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Formula sheets for 210-231: Principles of Electronics

COLLECTOR

BASE —<

EMITTER

NPN Transistor

CUTOFF

Ig >0 o
VBE(ON) =0.7V IC = IBFIB

FORWARD-ACTIVE E

Ig >0

B C
VBE(ON) = 0-7V% —E_O]-VCE(SAT) ~ 0.3V

SATURATION E

g‘lh?i 1: Large signal circuit model for NPN transistor

EMITTER

BASE {

COLLECTOR

PNP Transistor

§ PIe=0
B o= —o C
CUTOFF Ig=0 Ic=0
E
VeBon) = 0.7V I = Brls
B &)
Ig >0
FORWARD-ACTIVE
E
VeB(on) = 0.7VﬁVEC(SAT) ~03V
B |
Ig >0 C

SATURATION

gﬂﬁ 2: Large signal circuit model for PNP transistor
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Formula sheets for 210-231: Principles of Electronics
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g‘ﬂﬁ' 3: Small signal circuit model for NPN transistor
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Formula sheets for 210-231: Principles of Electronics

D
Go—ﬁ 7 IDS =0
Vas Vas < Vi
SI Cut—off

G
S

N — Channel
MOSFET

Ips = % (%) (Vos - Vb)?

D
G o—o VGS > ‘/t
’ Ips
Vas Vps > Vgs — V;

Saturation

Ips =
D
G'O——_ﬁ VGS > Vt
I
Ves s Vps < Vgs — V4

Triode

gﬂﬁ 5: Large signal circuit model for n-channel MOSFET

S
V<0 +o—i—‘ Isp =0
Vsa < —V;
G 4 Cut—off
D
S Isp = ¥ (%) (Vsg + V2)?
S
G —u#
+
D Vg . Vseg 2 —V;
P — Channel| G Vsp > Vs + V;
MOSFET D Saturation
Isp = £ (%) (2(Vsc + Vi) Vsp — Vp)
S
;SG ISD VSG 2 _‘/t
G — Vsp < Vsg + V4
D Triode

gﬂﬁ 6: Large signal circuit model for p-channel MOSFET
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Formula sheets for 210-231: Principles of Electronics
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N-Channel MOSFET: Mid-band small signal model

ips =5 (%) (Vas — Vi)?

dips
9m = P
UGS lvgs=Vas
gm =K () (Vas —V4)

ips = & (W) (Vas — V2)*(1 + Avps)
—q
Oips
Ty =
3’UDS vps=Vbps,vgs=Vas
1 1
Ty =

: Small signal circuit model for n-channel MOSFET

P-Channel MOSFET: Mid-band small signal model

isp =% (%) (Vs + Vi)

_ 0Oisp

9m =

Ovsg

vsec=Vsa

gﬂﬁ 8: Small signal circuit model for p-channel MOSFET
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Bo-WINANA TUAUNANLN Section
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gﬂﬁ 9: 1astoniilfluie (Q.1)
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Be-unana sandnm Section
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gﬂﬁ 10: 29asdmsude (Q.1)
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iz =
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To-unana sWawndnm Section

(Q.2) ;njﬁ 11 mvualiuvasousdu Vs = (5V)sin(2r(2t)), Vr = 0V, Rs = 2Q uay
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gﬂﬁ 11: Wasd@msutie (Q.2)

(a) (3 ATUWW) MUIMANNAWAND V;(£)

2554-1 PSU Final Exam Page 8 of 18 210-231 Principles of Electronics



Bo-wwana sWanndnm Section
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Bo-uINana IUAUNANE Section

(Q.3) Nﬂﬂugﬂﬁ 13 1% op-amp iuqﬂuﬂﬁ 26

(5 aTuuR) MManunandnd v,

Vo =
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fa-umana sawndnmn Section

(Q.4) 151Ut 14 1 op-amp wvvliganad Tay op-amp ludeiazfidautszney moludagud
15 nmualf Ry = 50kQ, Ry = 1MQ, R;y = 50k, Rp = 109, A = 1000, uas V;
SIIVERERTITE R

Ry Ry

Vi B e
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gﬂﬁ 14: 29a5dm5utie (Q.4)
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Bo-UNdNa INARNANTN Section

Q.5 ’Nﬂielugﬂﬁ 16 § transistor #8961 Q1 \ilu PNP transistor Wag Q> viJi NPN transistor
MURAWUNAINBUTU Voe = 10V, V; = 0.3V, Vs = 2V, fhdumu R, = 2.5k,
Ry = 2.5k, uay Ry = 1kQ @5 transistor YNG09MIRN Sr = 99

717 16: Wasdmiuiia (Q.5)
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(5 AZURK) MUIMAANNANGNY Vi, Vicr, Veors Wasnssud [
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fo-uwnana sadndnw Section

o y . o g AW

(Q.6) 29a51u3U#1 17 1§ n-channel MOSFET #iflqaasniadsil K = 100 % T =10%=1V,
Vsp =0V uag A =0.002V-1  REumu Ry = 5kQ  uwnaangnssuansy [, = 1mA
WaY WHENIENIERAaRY io(t) = (LuA)sin(wt)  Amualk vg = Vg + B(t) laoft Vg

Wnaanuandndn dec wag Vpp =5V

gﬂﬁ 17: Wasdmsute (Q.6)

(2) (2 AZUNK) MAANNANTNE Vg

Ve =
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(b) (3 AZLUY) MAANNANTNE Tp(t)

Uy(t) =
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(Q.7) 1Waslugulit 18 1 op-amp luganad lagd output 189 op-amp @nnTa¥OLHmMIut 0

9 10 v Tavagl#uify p-channel MOSFET #iflgmsantifidait K = 100 ‘\;—2 7 =10,
Vi=—1V, Vsg =0V waz A = —0.002V-1  &himumu R, = 1kQ uag Ry = 5kQ

WASNIBUNAU Vop = 10V

+
‘/'1 _ R2 YO
1L Ll 1

gﬂﬁ 18: Wasdmsute (Q.7)

(2) (2 ASUUB) MAANNANTND Vo e V; =9V

Vo=
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(b) (3 ATuuR) MaaNuandnd Vg iito Vi=9V

Ve =
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