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Figure 4.1. Perspective view of a silicon p-n-p bipolar transistor.
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Figure 4.2. (a) Idealized one-dimensional schematic of a p-n-p bipolar
transistor and (b) its circuit symbol. (c) Idealized one-dimensional
schematic of an n-p-n bipolar transistor and (d) its circuit symbol.
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Figure 4.3. (a) A p-n-p Np=N,
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equilibrium). (b) Doping
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(d) Energy band diagram at E
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(a) The transistor shown in . electron

Fig. 3 under the active 1

mode of operation.3 (b) D M A
Doping profiles and the g O X L
depletion regions under o 5

biasing conditions. (c) |
Electric-field profile. (d) |
Energy band diagram. |
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Figure 4.5. Various current components in a p-n-p transistor under active
mode of operation. The electron flow is in the opposite direction to the
electron current.
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The device has uniform doping in each region.

The hole drift current in the base region as well as the collector saturation
current is negligible.

There is low-level injection.

There are no generation-combination currents in the depletion regions.
There are no series resistances in the device.

Active mode

Continuity eq. for E=0 (Chap 3 eq.(61) )
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Substituﬁng Eq. 13 into the general solution expressed in Eq. 12 yields
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Figure 4.6. Minority carrier distribution in various regions of a p-n-p
transistor under the active mode of operation.
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Figure 4.7. Junction polarities and minority carrier distributions of a p-n-p
transistor under four modes of operation.
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Figure 4.8. (a) Common-base configuration of a p-n-p transistor. (b) Its
output current-voltage characteristics.
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Figure 4.9. Minority carrier distributions in the base region of a p-n-p
transistor. (a) Active mode for V. = 0 and Vg > 0. (b) Saturation mode
with both junctions forward biased.
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configuration of a p-n-p transistor. (b) Its

output current-voltage characteristics.
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Figure 4.11. Schematic diagram of the Early effect and Early voltage V.
The collector currents for different base currents meet at -V,.
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Figure 4-12. (a) Bipolar transistor connected in the common-emitter
configuration. (b) Small-signal operation of the transistor circuit.



Figure 4.13.

(a) Basic transistor equivalent
circuit. (b) Basic circuit with the
addition of depletion and
diffusion capacitances.

(c) Basic circuit with the
addition of resistance and
conductance.
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Figure 4.14. Current gain as a function of operating frequency.
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Figure 4.15. (a) Schematic of a transistor switching circuit. (b) Switching
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When N¢ is very hlgh Eg is lowered, 3 is reduced
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Figure 4.21. (a) Schematic cross section of an n-p-n heterojunction
bipolar transistor (HBT) structure. (b) Energy band diagram of a HBT
operated under active mode.
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A drawback of HBT, comes from Ec barrier at EB junction



Figure

(a) Device structure of an
n-p-n Si/SiGe/Si HBT.
(b) Collector and base
current versus V for a
HBT and bipolar junction
transistor (BJT).
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Figure 4.24.

Energy band diagram
for the ballistic collector
transistor (BCT).?
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Figure 4.25.

(a) Four-layer p-n-p-n
diode. (b) Typical
doping profile of a
thyristor. (c) Energy
band diagram of a
thyristor in thermal
equilibrium.
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Figure 4.26. Current-voltage characteristics of a p-n-p-n diode.
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Figure 4.27. Two-transistor representation of a thyristor.?
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Figure 4.28.

Depletion layer widths
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Figure 4.29.

(a) Schematic of a planar
three-terminal thyristor.

(b) One-dimensional cross
section of the planar thyristor.
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Figure 4.30. Affect of gate current on current-voltage characteristics of a

thyristor.
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Figure 4.31. (a) Schematic circuit for a thyristor application. (b) Wave
forms of voltages and gate current.
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Figure 4.32.
(a) Two reverse-

connected p-n-p-n diodes.

(b) Integration of the
diodes into a single two-
terminal diode ac switch
(diac). (c) Current-voltage
characteristics of a diac.
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Figure 4.33.

Cross section of a triode ac
switch, a six-layer structure
having five p—n junctions.
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Figure

The gate turn-off thyristor
with a negative voltage
applied to the gate. The
main applications of
thyristors.10
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Figure
The main applica-
tion of thyristors.0
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