N—0

i

S
VJEZBE 9

OSNOVE ELEKTRONIKE, ETR, IV SEMESTAR

DOC. DR MILENA ERCEG



N

ZADATAK 1

a) Utvrditi opseg napona Vz 1 V7 tako da kolo prikazano
na slici 1 ispravno radi. MOSFET- ovi su identi¢nih

karakteristika, , =1 — 0, 8=, V=V, i=14.

b) Ukoliko koeficijent modulacije duZine kanala ima
vrijednost razli¢itu od nule, odrediti izlaznu otpornost
kola.
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ZADATAK 1 — DC ANALIZA
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ZADATAK 1 — DC ANALIZA

Viss = Visa

Inz = Ip,

Ipy =1Ip; = Ip3 = Ipy
Iy = Ip1 = Ip3

Ioyr = Ipz = Ips

1
loyr = Iy = Z.B(VG.S‘l - Vt)z

21y
Ves1 = T +V:

Ves1 > Vi




ZADATAK 1 — DC ANALIZA

Vep1 = Vg = Vgs3 = Vg — 7

fzz
Vg < %+2Vt

Vepz = Vg = Vour <V

_Vt< Vt

Vour > Vg — V4

Veps = Vgszs + Vs — Vg =2 _,3 +2V, Vg < V;
21
Vg > 2 /% +V,

Vepa = Viss +Vesa — Ve = Vips
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ZADATAK 1 — DC ANALIZA
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ZADATAK 1 — AC ANALIZA

lds1 gm1Vgs1 ngVgs2 lds2
Vgs1 VgsZ

40—,
lds3 |:| gm3Vgs3 gm4Vgs4 lds4
_ Vgs3 Vgs4 _
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ZADATAK 1 — AC ANALIZA

i — Vgs1 +V
A 4 O—e—O * O V. gs1 gs3 _
+ + t Im1Vgs1 +——=0
— Tas1
Fas1 9m1Vgs1 Om2Vgs2 lds2 _ 1 _
Vgsz3 = —Tas1 |\ Im1 + Vgs1 ® —9m1Tds1Vgs1
) Vgs1 Vgs2 ) Tas1
1%
gsl
N Im3Vgs3 — =0
Tds3
+ + Vgs1 _
—Im19m3Tdas1Vgs1 — r =0
ds3
lds3 |:| gm3Vgs3 gm4Vgs4 |:| lds4 0 0 S
=> v =uU,v =
_ Vgs3 Vgs4 _ gs1 gs3

Vgsa = Vgs3 = 0
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ZADATAK 1 — AC ANALIZA

It v v
A . gs2 gs?2
* +0—o—o » O Vi lt = 9maVgsa — -
+ Tdsa Tdsa
Vgs2 = —Tasalt
lds1 9m1Vgs1 Om2Vygs2 lds2 gs S N )
v 1% v
v . t gs2 t
- gs1 VQSZ - Ly = gmzvgsz + = \Y9m2 + vgsz +
Tds2 Tas2 Tdas2
(47

~ —9m2Tdasalt +
Tds2

+o—l—o+
v
V V, I —_t s
gm3 gs3 gm4 gs4 |: ds4 Rout - l_ ~ (1 + gmzrdsz})rdsz ~ ImaTds2Tds4
_ Vgs3 Vgs4 _ t

1
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I'ds3
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ZADATAK 2

Za kolo prikazano na slici izracunati izlaznu otpornost.
MOSFET-ovi M,, M,, M5 1 M, su identi¢nih karakteristika, 4, =
AL =V, =V, i= 1,4. Parametar pPs MOSFET-a My je
Ps = [/ 4, dok su ostali parametri ovog MOSFET-a isti kao kod
ostalih MOSFET-ova. Poznato je: napon napajanja kola V,, =
12 V, otpornost R, = 10 kQ, napon praga V, = 2 V, koeficijent
modulacije duzine kanala A = 0.005 V-! i izlazna struja I, = 4
mA.
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ZADATAK 2 — DC ANALIZA

B VGSB’ VG
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ZADATAK 2 — DC ANALIZA

= V,
Veps o0
Ms - }—]I R, l/our
~'Viss L
" Veps| Vep2
Mgy (£ €S
~ Vst Vesz.
ID1=ID3=ID5l i l/m:/m
“Vebs Veps
Ms | M.
- Vess Vese,

Vess = Visa
Ipz = Ipy

Ipy = Ipy = Ip3 = Ipy = Ips = loyr

Ves1 = Viesa = Vigss = Vigsa

’ZIOUT

Ves1 = —,8 +V;
2loyr

Voss = /—+V

GS5 ,8/4 t

Ves1 > Vi
Vess > Vi
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ZADATAK 2 — DC ANALIZA

Vis1 + Vgss + Vess = Vpp

- VDD
2loyr 2loyr
VGL:)|_5 2 ,3 +2Vt + ,87+Vt: Voo
|V|5<_ T R l/our
VGss 32Ipyr 2
- - g = = 3.55mA/V
+
M; i I:Mz 21
i + | oUT
i N Vis1 = Vs = Vgsz= Vigsa = +V,=3.5V
Vst Vesz . B

ID1:lD3:lD5l i

- ] 21
VGT +VGD4 Voss = ’—O/ZT +V,=5V
M3:| + o+ I: Ms d

Vess Vesa.
i il Vepa = —Vgs1 +Vs2 =0V

Vep2z = —Vgss + Rployr = —1V




N

ZADATAK 2 — AC ANALIZA

Qms[

| I

| 1
gm5V935
_ Vgs5

Hm1[

| I |

Vi

! ¥ +°
9m1Vygs1 gm2Vygs2 lds2
_ Vgs1 VgsZ _

l'gs3

? ¥ +°
gmBVgs3 gm4Vgs4 las4
_ VgsB Vgs4 _



ZADATAK 2 — AC ANALIZA

Bl
gm5Vgs5
Vgs5

| I

rds5|:

Iy
4_

? + +°
9m1Vygs1 9m2Vygs2 las2
_ Vgs1 VgsZ _
? ¥ +°
lds3 j| gm3Vgs3 gm4Vgs4 |:
_ VgsS Vgs4 _

Vi

rds1|:

| I

I'ys4

1
| I

v 1%
gs5 __ gsi
gmsvgss + - gmlvgsl +
Tdss Tds1
Im1
vgss ~ vgsl
9ms
v 1%
gsl gs3
gmlvgsl + - gm3vgs3 +
Tds1 Tds3
Im1
vgs3 ~ g ngsl
m

Vgs1 + Vgsz + Vgss = 0
= Vg1 = 0, V553 = 0,0455 = 0

Vgsa = Vgs3 = 0
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ZADATAK 2 — AC ANALIZA

rd35|:

Hl
gm5Vgs5
VgsS

| I

rds1|:

| I

? ¥ +°
9m1Vgs1 Gm2Vgs2
_ Vgs1 VgsZ _

Fas2

Fds3

1

? ¥ +°
j| 9m3Vys3 9maVygs4 |:
_ Vgs3 Vgs4 _

Iys4

| I

. 17gsz _ vgsZ
lt = 9maVgsa — -
Tdsa Tdsa
Vgs2 = —Tasalt
Vet v 1 4
. gsz2 t
lt = gmzvgsz + - (gmz + )vgsz +
Tds2 Tdas2 Tdas2
. Ut
X —9m2Tasale +
Tas2

Ut
Royr = l_ ~ (1 + gmzrds4)rd52 =~ Ima2TVds2Tds4
t

1
= J2Bloyr —— = 13.32 MQ
ﬂ our (AIOUT)2



