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Elektronibk Elemanlar

11. ve 12. Hafta - MOSFET

Orijinal not: elektronik-elemanlar-11-ve-12.hafta.pdf

UYARI  Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was Eranscribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

11. hafta

D S
S D
Nmos Pmos — V7, negatif

orijinal gizim, s. 1

orijinal ¢gizim, s. 1
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Elektronik Elemanlar 11. ve 12. Hafta - MOSFET

Ip

Triode
VOV
, W 1 ]
Ip =k, i (Vs = V'TH) Vps — 5 Vos } Vps = Vigs — Vru
1 w 5
=3 ki T <2 (Vas = Vi) Vps = Vpg)
Sat
1 w
Tp = 5 kn - (Vas = V) | Vos 2 Vas — Vru

Deep triode

1
r = W
tnCox 7 (Vs — Vi)

(Iki kosul kutusu cizgilerle asadidaki “At the edge of saturation” ifadesine badlanmis.)
At the edge of saturation

Vos = Vas — VTH
Vp — Vs = Vg — Vg — Vry

Vi = Ve — Vo

VT = Vo
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Elektronib Elemanlar 11. ve 12. Hafta - MOSFET

orijinal ¢gizim, s. 2

Diode connected transistor

Ornek 2
0,18 um process

L=0,18pum, W=2pm, Cox = 8,6 fEfum?2, w, = 450 cm2/Vs, Vi, = 0,5V
o) Vge =? Vps =2 at the edge of saturation. Ip = 100 pA

B gé'z&'m:
Kl = unCox = 450 -107%. 8,6 -1071° . 1072 A/NV?
= 382 pA/\v2
w 2
kp =k, (—) =382 = 4,3 mAN?
n 7o (L) (o,m) ALY
1
Ip= 5 ki (Vov)2
100 = %(4,3) 103tV )t
Vov = 0,22V — Vpe = VGg— Vg = 0,22
l Vs = Vi + Vour = 0,5+ 0,22 = 0,72
b) Ve is kept constant — Vps =2 when Ip = S0 pA (a2aldi, grafige bak)
B Cé'ziim: Triode bdlgesi:
12
ID = ky[ VovVDS e EVDg
50 =4,3-10° {0,22 Vps — %V%g] — | Vps = 0,06 V| — bunu alinz
Vps = 20,391V — sat'ta
= VDS = 0,06 V
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Elektronib Elemanlar

c) MOSFET — as a linear amplifier — (sat)

T
{Vpg =03V

A +0,01V = ip?

The change in ip resulting from Vge — 0,72 V
TP ° a {\—o,ow;xip?

(ozim: Vge = 0,7 V, Vo, = 0,2V
VDg =03V

1
ID = 5 ky’ (Vov)z

% 4300-0,04

\

\

%6 uA

Ves = 0,21V = Vo, = 0,21V
Vpe =03V = ip=1-4300(0,21)? = 94,8 uA
Vas = 0,6V, Vo, = 0,19V

—r1

AVgs = 0,01V — Aip = 8,8 pAa

Orneb

ip = 4300 (0,19)? = 22,6 A

AVge = =0,01V — Aip = —8,4 uA

11. ve 12. Hafta - MOSFET

(+ small signal)

(VTH =0,5 V)

orijinal gizim, s. 5
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Elektronik Elemanlar

11. ve 12. Hafta - MOSFET

ex: 5.4

1~ Orneb 5.3
2,5V
Rp
Ip Vp = 0,5V Ip=0,4mhA Viy=02V,
nCox = 100 P-A/VZ
1 C=Tum, W=32 um
(A=0)
Rg
Ip
-2,5V
[ Coziim: Tp = 3 waCo
Vob — Vg 12,5-0,5
2| = = =5kQ
2 i 0,4 :
1 W,
ID = 5 p’VlCOX T Vov
1 32
400 = 5-100.7\/5v = |Voy = 0,5V
[Vas=07+05=12V|
-1,2 = (~2,5)
Rg=—t T AT o 2596 kO
3 0,4

— Daima ayni bolgede

L1
i= S kn (V- VrH)?
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Elektronik Elemanlar 11. ve 12. Hafta - MOSFET

ex: 5.5
SV
Vig =1V, K, (VTV) =1 mAN2
Ro — Effective resistance — —2° =2
Ips
Vp =01V
W 1
[: Ip = &y, T [(Vas = V1) Vs — §V%g]
1
Ip=1- (5= 0 - 501
il = 0,395 mA
2 Vgp > Deep triode
VDg 0,1 1 1
Rpe=-25=_~_ =353 / Rpe = =250 Q
bs ™1, " 0,395 DS = CVoy  1-(5-1)
ex: 5.6
10V
VDD =10 V
Rp = 6 kQ
Rar = 10MQ 1, Vi = 1V, kp(W/L) = 1 mANV2,
D= Vp=10-6Ip (A = 0)
SV I Determine all voltages and currents
I=0 !
S— Ve=6Ip /2&2 10
Rs2 < 10 MO VG:VDD—zTO-:S
Rezo + R 10 + 10
% 6 kQ G2 al
= Ip
— Biasing — Varsayim 1: sat
Ip = 0,5 mA
_ _ 1 w
Ve= 05673V Ip = 2 K (Vas = Vi)’
Vgs=5-3=2V (= >V V) =
Vp=10-6-0,5=2V Tp=5 1 (5-6Ip~1)
1813 -25Ip+8=0
Ip = 0,89 (Usty gizil)
T Bunu segince Vgg negatif olur
12. hafta

Comparicon of the Mostet and the B]T

Typical values of CMOS device parameters
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Elektronik Elemanlar 11. ve 12. Hafta - MOSFET

0,8 um 0,5 um 0,25 um 0,18 um 0,13 umwm 65 nm

Parameter NMOS PMOS NMOS PMOS NMOS PMOS NMOS PMOS NMOS PMOS  NMOS

Eor 15 15 q 9 6 & 4 4 27 27 14
Cox 2,3 2,3 3,8 3,8 5% 5% %6 g6 128 12,8 25
m 550 250 S00 180 460 160 450 100 400 100 216
HCox 127 5% 190 6% 262 93 387 86 S11 128 540
Ve o -07? ©0? -0% 05 -06 05 -05 04 -04 035
Vo 5 S 33 3,3 2,5 2,5 18 18 13 13 10
(V] 25 20 20 10 S 6 S 6 S 4 3

Cov 0,2 0,2 04 04 0,3 03 037 033 036 033 033

(65 nw sttununun PMOS kismi sayfa kenarinda kalmis, gdrinmiyor.)

Table 6.2 — BAT

High voltage Low voltage
Parameter npn lateral pnp npn lateral pnp
Ac (um?) 500 24900 2 2
Ic (R) 5x107%% | 2.107P | 6-10718| 6-107!®
Bo 200 SO 100 SO
Va (V) 130 SO 35 30
TF 0,35 ns 30 ns 10 ps 650 ps

Sol Ust kise: “2Pige 3
Ornek 6.1

w
a) NMOS — T =10, 0,18 um process
Vov, Vs =2 — Ip = 100 pA, (A = 0)
b) Table 6.2 — npn — low voltage process — Ip = 100 pA

[ Coziim:

1 w\

ID = 5 HVICOX <T> Vov
1

100uA==§-38?JO-Va,# 0,23 V = Vo

Vgg =Vt Vo, =05+0,23=0,723V
b) I =100 u&  Ip=TIceV®lVT 5 Ic=6.10718

100 - 1076

— Vge = 0,025 LWW

=0,76 V
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Elektronik Elemanlar

Table 6.3

orijinal ¢gizim, s. 8

11. ve 12. Hafta - MOSFET

Active reg. @D VgszVry Vip=03V-05V
V&'g =V + Vou
@ Pinch off
Vap < VTH
VDS > Vov, VOV = O,T \/ — 0,3 V
1 w %
Ip|= B HnCoxT (Vas - VTH)2 <1 i Vi:
I& =0
orijinal ¢gizim, s. 8
Vee 2 Vegeon Veeon = 0,5, Forward bias (EBJ)
Reverse bias
Vec < Vecon  Vecon = 0,4V
Vee2 0,3V
V,
Tr=TeeVeelVT (14 JCE
c=Ige < Va
Ic
Ip 3 =
“18

Ustte silik kursun kalem notu: {? Learn chapter ... circuits|
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Elektronik Elemonlar 11. ve 12. Hafta - MOSFET
Swmall cignal
NMOS npn
+ ° °
ImVgs Yo Vn rr ImVn ro
m s ([ |
P Ap g
— o Ip -
gegis iletkenligi gm = V—/z Im = Ic/VT
ov =
(Transconductance) ro = Vallc
rn = BlIm

W
9Im = anoxTVov

/ w
Im =1/ 2 HnCoxTID

+— Ornek 6.2

0,25 um process — gm, ro, Ao — intrinsic gain — Ao = gm - ro, Rin?
npn — 100 pA, L =0,4 pw, W =4 um

ZaR
(CMos)

[ Coziim:

MOSFET — Vou = 0,27 V

Rip = 00,

1 w
Ip= 5 Hmcoxf ng =
_1 4 2
100 = 5 267 0.4 Vo

w

/
VL
D

ro =

=20 kQ

Ao = 9mro = (0,73)(20) = 14,6 V[V

ro

Ao

* Claude notu: muhtemelen

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors

= U s g
V-~ 0025 - A MAN
B 100,
=re= 2 = 2 o5
rr am 40 k
=LAl B2 heh ey

1.~ o1

Imro = 4-350 = 1400 V|V

199 olmali (gm = 4 mA/V ile rr = 25 kQ).
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Elektronik Elemanlar 11. ve 12. Hafta - MOSFET

JFET — Junction field effect trancistor

orijinal gizim, s. 10

D S
G
&G
S D
n-JFET p-JFET

orijinal gizim, s. 10

Vp — pinch off
Cut off VGS < Vp, ip=0

orijinal ¢gizim, s. 10
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Elektronik Elemanlar 11. ve 12. Hafta - MOSFET

Saturation (pinch off)  Vp < Vge < O
Vs 2 Vs — Vp
Vas\?
ip = Ipss (T + V'p) (1+AVps)

Triode Vp = VCT'S < 0, VDS = V&g = Vp

2
. V, % %

— Ornek (PS 4.2)
Rp
Ra1 —— 11V
Vp=—3 Vv, ng_g=qN\A, A=0
Ve=5SV, Ip=4mhi, Vp=11V
Design for 0,05 mA
R
G2 Rc
[ Coziim:
R Re1 = X
)QGT + ,261'2 /2&2 = 2x

* Clavde notu: muhtemelen Rgr = 2x, Ry = x olmali (asagidaki sonug dederleriyle uyumlu).

15 Rg1 = 200 kQ
— = 0,05 mA — x =100 kQ
3x Rz =100 kQ
15-1
= =1kQ
DT awmAa
Vps2 Vgs—Vp = Vp>Vgz+3
]
M>5+3 = 11>8
— (pinch-off)

[ Coviim:

* Clavde notu: muhtemelen Vge = =1V olmall (Ve =5 = (=1) = 6 V ile uyumlo).
V=6V
Re = e 1,5 kQ
S den )
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