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e Cutoff - NPN

* B-E junction <V,,, C-B junction reverse biased

e Both diodes are ‘off’
 No current flow

V
IC = IE = IS le(ﬁ)] = IS
IB =0

ELE 4142 2 © tj



* Cutoff - PNP

* E-B junction <V,;,, C-B junction reverse biased

gyl o

<VbI +

e Both diodes are ‘off’
 No current flow

V
IC = IE = IS le(nLV?)] = IS
IB =0
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e Forward Active Mode - NPN

* B-E junction forward biased, C-B junction reverse biased

m

* Collector Current
* By convention we reference all the gd N
C +

the currents to the collector ”
- N
VBE
Ic = [e<”VT)] for Ve > few V;, n and | device dependent
VBE
I 1 —2&
IB = EC s EIS [e(nVT)]

: lIS [e(%)]
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Ic = plp Ig =1c+1Ip
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e Forward Active Mode - PNP

* B-E junction forward biased, C-B junction reverse biased

e Collector Current
* By convention we reference all the
the currents to the collector E¢—
+

il o
AAN

5]
Ic =[5 le\"VT for Vg > few V;, n and I device dependent

BEpEE . G2)]

: lIS [e(ZLVf‘)]
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I
R |
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I

Ic = plp Ig =1c+1Ip
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* Saturation - NPN
e B-E junction forward biased, C-B junction forward biased

* Due to the relative doping concentrations D; > Dg >D,
Both diodes forward biased leads to
e Electron diffusion dominant in the B-E junction

* Hole diffusion dominant in the B-C junction
e but smaller than B-E electron diffusion
* Net C-E current, linearly dependent on the C-E voltage
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* Saturation - PNP
e B-E junction forward biased, C-B junction forward biased

* Due to the relative doping concentrations D; > Dg >D,
Both diodes forward biased leads to
* Hole diffusion dominant in the E-B junction

e Electron diffusion dominant in the C-B junction
* but smaller than E-B electron diffusion
* Net E-C current, linearly dependent on the C-E voltage
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e Reverse Active Mode - NPN
* B-E junction reverse biased, C-B junction forward biased

e The Emitter acts as the Collector and the Collector acts as
the Emitter

* Emitter Current §|
* By convention we reference all the C

the currents to the emitter

C2)
I = I le\"VT for Vg > few V;, n and | device dependent

VBC

1y == 21, o)

it [
a
IE:BIB IC=IE+IB

fr is much smaller than S
due to the relative doping of Cand E
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e Forward Active Mode - PNP

* B-E junction reverse biased, C-B junction forward biased
* The Emitter acts as the Collector and the Collector acts as

the Emitter >
* Emitter Current PN | P
* By convention we reference all the 3 c
: + -\ -
the currents to the emitter : \/\E
62
I = I le\"VT for Vg > few V-, n and | device dependent
|74
B S .
B B S is much smaller than (.
1 1 (VCB) due to the relative doping of Cand E
Ic=—Ig =—1I [e nVr ]
C RN T ks
Ip = Blp Ie = Ig + I
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* NPN — 4 regions of operation
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* NPN — Early Voltage

* Increasing V =2 wider depletion region and greater
electric field

* = increasing |,

* The curves converge on the Early Voltage, -V,

—
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* NPN — Beta variation
* Excess carriers in the base cause 1" base current 2 | B
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* NPN - VCEsat

e Saturation voltage
* Lowest the collector will “pull down” while still providing

current

SdtUrated

C

Forward Active

LJ
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* PNP — 4 regions of operation
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* PNP — Early Voltage

* Increasing V. = wider depletion region and greater
electric field

* = increasing |,

* The curves converge on the Early Voltage, -V,

-
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* PNP — Beta variation

* Excess carriers in the base cause 1" base current 2 | B

DC Sieep | 2N3906
PNP_curve trace 500uA Ig steps
DC Transfer Characteristic
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* PNP - VCEsat

e Saturation voltage
* Highest the collector will “pull up” while still providing

current

lc

SdtUrated

C

'& Forward Active
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* In forward bias(B-E), carriers are traversing the
depletion region and create an excess of minority
carriers in the N and P regions

Reverse Bias Forward Bias

B

electrons

excess
minority
carriers
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 Switching from forward bias to reverse bias

* Excess minority carriers must be removed

* - reverse (negative) current flow

ELE 4142

Amplitude is a function of V. and minority carrier lifetimes
Storage Time —t,

* Time for concentrations to reach their OV bias level

Recovery Time —t,

* Time for concentrations to reach their reverse bias level

Reverse Recovery Time —t,,

* Sumoft,andt,

Turn Off

i(t)

Forward Bias

excess
minority
carriers

Reverse Bias

electrons
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* Switching from reverse bias to forward bias

* No excess minority carriers to be removed

Reverse Bias

* - No storage time el
* Fast transitions e il —

V

Forward Bias

excess
minority
carriers
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e Simulation Example r—
Parameter Sweep Transwent] Transient . . . .
BJT_Switching_Circuit BJT_Switching_Circuit
Transient Transient
6] 60m |
T 5ie " " . < 50m - ~
E 44 E 40m A
3 3] i 30m |
)% 5] Voltages ’§ 20m A Current .
% 1] E 10m
E 0 £ £ W E Om
- . . . -10m . .
0.0p 05p 100 150 2.0u 25u 3.0p 35u 4.0 0.0u 05p 1.0p 15
e — - — - - — - . T LIT]B_(S) __________ = . a === o — - — - B . .
i EVH} HZ\-"I_Z} DII_Q‘I[IC]} i i D\-"I_‘I) DVI_Z} HZII_CN[IB]} BII_OHIC]}
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, <
N -
Parameter Sweep l N
BJT_Switching_Circuit
Device Parameter Sweep
.
: | | Thelarger R2
— 4 the deeper Q1
R2 swept from |2 .] . .
=y R2=2 goes Into saturation
20Q to 1K Q +% 21 R2=1KQ
= —>
0 = longer base recovery
_‘| .
'wup 1.§5u 2.ﬁDu 2.0'5u 2.1'Du 2_1'511 2.2@ 2_ﬁ5u z.ﬁuu 2_3'511 2.15;Du 2.45;1' times
Time (s)
HZV[‘I ). m2 resistance=20 IZ‘-f[IZ}-. m2 resistance=20 = (1), m2 resistance=25.1785 & W(2), m2 resistance=25.1785 |
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* Schottky Transistor
 Combine BJT with Schottky diode

* Used to prevent the BJT from going into saturation
* Improved switching time

* Can be built very efficiently on an integrated circuit

a]

s
&
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