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Small-Signal Model
of the Forward-Active npn BJT

 

■

 

Transconductance (same concept as for MOSFET):

Ebers-Moll (forward-active):    

Evaluating the derivative, we Þnd that
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Input Resistance

 

■

 

The collector current is a function of the base current in the forward-active 
region (recall 
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highly variable from device to device)

 

■

 

Since the base current is therefore a function of the base-emitter voltage, we 
define the input resistance 

 

r

 

π

 

 as:

 

■

 

Solving for the input resistance

 

■

 

For a high input resistance (often desirable), we need a high current gain or a low 
DC bias current.
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Output Resistance

 

■

 

The Ebers-Moll model has perfect current source behavior in the forward-active 
region -- actual characteristics show some increase:

 

■

 

Why? Base width shrinks due to encroachment by base-collector depletion 
region

Approximate model: introduce Early voltage 
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Model:     

 

■

 

Output resistance:
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Numerical Values of Small-Signal Elements

■ Transconductance:

IC = 100 µA, Vth = 25 mV --> 

Note: gm varies linearly with collector current and is independent of device 
geometry, in contrast to the MOSFET

■ Input resistance:

βo = 100, IC = 100 µA, Vth = 25 mV --> 

■ Output resistance:

IC = 100 µA, VAn = 35 V --> 

VAn = Early voltage increases with increasing base width and decreases with 
decreasing base doping.
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Charge-Storage Elements:
Base-Charging Capacitance Cb

■ Minority electrons are stored in the base -- this charge qNB is a function of the 
base-emitter voltage

■ base is still neutral... majority carriers neutralize the injected electrons
qPB = qNB 
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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 AE (under the emitter):

■ The stored charge is proportional to the collector current:

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

A typical transit time is τF = 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 Þnd the total 
base-emitter capacitance: Cπ = CjE + Cb 

CjEo is proportional to the emitter-base junction area (AE)

■ Depletion capacitance from the base-collector junction: Cµ

Cµo is proportional to the base-collector junction area (AC)

■ Depletion capacitance from collector (n+ buried layer) to bulk: Ccs 

Ccso is proportional to the collector-substrate junction area (AS)
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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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NPN General Purpose Amplifier
This device is for use as a medium power amplifier and
switch requiring collector currents up to 500 mA. Sourced
from Process 19.

Absolute Maximum Ratings*      TA = 25°C unless otherwise noted

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

NOTES:
1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

Symbol Parameter Value Units
VCEO Collector-Emitter Voltage 40 V

VCBO Collector-Base Voltage 75 V

VEBO Emitter-Base Voltage 6.0 V

IC Collector Current - Continuous 1.0 A

TJ, Tstg Operating and Storage Junction Temperature Range -55 to +150 °C

 1998 Fairchild Semiconductor Corporation

Thermal Characteristics      T
A
 = 25°C unless otherwise noted

Symbol Characteristic Max Units
PN2222A *MMBT2222A **PZT2222A

PD Total Device Dissipation
Derate above 25°C

625
5.0

350
2.8

1,000
8.0

mW
mW/°C

RθJC Thermal Resistance, Junction to Case 83.3 °C/W

RθJA Thermal Resistance, Junction to Ambient 200 357 125 °C/W

*Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06."

**Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm2.
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Electrical Characteristics      TA = 25°C unless otherwise noted

Symbol Parameter Test Conditions Min Max Units

OFF CHARACTERISTICS

ON CHARACTERISTICS

SMALL SIGNAL CHARACTERISTICS
fT Current Gain - Bandwidth Product IC= 20 mA, VCE= 20 V,  f= 100 MHz 300 MHz

Cobo Output Capacitance VCB = 10 V, IE = 0, f = 100 kHz 8.0 pF

Cibo Input Capacitance VEB = 0.5 V, IC = 0, f = 100 kHz 25 pF

rb’CC Collector Base Time Constant IC= 20 mA, VCB= 20 V, f= 31.8 MHz 150 pS

NF Noise Figure IC = 100 µA, VCE  = 10 V,      
RS = 1.0 kΩ, f = 1.0 kHz

4.0 dB

Re(hie) Real Part of Common-Emitter
High Frequency Input Impedance

IC = 20 mA, VCE = 20 V,
f = 300 MHz

60 Ω

SWITCHING CHARACTERISTICS

*Pulse Test: Pulse Width ≤ 300 µs, Duty Cycle ≤ 2.0%

Spice Model

V(BR)CEO Collector-Emitter Breakdown Voltage* IC = 10 mA, IB  = 0 40 V

V(BR)CBO Collector-Base Breakdown Voltage IC = 10 µA, IE  = 0 75 V

V(BR)EBO Emitter-Base Breakdown Voltage IE = 10 µA, IC  = 0 6.0 V

ICEX Collector Cutoff Current VCE  = 60 V, VEB(OFF)  = 3.0 V 10 nA

ICBO Collector Cutoff Current VCB = 60 V, IE  = 0
VCB  = 60 V, IE  = 0, TA = 150°C

0.01
10

µA
µA

IEBO Emitter Cutoff Current VEB = 3.0 V, IC  = 0 10 nA

IBL Base Cutoff Current VCE = 60 V, VEB(OFF)  = 3.0 V 20 nA

hFE DC Current Gain IC = 0.1 mA, VCE = 10 V
IC = 1.0 mA, VCE = 10 V
IC = 10 mA, VCE = 10 V
IC = 10 mA, VCE = 10 V, TA = -55°C
IC = 150 mA, VCE = 10 V*
IC = 150 mA, VCE = 1.0 V*
IC = 500 mA, VCE = 10 V*      

35
50
75
35

100
50
40

300

VCE(sat) Collector-Emitter Saturation
Voltage*

IC = 150 mA, IB = 15 mA      
IC = 500 mA, IB = 50 mA

0.3
1.0

V
V

VBE(sat) Base-Emitter Saturation Voltage* IC = 150 mA, IB = 15 mA
IC = 500 mA, IB = 50 mA

0.6 1.2
2.0

V
V

td Delay Time VCC = 30 V, VBE(OFF) = 0.5 V, 10 ns

tr Rise Time IC = 150 mA, IB1 = 15 mA 25 ns

ts Storage Time VCC = 30 V, IC = 150 mA, 225 ns

tf Fall Time IB1 = IB2 = 15 mA 60 ns

NPN (Is=14.34f  Xti=3  Eg=1.11 Vaf=74.03  Bf=255.9  Ne=1.307  Ise=14.34f  Ikf=.2847  Xtb=1.5  Br=6.092  Nc=2 Isc=0
Ikr=0  Rc=1  Cjc=7.306p  Mjc=.3416  Vjc=.75  Fc=.5  Cje=22.01p  Mje=.377  Vje=.75  Tr=46.91n Tf=411.1p  Itf=.6
Vtf=1.7  Xtf=3  Rb=10)

NPN General Purpose Amplifier
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Typical Characteristics

Typical Pulsed Current Gain
vs Collector Current
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vs Ambient Temperature
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(continued)

 P
N

2222A
 / M

M
B

T
2222A

 / P
Z

T
2222A



Typical Characteristics  (continued)

Power Dissipation vs
Ambient Temperature
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vs Collector Current
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NPN General Purpose Amplifier
(continued)



Typical Common Emitter Characteristics  (f = 1.0kHz)

Common Emitter Characteristics
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NPN General Purpose Amplifier
(continued)
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Test Circuits
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FIGURE 2: Saturated Turn-Off Switching Time

FIGURE 1: Saturated Turn-On Switching Time
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NPN General Purpose Amplifier
(continued)

NOTE: BVEBO = 5.0 V



TRADEMARKS
The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:
1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition

Advance Information

Preliminary

No Identification Needed

Obsolete

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Formative or
In Design

First Production

Full Production

Not In Production

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

PowerTrench
QFET™
QS™
QT Optoelectronics™
Quiet Series™
SILENT SWITCHER
SMART START™
SuperSOT™-3
SuperSOT™-6
SuperSOT™-8

FASTr™
GlobalOptoisolator™
GTO™
HiSeC™
ISOPLANAR™
MICROWIRE™
OPTOLOGIC™
OPTOPLANAR™
PACMAN™
POP™
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ACEx™
Bottomless™
CoolFET™
CROSSVOLT™
DOME™
E2CMOSTM

EnSignaTM

FACT™
FACT Quiet Series™
FAST

SyncFET™
TinyLogic™
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VCX™








