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EMITTER

VBECON) = 0.7V

VCECSAT) ~ 0.3 V
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VECCSAT) ~ 0.3 V
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FORWARD-ACTIVE
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SATURATION
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VCE = VCECSAT)

~tJ~ I: NPN large signal model
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~tJ~ 2: PNP large signal model



Formula sheets
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FORWARD-ACTIVE
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!tJ~ 3: NPN small signal model
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Mid-band

Small Signal Model

FORWAHD-AC;TIVE
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!tJ~ 4: PNP small signal model

'" Ie9m=-VT (2) I

(3) I

(4) I



N-Channel MOSFET
Cutoff

G Q---Q r---oD+
VGS I VGS - VTn:::::0 I I IDS = 0 I- Io b

S
Saturation I VGS - VTn > 0 I I VDS ~ VGS - VTn I

G~~D
~GSs I IDS I IDS = ~ (~) (vGS - VTn)2 I

Triode I VGS - VTn > 0 I I VDS < VGS - VTn I
G~~D

~GSs I IDS I IDS = ~ (~) (2(VGs - VTn)VDS - YEs) I

Cutoff
~s

+
VSG

GQ---Q L-oD
Satuf';}ion I

GiG Z ~~I
Tfio~e I;:-t I

SDG02G <eD

I VSG + VTp :::::0 I
VSG + VTp > 0 I I VSD ~ VSG + VTp I

VSG + VTP > 0 I I VSD < VSG + VTp I
ISD = ~ (~) (2(VSG + VTp)VSD - V§D) I

J .~1.1'V15: MOSFET Large sIgnal models



Go--o
+
Vgs

+
Vsg

G 0--0

N-Channel MOSFET: Mid-band small signal model

iDS = ~ (If) (VGS - VTn)2

diDS I9m= --
dVGS vGs=VGS

9m = kn (If) (VGS - VTn) = J2kn (If) IDS

iDS = ki (If) (VGS - VTn)2(1 + AnVDS)

( rdiDSro =
dVDS I"DS~VDS'"GS~VGS

1 1
ro= kn(W)( )2 '"'"

AnIDSAnT T VGS - VTn

iSD = ~ (If) (VSG + VTp)2

disD I9m= --
dVSG VSG=VSG

9m = kp (If) (VSG + VTp) = J2kp (If) ISD

iSD = k{ (If) (VSG + VTp)2(1 + ApVSD)

lU~ 6: MOSFET small signal models and parameters in the saturation region
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Q-1) (10 f1~U'",") .b'l11~~th\l';j'Hnl~~HJB\lNorton ~'WB;W1ab 'W;m.J~\l1:;1J~lhtl\l'·Hla.l~~L~
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Q-2) (10 ~~U"") t'la.l~~l~ op-amp ~ltilul~';j'Hih~ op-amp luQ~a.lfl~

'lJe:Nl~';j11U'nJ~8••



O.002V(vx - 1) ; Vx > 1

O.OOl(vx - 1)

"l\lVll small signal current gain V1~e:J ~x
~a



Q-4) (20 f1~U'",") ';nnl-;j'1ht1t1~ 10 ril1tlUVl'l~ Rs = 5000, R1 = 20kO, R2 = 30kO,

R3 = 500, R4 = 2 kO, - VE; = -5 V 01 Ui'l~ O2 ~~l~-;jmn cil1tl'iU pnp BJT "~'l~
~mJi'l~-;j~B1t1d VEB(ON) = 0,7V, VEC(SAT) = 0.3V, VT = 26mV, VA = 100V Ui'l~ f3F = 20

-VEE

1'!J~ 10: l~-;:mhvl'¥'IJ Q-4
"

'N1tll small signal voltage gain 1tl1B ~z TVltl'l~ model 'llB-;jBJT ~'l~'luformula sheets 'lu
Vs



Q-5) (20 i1~u,",") ,1Wl\l,'j' L'U,'j't1~11 fil'l/m~ L~ Rs = 5000, R1 = 46 kO, R2 = 14kO,
'U ,

R3 = 230kO, R4 = 40kO, VDD = 3Y C1 ~fl1iNa.Jlfl ~lVl1U n-channel MOSFET

filVl'U,~L~Li~e:nJa~\I~B1t1ii kn1 = kn2 = 50 J-LA/y2, ~Tnl = VTn2 = 0.5 Y, AnI = An2 =
0.01Y-\ MOSFET ~\I~B\I~l~'lJ'U,l~~~b~fl~l\1n'U,~\lii ~lVl1U M1 MOSFET ~'lJ'U,lm~lnU

(W / L)l = 10, ua~ ~lVl1U M2 MOSFET ~'lJ'U,l~~~lnU(W / Lh = 50

1

,\lVll small signal voltage gain Vl1'B~z t~tJLi model 'lJB\IMOSFET ~L~L'U,formula sheets
Vs

L'U,~B~BUii
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Q-6) (25 ~~u'"'") ,lWl\l,1 cascade current mirror 1,"1u~ 12 lilVl,"~l~ R1 = 10kD,
R2 = 1kD, VDD = 5 Y alVl1U n-channel MOSFET'UlilVl"~l~l~~a:J.J~~\I~alud kn =
20 J-LA/y2, VTn = 1 Y, An = 0 y-l MOSFET U~~~~li1'l1"l~~\I~alua M1 MOSFET i1
'lI"l~~~lnU (W/Lh = 10, M2 MOSFET i1'l1"l~~~lnU(W/L)2 = 20, M3 MOSFET i1'l1"1~
~~lnU (W / L h = 10 U~~M4 MOSFET i1'l1"l~~~lnU(W / L)4 = 20

~tJ~ 12: 1\1'1' cascode current mirror cil'\r11U Q-6

(a) [15 ~~u'"'"] '\IV11~ln1~ua~1V1~~1"R2 V1~a10 1"1U~ 12 1:::U~11'J~1MOSFET u~m:
~lvll\ll" l"am"~ l~1Al;a:J.J~\IVla,~l~~l1"m;l\1il'~~," 'U q

(b) [5 ~~U'"'"] '\IV11~1~\It'!~~a\lR2 V1~aR2(max) ~vhl~ MOSFET M4 vll\11"a~1"tll\l
saturation
(c) [5 ~~u'"'"] ~1i1m1~U~I'J"'lI"1~'lIa\lMOSFET M4 vlll~i1B~11~1" (W / L)4 = 80 t~l'J~

v I '"

MOSFET ~lB"i1fJrna:J.JU~~V1~a"~~:J.Ju~~ R1 i1'l1"lm'VI1~~:J.J,\IV11rllR2(max) (rllml:J.J
~1"'VI1":J.Jln~a~~vhl~M4 iJ\lvll\11"a~1"~l\l saturation)

q 'U


