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ELEC ENG 2EI5
ELECTRONIC DEVICES and CIRCUITS |

Term I, January — April 2005

PSPICE Demonstrations and Exercises (SET: 14

Instructor: Dr. M. Bakr
Prepared by: Dr. M. Bakr and Anthony Bilinski

Objective: To learn and use the PSpice model and its parameters for Bipolar Junctioators{isiT).
To understand and explain the output and transfer characteristics of the BJT.

Example 1 Sketch the common-emitter output
characteristic for the npn Bipolar Junction transistor in the
shown circuit folg=10pA. Verify your result using a

simulation in PSpice. Vary the collector-emitter voltage
Vce between -5V and 10V with a step size of 10mV. |
Perform this sweep for base curreits{10uA, 30uA,
50uA}. Plot the resulting collector current waveforms. Fpr
the BJT the saturation currentlis0.1fA

Analysis:

To determine the shape of the
output characteristic calculate the
collector current as a function of
the collector-emitter voltagéce.

The +0.2V value is an
assumed small voltage
range around OV.

ForVce<0.2 (an assumed sm
voltage). The transistor i Common-emitter Output
operating in the reversé€-active Characterisitic of the NPN transistor
region.lg=-Lrlg=- 300
IC:IE/aR:'6q1A- - o=a s
For -0.24/ce<0.2V the transistor < ]
is operating in the saturation = o

; & 150 -
region and appears as a closed -
switch with varying currents 3 S
maintaininglg+lc-1g=0. For g 50 /
Vce>0.2 the transistor is 2 ‘ —0 ‘ :
operating in the forward active S B 3 LRHQ,I 1 3 5
region.lc=4lg and 100
le=lc/ ar=26QuA. Voltage V¢g (Volts)
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Building the Circuit: FiscElERR x|
The circuit consists of 3 components:| = Fat
A current source, voltage source anc [abreakN -
npn BJT. The name of the generic Fait Lk &I
model for the npn BJT is QBreakN. MbreakN4D o] AddLibrary.. |
Similarly the pnp transistor is referred = |MbreakP .

. tbreakP3 Remove Library |
to as QBreakP. These devices can bg = |mbreakPaD
found in the BREAKOUT library. MbreakPd Part Search... |
L MbreakP4D
Construct the circuit as shown. POT L
[breakL
T TE] hd Help |
Libraries: — Graphic
AEM . ?
e & Namal Qs
ANALDG_P £ teorvert
BREAKOUT
Q1 Dezign Cache — Packaging
VCE @ |EWaAL :
(' avenn  ovece | |s0lRce sssefa 1| QbreakN

= SOURCSTM . —
B - SPECIAL o 2

Type: Homogeneous %

Rename the ground node to be “0”. Now edit the
PSpice model parameters for the npn transistor: Seject
the npn transistor by clicking on it and then from thq oy
edit menu click PSpice Model to load the model edior A e e
The QBreak model for the BJT has many parameteys. " T
Some of them are summarized in the shown 1 | -
Symbol | Spice Model Default In thePSpice Model Editor change the forward and
Name Parameter Value reverse Beta parameters to 25 and 5 respectively
| Is Saturation 0.1fA given in the problem state_ment_. Save the changes
S Current ' and return to the schematic editor.
IBF Bf CuFr?er\I{]vtag;m 100 |= pset14examplel.lib - OrCAD Model Editor Demo - [Qbreak
Forward Early File Edit Yiew Model Plob Tools  Window Help
VAF VAf o0 ~ ; " -
Voltage D= || @] 5] %|E=|@] &la]e] 5] =
- Rb Base ohmic 00 [Mode #||.model Qbreakn NPN Bf=25 Br=5
resistance Model Marme | Tvpe
G Br Reverse current 1 Qbreakn BT
gain | I g

Ready
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7

BJT in this format.
Netlist:
* source PSET14EXAMPLE1

View the netlist to see how PSpice represents tf

Q1 NOOO65 NO00118 0 Qbreakn
V_VCE NO00065 O Ovdc
|_IB 0 NO00118 DC OAdc

€

The BJT statement begins with Q
followed by a unique name. The nodg

The model for the operation of the BJT transistg
used in Jaeger is actually a simplified version of
more complex model called the Gummel-Poon
Model. It is this complex model that forms the
heart of the model used by PSpice for simulation.
Calculations using the simplified model should ro
exhibit very much deviation from the more
complex and accurate model used by Spice
however the results may differ slightly.

=~

a

[y Simulation Settings - PSet14Examplel

to which the element is connected are

General Analpsis |Incluu:|e Filesl Librariesl Stimulus I Elptinnsl Data Collection I Probe Windnwl

then listed in the order of those
connected to the collector, base, and| = &nasis e POMEpTREIEY S
emitter. Take note that the collector DLz 9Vl lia:
currentlc is the negative(-) of the Optians: rr: ETD[LB&TD:::;E; Modeltype: | 7
current through the sourVce. -. C Model paramaler el rame —

Simulating the Circuit: [honte Eaflm’Wurzt Case " Temperature Parameter name; I
To construct the common-emitter E?:ﬁ;ﬁf;ﬁiﬁiw] ~Gweeptupe
output characteristics for the npn . & Liea Statvabe: |5
transistor a DC Sweep simulation must  |JLaad Eias Paint Endvaiue: 1D
be performed oWce for each of the € Logaittmic [Decace <] N T
requested values ¢f. Create a new '
simulation profile and for the analysis € Valuelit |
type select DC Sweep. Set up the
primary sweep of VCE as shov

s G | | ke |

X

General  Analysis ||nclude Filesl Lihlariesl Stimuluz | Elptionsl [Data Collection | Frobe Windawl

Select a Parametric Sweep as
shown and set it up to sweep th
current sourcégs for the values
specified in the problem
statement. Ensure the box besig
the Parametric Sweep option
contains a checkmark and click
OK to complete the set-up and
return to the schematic. Run the
simulation

11%

Analyziz type: — Sweep vanable
IDE Sweep j " Waoltage source N ame; IIB
) £ Curment source Wodslt Iﬁ
- odel pe: -
Dptlahs. " Global parameter =
[#Primary Sweep " Model parameter M odel name: I
[15ecandary Sweep - B : . I—
[IMonte Carlo/wWorst Caze Vstig izl el ElnaE
Paramatric Swesp
[ 1T emperature [Sweep) - Sweep type
[15Save Biaz Point " Linsar Start walue; I
[]Load Bias Point )
End walue: I
" Logarithmic IDecade "'I
|nerement: I
0 Walue list [10u, 30u, S0u
] I Cancel Apply Help

e
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2. 0mA

The probe window appears. Click the Add
traces Button and add a trace for the collecto
currentlc which is given by the negative of th
output variable I(VCE). The resulting graph i
shown.

-

0omA

UI=1D

0A-= =

To determine which curves corresponds to
which value of the curreng click on a curve
with the right mouse button and select

information. A dialog will appear containing |
information about the state of the circuit when — -sv oV 5V 10V
the simulation was performed. Thus the greg

V_VCE

curves corresponds tg=100A. Labels can be added to each
: : PYHEEESo. curve using the Text Label
x| Cursor 1 Button. Click the text label
@ -I{YCE) Cursor 2 button and typés=10uA.
This trace came from one simulation run EI
ext Labe .
A L
Step I_IE = 10.0000E-06 | ‘m' E E Lf
Temperature = 27.0 Deg Enter text label.
Simulation at 12:15:07 on 062204 -
The simulator created 1501 daka points, I|E=-I Ot Click OK and
This trace is being displaved using 1501 data points., - stamp the label
] Cancel | )
- - beside the green
Ok . .
curve to which it
corresponds.
2.0mA Repeat for the othef
two plots which
correspond t@0pA
i B=0VUA and SQJ.A
1.0mA
:B=30OuUA
EB=10uUA
l =3 L3 2
OA - -
-1.0mA
-5V ov 5V 10V

a o + -1 (VCE)
V_VCE

Notice that the collector current is higher wheis higher. Note that in the reverse and forward activé
regions the collector current is virtually constant and does not deparg bat in the saturation region
the current varies quite dramatically with small chang&&#n

D
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Using the cursor measure the collector current in the
reverse and forward active regions to determine if our
calculations were correct. Click the Toggle Cursor buttgn

on the curve corresponding lig=10uA. the value is read
from the second column as 68. This is exactly the
value previously calculated.

Now move the cursor to any point on the same plotin t
forward active region. The value is again read from the
second column as 2(@A. The value calculated was

26QuA and thus there is a minor and negligible differen¢
between the two results.

Example 2) Sketch the common-emitter transfer
characteristic for the npn Bipolar Junction transistor for
the case wheWgc=0. The CE transfer characteristic sho
the relationship between the collector currerdand the
Base-emitter voltag¥se. Verify your result using a
simulation in PSpice. Discuss the similarities between thi
characteristic and that of a pn junction diode. For the B
the saturation current 1c=0.1fA

Analysis:
SinceVpc=0 the equation for the collector current reduct

tol. = I{exr{\%]—l} This is exactly the formula for

a
the diode current.

Common-Emitter Transfer
Characterisitic for the npn BJT

3.5

1.5 A

Collector Current (Amps)

0.5
0 T T T ‘—/

0] 0.2 0.4 0.6 0.8 1

Base-Emitter Voltage (Volts)

to activate the cursor. P

_ _ A1 = -1.7988, -60.000u H
Use cursor Al and its controlling left mouse button to A2 = -4.998@, -60.000u B
move the cursor to any point in the reverse active regign le_ 3.2088, 21. BEBp

258.888u
—-68.80808u
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Building the Circuit: V_Ammeter-IC  0Vdc
The circuit is basically the same as that used in Example 1 above. Again - II| I.
a 0Vdc voltage source is used to function as an ammeter to monitor the
collector currentc. The Circuit is shown to the right.

. Q1
Netlist: »
*source PSET14EXAMPLE?2 VBE Q%eakn

+

Q Q1 NO0087 NOO0O0O7 0 Qbreakn OvVdc—
V_VBE NOOO0O7 0 0vdc T
V V Ammete-IC  N(0O007 NO0087 ovd
Simulating the Circuit: 1
Create a new simulation =
profile and set-up a DC |
Sweep for the V0|taQVBE as General &nalysis |Include Filesl Librariesl Stimuluz I Dptionsl Data Callection I Probe Windowl
shown. Run the simulation PR _

nalyziz type: — Swieep variable
anl(lj add a trace foLthﬁ DC Sweep &+ Voltage source I arne: "BE
co eCtor Current wnic " Cument source
corresponds to the current o b I r
through the OVdc ammeter € Modelparameter Mo8Elm=: |
voltage source. The resulting Monte Cato/worst Case | | - Temperalue Peremeterrane: |

H [ 1Pararnetric Sweep

plot is shown belov Sl
[15ave Bias Paint = Linear Start walue: |1m
[1Load Bias Paint Erd value: |1—
" Logarithmic IDecade 'I '
|Hiererment: |2Dm
" Walue list I
k. I Cancel I Ay | Help

)
I
|
I
2. 0A "
i
1. 0A
l
/
0A ,,/z/
ov 0.2V 0.4V 0.6V 0.8V 1.0V

ol (V_Ameter-1C)
V_VBE
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View the semi log plot of the transfer characteristic by
clicking the Log Y Axis button. The plot appears as a k. | M fEr % | [y
straight line. To find the slop of this line we use the cursor.
Applying cursor 1 at approximately 100pA and cursor 2
approximately 1QA account for 5 decades. Thus the
voltage difference between these two points divided by
gives the voltage difference per decade. 357.955m, 182_.828p
Voltage _ 297.727mV _ 655 .682m, 18.228u
decad  Edecade =59.5mV/decade160mV/decade dif=-297.727m, -18.228u

An increase of only 60mV in the base-emitter voltage wi
increase the collector current by a factor of 10.

Similar Circuits and Exercises:

Problem 1) Sketch the common-base output
characteristic for the npn Bipolar Junction transistor in
the shown circuit fotg=0.2mA. Verify your result using
a simulation in PSpice. Vary the collector-base voltage |
Ve between -0.85V and 5V with a step size of 10mV,| E l B +
Perform this sweep for emitter currefgs={0.2mA, _ VCB
0.6mA, 1mA}. Plot the resulting collector current
waveforms

Problem 2) Sketch the common-emitter output
characteristic for the pnp Bipolar Junction transistor if C
the shown circuit folg=10pA. Verify your result using
a simulation in PSpice. Vary the emitter-collector
voltageVce between -5V and 10V with a step size of
10mV. Perform this sweep for base currdgts{10uA,
30uA, 50uA}. Plot the resulting collector current lB
waveforms.

EC




