 -48.43m -0.578 0.574 45.19m
b. Phén cuc AC:
i./ Cap nguon cho méy phat song, ta c6 nhimg két qua sau:
Vim [V] 1 5 6 7 8 9 10
Vim [V] 3 4 5 5.6 6.4 7l 7.6
Pr [mW] 136.4 24242 378.79 475.15 620.61 763.79 875.15
I1 [mA] 22.34 34.04 41.91 51.94 63.82 67.38 74.11
Pt [mW] 268.08 408.48 502.92 623.28 765.84 808.56 889.32
Lo [mA] 2276 38.09 44.04 52.12 6149 66.60 71.28
P [mW] 27312 457.08 527.48 625.44 737.88 799.2 855.36
17(%) 25.20 28.01 36.76 38.05 41.27 47.51 50
BIEU DIEN TIN HIEU DIEN AP V;, VA Vs TREN CUNG HE TRUC TOA PQ
I kY
e
» W(OutputSignal:2)

R{ rang ta thay co xuat hién méo xuyén tam, day la nhwge diém cua mach khuyéch dai day kéo 16p B.
Cong suat caa cac BIT bo phu dwgc biéu dién boi hinh sau:

B800mwW

S00mwW

400mw

200mw

ow

=200mwW

Os
v WIPUSH)

O.5m

1.5r
> V({lnputSignal:+)

1.0ms
A WWPLILL)

1.5ms

ms 2.0ms
ime

2.0m

Time

Z2.5ms

2.5ms

3.0ms

Day la mot wu diém ctia mach khuyéch dai cong suat 16p B, TST chi tiéu hao cong suat khi 1am viéc (co
dong di qua tai)

3.0ms

Trong khi d6, dong di¢n qua chan Emitor cna cac transistor ¢6 dang chinh Iuu ban chu ki va bi tat tin hidu
trirde khi hét % chu ki cua nd do moi noi BE khong cho phép dong di qua no khi ap dit 1en ching nhé hon
Vge cua Transistor.

. |4
Gié tri trung binh cia dong dién co thé tinh theo cong thikc: 1, =

CuuDuongThanCong.com
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100mA
S50mA
oA T
s
Wi
-SOmA
_100ma | | ! | | i | i | | i i i | i i i i i 1 |
os O.5rme 1.0ms 1.5ms 2. Ore 2. 5ms 3.0ms
IE(PUSH) = IE(PULL)

Thye te thi dang cua dong dién khong dwoc nhir mé phong, do tirdau cac TST da khong dwge phan cyc mot
céch hoan hao nhu Iy thuyet, nén da xuat hién cdc mire dan va tat trude va sau Vg (~0.7), c6 nghia 1a Vpe
ctia Ry ludn ¢, va chinh n6 ¢4 ning mirc nén cua tin hiéu 1én.

Hai tin hiéu I, va Ig, khong con doi xirng nhau qua truc hoanh(truc I-=0) nira, theo hinh quan sat trén
Ossilocope thi dong Ici nhé hon dong Ie,, va thanh phan DC ton tai trén Ry 1a dwong.

S00mv

-S00mY
Os

1.0ms 1.5ms 2.5m: 3.0ms

2. 0ms
v WIR10:1, OutputSignal:2)
Time

Hinh trén biéu dién cho tin hiéu duge dat 46mVDC 1én R;.
*Gign dé céng sudt:

100ma,

0.5me
VIIE_Push:2, OutputSignal:2)

,,,,,,,, A S S —

B8O0mA

A0mA

20maA,

o,

-20maA,

o= 0 Sm= 1.0m= 1.Sm=
IE(PUIN + RMS(E(PuUl)) © MAX(IE(PULL)YPI
Time

Ta co gian d6 cong suat cho cAc phan tir tiéu thu cong suat trong mach (Cong suat ctia nguon luén co vi phai
ticu tan trén tai R; vatai R,) theo dong dién chay qua tai.

2 Oms= 2. 5m= 3 Om=
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Trang 11 http://www.khvt.com

1.2w
e H\
0.8W - el
0.4W
ow
LB Meed
-0.4W -
-100mA -50mA 0A 50mA 100mA
W(OutputSignal) - W(PUSH) < Abs(W(V8)) © AbS{W{VT)) + WPULL)
I{OutputSignal)
DUGCGNG CONG HIEU SUAT CUA TAI (Diung ORCAD)
G600m
A00m
200m —
o H H H H | H H H H H
o 2 av (53 av 10V

Prding cong hign sniat bidn dién theo bién 4o soéng vao
Dung Matlab xw 1y s6 licu tim duogc, ta co hinh bicu dien sau:

Xap xi bang ham bac 4 cua du lieu dua vao
55 T T T T T

—— data 1
e 4th degree

20
4 5 & 7 8 ) 10 (ol
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Trang 12

2.Khuéch dai day kéo lép AB:
a. Phén cuc DC:

http://www.khvt.com

My phit song V1 '
Bién d§ = 3.4V
Tédn s6 = 1kHz —L %

-0

[ri{mA] | Irp[mA] | Vp[V] Vaa[V] Vo[Vl | Verqu[V] | Veeu[V] [ ViL[V]
Tinh todn 5.13 5.13 0.7 -0.7 0 0.7 0.7 0
Do dac 5.29 5.0m 0.343 -1.0023 220m 0.5 0.626 220m
b. Phén cuc AC:
i./ Cap nguon cho méy phit song, ta ¢ nhimg két qua sau:
‘Vrim [\ﬂ 4 5 6 7 8 9
Vim [V] 3.8 4.5 54 6.4 72 8
P [mW] 218.8 306.82 441.82 620.61 758.45 970
L1 [mA] 1241 44.19 53.08 64.50 67.29 85
Pt [mW] 145.2 530.28 636.96 774 807.48 1020
Loy [MA] 37.0 45.11 52.27 61.03 68.23 76.57
Pz [mW] 444 541.32 627.24 732.36 828.76 918.84
7 37.14 28.63 34.95 41.2 46.35 50

Néu str dung chrong trinh mo phang dé tim dwong cong hiéu suét, ta co hinh dwdi.

B00m

&00m

Errcing cong hi¢u suat cia mach klndch dai cong suat diy kéo lap AR

400m

200m

ov 2v av BY v 10V
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