Estabilidade do

Ponto Quiescente



Os transistores da Figura 7 foram polarizados no mesmo ponto quiescente e, por isso, alguns resistores foram
colocados com valores quebrados e com precisao de seis casas decimais. Estudar a estabilidade desses pontos
guiescentes em trés situacoes:

a) Variagdes de |, em fun¢do dos ganhos de corrente dos transistores ( Al /AB ).
b) Varia¢des de I, em fung¢do da temperatura (Al / AB ).

c) VariagBes de |, em fungdo das tensdes de alimentagdo ( Al.q / AV().
d) Concluir qual dos trés circuitos é mais estavel estaticamente.

Considerar AB =50°C (0 ~50°C), AV = £ 0,5V e AB=B, .~ Bmin-
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Dados do transistor Q5

Bip=310,2984 e Vy,;, = 0,63685 V @ 27 ° C.
Espalhamento de fabricagao = B, = 188,554 ¢/ V¢ a = 0,637 Ve B, = 583,85 ¢/ Vg, =0,63615V @ 27 ° C.
Espalhamento térmico: B (50°C) = 316,7076; B (0°C) = 302,243; V,(50°C) = 0,58848 V ; V(0°C) = 0,69254 V.

Equacoes de Polarizagao

Circuito A Circuito B Circuito C
5 V. =V, V.-V
Ve Vi ! . = o, B x 8 _ cc 'y
_—_l}{RHI}{ﬂ 'y ](. - xﬂ
I, :[Rﬂu Ry, | R”l +(’5+1)XR‘7€ 3 R!i3+(ﬁ+l]x(RC3+RH3)
- R, +(B+1)xR,

R R ﬁ-l-l +]

R, =— T Ver, =Vee, == %R, X1, Ver, =Vec _ﬁ—x(Rm +R X1,
Rﬂn + I|ll"'}ﬂill ﬁ | ﬁ -

CF, (!
\

i
Ve =Vie | R +%}<REJHCI



a) VariagGes de I, em fungdo dos ganhos de corrente dos transistores ( Al., / AB)

Circuito A
Calculo de Ieqmin € Vegman  (Bmin= 188,54 € Vgeay = 0,637V)
A
[ Ve Var\p xp (Zigk - f:;ﬁ;l]m:a,s:sk X 188,554
PR, 7 i = — =997,882 [uA]
“ R, +(B+1)xR, ! 43,83k + (188,554 +1)x 3,9
( 188,554 +1
+1 _ 4 _ ’ _
Ve =V | R + ALN Rﬁ.}‘: L Venmm =24 [10& T TR 3,9.%}(99?,882# =10,109 [V]
8
Calculo de leyman € Veeming (Brmax= 583,85 € Vgerin = 0,63615V)
N ' :
[V_ 7 [ 22:;( - Oﬁg f ]x43,83k x 583,85
, =stm Ka) ™ = = =1,04103 [mA]
“ R, +(B+1)xR, ! 43,83k + (583,85 +1)x 3,9k
I
Vew =Vee —| R, +%x REI}: . = Vi =24 —(10& £ 2838+ 3,9&] x1,04103m =9,5228 [V]
"; 5

Variagdao no ponto quiescente: 997,882 LA < I, <1,04103mA e 10,109V <V <9,5228V



Circuito B

Calculo de Iy min) € Vegman  (Bmin= 188,54 € Vgeay = 0,637V)
V.. =V, _
[, =— 2 XB —— I i = 20— 0,637 x 188,554 = 782,883 [unA]
PR, +(B+1)XR,., ’ 2,774044M + (188,554 +1)x9,967875k
Ve =Vee IALN RoxI, == Ve iy =20- 188,254 +1, 9967875k x 782,883 =12,155 [V]

188,554

Calculo de Ieqmayx) € Veemin) (Bmax = 583,85 € Vggmin = 0,63615V)
V{.T.l —Vie 20-0,63615

X —

x583,85=1314 [mA]

I. = I =
R, +(BH)XR,, G0 T74044M + (583,85 +1)x9,967875k

+1 .
VﬂEﬁ:VCC? _ﬁ_XRC'zx!«Cl — V —ZO—M

X9,967875k x1,314m =6,88 [V]

?

Variagao no ponto quiescente: 782,883uA < I < 1,314mA e 12,155V <V <6,88V



Circuito C

Calculo de leymin) € Vegmay  (Bmin = 188,54 € Ve, = 0,637V)

V=V, _ 240,637
[y = x> e =3 7740440 + (188,554 + 1)x (0.967875k + 3.9K)
} RI13+(18+I)X(RC3+RH3) ’ ? ’ s

f+1

V{:;:}, - V{.‘[.‘ _—X[Rm + R,,‘.:,_]Xf G, - Vfﬁ'z (max) —

x 188,554 =81536 [nA]

188084 ] (0.967875k +3,9K)x815364 =12,633 V]
188,554

Calculo de leymax € Vegmin) (Bmax= 583,85 eV =0,63615V)

max BEmin

24 —-0.,63615
V(‘c' B Vm-:

I = x583,85=1,2532 [mA
I, = Xp o= G 774044M + (583,85 +1)%(9,967875k + 3,9k ) (mAl
RBS T (ﬂ'l' I)X(Rm + RHJ)

JB'H V. . =24——583’85+]X 90967875k +39k )x1,2532m=6,591 |V
V-t::-.j,, =V _—X(R(.‘S + Rh'z]x‘{(.'j — > ckmin 583,85 ©. k)1, ’ V]

Variagdo no ponto quiescente: 815,36pA < |, <1,2532mA e 12,633V <V 6,591V

- O circuito A tem a maior estabilidade !



b) Variagdes de I, em fungdo da temperatura ( Al.Q / A6 ):
Circuito A

Caso tipico @ 27°C (B, = 310,2984, Vg, = 0,63685V)

\
[% _ % xR, %8 [Zigk - ”;Z‘;ij ] x 43,83k x310,2984
[, =~ 2 > — i =1,02235 [mA]
“ R, +H(B+1)xR, ! 43,83k +(310,2984 + 1)x 3,9k
(B —— 310,2984 +1
Veg, =Vee =| R, +-X R;._-,foc, Ver iy = 24 —[I{}k Ml idais :x:3,9k]>c: 1,02252m =9,7765 [V]
L P A 310,2984

Caso tipico @ 50°C (Bspyc = 316,7076, Vo, = 0,58848V)

\ 24 0,58848
Ve Vi | - x 43,83k x316,7076
[—”‘ —— [XRy xS ~ (22{};\- 43,83k J

R, R, > lgero =
. 1(50°C 43 83k +(316,7076 + 1)x 39k

I =
b R, +(B+1)x R,

=1,03507 [mA]

316,7076+1
316,7076

I

R

C
%

Vo =V -

cE, — Yo

AL }{ ;| — A 24—[] Ok + x3,9k)x|,035mm =9,6 [V]
op TN (!




Caso tipico @ 0°C (fy.c= 302,243, V. = 0,69254V)

.
[h Vas |k xp [22:&: - “ﬁf;“) X 43,83k X 302,243
p o \Ka, R ) > Iewe = ~1,00759 [mA]
“ TR T(B+)XK, ' 43,83k + (302,243 +1)x 3,9k
i
302,243 +1
V., =V —|R. L R, [XI, = Vi e, =24—|10k+ x 3,9k |x1,00759m =9,9815 [V]
ﬂ S e : 302,243
- Variagdao no ponto quiescente: 1,00759mA < |, < 1,03507mA e 9,6V <V < 9,9815V
Circuito B
Caso tipico @ 27°C (f,;,= 310,2984, Vg, = 0,63685V)
Yee v’”"ﬁ\'x R, x B 20—-0,63685V
R, R, | " —_—> e = —9,65 %x310,2984 =1,02235 [mA]
[, =~ : 2,774044M +(310,2984 +1)x9,967875k
: R, +(B+1)xR,
i
p+l —apy 310,2984 +1 B
Ve =Vee =| R +===xR, [xI. = Veg,up = 3102984 x9,967875k x1,02235m =9,7765 [V]

8



Caso tipico @ 50°C (Bsgyc = 316,7076, Vg, = 0,58848V)

N
Ve Ve | _
e X Ry, X B [ = 20" 0 585V x316,7076 =1,03482 [mA]
[ - [H&. Ky ) > 09 2774044M + (3167076 +1)x9967875k -~ T
. Ry +(B+1)xR,
£
B+1 . 316,7076+1 . o
Ve =V - | R, +xR, [xI.  —=>  Vepere =20 3167076 X 9,967875k x1,03482m = 9,6525 [V]
Caso tipico @ 0°C (f o, = 302,243, V ,,c = 0,69254V)
['r’u.- Ve |k x 38 20-0,69254 V
T I, por = e x302,243=1,0067 [mA
I = Ry, Rs ) > 09 2774044M + (302,243 +1)x9,967875k (mAl
“ R, +(B+1)xR,
/ 302,243 +1
+1 S — ? QC 5k =097
R ,5’? ) R;._-,JK I Ver,wey = 20~ 2= X 9967875k x1,0067m =9,9322 [V
Y

Variagao no ponto quiescente: 1,00670mA < I, < 1,03482mA e 9,6525V <V < 9,9322V



Circuito C

Caso tipico @ 27°C (,Btip =310,2984, VBEtip = 0,63685V)
V(‘(:' B Vm-:

h 24-0,63685 V
" Ry + (ﬁ+ I)X (RC3 T R“)

X —_— e = %310,2984 =1,02235 [mA]
A9 774044M +(310,2984 4 1) % (9,967875k + 3,9k)

B+1 —_— v, =24 2002F L6 06875k 1 3900)x1,02235m =9,7765 [V]
Ex(R+R,; )X, i 310,2984

V{.‘J-:,., =Vee =
Caso tipico @ 50°C (8 gy,c = 316,7076, V 5, = 0,58848V)
Vﬂ:' B Vm-:

] 24-0,58848 V
; RH3 T (ﬁ-l- l]x (RC3 + RE.T-)

2,774044M +(316,7076+1)x (9,967875k + 3,9k)

xﬂ — Ir:ﬁ{wr:y -

x316,7076 =1,03268 [mA]

~316,7076 +1
316,7076

vy X (9,967875k + 3,9k) x1,03268m =9,6337 [V]

t — Vo e =24
CE, — ' —ﬁ—)-([f{{.,3 + Rl-ﬂ]xl(,‘j CEA(50°C)
Caso tipico @ 0°C (8 o, = 302,243, V ;.. = 0,69254V)

Vﬂ:' ~ Vm.-

| 24-0,69254 V
Q Ry, + (ﬁ+ l])( (RC3 ' REI)

2,774044M + (302,243 +1)x (9,.967875k + 3,9%)

X ff s R % 302,243 =1,0093 [mA]

302,243 +1
302,243

Y x (9,967875k +3,9%)%1,0093m =9,9564 [V]

JB +1 — Vg ey =24
CE; — 'cc X(R(.‘S t Rh’?—]xl G '



Variagao no ponto quiescente: 1,00930mA < I, < 1,03268mA e 9,6337V <V < 9,9564V

' Os circuitos tem estabilidade muito préxima
com relagao a variagao de temperatura. O
circuito B é um pouco mais estavel!



C) Variagdes de I, em fungdo da tensdo de alimentagdo ( Al.Q / AV ):

Circuito A

Ve = 24,5V (B4, = 310,2984, Vgeyi = 0,63685V)
[v v [24,5 ~ 0,63685

V| x 43,83k x310,2984
» o ¥Ry xp 220k 43,83k ]

R R I. . = =1,047 [mA]
n, ) —> gy 43,83k +(310,2984+ 1)x 3,9

I. =
R, +(B+1)xR,

310,2984 +1 o
310,2984

vV, =V - 33k]x],(]47m=9,934? [V]

CE T UL

i
R. +E3’{Rn },{;E —> Vg gasv) =245 —(Ii)k +

G
W

Vee =23,5 V (By, = 310,2984, Vggy, = 0,63685V)

.
[Vi Vulik s [;;{}i - “;‘;i:ff)x 4383k x310,2984
PRCIIECY, —> e, = T8 =997,774 [A]
“ "R +(B+1)xR, 43,83k +(310,2984 +1)x 3,9k
I
B+1 Cne 310,2984 + 1 { »
Ve, =Vee | R, xR, [xI, = Ve =235 | 10k + 820 o X 3.9k [x997,7740 =9,6184  [V]

%

Variagdao no ponto quiescente: 997,774pA < | < 1,047mA e 9,9347V <V < 9,6184V



Circuito B
Vec=20,5V (,Btilo =310,2984, VBEtip = 0,63685V)

V-‘.‘T.'z Vi 20,5-0,63685V

= I x310,2984 =1,04875 [mA]
I, R, +(B+1)xR. xp GO0 774044M +(310,2984 +1)x9,967875k

B+ e 3102984 +] , _
Ve, =Vee, ~oxRe X1, = Veroos =205 -0 0n = X9.96T875k x1,04875m = 10,0126 (V]
Ve =19,5V (By, = 310,2984, Vg, = 0,63685V)
V.. =V, _
e, = 19.5-0,63685 ¥ x310,2984 = 9959465 [pA]

}{ﬁ — I{L‘:{IU,SV} =

I, = R, +(B+1)xR, 2,774044M + (310,2984 +1)x9.967875k

©310,2984+1
310,2984

B+1
VCEE ZVCQ __XR'fz XICI Ea— VCI:'I{]*}_SV} =19,5

X 9,967875k X995,9465u =9,5405 [V]

Variagdao no ponto quiescente: 995,9465uA < |4 < 1,04875mA e 9,5405V <V < 10,0126V



Circuito C

Ve =24,5V:
Ve =V 24,5-0,63685 V
I, = — X — s, = e x310,2984 =1,04423 [mA]
R, +(B+1)x(R., +R.,) 2,774044M +(310,2984 +1)x (9,967875k + 3,9k)
B+1 310,2984 +1
Vep, =Vee ==X (R, +R,)x1 o T Vanousy) =245 -2 m0 X 0.96T8TSk +3,9K)x1,04423m = 99721 [V]
Ve =23,5V:
V.=V, 23,5—-0,63685V
I, = S fooo—  Iomsy, = L ——x310,2984=1,0005 [mA]
Ry, +(B+1)x(R., +R,,) 2,774044M +(310,2984 +1)x (9,967875k + 3,9k)
310,2984 +1 |
+1 Vi onsyy = 23,5 ——— X (9,967875k +3,9k) x1,0005m = 9,5809 [V
Ver, =Vee = ﬁ?x (Rey + Ry JxT o, = "B 3102984 : " v

Variagao no ponto quiescente: 1,0005mA < I, < 1,04423mA e 9,5809V < V < 9.9721V



. Os circuitos tem estabilidade muito proxima com
relagao a variacao de tensao de alimentacao . O
circuito C é um pouco mais estavel!



