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1 BJT
1.1 Cutoff Mode

e When V; < Vgg(on), it can not turn on the BE-Junction diode, the BJT is in cutoff mode
Vt‘: C

2.1~ = fA8Ig =0, Ry = short circuit

0.V: < Vpg(on) =0.TV

V{j 4.Ve = Vee

1./ =10, Rg = short circuit
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1.2 Forward Active Mode
e When ‘/[ > VBE(OH) s IB 75 0 and VCE > 0.2V
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1.3 Saturation Mode
Re-consider the Vi again Vo = Vee — IcRe
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=Veec — BIpRc = Voo — BRe <%BE()>
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If V increase, Vo decrease
Re-consider the Vg again
Ver = Ve — Vi
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If V7 increase, Vo decrease

When Vg drop down to a value that I is independent of Iz , the BJT is now working in saturation
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Veog(sat)
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mode.
In saturation mode :
0.Assume Ve = Veg(sat) = 0.2V

Vee(on) = 0.7V

: 1/ Lt
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Veor in this case will be smaller than Vog(sat) = 0.2V :

VCE — VC - VE

= (VCC + VBE<OH>> — ‘/] — Ic(SCLt)RC

VCC — VCE (sat)

Ver = (Vee + Ver(on)) — Vi — 7 Rc
C
VCE = VCE(sat) — ‘/[ — VBE(on)
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Vi > Vgg(on) , otherwise, cutoff mode ( contradiction ! ), thus V; — Vgg(on) > 0, and thus

Ver = Vogr(sat) — | Vi — Veg(on) | < Veg(sat)
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Ver < Veg(sat) = 0.2V

2 MOSFET
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2.1 MOSFET Device
2.1.1 Cutoff

When Vgg = 0, the MOSFET is just like two back-to-back diode, no current, so cut off.

Ips =0

When Vigg > 0 but Vg < Viry , since the MOSFET structure looks like a capacitor, there is some
positive charge stored in the metal plate, while in the semiconductor, there is some negative charge.
Since the Vg is not large enough , so there is no “n—channel” , there is still no current.

2.1.2 Triode / Active

When Vg > Viyy , there is enough voltage or E-field attraction to establish a n—channel in the
semiconductor, so the 2 n-semiconductor can now have current pass through. Ipg # 0

V
o The E-field that cause the current to drift : Epg = %S
. Lo _ Vps
e Thus the drift velocity is vy = u, EFps = unT
Vi
e Thus the drift current density (in A/m) is J; = Qug = Qcap,un%s

e Where the @ (in C/m ) is the charge that drift in the n-channel, it comes from the charges stored
in MOS capacitor Qcap

Cosider the MOS capacitor Qcap = C'Veqp

The Vi, is the excess voltage of Vs @ Viewp = Vas — Vin

Qcap = C (Vas — Vi)

Vi
Ji=CVas — Vrn) Mn%
w w .
I= JdW = C’unf (VGS — VTN) VDS = knf (VG’S — VTN) VDS ( In the S—51de)
w w .
I = JdW = Cﬂnf (VGS — VTN) VDS = knf (VGS — VTN — VDS) VDS (In the D—51de)

In the middle of the device, assume linear relationship, the average current

w V
Ips :knf (VGS —Vrn — %) Vbs

2.1.3 Saturation

When VDS = VGS — VTN

%%
Ips = knf (VGS —Vrn —

Vas — Vrn

k, W
5 — (Vos — Ven)? = K (Vas — Von )

) (Vas — Vrn) = >



2.2 MOSFET Circuit Operation
2.2.1 Cutoff
UDD
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G 0.Ves < Virn

US 1.1 = O {always) US
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2.No channellp =0

UD 3.Vp = Voo

2.2.2 Saturation UDD

U 5.Vps =Ve—=Vs
UG DS Vo Ve =V

1.1 = 0 (always)
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2.2.3 Triode / Active 0.Ves > Vo

3.1p=Kn(2 (Vs = Vrn) =Vps) .LJ-:D RD BVo=Va+ Vs
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