[86.03/66.25] Dispositivos Semiconductores
1er Cuatrimestre 2020

Transistor MOS

1. Polarizacion
2. Modelo de Pequena Senal



Enunciado

VDD

RG1

M1

Para el circuito de la figura y los siguientes datos:
o |V, |]=08V,p,C' =80pA/NV?
e W=32um,L=4um,A=0.02V' y2=05V
e R, =130kQ, R, =370kQ R, =18kQ, V=5V
hallar
1. El punto de polarizacion
2. El modelo de pequena senal

3. La variacion de corriente de Drain al variar 1 mV la v

gs



Datos
[V{=0.8V,p.C' =80 pA/NV?

] W=32pm,L=4pm
E d A=0.02V' y?=05V
nunCIa O R, =130 kQ, Ry, = 370 kQ

Rp = 18kQ, V=5V

V?D Para el circuito de la figura y los siguientes datos:
o |V, |]=08V,p,C' =80pA/NV?
RG1 - e W=32um,L=4pum,A=0.02V"',y*=05V
E e R, =130kQ, R, =370kQ R, =18kQ, V=5V
hallar
1. El punto de polarizacion

§RG2 §RD 2. El modelo de pequena senal

3. La variacion de corriente de Drain al variar 1 mV la vgs




; ., Vi, =-1.3V V;=-0.8V, k = 320 pA/V2 Dato's i )
La polarizacion la la calculamos — | | o ooy = -B0 JA, Vo = -05V V| ;Voz_s?,\z/, ;n:,ofifs n:JA/v
Enunciado b B A
YL Para el circuito de la figura y los siguientes datos:
l
o |V |=08V,pC =80 UA/V?
RGI i e W=32um,L=4pum,A=0.02V", y?*=05V
E e R, =130kQ,R,,=370kQ R, =18kQ, V=35V
hallar
1. El punto de polarizacion
§RG2 §RD 2. El modelo de pequena senal

3. La variacion de corriente de Drain al variar 1 mV la vgs




Vo =-13V V,=-0.8V, k = 320 uA/V? Dato's )
I, =-85.5 yA Ipsay = -80 WA, Vpg = -0.5V IV ;0;83\2/, :;,Cix:fs r:A/V
Enunciado b B 15010, A0 K0
V?D Para el circuito de la figura y los siguientes datos:
o |V |=08V,pC =80 UA/V?
RG1 i e W=32um,L=4pum,A=0.02V", y?*=05V
E e R, =130kQ,R,,=370kQ R, =18kQ, V=35V
hallar
1. El punto de polarizacion
§RG2 §RD 2. El modelo de pequena senal
3. La variacion de corriente de Drain al variar 1 mV la Vs




13V V; =-0.8V, k = 320 pANV? Datos
IV = 0.8V, p,C', = 80 ANV?

. Mod. de Pequena Senal | w-sssu | Lemmatron | B0 570

Utilizamos 2 modelos de pequena senal:

-3.46V A=0.02V", y2=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V, =5V

Uno para frecuencias bajas o medias

Otro para frecuencias altas: Se agregan las capacidades.



13V V; =-0.8V, k = 320 pANV? Datos
IV = 0.8V, p,C', = 80 ANV?

. Mod. de Pequena Senal | w-sssu | Lemmatron | B0 570

M1

Vs

:

RD

-3.46V A=0.02V", y2=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V, =5V

Utilizamos 2 modelos de pequena senal:

e Uno para frecuencias bajas o medias

e Otro para frecuencias altas: Se agregan las capacidades.

Una vez tenemos que tenemos el punto de trabajo, el MPS es

independiente del circuito externo.



VGS='1'3V V,=-0.8V, k = 320 uA/V? Datos
~ ~ = -80 YA, = .0. IV, = 0.8 V, p,C', =80 pAN?
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02V1,y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Utilizamos 2 modelos de pequena senal:

v Sl e Uno para frecuencias bajas o medias
GS
e Otro para frecuencias altas: Se agregan las capacidades.
)
G VDs .
Una vez tenemos que tenemos el punto de trabajo, el MPS es

D\T] independiente del circuito externo.
D



VGs='1'3v V,=-0.8V, k = 320 uA/V? Datos
" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

S ‘ .

Vas s i
KB VB S v 9Im Vgs v 9mb Ubs /r()
DS :




2. Mod. de Pequena Sefal

Datos

[V{=0.8V,p.C' =80 HA/V2

W =32pum,L=4pum
A=0.02V' y?=05V

Rg; = 130 kQ, Ry, = 370 kQ

R, =18kQ, V=5V

V=13V V,=-0.8V, k = 320 pA/V?
B 5.5 |.|A IDsat =-80 pA, VDS-sat =-0.5v
Vg = -3.46V
Para frecuencias altas
_________ 8 e
G o H —@ L4 fﬁ D
C(ls__ 9m Ugs 9mb Ubs 7"0
\ 4 \ 4




Vo =-13V V,=-0.8V, k = 320 uA/V? Datos
— = _ I, = 80 YA, Vo _ = -0.5V V7l = 0.8V, u,C',, = 80 pA/V?2
2. Mod. de Pequena Senal | n=essum | Lo
Vps = -3.46V A=0.02V', y2=05V
Rg, = 130 kQ, Ry, = 370 kQ
R, = 18kQ, V=5V
S . . . .
VG IS Para frecuencias bajas/medias Para frecuencias altas
f VBS gm C
B gd
G vs #
gs

dmb
D \
T] D Csb

g (o) C(/ [)




o o vGs =13V V,=-0.8V, k = 320 uA/V? Datos
2 . IVI Od . d e Peq u e N a S e N a I I, = -85.5 pA Iosa = 80 BA, Vi (= -0.5V Vsl \;VO_-S V. b o= 80 pA/V?
=32pum,L=4ppm
Vps = -3.46V A=0.02 V", y2=05V
Para frecuencias bajas/medias Rg, = 130 kQ, Ry, = 370 kO
R, =18kQ, V=5V

9m Ugs 9mb Ubs /r()




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

Lifre i)
1

V; =-0.8V, k = 320 pANV? Datos
- - V.| =08V, p,C, = 2
lpes = -80 HA, Vpg o = -0.5V 1] = QUL 1100 = B
W =32pum,L=4pum
A=0.02V1,y2=05V
Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Ip

= —k (Vgs — Vr)’

[1 == /\(VDS = VDS-sat)]

Ip

@ Gm Vgs @) Gmb Vbs TO
S . . 5



Ves='1-3V V,=-0.8V, k = 320 pA/V? Datos

" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias bajas/medias

Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

Vas
L
E' DS - Olp

WVas|g
Ip |
T — — dlp
: Imb = m _
Jm Ugs @ Gmb Vbs TO; = Q
- !
é dlp
3 z Jo = 7
: a‘/DS Q




Ves='1-3V V,=-0.8V, k = 320 pA/V? Datos

" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias bajas/medias

Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

Vas
L
E' DS - 0lp

Ip
o oS REE
: Imb = Iﬁ _
Jm Vgs Omb Ubs 7“0 o (2
f I :
? Ol p
97 Vs |
B 2



sz=-1_3v V,=-0.8V, k = 320 pA/V? Datos

" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias bajas/medias

H Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

Vas
L
E' DS - 0lp

Q
Ip
g, 1 s g msn Zl 0ID
; 9mb
i a‘/BS Q
: Jm Vgs Jmb Ubs /r()é
g | . i
? dlp



2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip =

—k (Vgs — Vr)?

/\(VDS = VDS-sat)]

Vas
‘|f ‘/B>
ol
G b Gm = i
aVvG'S Q
Ip
T e — = - 0ID
: 9mb — _8V _
: m Vgs b Ubs 7"05 BS Q
g | l
| dlp 1
9o = aVDS To = —
B_ Q 90




Ves='1-3V V,=-0.8V, k = 320 pA/V? Datos

" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias bajas/medias

Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

Vas
vy
E' DS e 0lp

Ip

Jm Vgs Jmb Ubs /r()g

s | !




Ves='1-3V V,=-0.8V, k = 320 pA/V? Datos

" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias bajas/medias

“ Ip = -k (Ves — Vo 2 [1 — X(Vbs — Vbs-sat)]

Vas
L |
E' DS - 0lp

Ip

gm Vgs @ Gmb Vbs %To
g ;




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

V,=-0.8V, k = 320 pANV? Datos
IDsat =-80 IJA’ VDS-sat =-0.5V

IV, = 0.8V, p,C', = 80 pANV?

W =32pum,L=4pum
A=0.02V' y?=05V
Rg, = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip

—k (Vgs — Vr)?

/\(VDS = VDS-sat )]

Ip

gm Vgs @ Gmb Vbs %To
g ;

Bz

Olp

Q

- —Ip_sat
k

9m — -2k (VG{) - VT) [1 - )\(VDS — VDS-sat)]



2. Mod. de Pequena Sefal

V=13V V,=-0.8V, k = 320 pA/V? Datos

5.5 pA loeat = 80 WA, Vg = -0.5V V7l =08V, uC',, = 80 pANV?
D H W =32 ym, L =4 pm
Vps = -3.46V A=0.02V-",y2=05V

Para frecuencias bajas/medias

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Lifre i)
1

Ip

Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

§gm )
S . |

Jmb Vbs

B dlp
9m — aVGS 5
9m — -2k &VG{) - VTl [1 - )\(VDS — VDS-sat)]

"

- —Ip_sat
k

9m — 2\/|E]k ID-sat ]- = )‘(VDS == VDS—Sat )]




. . V=13V V,=-0.8V, k = 320 pA/V? Dato.s )
2. Mod. de Pequena Sefal | n-sssua | Loy, mos | FIE8C 70
=32pum,L=4 pym
Vps = -3.46V A=0.02 V", y2=05V
Para frecuencias bajas/medias Rg, = 130 kQ, Ry, = 370 kO
R, =18kQ, V=5V

BS
DS dlp
9m —
I

VGsf Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]
y
& %

WVas g
R ey 9m — —2k &VG{) - VTl [1 - )\(VDS - VDS-sat)]

; ; ~
Om Ugs Jmb Ubs % /r.() — 4 / — IL,)“- sat
S :

f - gm — 2\/_k ID-sat []- = )\(VDS = VDS—Sat )]
B— gm =~ 2\/_k Ip_sat




. . V=13V V,=-0.8V, k = 320 pA/V? Dato.s )
2. Mod. de Pequena Sefal | n-sssua | Loy, mos | FIE8C 70
=32pum,L=4 pym
Vps = -3.46V A=0.02 V", y2=05V
Para frecuencias bajas/medias Rg, = 130 kQ, Ry, = 370 kO
R, =18kQ, V=5V

BS
DS dlp
9m —
I

VGsf Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]
y
& %

WVas g
R ey 9m — —2k &VG{) - VTl [1 - )\(VDS - VDS-sat)]

; ; ~
Om Ugs Jmb Ubs % /r.() — 4 / — IL,)“- sat
S :

f - gm — 2\/_k ID-sat []- = )\(VDS = VDS—Sat )]
B— gm =~ 2\/_k Ip_sat




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

Lifre i)
1

Ip

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip = -k (Vgs — Vr)

2 [1 = /\(VDS == VDS-sat)]

—al,
9mb — 8VBS 5

I Vgs

Jmb Vbs




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

Lifre i)
1

Ip

I Vgs

Jmb Vbs

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip

—k (Vgg -

VT)2 [1 = /\(VDS == VDS-sat)]

olp
dmdb = 77
a‘/BS Q
gmb =|—=2k (Vas —Vr) [1 = MVps — Vbssat)| (—
gm

oVr )




2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

Lifre i)
1

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip

= —k(Ves — V1)

2 [1 = /\(VDS == VDS-sat)]

I Vgs

Jmb Vbs

I
dmb = 77
a‘/BS Q
G = =~ 2l (Vg — Vi) [L = Mg~ Virgest)] (— i )
gm

Vo = Vo —v(\/2 0, + Ves — \/20nN)

OVr
dVps

-,

— T 2/2¢.+Vas




2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip =

—k (Vgs — Vr)?

/\(VDS = VDS-sat )]

dlp

Imb = 8V_BS .

Ip

Lifre i)
1

gmb = =2k (Vas — V) [1 — AM(Vbs — Vps-sat)] (

-

P>, o5

gm

: Om Ugs Gmb Ubs /r.()
g | .
oV M
; OVes — 2V29.1Vas
B | gmb = Gm
: V2¢n + VBS

Vr = Vro —v(\/2¢n + Vs — \/20nN)

~ OVgs

oVr )
Q




2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip

—k (Vgs — Vr)?

/\(VDS = VDS-sat )]

dlp

Imb = @ .

Lifre i)
1

G_ ........................... B - B i = :2 k (VGS B VT) [1 _ A(VDS B VDS-Sat)l (
: Im Vgs Gmb Ubs Toﬁ gm
S— . . VT ZVTO _7/(\/2¢'n+VBS_ \/2¢N)
: oVr v 1
% OVes —  2\2¢n+Vss
f _ ¥
B_ gmb dm 5. T Ve

~ OVgs

oVr )
Q




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

Lifre i)
1

Ip

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip = -k (Vgs — Vr)

2 [1 = /\(VDS == VDS-sat)]

L Ol

I Vgs

Jmb Vbs




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

A,
-

V, =-0.8V, k = 320 pANV2
lpeu = -80 PA, Voo =-0.5V

Datos
IV, = 0.8V, p,C',, = 80 pANV?2
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ip

’ [1 o /\(VDS - VDS-sat)]

I

o
OVps 0

I Vgs

Jmb Vbs

go =




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

A,
-

V, =-0.8V, k = 320 pANV2
lpeu = -80 PA, Voo =-0.5V

Datos
IV, = 0.8V, p,C',, = 80 pANV?2
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

’ [1 o /\(VDS - VDS-sat)]

Ip
A -
: Gm Vgs @
S — l

Jmb Vbs

g0




A3V V, =-0.8V, k = 320 pAN? Datos
IV = 0.8 V, u,C', = 80 HA/V

2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
=-3.46V A=0.02V1 y2=05V

R, = 130 kQ, Ry, = 370 kQ

R, =18kQ, V, =5V

Para frecuencias bajas/medias

Ip = -k (Vgs — Vr)?[1 = M(Vps — Vps-sat)]

Vs |o

Ip

e o C ke (Vs — Vi) (—0)

5 G Vgs Omb Vbs r
f @ bb % g go —AdDsat
S z

l | 1
. I N
90




2. Mod. de Pequena Sefal

Para frecuencias bajas/medias

A,
-

V, =-0.8V, k = 320 pANV2
lpeu = -80 PA, Voo =-0.5V

Datos
IV, = 0.8V, p,C',, = 80 pANV?2
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

’ [1 o /\(VDS - VDS-sat)]

Ip
A -
: Gm Vgs @)
S — l

Jmb Vbs

g0

o —




2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

Lifre i)
1

Ves =-13V V,=-0.8V, k = 320 pA/V2
ID '85-5 |,|A IDsat =-80 IJA, VDS-sat =-0.5V
V_, = -3.46V

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

gm =

Jdlp

Vs |

=2 o/ lp-am |1~ K Ve~ Vios_sat)

~28—k ID-sat j

o - -
: Jm Vgs Jmb Vbs /roé

Imb =

0lp
dVps

= dm

i

\/2¢n + VBS

Jdlp

~ IVps

Q

—A ID-sat




V=13V V,=-0.8V, k = 320 pA/V? Datos
2 . M Od . d e P e q ue ﬁ a S e ﬁ a I I, = -85.5 pA Iosa = B0 WA, Vpg o = -0.5V IVl ;0;83\2{, upC'ox_= 80 pA/V?
=32pum,L=4 pym
Vps = -3.46V A=0.02 V", y2=05V
Para frecuencias bajas/medias Rg, = 130 kQ, Ry, = 370 kO
R, =18kQ, V=5V

ol
Vs Im — =, =2 V —k ID-sat []- - )\(VDS - VDS—sat)
BS

s = 339 uA/V

~ 2 \/—k Ipsat =320 uA/V

p P D
@ - @ Omb Vs %ro 8.[ D Y
: mb — — 9m =[293 pA/V
. . St dVps O g \/24571 + Vps . /

9o = = —AIpsat 5 1.6 uA/V |, = 625Kk
WVbs|q




2. Mod. de Pequefa Sefal

Para frecuencias bajas/medias

Vas
G DS
WTID
G_ T T -
§gmvg% @ Gmb Ubs %TO
g | l 9mb

1l o

0lp
aVGS Q
= 339 uA/V
~ 21/ —kIp.sat =320 uA/V
0 VBS Q " 2¢n VB S
dlp
=—AIp.gat =5
WVis " D-sat

1.3V V,=-0.8V, k = 320 pA/V?
lpest = -80 WA, V

DS-sat

=-0.5V

Datos
[V;/=0.8V, p.C' =80 PA/V?

W =32pum,L=4pum
A=0.02V' y?=05V
Rg, = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

| = 9 \/TM[]. — )\(VDS = VDS—sat)

No tengo lo datos,
asi que tomo
N, = 10"°cm™®

Tal que
¢,=279.9 mV

293 uA/V /

1.6 nA/V

ro = 625 k()




Ves='1-3V V,=-0.8V, k = 320 pA/V? Datos
" A _ I, = -80 YA, V. = -0.5V Vel =08V, u,C,, = 80 pAN
2. Mod. de Pequefa Senal | n=ssswm | Lemcmmvea o | PS50
Vps = -3.46V A=0.02 V", y2=05V

Rg; = 130 kQ, Ry, = 370 kQ
Ry = 18kQ, V=5V

Para frecuencias altas

gd

g

C L v
Cys== }a) 9m Vgs @ Gmb Ubs A :
¢ 3 . :

— Csb

B )\ ".Cdb




2. Mod. de Pequena Senal | ,=sssu

V, =-0.8 V, k = 320 pANV?
lpes = -80 HA, Vye ., = -0.5V

Para frecuencias altas

A=,
i3

Cus = 9
Ip i aVGS o)
Q@ ; Og(] 5 s BQ
“4d= OVap
C! s=T— 9m Vgs 9mb Ubs TO Q
S__' - - C(lb — 8VQ
.—— Csb DB Q
B & ||.Cdb Chp = a?/Q
JVSB Q

Datos
IV, = 0.8V, p,C',, = 80 pANV?2
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




2. Mod. de Pequefa Sefal

Para frecuencias altas

Ip
: Cg(] :
G_._l Py @ ’_D
Cys= — Gm Vgs 9mb Ubs o

V, =-0.8V, k = 320 pAN?
-80 A, V

DS-sat

=-0.5V

Cfringe
e /—\/ drain

V=-13V
I, = -85.5 pA !
V, = -3.46V
Cfringe gate
n
source Cos
nt Co = @ov
= Csb,i
971
p
oQ
Cys =
oQ
ng —
IQ
C(lb — A
aQ
Csb = "R
aVYSB Q

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




=13V V, =-0.8V, k = 320 pANV2 Datos

GS
" ~ _ lpeat = 80 HA, Vg . = -0.5V V4 = 0.8V, ppC',, = 80 AV
2. Mod. de Pequefa Senal | n=sssum | L.
Vps = -3.46V A=0.02V" y?=05V
Para frecuencias altas gate Rgi = 130kQ, Ry, =370 kQ
Cfringe w/ Cfringe R, = 18kQ, V=5V
source \/ it drain

C,s =
Ip s Vas

Vas i | So + | |\Cov i :H—
f CjSW = i Csb.i i i Cisw
(=l T T
p
DS
G m

| | Q
| s aVvG'D Q.
Cg,s;=‘= @ Gm Vgs Gmb Vbs A O 8@
| ! —
_ & Cas OVpa|g
i 8@ -




2. Mod. de Pequefa Sefal

Vas

o~

=)

ol

Para frecuencias altas

source

X

nt
L

Ip
Cgs—= @ 9m Vys Gmb Ubs To
gy | !
L~
== CUsh
AL

=il
Cj—l—

-

P
Cos = (9?25
= 37, 5
= 3?/53
=t

Vi, =-1.3V V, =-0.8V, k = 320 pANV2 Datos 2
| =-85.5 pA lpsat = 80 BA, Vg = -0.5V Vol = 0.8V, pC'o, = 80 LAV
D ’ W=32um,L=4pm
Vps = -3.46V A=0.02V",y2=05V

Site Rg; = 130 kQ, Ry, = 370 kQ

ge R, =18kQ, V, =5V
¥ g
Coc drain
gs,i
Co \ Cov At




2. Mod. de Pequefa Sefal

Para frecuencias altas

Cgs—= @gmvgs Gmb Vbs To
gy | :
D |
= U/g)
A

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y2=0.5V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Vgs =13V V;=-0.8V, k = 320 pA/V?
I, =-85.5 l,lA IDsat =-80 pA, VDS-sat =-0.5V
o .
V, = -3.46V
: gate
ge
s % Cgs i - %’ drain
| Co T oV l n+
=il ‘ . ~
Cj —l— —I— Cj
P
oQ
Coe = ={ 5V L Cox (HW Cox
WVas |o
oQ
ng — e W COV
Voo o
Q
Cdb — — Cl AS
OVpa|g J
Q|
Cop = =|C} A
sb 8VSB ;4D




2. Mod. de Pequefa Sefal

Para frecuencias altas

a wls

Ip

Gmb Vbs A o

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y2=0.5V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Vg =-1.3V V;=-0.8V, k = 320 pA/V?
ID =-85.5 pA lpga = 80 PA, Vpg oy = 0.5V
Vp = -3.46V
- gate
g . ge
source Con + \X _—
i | to o @ov —h
i . + ﬁq
k T —I— Cj
p
0Q
Cys = ZWLC, + Wx
g¢ aVG slo 3 ox
0
Cga = < =W %
Ve |
Q
Cap = =C' A
db 8VDB o ;As
aQ |
Cop = =C/ A
¢ aV:S'B Q 3 +5D




V=13V V,=-0.8V, k = 320 pA/V? Datos
" ~ _ lpeat = 80 HA, Vg . = -0.5V V4 = 0.8V, ppC',, = 80 AV
2. Mod. de Pequefa Senal | n=sssum | L.
Vps = -3.46V A=0.02V"' y2=05V
Para frecuencias altas Rgq = 130 kQ, Ry, = 370 kQ

' gate ge R, = 18kQ, V=5V
source ik dvdin

Cgs,i
@ov pt

Vas Bt | Co - :

i [ ‘ : =1
%@‘% il Ty XV
G | DS P

C,s =
Ip v MWVas

Cg&;== @gm Ugs Gmb Vbs A o aVGD Q
: 1 Cap = 0Q G

i OVpplg
S0 8Q ,




2. Mod. de Pequefa Sefal

Para frecuencias altas

a wls

Ip

Gmb Vbs

Datos
Vi =08V, u,C', =80 uA/V?
W =32pum,L=4pum
A=0.02V' y2=0.5V
Rg; = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Vg =-1.3V V;=-0.8V, k = 320 pA/V?
I, =-85.5 pA lpear = -80 WA, Vi oy = 0.5V
Vps = -3.46V
- gate
g » ge
source e + \X s
i | to o @ov —h
i . —+ %C]
k T —I— Cj
p
0Q
Cys = ZWLC, + Wx
g¢ aVG slo 3 ox
0
Cga = < =W %
Ve |o
0Q
Cap = :}{X
Vo5 |,
3 ,
aV:S'B Q




vGs =13V V,=-0.8V, k = 320 pA/V? Dato
~ ~ _ I, = -80 VA, Vg, = -0.5V V7l =08 V'
2. Mod. de Pequena Senal | ©=ssw :
Vps = -3.46V A=0.02V",y2=05V
Para frecuencias altas gate Ry, = 130 kQ, Ry, = 370 kO
{ R, =18kQ,V =5V
ge D > VDD
source : Ei Coc : r \X' drain
gs,i
el el e
C %
J—l— —I— Cj
P
oQ
5 = 2 /
Cys = = 2w LlC, b WK
a 9Q S
ng —_— e — W |2()0r I, l‘_ ----------------- Arsenic 1
: : aVG D Q ‘\\ Boron —_ 30 _
ng—= @gmvgs Gmb Vbs Tog ~ 1000 —- N oy~ Thowmtoms ";
S S Cay= _3@ :W %58‘” 1 i
1™ OVpa|g g
==UsD 8 : s | £
400 S—
n Ly Cn= s K| -
5 'VSB Q I \
................................................................ 010”‘ x.nl‘(l;;" 1 |“l(|)|ls




2. Mod. de Pequefa Sefal

Para frecuencias altas

, wls

Ip

Gmb Ubs A o

I
w
S

1
<)
S

Vg =-13V V, =-0.8V, k = 320 pAN? Datos
I, =-85.5 uA Ipsat = 80 MA, Vi o = -0.5V Vel =08V, upC',, = 80 pANV
p- 09I H W =32pum,L=4pm
Vps = -3.46V A=0.02V-,y2=05V
Ry, = 130 kQ, R, = 370 kQ
' gate ge Ry = 18kQ, V, =5V
SR o E K drain
gs,i
.'H' | | CO ? kCOV l n+ %
'_I_ i &
S T T Gj
P
0Q
Cys = 2W LG+ W DK
Cru= 2| —w| " 210y |
d - - r = 4
7 Vab |, = | Mp =475 cm?/(Vs) |
on— 99 | _ .. | C'_ =168 nF/icm? |
db = = L oX _
OVpa|g ;| S : |
= |
0Q w00 —
VSB Q

1
)

ffusion constant (cm? s



2. Mod. de Pequefa Sefal

Para frecuencias altas

a wls

Ip

Gmb Vbs A o

VGS— 13V V,=-0.8V, k = 320 pA/V? Datos
_ I, = -80 VA, Vg, = -0.5V Vo =08V, pp,C'y, = 80 pAN?
Ip = -85.5pA - | W =32pm|L=4pm|
Vps = -3.46V A=0.02V" y?=05V
Rg; = 130 kQ, Ry, = 370 kQ
X gate ge R, = 18kQ, V=5V
At — | Co +4 |\ Cov —nt %
__I_ - i c)
S 1 T Cj
P
Q
Cys = = 2w ol b+ WK =1.4372 x 10717F
g aVGD Q lZ()O» “P - 475 Cm /(VS) :-30:\
C S 8Q _ } 800 C' = 168 nF/0m2 ;20§,
db — = L oX 1* 8
OVpa|g [ N : ] %
s | 2
8@ 7 400 —
SB g | |




2. Mod. de Pequefa Sefal

Para frecuencias altas

@
o

VBs
DS

source

X

nt
L

Ip

Gmb Vbs A o

=il
Cj—l—

V,=-0.8V, k = 320 pA/V2
IDsat =-80 HA, VDS-sat =-0.5v

g,= 320 pA/V, g, =293
WA/

GOV I

Datos

IV, = 0.8V, p,C', = 80 pANV?

W =32pum,L=4pum
A=0.02V"' y?=05V

Rg; = 130 kQ, Ry, = 370 kQ

Ry = 18kQ, V, =5V

=62 Gelaxi0uF
drain

n+

x.

i P
—I_Cj

P
Cys = a?/gs = 2W LCh, + W DK =1.4372 x 10-17F
Cya = a?/SD ~ WK L [y, =475 cm?(vs) |
= gy, X |7 | Con 168 Flem? |
O = grg| K| =

I
w
S

1
<)
S

1
)

ffusion constant (cm? s



2. Mod. de Pequefa Sefal

M1

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA‘ VDS-sat =-0.5v

g,= 320 pA/V, g, =293
WA/

r=625kQ,C_ =1.4x10""yF
o gs

s Para qué se utiliza el Modelo e Pequena Senal?

Datos
[V{=0.8V,p.C' =80 pA/NV?

W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

El MPS modela mediante elementos|lineales el comportamiento
del transistor alrededor del punto de trabajo. Si trabajamos en
su rango de validez, nos liberamos de las ecuaciones no

lineales de |y Vo y es mas facil resolver el circuito.




. Mod. de Pequena Senal

RG1

M1

s Para qué se utiliza el Modelo e Pequena Senal?

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA‘ VDS-sat =-0.5V

g,= 320 pA/V, g, =293
WA/

r=625kQ,C_ =1.4x10""yF
o gs

Datos
[V{=0.8V,p.C' =80 pA/NV?

W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

El MPS modela mediante elementos lineales el comportamiento

del transistor alrededor del punto de trabajo. Si trabajamos en

su rango de validez, nos liberamos de las ecuaciones no

lineales de | y Vo y es mas facil resolver el circuito.

u
kS

H

C‘,ﬁ:‘:
S

Van'l

Cgd

e 1

Im Ugs Gmb Ubs

—_ Os/)

Cap

b




. Mod. de Pequena Senal

s Para qué se utiliza el Modelo e Pequena Senal?

V,=-0.8V, k = 320 pA/V2
IDsat =-80 IJA’ VDS-sat =-0.5v

g,= 320 pA/V, g, =293
WA/

r=625kQ,C_ =1.4x10""yF
o gs

Datos
[V{=0.8V,p.C' =80 pA/NV?

W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

RG1

11

M1

<on

§RC“

K

‘g s

| <

\Vas — Vr|

J

_|

|
Fﬂ

Cgd

El MPS modela mediante elementos lineales el comportamiento
del transistor alrededor del punto de trabajo. Si trabajamos en
su rango de validez, nos liberamos de las ecuaciones no

lineales de | y Vo y es mas facil resolver el circuito.

o D

9mb Ubs

b




Vi, =-1.3V V;=-0.8V, k = 320 pA/V? Datos
I, = -85.5 pA Ipsay = -80 WA, Vpg = -0.5V V-l ;0;83\2/, :n:’C'Ex:fs r:A/VZ
. V,s = -3.46V _ e A=0.02V' y2=05V
EnunCIadO i 320“:,:,\/\,gmb 293 Rg, = 130 kQ, Ry, = 370 kQ
T,= 625 K0, C__= 14x10"uF Rp = 18kQ, Vipp =5V
V?D Para el circuito de la figura y los siguientes datos:
— I 2
o |V |=08YV,pC' =80pAV
RGL i e W=32um,L=4pum,A=0.02V", y?*=05V
o = = = =
. e R, =130kQ,R,,=370kQ R, =18kQ, V=35V
l_
hallar
1. El punto de polarizacion
§RG2 §RD 2. El modelo de pequena senal
3. Lavariacién de corriente de Drain al variar 1 mV la Ve




3. Circuito de Peq. Senal

RG1

M1

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V, =-0.8V, k = 320 pANV2
lpes = -80 HA, Vpg o = -0.5V

Dsat

g,= 320 pAN, g, =293

WA/
r,.=625 kQ,C__=1.4x10"pF
gs

Datos
[V;/=0.8V, p.C' =80 pA/NV?

W =32pum,L=4pum
A=0.02V' y?=05V
Rg, = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Simplificamos el modelo de pequefa senal

‘|

|

| »

I—‘

C{/(/ :
G_q_l Y @ ._D
Cqs=‘= 9m Vgs Gmb Ubs A )
S @ L 4 ®
—_ Ch‘[)
B Il Cd b




13V V; =-0.8V, k = 320 pANV? Datos
IV = 0.8V, p,C', = 80 ANV?

. Circuito de Peq. Senal
=-3

RG1

M1

ps = -3.46V g.= 320 JAN, g = 293 A=0.02V",y2=05V
VAN Rs, = 130 kQ, Ry, = 370 kQ
T,= 625 K0, C__= 14x10"uF Ry = 0, Vg =8

Simplificamos el modelo de pequefa senal

Se puede considerar frecuencias bajas o medias.

Enunciado:

3. La variacion de corriente de Drain al variar 1 mV la vgS




Vi, =-1.3V V;=-0.8V, k = 320 pA/V? Datos
. . ~ - =0 IV, =08V, p,C' =80 puAN?
3. Circuito de Peq. Senal
Vps = -3.46V g,= 320 JANV, g_, = 293 A=0.02V', y2=05V
AN Rg, = 130 kQ, Ry, = 370 kQ
.......................................... r°= 625 kQ ’ Cgs - 14X101IPF RD ) 18kQ’ VDD: 5 V
VDD Simplificamos el modelo de pequena senal
RG1 { |
M1 IJ X %r
l : ‘| |_>_ :
|t :
— I—‘
§RG2 §RD Se puede considerar frecuencias bajas o medias.
— — B y S cortocircuitados




V=13V V,=-0.8V, k = 320 pA/V? Datos
IV, = 0.8V, u,C',, = 80 pA/V?

3. Circuito de Peq. Senal

Vps = -3.46V g.= 320 YAW, g, , = 203 A=0.02V1,y2=05V
VAN R, = 130 kQ, Ry, = 370 kQ
.......................................... r.=625kQ, C  =1.4x10"uF Ry =18kQ, Vpp =5V
VDD - Simplificamos el modelo de pequefia sefial

RG1 |
M1

— : ‘| |—>—
P :
) z

/)

N

iOjo! El parametro g
y la fuente controlada
siguen estando

§RG2 §RD Se puede considerar frecuencias b{ %57

T By S cortocircuitados




3. Circuito de Peq. Senal

VDD
.
RG1
S M1
l_
G B
D

Simplificamos el modelo de pequefa senal

gl

S

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

—

V, =-0.8V, k = 320 pAN? Datos
- - V.| =0.8V, u,C',, = 80 pAN?
lpeu = -80 PA, Voo =-0.5V IVl HpC'ox =80
W =32pum,L=4pum
g,.= 320 pAVV, g, = 293 A=0.02V' y?=05V
VAN R, = 130kQ, Ry, = 370 kQ
r= 625K, C . = 14x10 Tk gy = M Vg =8

G

<V> Im Vgs & To

S,B




V=13V V,=-0.8V, k = 320 pA/V? Datos
- - V=08V, u,C, = 2
lpeu = -80 PA, Voo =-0.5V [Vl = 0.8V, p.C'e, = 80 pAM

3. CerUItO de Peq Seﬁal Ip = -85.5 A W =32 pm, L=4pum

Ve =R g,,= 320 YAV, g, = 293 A=0.02V1, y2=05V
LAV Ry, = 130 kQ, Ry, = 370 kQ

r= 625K, C . = 14x10 Tk gy = M Vg =8

VDD - Simplificamos el modelo de pequefia sefial

G D
RG1 D - ?

A 0
; B gm Vgs L T0
o/

S SB|

, iOjo! Estan
T T é al revés




=13V V, =-0.8V, k = 320 pANV2 Datos
IV, = 0.8V, p,C', = 80 pANV?

3. Circuito de Peq. Senal

Vps = -3.46V g.= 320 YAW, g, , = 203 A=0.02V",y2=05V
ANV Rg; = 130 kQ, Ry, = 370 kQ
___________________________________ r,=625kQ, C = T.4x10""uF Rp = 18kQ, Vipp =5V
VDD - Ahora si pasamos al circuito de pequefia sefal:




3. Circuito de Peq. Senal

VDD
.
RG1
S M1
I_
G B
D

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V, =-0.8V, k = 320 pAN?
I, =-80 A V. . =-0.5V

Dsat DS-sat

Dejamos las fuentes de sefal

g,= 320 pA/V, g, =293
WA/

r,=625kQ, C  =1.4x10""pF
gs

Ahora si pasamos al circuito de pequefia senal:

Datos
[V{=0.8V,p.C' =80 HA/V2
W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




3. Circuito de Peq. Senal

VDD
RG1
S M1
I_
G B
D

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V, =-0.8V, k = 320 pAN?
I, =-80 A V. . =-0.5V

Dsat DS-sat

Dejamos las fuentes de sefal

g,= 320 pA/V, g, =293
WA/

r,=625kQ, C  =1.4x10""pF
gs

Ahora si pasamos al circuito de pequefia senal:

Pasivamos las fuentes de continua

Datos
[V{=0.8V,p.C' =80 HA/V2
W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




Vo =-13V V, =-0.8V, k = 320 pAN?

. . ~ G
3. Circuito de Peq. Senal
Vps = -3.46V g,= 320 pAN, g, =293
WA/

VDD
.
RG1
S M1
I_
G tB
D

r,=625kQ, C  =1.4x10""pF
gs

Ahora si pasamos al circuito de pequefia senal:
e Dejamos las fuentes de senal
e Pasivamos las fuentes de continua

e Capacitores = Circuitos cerrados

Datos
[V{=0.8V,p.C' =80 HA/V2
W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




3. Circuito de Peq. Senal

VDD
.
RG1
S M1
I_
G tB
D

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V, =-0.8V, k = 320 pAN?
I, =-80 A V. . =-0.5V

Dsat DS-sat

g,= 320 pA/V, g, =293
WA/

r,=625kQ, C  =1.4x10""pF
gs

Ahora si pasamos al circuito de pequefia senal:

Dejamos las fuentes de sefal

Capacitores = Circuitos cerrados

Pasivamos las fuentes de continua

Utilizamos el modelo de pequena sefal

Datos
[V{=0.8V,p.C' =80 pA/NV?

W=32pm,L=4pm
A=0.02V' y?=05V
R, =130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V




3. Circuito de Peq. Senal

VDD ;
:
RG1
g Ml
G tB |
l_
s =

Vg =-13V
I, = -85.5 pA
Vs = -3.46V

V, =-0.8V, k = 320 pAN?
I, =-80 A V. . =-0.5V

Dsat DS-sat

g,= 320 pA/V, g, =293
WA/

r,=625kQ, C  =1.4x10""pF
gs

Datos
[V;/=0.8V, p.C' =80 PA/V?

W =32pum,L=4pum
A=0.02V' y?=05V
Rg, = 130 kQ, Ry, = 370 kQ
R, =18kQ, V=5V

Ol

D G- ¢
B :> Im Vgs 2 T
° sB




3. Circuito de Peq. Senal

(0p)

=

—

§ RG1

RG2

S.B

dm Ugs§T0

RD

V,=-0.8V, k = 320 pA/V2
IDsat =-80 HA, VDS-sat =-0.5v

g,= 320 pA/V, g, =293
WA/

Vi =-13V
I, = -85.5 pA
V, = -3.46V
I_
= ]

r,= 625 K2, C__ = 1.4x10"UF
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4. Extra: Como conseguir la variacion de 1 mV sobre Vs
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5. Extra: Simulacion
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