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Charge-Storage Elements:
Base-Charging Capacitance 
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■

 

Minority electrons are stored in the base -- this charge 
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Base Transit Time

 

■

 

The electron charge in the base is found by integrating the electron concentration 
in the base -- the area is 
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E

 

 (under the emitter):

 

■

 

The stored charge is proportional to the collector current:

 

■

 

The proportionality constant looks like a diffusion time (it is) and is defined as 
the base transit time:

A typical transit time is 
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F

 

 = 10 ps for an oxide-isolated npn BJT.

 

■

 

The base-charging capacitance is:
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Complete Small-Signal Model

 

■

 

Add the depletion capacitance from the base-emitter junction to find the total 
base-emitter capacitance: 
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■

 

Depletion capacitance from the base-collector junction: 
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Depletion capacitance from collector (n
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 buried layer) to bulk: 
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npn BJT SPICE model

Close correspondence to Ebers-Moll and small-signal models

.MODEL MODQN NPN IS=1E-17 BF=100 VAF=25 TF=50P
+ CJE=8E-15 VJE=0.95 MJE=0.5 CJC=22E-15 VJC=0.79 MJC=0.5
+ CJS=41E-15 VJS=0.71 MJS=0.5 RB=250 RC=200 RE=5

Name Parameter Description Units

IS transport saturation current [IS] Amps

BF ideal maximum forward beta [βF] None

VAF forward Early voltage [VAn] Volts

BR ideal maximum reverse beta [βR] None

RB zero bias base resistance [rb] Ohms

RE emitter resistance [rex] Ohms

RC collector resistance [rc] Ohms

CJE B-E zero-bias depletion capacitance [CjEo] Farads

VJE B-E built-in potential [φBe] Volts

MJE B-E junction exponential factor None

CJC B-C zero-bias depletion capacitance [Cµo] Farads

VJC B-C built-in potential [φBc] Volts

MJC B-C junction exponential factor None

CJS substrate zero-bias depletion capacitance [Ccso] Farads

VJS substrate built-in potential [φBs] Volts

MJS substrate junction exponential factor None

TF ideal forward transit time [τF] Seconds
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The Lateral pnp BJT

■ vertical pnp transistors cannot be made in the fabrication sequence that makes 
the npn oxide-isolated transistor.

■ a “free” pnp can be made in which holes are injected laterally at the perimeter of 
a p+ region and then diffuse across an n-type base region,where they are 
collected by another p region

 n+ buried layer  n+ buried layer

p-type substrate

�
�
�

�
�
�
�

�
�
�
�
�

�
�
�
�

�
�
�

p

edge of n+ buried layer

field
oxide

(emitter)

(collector)

(base)

A A

A A'

(a)

(b)

n+ n pp+ p+p

emitter(collector)base

�
�
�

�
�
�
�

�
�
�
�
�

�
�
�
�

�
�

�

�
�
�

�
�
�
�

�
�
�

�

n

nn

p+

p+ emitter diffusion

�
�

�
�
�

�
�
�
�

�
� �

�
�

�
� �

�

�
�

collector



EE 105 Spring 1997
Lecture 16

Circuit models for the Lateral pnp

■ Hole flux in the base for the lateral pnp

■ In the forward-active region, the collector current -iC is a function of vEB and the 
emitter-collector voltage vEC.
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The current gain is inferior: βF = 30-50; the base-transit time is more than an order 

of magnitude longer ... τF = 500-700 psTransistor Amplifiers

■ Perspective: look at the various configurations of bipolar and MOS transistors, 
for which a small-signal voltage or current is transformed (e.g., usually 
amplified -- increased in magnitude) between the input and output ports. 
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■ Amplifier terminology:

Abstractions: 

Sources include precisely adjusted bias voltages or currents

Source resistance is associated with the small-signal source (and neglected
for bias calculations)

Load resistance typically models another amplifier, speaker, actuator, etc.
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Amplifier Biasing

■ Input bias voltage VIN sets the DC device current, ID to precisely equal
the supply current ISUP

(note -- D = “device” here)

■ Likewise, if the input is the sum of small-signal and DC current    sources, then 
the input bias current IBIAS is chosen so that it sets
ID = ISUP

The DC output current is IOUT = ID - ISUP = 0 A, 
which implies that the DC output voltage VOUT = 0 V also.

Note: both positive and negative DC supply voltages are used so VOUT = 0 V does 
not mean that the DC voltage drop is zero!

KEY IDEA: the small-signal voltage or current source perturbs the amplifier bias, 
through iD = f (input), which results in a small-signal output current 

iOUT = iD - iSUP = (ID + id) - ISUP = id 

since the supply current is DC (iSUP = ISUP)

A small-signal output voltage is generated

vout = - RL iout , where RL is the load resistor
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Two-Port Amplifier Models

■ How do we characterize an amplifier’s response to a general input signal 
(Thévenin or Norton source)?

the controlled source is determined by output signal
(voltage or current ... we select which is of interest) and by the input signal

Therefore, there are FOUR types of amplifiers:

■ Voltage

■ Current

■ Transconductance (voltage in, current out)

■ Transresistance (current in, voltage out)

■ From network theory, any linear two-port network can be represented by 
yij, zij, hij, gij ... our amplifier models are closely related to these formal
two-port equivalent circuits, but they have

> intuitively based elements, that can depend on RL or RS

> only numerically significant elements 
(no reverse transmission from output to input is included in any of our models)

■ We need methods to find the key parameters for all four models:

Rin = Input Resistance Rout = Output Resistance

Av = Voltage Gain  Ai = Current Gain 

Gm = Tranconductance  Rm = Transresistance



EE 105 Spring 1997
Lecture 16

Two-Port Small-Signal Amplifiers

vs vin

+

−

+

−

RoutRS

AvvinRin
RL vout

+

−
vin

+

−
vout

Rin Rout
RL

RL

RS Rin
is Aiiin

(a)

(b)

Rout RL

iin

RS

vs

(c)

Gmvin

RS Rin

Rout

is Rmiin

(d)

+
−

+
−

iout

iout

iin

+
−

+
−



EE 105 Spring 1997
Lecture 16

Input Resistance Rin

■ Define systematic procedures to find the two-port parameters

■ Key idea: leave the load resistance RL attached when finding Rin

■ Apply a small-signal test source (voltage source or current source) and compute 
(using KVL, KCL, or inspection) the resulting current or voltage: 
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Output Resistance Rout 

■ Remove RL; leave the source resistance attached when finding Rout 
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Voltage Gain Av and Current Gain Ai

■ Voltage gain: open-circuit the output port (RL --> infinity) and short the source 
resistance (RS --> 0 Ω) to find the unloaded voltage gain Av:

■ Current gain: short-circuit the output port (RL --> 0 Ω) and open-circuit the 
source resistance (RS --> infinity) to find the short-circuit current gain Ai:
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Transresistance Rm and Transconductance Gm

■ Open-circuit the source resistance (RS --> infinity)and open-circuit the output 
port (RL --> infinity) to find the transresistance Rm:

■ Short-circuit the input resistance (RS = 0 Ω) and short-circuit the output port
(RL = 0 Ω) to find the transconductance Gm:
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Common-Emitter (CE) Amplifier

■ 1. Bias amplifier in high-gain region

■ 2. Determine two-port model parameters

■ Note that the source resistor RS and the load resistor RL are disconnected for 
determining the bias point
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