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EE 530 Eletronica Basica |

Fisica dos Transistores de Efeito de
Campo (FET)

Prof. Pedro Xavier

Resposta exercicio-aula passada
* Corrente dedreno Vv=-4E

1=Q-v V=-p, (;_V
Q(X) :WCox [VGS -V (X) _VTH ] 4 4V (x)
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I I DdX = JWCOX[\/GS -V (X) _VTH ]:undv
K: mobilidade dos 0 o
portadores Vos Vos
[cm2/(V-s)] loL = ,CoW J[v Vi Jav - j V(x)dv
w V.2
ID = /unCoxT [VGS _VTH }\/DS _%]
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W
Iy = Eﬂncoxr[z(ves Vi )VDS _VDZS]
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Resposta exercicio-aula passada

* Exemplo 6.6 - Razavi: Calcule Iy e V, se V¢
aumentar de 10 mV, qual o novo valor de V,?

V,p=18V
tnClozr = 100 pA/V2 and Vg = 0.4V,
Rp = 5kQ
Ip
X w 2
m, W__2_
1v—|—+_I " T7018
I =
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Resposta exercicio-aula passada

* Exemplo 6.6 - Razavi: Calcule I e V, se Vg
aumentar de 10 mV, qual o novo valor de V?
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Vip = Veec = Ro.l Vb =0,2V] > Ves-liH =
{.04V S \) I = NGYZ
| Vo= 0766 > |



12/04/2016

Modulacao do comprimento do canal

* O aumento de VDS, causa um aumento do estrangulamento
do canal, diminuindo seu comprimento efetivo (L).

* Iyaumenta com Vg

%HHCOX%(V """"""""""" i --------------

[

VGS_ l'/TH

Vbs
1 W 2 A: coeficiente de modulagdo
o= E’U”C"X T(VGS Vg ) (L+ 2V ) do comprimento do canal
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Modulacao do comprimento do canal

* Relagdo A -L
— O efeito da modulagdao do comprimento do canal
€ menor, quanto maior o L.

—Aal/L

WﬁﬁF T —1
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Modula¢ao do comprimento do canal

“Fonte [ Canats

ip A

'DSsa 'Gs 4 Ups
- -
: [
' | -V, =4V
AL UGs gir

/
Triodo ~<—>‘<—, Saturacao e

1 vs —Vi=3V
> 4
R e 1
o Inclinagio = —
- "U
// >
—

3 //// vgs — V=2V

G s
B T s vgs — V, =1V

R~ e M i) < -

—V, = —1/\ 0 \ o
vgs — V, =0

Modulacao do comprimento do canal

* Exercicio: lp=1mA para Vp=.5V (A=0,1 V?).
Calcule de quanto I, varia, se Vp for
aumentado de 1V. Qual é a impedancia de
saida?
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Caracteristica i, — v do NMOS na saturagdo

ip (mA)
ip (mA)A vps = ugs — V,
regiio de saturagio ——
- 4 vos =V, +4
4+ 3 =¥
= ws=V,+3
3+
1 e v =V,
= ups = vgs — Vi
2 L = =V, +1
0 7 8 v Ups (V)
= (b) vgs = V,( corte)
1+
| | | | -
0 2 3 4 5 ugs (V)

R iy

) 1. 2
V,=1Vek(WL)=05mAN?  ip=_k—(ves=V)

Transcondutancia MOS (saturacao)

Segmento
pra!icameme Inclinagio = g
linear ™ 1 W
lp = E:uncox T[(VGS Vi )2]
I Qo
Y a, 1 W
- =20 2 C,—2(Vg -V
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_. 05
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9,0¢ 7
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Transcondutancia MOS (saturacao)

gm =

gm =

: 1 W
v lp == 1,Co [(VGS —Viy )2]
Segmento 2 L
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Segmento
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E
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Inclinagiio = g,

W
0, = :uncox T(VGS _VTH )

di,
Vg

V/ﬁ’\\/

Ves =V s

1 W
“““““ o zzﬂncoxr[(VGS _VTH)Z]
% On _o 1 g - 21,
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9,<Ip
1
Im O Vas = VrH
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Transcondutancia MOS (saturacao)

* Resumo
gl;glll nlul W W W
Pligar g WOCUmIHoESE = Constant = Variable — Variable
% L L L
" — 0 ‘7\2/7\: . Vgs— Vry Variable | Vgg-Vy Constant Vss - Vrn Constant
[ T CONS——, Sh— W
Vo Vs gm(x\/’_‘:’ 9l gm(x.fr
= w .
5 E \> g,,0< Vs = Vn 9,0 T I O gy
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En = a E<;k Vg
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/ 4

W W 21
= 4,Co, (Vs —V. = [244,Co 1 -
gm /un oX L( GS TH) gm lun 0X L D gm VGS —VTH
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Transcondutancia MOS (saturacao)

* Ao dobrarmos a largura (W), colocando 2 FETs
em paralelo, dobramos 1, portanto g,
também, dobra.

GS _VTH

Prof. Pedro Xavier



Efeito de Corpo

Quando Vg #V; (tensdo de corpo), Vq, é alterado.

' K Vo +
_ VG
| n - = —

Vin =Vino +7(\/2¢F +Vsg _\/2¢F )

V1ot Tensdo limiar para V=0
Y e ¢ parametros dependentes da tecnologia y=

Prof. Pedro Xavier C

p-substrate

ax

Efeito de Corpo

Determine I, Vs=0.5V; V=V,=1.4V; u.C,=100pA/V2; W/L=50;
V1110=0.6V; y=0.4; ¢:=0.4; A=0.

T Vg T Vg

| Il?’/f///;/////ﬂl
p-substrate

Vi =Vrno +7(\/2¢F +Vse _\/2¢F )
V1ot Tensdo limiar para V=0

v E ¢;: parametros dependentes da tecnologia y=
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Modelo de Grandes Sinais

Ves>Vry
Vos>Ves—Vru

w

Saturagdo °©°—, ,
_ %“HCOXI(VGS_VTH) (1+ }LVDS)

S
@
Vos >V
Vos <Vgs=Vrn

Go—+ D
w 2
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S
(b)
Triodo
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Vos> Vry
Vps<<2(Vgs~ Vi)

Go— D
+ 1
R W v
= Uncoxf (Vos—Vru)

S
(©)

Triodo-Regiao linear

Exemplo

Vv,
DD
Ip
1 Regigo de Saturagdo:
Vps=Vas

Y V1 Vps>Ves-Vry

(a)
W

Vo=Vt v,
(b)

Iy =—uC _(Ves Vi )2

1
2" L
1 W

Iy =—1,Cy T(VDD -V, =V, )2

2
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Modelo de Pequenos Sinais

Considerando a modulagdo
do comprimento do canal
Go— D P

+
Ves 9,.vVes Vcs (%)Q Ves %

S S
() )
1 w
Ip = E/uncox T(VGS =V )2 (1+ AVps ) 1
r—(al[’ ]1— 1 » rO:ﬂJ
o 1 w D
8VDS E:uncox T(VGS _VTH )2/7‘
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Transistor PMQOS

n-substrate

Triode Edge of Saturation
Region Saturation Region
l_l VTHP ;l_‘ ¥
>| VTHPl I | <| VTHP|
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1 W
G o_l |D’tri :E’Upcox L [ ( )\/DS DS]
Vo

Ips (mA) 4

Transistor PMOS - Equacoes

1 W

Dsat — 5 /upCOX f (VGS -V )2 (1-AVy)

1
I Dsat /up ox (NGS ‘ NTH ‘)2 (1+ X’NDS ‘)
I D,trl - :up ox [2 NGS NTH HVDS ‘ VDS ]

Obs: O modelo de pequenos sinais é o mesmo
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Caracteristica i, - v, para o PMOS

|"DS|~“|"GS| M Vos|z[Vas-Mi

mod —H‘d— Regifo de saturagdo —»

o ] VGS—Vt 4

[ _

1+—VoslVasi-vi| Transistor pMOS

[

I \DS

1 Vas=Vi-3 :{
Ves

VGS = Vt . 2

.|Vps

Vas=VYi-1
-n -I -I y -|9 %VDSM
—Vbs|<Mcorte)
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Exemplo 6.15 - Razavi

* Determine a regidao de operacao de M1, de
acordo com V,(Vpp a OV).

Prof. Pedro Xavier

Comparacao PMQOS - NMOS

i =0 b ¢ UGs J_ ¢ =
f_d: = Us .[Z"r_— T s
UGs L ¢ is = ip =Y ¢ Ip
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CMOS (MOS COMPLEMENTAR)

p-substrate
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Comparacao MOSFET - TBJ

Bipolar Transistor

MOSFET

Exponential Characteristic
Active: Veg >0
Saturation: Vpg <0
Finite Base Current
Early Effect
Diffusion Current

Quadratic Characteristic
Saturation: Vpg> Vgg= V1y
Triode: Vpg < Vgs— V1H
Zero Gate Current
Channel-Length Modulation
Drift Current
Voltage—-Dependent Resistor
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Fontes de figuras da aula

* Aula do prof. Fabiano Fruett
* Fundamentos de Microeletronica (Razavi)

* Microeletrénica (Sedra)
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Sugestao de estudo

* Razavi, Cap. 6

+ Sedra/Smith cap. 5 se¢bes 5.1 até 5.3
— Exercicios e problemas correspondentes

Para saber mais:

Paul R. Gray e Robert G. Meyer, Analysis and
Design of Analog integrated Circuits, John Wiley &
Sons

T. Tsividis, Design considerations in single-chanel
MOS analog integrated circuits — A tutorial”, IEEE
JSSC SC 13, pp 383-391, junho de 1978
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Efeito da Velocidade de Saturacao em

Transistores com o Canal Curto
UII=#11§

Uy = VUsqr = /lnfc Q :WCOX (\/GS _VTH )
Vg = 10°

Constant velocity

I D = Vsat ’ Q = Vsat .WCOX (VGS _VTH )
Constant mobility (slope = ) al
I D
£
. m av sat 0X
Ip

GS

vy, (m/s)

Long-channel device

Vgs= Vbp

‘ Short-channel device

|
J |

Vosar Vs =V

VI),\'
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