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. . @ Universi_tyof
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Course Text
Introduction to
Muhammad H. Rashid pspice’
Introduction to PSpice Using USIII!] __
OrCAD for Circuits and 8&%%
Electronics 3rd Edition and Hlectronics
Prentice Hall 2003 e
Z5:CISEERERSESEs
ISBN: 0131019880 S Etaesas oz ==
Includes: EEmsEEEEEmiEE
ORCAD Capture Lite 9.2
Price:
rice: £36 (approx) Muhammad H. Rashid
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Un |ver5|ty of

Analogue Simulation &8 Reading
Further Reading

: Computer-aided Analysis
J. B. Grimbleby wiboipal
: . Electronic Networks
Computer-Aided Analysis and R

Design of Electronic Networks
Pitman 1990
ISBN: 0-273-03148-1

M.H. Rashid

Spice Simulations for Power
Electronics

Taylor & Francis Ltd 2005
ISBN: 0849334187
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. . University of
Analogue Simulation Resources  ® Reading

SPICE device model files for use in this course:
http://www.personal.rdg.ac.uk/~stsgrimb/teaching/
spice library.zip

Free Orcad/Pspice demo (select: Lite Capture & PSpice only):
http://www.cadence.com/products/orcad/Pages/downloads.aspx

Links to manfacturers' SPICE models:
http://www.intusoft.com/slinks.htm

Spice Algorithm Overview
http://www.ecircuitcenter.com/SPICEtopics.htm
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University of

Analogue Simulation Syllabus & Reading

This course of lectures deals with simulation of analogue
circuits using SPICE and will cover the following topics:

Text definition of circuits for SPICE, netlists

DC analysis, transient analysis, frequency response
Semiconductor device models, sub-circuits
Schematic entry using Orcad Capture

Power amplifiers including classes A, B, AB
Non-linear distortion, power and efficiency

Buck converters, stabilisation, regulation and efficiency
Boost and buck/boost converters

Flyback converters

Forward converters

Hysteretic current-control buck converters
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University of

Analogue Simulation Prerequisites % reading

You should be familiar with the following topics:

SE1EA5: Electronic Circuits

Circuit analysis using Kirchhoff’'s Laws
Thévenin and Norton's theorems

The Superposition Theorem

Semiconductor devices

Complex impedances

Frequency response function — gain and phase
The infinite-gain approximation

Energy storage and power

SE1ECS5: Engineering Mathematics

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 6




University of

Analogue Simulation Assessment % reading

EE3H7 Analogue Simulation is assessed by coursework
only:

Attendance and laboratory logbook (20% weighting)
A register of attendance will be kept

A 90 minute multi-choice test (40% weighting)
This will be held during the last session of the Autumn
Term

A design simulation report (40% weighting)

You will receive details of the design simulation at the
end of the Autumn Term and your report must be
submitted during the Spring Term
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Analogue Simulation Laboratory — ® Reading
You must attend each week - a register will be taken

You will work individually on one of the pcs

You should use the same pc each week

You must maintain a logbook containing a record of your
work, including:

circuit diagrams
SPICE input files (where appropriate)
simulation outputs and measurements

All work must be dated and be written using a pen (not
pencil, except for circuit diagrams)
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. niversity of
What is SPICE? B8 Reading
SPICE is an electrical circuit simulation program

It was originally developed at the University of California and
was released in 1975 as a Fortran program

Early versions ran in batch mode on main-frame computers
with input and output in the form of text files

Recent implementations of SPICE on personal computers
tend to be more interactive than the original program

SPICE output is now usually presented in high-resolution
graphical form
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. University of
What is SPICE? B8 Reading
SPICE perfoms the following types of electrical circuit
analysis:

1. DC Analysis - operating point, dc sweep of
voltage/current source, dc small-signal sensitivity

2. Transient Analysis - response to time-varying source,
Fourier analysis

3. AC Analysis — small-signal frequency response, noise
analysis
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University of

Analogue Simulation &8 Reading

Session 1

Text definition of circuits for SPICE
SPICE analysis
AC and transient analysis
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. University of
SPICE Netlist B8 Reading

Circuits are input to the SPICE program as netlists

Each point in a circuit where two or more components are
connected is a node.

Nodes are identified by integer numbers with the ground (or
reference) node being assigned 0

A netlist is simply a list of components together with the nodes
to which they are connected

In the case of a SPICE netlist the component values are also
included in the netlist
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SPICE Netlist &3 Reading

C2 I I 17.8nF
1 ‘2 Y Y Y 3 o
R1 L1 4
10KQ  mmmm  1-79H - R2
Vin T 1 C3 10kO Vout
93.3nF 93.3nF
_ 0
Netlist: R1 1 2 10.0K

R2 3 0 10.0K
Cl 2 0 93.3N
C2 2 3 17.8N
C3 3 0 93.3N
L1 2 3 1.79
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. University of
SPICE Netlist B8 Reading

The first letter of a component symbol determines its type:

Resistors: R*****x** n]1 n2 value
Capacitors: C****x*** n1 n2 value
Inductors: L*****x*x* n1 n2 value

Connection nodes are specified by integers nl and n2.
Component values are given as floating-point numbers

Units are Ohm for Resistors, Farad for capacitors and
Henry for Inductors
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SPICE Netlist &3 Reading

Scaling factors for component values:

T 1012
G 109 Thus the following all represent
Meg | 108 the same component value:
103
< 03 Cph 1 2 0.00000047
m | 10 Cp 1 2 4.7E-7
u 106 Cp 1 2 0.47u
9 Cph 1 2 470.0n
n 10-
Cph 1 2 470.0nF
D 10-12
f | 101
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. Un iversi_ty of
SPICE Netlist & Reading

Independent voltage or current sources are used for signal
inputs (and power supplies):

VE*E*EX*X Nl n2 <<DC>dcval> <<AC<acmag<acphase>>>
| ******* n]1 n2 <<DC>dcval> <<AC<acmag<acphase>>>

An ac analysis is specified by:

.AC type np Tstart fstop

type should be either OCT (octave) or DEC (decade)
np is the number of points per octave or decade

fstart and fstop are the initial and final frequencies
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SPICE Netlist &3 Reading

To obtain a printout of the response a print statement is used:

-PRINT prtype ovl, <ov2 .. <ov8>>

prtype specifies the type of analysis and can be either AC, DC
or TRAN (transient)

ovl .. ov8 are the output voltages and have the general form:
V(nl<,n2>)

The voltage between nl and n2 is printed; if the second node
n2 is omitted then the reference node 0 is used by default

It is also possible to specify current outputs
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. University of
SPICE Netlist B8 Reading
In ac analysis the magnitude of the ac voltage is printed by
default

Other properties of the outputs, such as real part or phase can
also be specified:

Real part VR(n1<,n2>)
Imaginary part | VI(nl<,n2>)
Magnitude VM(n1<,n2>)
Phase VP(nil<,n2>)
Decibels VDB(hl<,n2>)

To print the voltage in decibels and the phase at the output
node 3 of the filter:

_PRINT AC VDB(3) VP(3)
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Complete SPICE Input File

A SPICE input file must start with a title line, finish with a
.END line and may contain comment lines (starting with *):

Elliptic Filter
* 3rd-order low-pass filter

* Implemented as equally-terminated ladder

R1
R2
Ci
C2
C3
L1

NWMNNWPRE

WOWOON

10.0K
10.0K
93.3N
17.8N
93.3N
1.79

VIN 1 0 AC 1V
_AC DEC 8 30HZ 3KHZ
_PRINT AC VDB(3) VP(3)

@ Universi_ty of
Reading

-END
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. . . Un iversi_ty of
AC Analysis Using PSpice &8 Reading

From the Windows desktop select: Start\Run, type: notepad
and select: OK

Now enter the SPICE netlist of the filter and save it to a file in
your directory: elliptic.cir

Click on: Start / All Programs / Cadence / Release 16.3 /
PSpice AD; this will bring up the PSpice GUI

Select: File\Open, then: Files of type: Circuit Files, finally
locate your SPICE netlist file

Now select: Simulation/Run elliptic or click the icon: @ - the
simulation should run without error

James Grimbleby
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AC Analysis Using PSpice

@ Umversuyof
Reading

{0 ELLIPTIC - PSpice A/D Demo - [ELLIPTIC.CIR (active)]

i File Edit View Simulation Trace Plot Tools Window Help [gh

== o)
cadence -° %

00 [Elliptic Filter
01 *# 3rd-crder lov—pass filter

o= RLI 1 2 10.0K

o4 RZ2 30 100K
oS |C1 2 0 933K
oS |Czo2 3 17 .8H
o7 |C3 3 0 933K
o= L1 2 32 1.79

oS IWIN 1 0 AC 1V

10 |.AC DEC & 30HZ 3KHZ
11 |.PRINT VDE(2) VP{3
12 |.END

02 | Implemented az egqually—terminated ladder

-~

"Beaw PTICCL.. |

x| Reading and checking circuit
X Circuit read in and checked, no emors
Calculating biaz point
Bias point calculated
AL [and Moise] Analysiz
AL Analpsis finished
Simulation connplete

L+ lx

Start= 30 Freq= 3.000E+03 End = 2.000

m

4 m b
v 4r \'\Analysis ,v{\-\-"atch X Devices ? |

Freq = 3.000E+03 100% | R
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AC Analysis Using PSpice

@ Umversuyof
Reading

The PSpice simulator will have generated an output file:

elliptic.out

Select: View/Output file:

FREQ VDB(3) VP(3)
3.000E+01 -6.128E+00 -1.094E+01
4_001E+01 -6_.209E+00 -1.450E+01
5.335E+01 -6.348E+00 -1.911E+01
7.114E+01 -6.577E+00 -2.498E+01
9.487E+01 -6.940E+00 -3.226E+01
1.265E+02 -7.469E+00 -4._095E+01
1.687E+02 -8.145E+00 -5.090E+01
2.250E+02 -8.808E+00 -6.216E+01
2.250E+03 -4.074E+01 -8.238E+01
3.000E+03 -4.271E+01 -8.433E+01
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AC Analysis Using PSpice B Rendine

To obtain a graphical display of the response it is necessary to
include a .PROBE line in the netlist:

L1 2 3 1.79

VIN 1 0 AC 1V

-AC DEC 100 30HZ 3KHZ
-PROBE

-END

Note that the number of points per decade has been
increased to 100 to give a smooth curve

Now run the simulation again - a plot window should appear
within the PSpice GUI

Before the response can be viewed it is necessary to
configure the plot
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. . . Un iversi_ty of
AC Analysis Using PSpice &9 Reading

Click on: Plot/Axis Settings and select X Axis tab

Under Data Range select: Auto Range and under Use Data
SeleCt FU” Axis Settings =]

[rata Range Use Data
@ Auto Range @ Full

) User Defined 1 Restricted [analog)

10Hz to |10KHz 30Hz to |3KHz
Scale Frocessing Options
) Linear [ Fourier
@ Log [ Performance Analysis
Auis Title
Axiz Wariable... - -
Uszer Defined Title
[T Use this title

[ ak. ][ Cancel ] [Save As Default] [ Feset Defaults ] [ Help ]
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AC Analysis Using PSpice

University of

Reading

=

Click: Axis Variable and select: Frequency from the table and

click OK

X Azxis Variable
Simulation Output % ariables Functions or Macros
[Analog Operators and Functions v]
& coas [ L
3] Digital N
IIL1] -
A1) Woltages ;
I[R2) @
VM) Currents ABSI[]
Y1) 7 ARCTAN[]
V() IRenE ATAN( ]
V(3 i ANG( )
WiICT) Moize We/Hz] BVEH )
WwiC2) f Cos(]
WiIC3) Aliaz Mames O[]
WiL1) freen DE()
WiRT] Subcircuit Modes ENVMEH ]
WiR2) EMVMING . ]
WwIN) ExP[]
Gl ]
IMG[ ]
LOG( ]
18 wariables listed kﬁ? o
MAX[) S
Full List
Trace Expression: [FiEEERE [ QK ] [ Cancel ] [ Help ]
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. . . Un iversi_ty of
AC Analysis Using PSpice &8 Reading
Select Y Axis tab
Under Data Range select: Auto Range and click: OK
Auis Settings (==
| is] s | % Grid | ¥ Giid
D?ta Fl=ie= Az Wumber
@ Auto Range
() User Defined 1 v
Aziz Position
0 to [ @ Leh
() Right
Scale Az Title
@ Linear 1
i Log
[ ak. ][ Cancel ] [Save A Default” Feset Defaults ] [ Help ]
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 27




AC Analysis Using PSpice

Click on Trace/Add Trace, in right-hand pane select: DB( ), in
left-hand pane select: V(3) and click

- OK

@ Universi_ty of
Reading

Add Traces

Simulation Output Y ariables

Frequancy
I[E1)

I[E2)

I[E3)

IIL1]

I[R1)

I[R2)
INIM]

Y1)

(2]

WC1]
WiC2]
WwC3]
WLT)
WwiR1)
WwiR2)
wilvIN)

Full List

V| Analog
Digital

| Voltages

| Currents

| Power
Moize We/Hz]
Aliaz Mames

Subcircuit Nodes

18 wvariables listed

Functions or Macros

|Analog Operators and Functions

-

#
0
4
@

ABS[)
ARCTAN(]
ATAN[]
AWGE[]
ANGER] ]

COS()
D)

EMVMEA] | )
EMVMING. )
EXPI)

GI]

IMG( ]
LOG()
LOGT0[)
ML)

MK ]

Trace Exprezzion: DE[V[3))

[ QK ] |Cancel| | Help |
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@ Universi_ty of
Reading

AC Analysis Using PSpice

48 ELLIPTIC - PSpice A/D Demo - [ELLIPTIC. dat (active]]
B File Edit View Simulation Trace Plot Tools Window Help [

(o O sl

cadence

-5 X

o DB(U{3))

ELLIPTICC... B ELLIPTIC da...

Reading and checking circuit

Lo lx

Calculating bias point
Bias point calculated
AL [and Moize] Analysiz
AL Analpsis finished
Simulation connplete

Circuit read in and checked, no emors

m

Fl

Start= 30

Freq = 3.000E+03

il

End = 2.000

2

& \Analysis I.vi\-\-"atch )\ Devices fn‘r

For Help, press F1

Freq= 3.000E+03

100%
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AC Analysis Using PSpice

&

University of

To obtain a clearer plot click the Alternate Display icon: &

IL%‘!‘ ELLIPTIC - PSpice A/D Demo - [ELLIPTIC.dat (active)]

B File Edit View Simulation Trace Plot Tools Window Help |[Eg

Reading
=[]l
cadence -7 X

o DB{U(3))
DvtmpMPAAELLIPTIC. dat (active) Freq = 3.000E+03 100% e E m
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 30

AC Analysis Using PSpice

&

University of

Reading

Change X range to 30 HZ — 3 kHz and Y range to -60 - O

IL%‘!‘ ELLIPTIC - PSpice A/D Demo - [ELLIPTIC.dat (active)]
B File Edit View Simulation Trace Plot Tools Window Help | b

=1 E=R(~

cadence

-8 X

o DB{U{3))
Davtmp\MPAELLIPTIC. dat (active) Freq= 3.000E+02 100% oo - m
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. . . University of

AC Analysis Using PSpice &9 Reading
Change the trace to the output phase: P(V(3))

2 ELLIPTIC - PSpice A/D Demo - [ELLIPTIC. dat (active)] [ =]

EEiIe Edit View Simulation Trace Plot Tools Window Help % cé dence - 2 X

38Hz
o P(U(3))

Dvtmp\MPAELLIPTIC. dat (active) Freq = 3.000E+03 100% m
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 32
@ Universi_tyof
Measurements Reading

Return to the plot of gain in dB against frequency
Click on: Trace / Cursor / Display
Now click the mouse close to the trace

The cross-hairs will centre on the trace and a Probe Cursor
window will give the X and Y values

Measure the maximum and minimum gain in the pass-band,;
hence determine the pass-band ripple

Measure the maximum gain in the stop-band
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. . . . University of

Transient Analysis Using PSpice & Reading

Input waveforms can be dc, ac, pulse, sinusoidal, exponential
or piece-wise linear

A pulse waveform is specified:
PULSE ( v1 Vv2 <td <tr <tf <pw <per>>>>>)

V21{-" " ' :
) l :
o2 l l
] I I
t 1 | 1 1
O 1 1 1 |
= V1 . per X
td tr pw ; : _
M————n _. Time
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. . . . University of
Transient Analysis Using PSpice & Reading
A unit-step input voltage on node 1 can be specified by:

VIN 1 0 PULSE ( 0.0 1.0 0.0)

A transient analysis is specified by:
-TRAN tstep tstop <tstart <tmax>> <UIC>

tstart, tstop and tstep are the are the start, stop and time
step of the display

The parameter tmax is only used if the calculation time is
required to be less than the display time step

UIC (use initial conditions) causes the analysis to start from
specified values, rather that from an initial dc analysis
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Transient Analysis Using PSpice

@ Universi_ty of
Reading

The complete PSpice input file for generating a unit-step

response is therefore:
Elliptic Filter

* 3rd-order low-pass filter
* Implemented as equally-terminated ladder

R1 1 2 10.0K
R2 3 0 10.0K
Cl 2 0 93.3N
c2 2 3 17.8N
C3 3 0 93.3N
L1 2 3 1.79

VIN 1 0 PULSE ( 0.0 1.0 0.0 )

-TRAN 0.0001 0.01
-PROBE
-END
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. . . . University of
Transient Analysis Using PSpice & Reading
Run simulation and add trace: V(3)
8 clliptic step resp - PSpice A/D Demo - [elliptic step resp.dat (active)] [l [ = | 23]

B File Edit View Simulation Trace Plot Tools Window Help | g

cadence -°% *

D:wJims Documents\Orcadiee3hT\session 1\elliptic step resy

Time= .01

100%
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University of

Bessel Low-Pass Filter B8 Reading

R1 L1 L2 L3
_/\/\/\/_,IWY\_._/WY\_,_/WY\_. "
Vin I @ e — R2 | Vout
C1 C2 C3 C4
L
R1=1KkQ C1=1.7603 nF
R2 =1 kQ C2 =8.3540 nF
L1 = 5.1869 mH C3=13.831 nF
L2 =11.173 mH C4 = 36.063 nF
L3 =17.590 mH
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. @ Universi_tyof
Bessel Low-Pass Filter Reading

Write a SPICE input file for the Bessel Filter and perform an
ac analysis over the frequency range 1 kHz to 100 kHz

Plot the gain against frequency and determine the frequency
at which the gain is -80 dB

Plot the phase against frequency and determine the phase
shift at 10 kHz

Perform a transient analysis with a unit step input over the
time range 0 to 200 s in steps of 1 ys

Plot the unit step response and determine the time for the
output to reach 90% of its final value
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. . University of
Analogue Simulation &8 Reading

Session 2

Device models
Linear dependent sources

Sub-circuits
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. . University of
Semiconductor devices & Reading

SPICE recognises four different types of semiconductor device:

junction diode

bipolar transistor (BJT)

junction field-effect transistor (JFET)
insulated-gate field-effect transistor (MOSFET)

Semiconductor devices have complex characteristics and are
characterised by a number of parameters

A device model is required for each semiconductor device in
the circuit

The device models are usually imported from a model library
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. . University of
Junction Diode & Reading
The element description for a junction diode is of the form:

DXXXXXXX na nc mnhame <AREA=aval> <OFF> <IC=vd>

Nodes na and nc are the anode and cathode nodes

mname is the device model, which must be included in the
SPICE input file

AREA is an optional parameter (default value 1.0) which
determines the effective number of parallel devices

OFF sets the starting conditions to off for this device during dc
analysis
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. . University of
Junction Diode &8 Reading

Junction diode example:
DBRIDGE 2 4 D1N4002

An appropriate device model would be:

** 1N4002 General purpose rectifier diode

.MODEL D1N4002 D (I1S=7.0E-10 RS=0.1 N=1.6
TT=1.0E-7 CJO0=4.0E-11
BV=100.0)

This model might form part of the SPICE input file, orif itisin a
library file Lib.cir it can be imported:

.LIB Lib.cir
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. . University of
Full-Wave Rectifier B8 Reading

Rs Ls
02Q , 20pH All diodes
1 . type 1N4002
D2 RmM
S AR
Vin 4
7Nrms
50Hz — 6R(|3 Vout
10mF
L o
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. University of
Full-Wave Rectifier & Reading

Bridge Rectifier

SPICE circuit .LIB Lib.cir
description of full-wave Eg ; ;2:, cz)c-)zou
rectifier DI 0 3 DIN4002
_ D2 3 4 DIN4002
Diode model D1N4002 D3 0 6 DIN4002
is imported from Lib.cir D4 6 4 DIN4002
RM 4 5 1.0M
Note that the input is a co 5 0 10000UF
dc voltage of 5V L5 0 6-00RN
g VIN 1 6 DC 5.0
_END
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University of

Full-Wave Rectifier B8 Reading

Use Notepad to create Rectifier.cir, extract Lib.cir from
spice_library.zip and run the simulation

Because no analysis type is specified PSpice will perform a
dc analysis only

Inspect the output file and determine the voltage across the
load resistor RL (node 5)

Change the input voltage Vin to -5V and again determine
the voltage across resistor RL

Calculate the voltage drop across the conducting diodes
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Transient Analysis Using PSpice  ® Reading

A sinusoidal input waveform is specified by:
SIN (vl v2 freq <td <theta>> )

Voltage

v1+v2 -

vy -
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. . University of
Full-Wave Rectifier B8 Reading

Assume that the input to the rectifier is a 7V rms mains-
frequency sinusoid

Use the following lines to specify a transient analysis with a
sinusoidal input:

VIN 1 6 SIN 0.0V 9.8V 50HZ )
-TRAN 0O0.5MS 80.0MS O0.0OMS O0.1MS

Include a .PROBE line to obtain graphical output

Run the simulation and display the output voltage V(5) and
the current through the diode bridge: I(Rm)
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R University of
Full-Wave Rectifier B8 Reading

Measure the dc output voltage after the circuit has settled
down and the repetitive peak current in the diode bridge

The specification for this rectifier circuit requires that the
output ripple be less than 0.2V

Change the component values to meet this specification

Remember that capacitor values are normally in the E3
series: 1, 2.2,4.7, 10 etc

What effect does this have on the repetitive peak current?
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. University of
Linear Dependent Sources & Reading

SPICE recognises four different types of linear dependent
source:

voltage-controlled voltage source (VCVS)
voltage-controlled current source (VCCS)
current-controlled voltage source (CCVS)
current-controlled current source (CCCS)

Element descriptions are, respectively:

Ex****** n1 n2 n3 n4 value
G******* n1 n2 n3 n4 value
H******* n1 n2 wvnam value
frx****x** n1 n2 wvnam value

Output nodes are nl1, n2
Input is nodes n3, n4 or the current through a voltage source
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. I University of
Operational Amplifiers &9 Reading
Open loop frequency response of an operational amplifier:
Ay _ A
| 1+ jf /1
log A ~ Ao — Aofo _ fr
5 — if1fg  jf  jf
: < > log frequency

fy .

A typical operational amplifier (TLO71) has a gain-bandwidth
product fT = 3MHz
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University of

Operational Amplifiers &9 Reading

A high-gain voltage-controlled voltage source (VCVS) can be
used to represent an operational amplifier

1
3
2:|>

For example at 100kHz a TLO71 operational amplifier (gain-
bandwidth product f; = 3MHz) has a voltage gain of 30:

El 3 0 1 2 30

Operational amplifiers have a single output node

(The other output of the dependent source is implicitly
connected to ground)
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. . I University of
Precision Rectifier &8 Reading
R2 R5 R4
R1 5
| 10kQ D1
AN~ 1N4148 _
+ 7 4
Vin D2
1Vka N) 1N4148 Vout
100kHz
—_ 0
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. . R University of
Precision Rectifier B8 Reading

Write a SPICE circuit description file for the precision rectifier,
importing Lib.cir for the 1N4148 diode model (D1N4148)

Use the following dependent source lines for the operational
amplifiers:

El 3 0 0 2 30
E2 7 0 4 6 30

Perform a transient analysis over the time range 0 to 20us:

-TRAN 0.1US 20.0US 0.0US 0.01US

Plot the voltages on nodes 1 and 7 and measure the peak
output voltage for both positive and negative input half cycles
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. . University of
Sub-Circuits B8 Reading

Circuits often contain a number of identical elements such as
operational amplifiers or logic gates

A sub-circuit can be defined which is then incorporated in the
circuit description by a single line sub-circuit call

A sub-circuit definition has the following form:

.SUBCKT subname nl <n2 <n3 .. >>
[definition]
-.ENDS

A sub-circuit call has the following form:

X****x*x** nl1 <n2 <n3 .. >> subname
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Operational Amplifiers &9 Reading

Linear operational amplifier model (TLO71):

GO EO
.1_ — 1AV 4 1VIV 3
[ RO < e CO
o | | | 100kQ < ™™ 53.05nF
2
L o
E0OxGO
f - =
T 27 %xCO Ag =EO0xROxGO
_ 3 MH = 100000
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. . University of
Operational Amplifiers & Reading
GO EO
.1_ — 1AV - 4 1VIV 3
RO < e CO
R | 100kQ < ™™ 53.05nF
2
J 1 0

-SUBCKT MYTLO71 1 2 3
GO 0 4 1 2 1.0

RO 4 0 100K

CO 4 0O 53.05n

EO 3 0 4 0 1.0

-ENDS MYTLO71
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. . University of
Operational Amplifiers &8 Reading

Edit your circuit description file to include the TLO71 sub-circuit

Use the following sub-circuit lines for the operational
amplifiers:

X1 0 2 3 MYTLO71
X2 4 6 7 MYTLO71

Perform a transient analysis over the time range 0 to 20us

Plot the voltages on nodes 1 and 7 and measure the peak
output voltage for both positive and negative input half cycles
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University of

Operational Amplifiers &8 Reading

More complete operational amplifier models can be obtained
from the manufacturers

In the library file Lib.cir there is a model of the TLO71:

* TLO71 OPERATIONAL AMPLIFIER * CREATED USING
* CONNECTIONS: NON-INVERTING INPUT

* | INVERTING INPUT
* | | POSITIVE POWER SUPPLY
* | 1 | NEGATIVE POWER SUPPLY
* |1 1 | | OUTPUT
* 1111
-SUBCKT TLO71 12345
C1 11 12 3.498E-12

-ENDS
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Operational Amplifiers &9 Reading
Edit your circuit description file to include positive and
negative dc power supplies:

VS1 8 O DC 12V
vs2 9 0 DC -12Vv

Use the following sub-circuit lines for the operational
amplifiers:

X1 0 2 8 9 3 TLO71
X2 4 6 8 9 7 TLO71

Perform a transient analysis over the time range 0 to 20us

Plot the voltages on nodes 1 and 7 and measure the peak
output voltage for both positive and negative input half cycles
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. . Un iversi_ty of
Analogue Simulation &8 Reading

Session 3

Schematic Entry
Precision Rectifier
Elliptic Filter

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 69




Schematic Entry

Schematic of precision rectifier:

R2
10kQ

R5
10kQ

D1
1N4148

@ Universi_ty of
Reading

R4
10kQ

Vin D2
1vpk |(™ 1N4148 Vout
10kQ
L 0
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. University of
Schematic Entry & Reading
Click on: Start / All Programs / Cadence / Release 16.3 /
ORCAD Capture CIS _
Select: File / New / Project Nare o]
Frecigion R ectifier Cancel

Enter name: Precision
Redctifier

Select: Analog or Mixed A/D

Browse to your directory on
the N: drive

Click: OK

Create a Mew Project Using

@ Analog or Mixed A/D

FC Board ‘Wizard

Programmable Logic ‘wizard

& 2 ) R

Schematic

Location
M:4bdy Documenl tAEE3HT

Help

Tip for Mew Uzers

Create a new Analog or
Mixed A/D project. The
new project may be blank
or copied from an existing
template.

A Create PSpice Project window will appear; select: create a

blank project and click: OK
James Grimbleby
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=

Schematic Entry Reading
OrCAD Capture CIS - Demo Edition ===
File Edit View Tools Place Macro PSpice Accessories  Options  Window  Help cadence
HER=N"F=) - & -
QA Qe HRautQy
: mf BB A A
_@precision re..[F]  PAGE1 .5."{"
B ptmplp... [ = (& =] i i Fr
Analog or Mixed A/D ahe
1 Fie |E$4, H|erarch_l,l| - ;];. d?;
=80 Design Resl |/ _ (scremamIct - PAGEY) = E = 4%+
I = preci - . — E) &
P e tl Library -
------ 1 Outputs = _ Ix _h
g & S
T R N
ahc
]
J«‘ L1} 3 )
0 items selected Scale=100% X=4.50 ¥=0.10
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. Un iversi_ty of
Schematic Entry & Reading
Click on: Place Part icon of the
""" 2 Place Part 3 ovx
right-hand tool palette: \ i —~
TLO71.4301 AT1
art List: Y
Click on: Add Library icon: o "
TLOE24301 4TI
TLOG4/301 /]

Add the following PSpice lib
files:

analog.olb
diode.olb
source.olb
tex_inst.olb

From TEX_INST select:
TLO71/301/TI and click: OK

James Grimbleby

TLO70/201/T]

TLO8T/3017T

Libraries:

\ i

LS

Design Cache

Packaging
Parts per Pkg: 1

Type: Homogeneous

HE

@ Mormal
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University of

Schematic Entry & Reading

Move cursor over schematic window - use H, V or R to flip
horizontally, vertically or rotate - finally click to place

Similarly select and place:

From DIODE select: D1N4148/27C (place 2 items)

From ANALOG select: R (place 5 items)

From SOURCE select: VSIN (input voltage)

From SOURCE select: VDC (power supplies for op-amps)

Click on the resistor values and set to 10k

Click on the input voltage VOFF and setto O

Click on the input voltage VAMPL and set to 1.0
Click on the input voltage FREQ and set to 100kHz
Click on the power supply voltages and set to 12V
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. Un iversi_ty of
Schematic Entry & Reading

Click on: Place Ground icon of the tool palette: +

Place Greund @
et
0]

Cancel
$0_HIAS0URCE o~ e
_ Add Libran....

JCAPC
- Remave Library
GND/CAPSYM -

Help

Use 0/CAPSYM symbal to place a de ground

In the Place Ground window select; 0/CAPSYM and click: OK

Move cursor over schematic and place ground
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Schematic Entry & Reading

Click on: Place Wire icon of the tool palette: 1
Connect parts to create circuit diagram
Leave null pins (N1 and N2) on op-amps disconnected

Connect power pins (V+ and V-) on op-amps to £12V power
supplies

Carefully check schematic against correct circuit diagram
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. Un iversi_ty of
Schematic Entry & Reading

Complete schematic:

R2 =
AN —g-8-

10k

Vi1 3 1
VOFF =0 A |+
VAMPL = 1.0 \._ U1

FREQ = 100kHz

7

10k
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Simulation

@ Universi_ty of
Reading

Click on: PSpice / New Simulation Profile and enter name:
time-domain response, then click: Create

Under analysis tab set:

Analysis type =
Time Domain

Run to Time =
20us

Maximum step
size = 0.01us

Simulation Settings - time-demain response @

General | Analysis | Corfiguration Files | Options | Data Collection | Probe Window

Analysis type:
Time Domain (Transiert) ~ Fun to time: 20uz zeconds [TSTOP)
Options: Start saving data after: 0 seconds
7 Tranzient options
Mante Cardo/Worst Case b awirum step size: | 0.07us seconds

Parametric Sweep
Temperature (Sweep)
Save Bias Point

Load Bias Point Run in resume mode | i
o e Foirts Output File Options...

Skip the initial tranzient bias point calculation [SKIFBF]

Restart Simulation

. OK [ Cancel |[ sppy |[ Hel
Click: OK i ;
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. . Un iversi_ty of
Simulation B8 Reading

Click: Run Simulation icon: @

This should complete without errors and a PSpice graphical
output window should appear

Traces can be added in the usual way but it is more
convenient to use markers

Click on: Voltage Marker icon: 48

Place voltage markers on the input and the output

Run the simulation - the output window should now display the
input and output voltages of the precision rectifier
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Schematic Entry & Reading

If on running the simulation an error message concerning
missing device libraries is obtained:

Simulation Settings - time-domain response @
General | Anahysis Config.urcﬂion Files |Option5 | Diata Collection | Probe Window|
Click on: PSpice / Edit | cem Flrane.
. . . timulus __Emwse. .
Simulation Profile Corfured s S
.
Selegt the .tab. |
Configuration Files
IQ Category select: Loray Pat e
Library
oK [ cancel |[ oy |[ Hep |
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Schematic Entry & Reading

Browse to C:\ CADENCE \ SPB_16.3 \ tools \ PSpice \ library
and select file: nom.lib

Simulation Settings - distortion @
General | Analysis | Configuration Files |Options | Data Collection | Probe Window|
Details
. Catsgory: Filename:
Now click on:
Include Configured Files w44
Add as Global _ -
Click on: Apply,
then: OK
:
] I »
Library Path
Ru n Si m u |ati O n ag a i n "C\Cadence \SPB_16 3\tools'\PSpice’\Library” Browse...
oK [ cancel |[ oy |[ Hep |
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Simulation B8 Reading

Complete schematic with voltage markers:

R3 R2 R4
AN Ny "y
10k 10k 10k
R1 STLO71/301/TI TLOT1/301/TI
D & v/ D2 '
f\m’ D1N4148
V1 3
VOFF = 0.0 ,9 D1
VAMPL=1.0 " D1N4148
FREQ = 100kHz .
12Vde ——
V3

— 12Vde —
-0 ‘ *—rvz
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. . . University of
Elliptic Filter &8 Reading

Passive high-pass elliptic filter:

C16.08nF C2 6.08nF
"
12.97nF
R2 |V
Vi”T ko |
L1
36.4mH

L
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. . . University of
Elliptic Filter & Reading
Input the schematic of the elliptic filter amplifier

From SOURCE select: VAC for the input voltage, and set ac
to 1.0V and dc to 0.0v

Simulate the ac response between 100Hz and 1MHz

Although this is a perfectly correct and usable circuit PSpice
will generate an error message in the PSpice output file:

ERROR -- Node Nxxxxx 1s Ffloating

This is because there is no dc path from the node connecting
Cl1l,C2and C3

PSpice cannot therefore establish the dc bias at this node
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. . . Umversuy of
Elliptic Filter &8 Reading
PSpice *Analysis directives:
output file: -AC DEC 200 10 10k

-PROBE V(alias(*)) I(alias(*))
-INC ™. .\SCHEMATIC1l.net"

**xx* INCLUDING SCHEMATICl.net ****
* source PASSIVE

V_ Vi NO0269 O DC 0Ovdc AC 1vac
C_C1 NOO174 NO0832 382n

C_C2 NOO832 N00194 382n

C_C3 NOOO680 NO0832 815n

L L1 0 NOO0680 2.29H

R R1 NO0269 N0O0174 1k

R _R2 0 NOO194 1k

***x* RESUMING *‘ac response.cir" ****
-END

ERROR -- Node NO0O0832 is floating
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. . . University of
Elliptic Filter &8 Reading

Add a dummy resistance of value 1MQ (1.0Meg) between the
junction of C1, C2 and C3, and ground

Because this resistance is 1000 times the impedance of the
filter it will not affect the response in any significant way

Simulate the ac response

Measure the maximum pass-band gain, the minimum pass-
band gain and thus determine the pass-band ripple

Measure the maximum stop-band gain

Measure the cut-off (-3dB point) frequency
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. . . University of
Elliptic Filter &8 Reading
It is convenient to have the output voltage displayed in dB

This can be done by using the Trace menu in PSpice A/D

Alternatively, and more conveniently, it is possible to place a
VDB marker on the schematic

In Orcad Capture remove the voltage marker from the
output node

Then select: PSpice / Markers / Advanced / db Magnitude of
Voltage

Place VDB marker on output node
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Elliptic Filter

Circuit schematic with VDB marker:

@ Universi_ty of
Reading

1Vac(§u
0Vdc ™=

| -
I W]
R1 C1 j— C2
1k 6.08n 5 C3  6.08n
V1 12.97n
) R3 R2
1Meg L1 1k
36.4mH
|
_L_ )
-0
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. . . University of
Elliptic Filter B Reading
Replace the
grounded R4 1kQ
inductor by this >
simulated =
inductor using C3 36.4nF _—
TLO71
operational o R2 1kQ
amplifiers:
+
R1 1kQ
RO 1kQ
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. . . University of
Elliptic Filter &8 Reading

—W—| T |
RS c5 c3 c2
1k 6.08n 12.97n - 6.08n
R4
1k
ca 364nj‘ o
V1
1Vac® R3 ¥ R2
oVde - 1Meg L R5 1k
» 1k

'-\ 3

g 1|<

12Vde—— R7 L2
I 1k —T 12Vdc

REF
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Elliptic Filter &8 Reading

Simulate the ac response of the active filter

Determine whether the response differs significantly from that
of the passive filter

In particular consider the following properties of the response:

Maximum pass-band gain
Minimum pass-band gain
Maximum stop-band gain
Cut-off (-3dB point) frequency

What do you consider to be the relative advantages of the
active and passive filters?
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Analogue Simulation &8 Reading

Session 4

Power Amplifiers
Class C, B, A, AB
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. Un iversi_ty of
Power Amplifiers &8 Reading

Operational amplifiers can provide gain with high linearity over
the entire audio range (10Hz to 20kHz)

Loudspeakers in audio systems typically have an impedance
of around 4Q and require to be driven to at least £10V

The power that operational amplifiers can generate into a load
is limited by:

1. Voltage swing

2. Current limiting

Input the schematic of an inverting voltage amplifier using a
TLO71 operational amplifier and £15V power supplies

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 98




Power Amplifiers

R2
100kQ
A
R1
10kQ

Vin
IVok K/\) TLO71

L
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Vout
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Reading
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Power Amplifiers

&

University of

Reading

Simulate the inverting amplifier with a 1V, 2kHz sinusoidal

input over 1 ms with a maximum step size 0.

1us

Confirm that the output waveform is sinusoidal, 10V in
amplitude, and 180° out of phase with the input

Now connect a 4Q load resistance between the output and

ground

Notice that the output is no longer sinusoidal because of

current limiting in the op-amp

By placing a current marker on the load resistance determine
the positive and negative current limits of the op-amp
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Power Amplifiers &8 Reading

Current limiting can be overcome by incorporating an emitter
follower (common collector) stage on the output of the op-amp

Darlington transistors typically have a current gain of 500

The peak current |, that will need to be supplied by the op-
amp (for £10V output swing) is therefore:

110
TV ey
max = 560" 4

This is well within the capability of a TLO71 op-amp

Modify your circuit to include an emitter-follower output stage
(TIP102 and TIP107 are in the PSpice library: darlngtn.olb)
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. e University of
Class C Power Amplifiers &9 Reading
R2 +15V
100kQ
TIP102
R1
10kQ
vin TLO71 RL
1Vpk 20
2kHz
‘K TIP107
— 1 sy
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Class C Power Amplifiers &9 Reading

Simulate the power amplifier with a 1V, 2kHz sinusoidal input

There now should be no limiting and the output voltage swing
should have increased to around 10V

Unfortunately the output stage has introduced cross-over
distortion as the output goes from negative to positive

This occurs because Darlington transistors require a base-
emitter voltage of 1.3V before they start to conduct

Zoom in on the distortion and note its characteristic shape
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. University of
Class C Power Amplifiers &9 Reading

Power amplifiers are classified according to the proportion of
a cycle that each of the output devices is conducting

This is a class C amplifier because each output device
conducts for slightly less than one half cycle

Put current markers on the load resistor RL and on the
emitters of the Darlington power transistors

Simulate the circuit and observe the current waveforms

Each Darlington power transistor should conduct for slightly
less than one half cycle
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Distortion in Power Amplifiers & Reading

The primary source of non-linear distortion is cross-over in the
output stage

When feedback is taken from the output of the operational
amplifier the loop does not include the output stage

The distortion can be reduced by extending the negative
feedback loop to include the output stage

Modify your circuit diagram and again simulate the power
amplifier with a 1V, 2kHz sinusoidal input

Zoom in on the distortion and note its characteristic shape
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Distortion in Power Amplifiers & Reading
+15V
%
R2 TIP102
100kQ
R1
vin TLO71 RL
1Vpk 0
2kHz
‘K TIP107
— 1 sy
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. . . . University of
Distortion in Power Amplifiers & Reading
Fourier analysis allows the distorted output waveform to be
resolved into fundamental and harmonics

The ratio of the harmonics to the fundamental is known as the
harmonic distortion

To prepare for a Fourier analysis click on PSpice / Edit

Simulation Profile and set:

Run to time = 10ms
Start saving data after = 5ms
Maximum step size = 0.1us

This selects 10 cycles for analysis after 10 cycles (to allow any
initial transients to decay
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. . . . University of
Distortion in Power Amplifiers & Reading
Run the simulation - you should see 10 output cycles

Click: Trace / Fourier and: Plot / Axis Settings:

Set the X-axis to: User Defined / OHz to 24kHz / linear
Set the Y-axis to: User Defined / 100uV to 10V / log

You will observe that only odd harmonics are present - this is
because the cross-over distortion is an odd function

Now measure the size of the fundamental component and
the odd harmonics

Calculate the third harmonic distortion as a percentage

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 117




. . . . University of
Distortion in Power Amplifiers & Reading

[E SCHEMATIC1-sine - PSpice A/D - [{B) sine.dat {active}] - |EI|5|
Eile Edit Yiew Simulation Trace Plob Tools Window Help qu_‘l c 5 d ence -0 X

---------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

B T LT - IS B LT e e A B LT e e L LT [ S —

I ! . ) E g |« P B T R LErr | TR S R S ——

[1oo [NNNANEENEN &%

Dy Documents\Crcadiessh?\session 4ldass c2\class c-PSpiceFile | [Time= .01

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 118
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Efficiency of Power Amplifiers Reading

Place power markers: @l on the load resistance and power
supplies

Simulate the circuit using the previous simulation profile to
obtain the instantaneous powers in the selected elements

Click on: Trace/Delete All Traces, then Trace/Add Trace

Click on: AVGX(,) from the rh pane, then: W(RL) from the |h
pane, and type: 0.5ms <ret>

You should now see a trace of the average power and:
AVGX(W(R5),0.5ms) at the bottom of the window

Repeat for W(V1) and W(V2) (£15V power supplies)
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Efficiency of Power Amplifiers & Reading

The power traces will vary over the first visible cycle (5.0ms to
5.5ms) and then become constant

The traces for the supplies are negative indicating that power
flows out of these elements

Measure the average powers in the load and supplies at a
point after 5.5ms

Thus calculate the efficiency:
_Average load power
Average supply power

You should obtain a value of around 50%
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Class B Power Amplifiers &9 Reading

The cross-over distortion in class-C amplifiers can be reduced
by biasing the output transistors to the point of conduction

This is now becomes class B because each output device
conducts for exactly one half cycle

Using SOURCE/VDC of 1.3 V for the bias voltages simulate
the class-B power amplifier

Click on the [ 1] icon; this will display the bias point currents in
the circuit

The bias current in the output darlington transistors should be
around 12 mA
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Class B Power Amplifiers &9 Reading
5 +15V

TIP102

RL
4Q

TIP107
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. University of
Class B Power Amplifiers &9 Reading

Click on the [¥] icon; this will display the bias point powers -
determine the quiescent power dissipation (from £15V supplies)

Inspect the output wave waveform - is there any visible cross-
over distortion?

Inspect the current waveforms in the emitters of the output
transistors and in the load - is this class B?

Measure the third harmonic distortion for this class-B amplifier

Measure the efficiency of this class-B amplifier
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Class-B Power Amplifiers &9 Reading

Unfortunately class B amplifiers are thermally unstable

Arise in temperature of the output devices causes a reduction
in the base-emitter voltage at which conduction occurs

Since the bias voltage remains constant the quiescent current
in the output devices increases

As a result the output devices get hotter

This process is known as thermal runaway and makes class-B
amplifiers unsatisfactory in practice
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. University of
Class-A Power Amplifiers &9 Reading

Thermal runaway can be prevented by including extra
resistances in the emitter circuits of the output devices

Now any increase in quiescent current reduces the base-
emitter bias voltage thus stabilising the current

The bias voltages are increased to allow for the voltage drop
across the emitter resistances

If the quiescent current is set to half the peak load current then
both output devices conduct for the complete cycle

This is known as class-A operation

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 133




University of

Class-A Power Amplifiers &9 Reading
+15V

TIP102

RB
0.1Q

2kHz
TIP107
= —— 15v
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Class-A Power Amplifiers Reading

Peak load current | ., = 15V/4Q = 3.75A
Ideal quiescent current Iq = 3.75/2 = 1.875A
Simulate the class-A power amplifier

Measure the following:

quiescent current in output transistors

quiescent power dissipation

fraction of the cycle for which the output devices conduct
third harmonic distortion

efficiency

Compare the quiescent power dissipation with the average
power into the load
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Class-AB Power Amplifiers &9 Reading

In most cases the very high power dissipation of class-A
amplifiers is unacceptable

As the name implies Class-AB is intended to provide the
linearity of class-A with the efficiency of class-B

The quiescent current on the output devices is set to a small
fraction of the peak load current

The output devices conduct for slightly more than half a cycle

In practice the distortion in class-AB amplifiers is worse than
class-A and the efficiency less than class-B
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Class-AB Power Amplifiers &9 Reading

+15V

TIP102

Vin
1Vpk I Z‘S
2kHz
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Class-AB Power Amplifiers &9 Reading

The circuit is the same as that of the class-A amplifier but the
bias voltages have been reduced.

Simulate the class-AB power amplifier

Measure the following:

quiescent current in output transistors

quiescent power dissipation

fraction of the cycle for which the output devices conduct
third harmonic distortion

efficiency

Compare the quiescent power dissipation with the average
power into the load
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Analogue Simulation &8 Reading

Session 5

DC-DC Converters
Buck Converters

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 146




University of
DC-DC Converters B8 Reading
Dc-dc converters are commonly used in regulated power
supplies and in motor drives

The input is usually an unregulated dc voltage derived from
mains power

In this course we shall examine five converter topologies:

Step-down (buck) converter

Step-up (boost) converter
Step-up/down (buck-boost) converter
Flyback converter

Forward converter

Output voltage/current control is achieved by varying the duty
cycle of the switch
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University of
Buck Converters B8 Reading

Buck converters produce a load (output) voltage v, that is
lower than the input voltage vq

Normally buck converters operate at a fixed frequency f.=1/T
with a variable duty cycle k

The switch is a semiconductor device - usually a bipolar
junction transistor (BJT) or a MOSFET

A fast-recovery flywheel diode is also required

Buck converters can operate in one of two modes:

Continuous-conduction mode
Discontinuous-conduction mode
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VL
—
7 L
L
Vs(t) @ m— Ro | Vo

closed RERVIRY
VL open >0
< L > o _VO
kT  (1-k)T¢
iL \/\/\1A|L
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Continuous conduction mode:
di, di,
Lt =—v L— =V —~V
dt © d > °°
Aiy =—(1—k)rs“L’° Aip = kT Vs —Vo
-V Ve —V
—(1-K)Ts 0 =KT S0
(1-Kk)Ts 3 s L
(1-kWo =k(vg —vg)

Vo =Kvg
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-2V +4V 50kHz
Rp 20% duty cycle
250
L
100uH
. — Y Y Y \__,
Q1 ‘
Vg 2N3716 C Ro
V 20uF Q
50Vdc Y29 O T 5
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For the base driver of the transistor select from SOURCE:
VPULSE and set the parameters:

V1=-20
V2=40
TD =0.0

TR =10.0n
TF =10.0n
PW =4.0u
PER =20.0u

Place voltage markers on the transistor emitter and output,
and current markers on the inductor and transistor collector
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Click on: PSpice / Edit Simulation Profile and set:

Run to time = 2040 us
Start saving data after = 2000 s
Maximum step size = 0.1us

This selects 2 cycles for analysis after 100 cycles (to allow
any initial transients to decay

Simulate the buck converter

Measure the output voltage (after it has settled down) and
compare it with the theoretical value
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Measure the conduction voltage of the diode

Place power markers on the input voltage supply and the
load resistance
Plot the average of these quantities:

AVGX(W(V1),20u)
AVGX(W(RL),20u)

Hence calculate the efficiency of the buck converter
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Replace the bipolar transistor by a MOSFET

Change the VPULSE parameters to:

V1=0.0
V2=8.0

Set the maximum step size to 0.1uys and simulate the buck
converter over the time range 0-2040pus

Measure the output voltage and compare it with the
theoretical value

Measure the efficiency and compare it with that of the
converter using a bipolar transistor switch
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OV +8V 50kHz

Rp 20% duty cycle

100Q
L
100uH
TTT — Y Y Y\,

Q1 ‘
Ve <+ IRF530 C
50Vdc \= Y29 20pFT 5Q

L
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The regulation N of a converter is a measure of the change in
output voltage v, in response to a change in output current i
dvy,  Avg

N=—"=~—
dipg Alg

Regulation is identical to output resistance
Measure the dc output of the buck converter

Then change the load resistance R to 4Q and again
measure the output voltage of the converter

Hence determine the regulation N of the buck converter

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 164

University of
Buck Converters & Reading
Continuous/Discontinuous Boundary

Continuous conduction will occur when the average load
current iy is such that i, is greater than 0

A
o =im +——
0] m 2
ip>——="—_5(vg -V

0] 2 2L( S 0)
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Continuous/Discontinuous Boundary

With the present design of buck converter discontinuous
conduction will occur when:

0.2x20x10°°
< 6
2x100x10

(50-10)=0.8 A

This current corresponds to a load resistance R of 12.5Q

Increase the load resistance to 20Q and simulate the buck
converter over the time range 0-2040us

Inspect the inductor current waveform
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Continuous/Discontinuous Boundary

Measure the output voltage of the converter

Change the load resistance R, to 15Q and again measure
the output voltage

Hence determine the regulation N in discontinuous mode
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Session 6

DC-DC Converters
Boost Converters
Buck-Boost Converters
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Boost converters produce a load (output) voltage v, that is
greater than the input voltage vq

Normally boost converters operate at a fixed frequency fg with
a variable duty cycle (mark-space ratio) k

Boost converters can operate in one of two modes:

Continuous-conduction mode
Discontinuous-conduction mode

As with buck converters, the behaviour is quite different in
these two modes
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closed y
VL open S
L
- > > - VS-VO
kTS (1 -k)TS __________
L IAi,_
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Continuous conduction mode:
dip dip
dt  ° ad %> °°
Aip :kTSVLS Al = -(1-K)Tg Vs Yo
Vs = Vo

KT, VLS = (1-K)Tg

kvg = (1-k)(vg —VS)
v, =S
> (1-k)
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L D
50uH BYW29
Y'Y . N .
Rp
y 100Q | Q1 =
s (* HIRF530 0
20Vdc (‘ C — 200
20uF
OV +8V 50kHz =
50% duty cycle
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For the gate driver of the MOSFET select from SOURCE:
VPULSE and set the parameters:

V1=0.0 V2=8.0
TD=0.0 TR =10.0n TF =10.0n
PW =10.0u PER =20.0u

Place voltage markers on the MOSFET drain and output,
and current markers on the inductor and MOSFET drain

Click on PSpice/Edit Simulation Profile and set:

Run to time = 2040 ps
Start saving data after = 2000 ps
Maximum step size = 0.1us
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Measure the maximum and minimum output voltages

Calculate the average output voltage and compare it with
the theoretical value

Calculate the output ripple of the boost converter
Determine the efficiency of the boost converter

By changing the load resistance R, to 15Q determine the
regulation of the boost converter
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Continuous/Discontinuous Boundary

m

Continuous conduction will occur when the average load
current iy is such that i, is greater than 0

:(1_k)(m+A;Lj

. Al k(1-k
i 2(1 k) 2L ( 2L)TS
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Continuous/Discontinuous Boundary

With the present design of buck converter discontinuous
conduction will occur when:

_0.5(1-0.5)x20x10°

20=1.0A
2x50x107°

0]

This current corresponds to a load resistance of 40.0Q

Increase the load resistance R, to 60Q and simulate the
boost converter

Measure the output voltage and inspect the inductor
current waveform
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Buck-boost converters produce a load (output) voltage v, that
can be less or greater than the input voltage vg

Normally buck-boost converters operate at a fixed frequency fq
with a variable duty cycle (mark-space ratio) k

Buck-boost converters invert the voltage so that a positive
input voltage vg gives a negative load (output) voltage v,

Boost converters can operate in one of two modes:

Continuous-conduction mode
Discontinuous-conduction mode
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iLK_L

+
«O w|¢, ¢ T Ro| Vo
closed ) v
VL open >
a L > o VO
kT  (1-kK)T¢
iL \/\/\1A|L
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Continuous conduction mode:
di di
L——=v L—=v
dt ° d °
Aiy =kTSVLS Aiy :—(1—k)rs"L0

\ \Y
KTs °S = —(1-K)Tg -0
s> =~1-KJTs

(k—1vgy =kvg
Vg = K Y
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For a 50% duty cycle:

Vg = K v ——O'5v = -V
° (k-1)° -05° °°

For a 20% duty cycle:

k 0.2
V, = Ve = — Ve =-0.25v
° (k-1)° -08° S

For an 80% duty cycle:

Vg = K v —O'8v =—4v
° (k-1)° -02° S
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 190
University of
Buck-Boost Converters & Reading
OV +8V 50kHz
Rp 50% duty cycle
100Q D1

BYW29
TTT

Q1 N ‘
v. (+\ IRF530 L C R,
2 —> 50puH 20uF 100
20Vdc ! ‘
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For the gate driver of the MOSFET select from SOURCE:
VPULSE and set the parameters:

V1=0.0 V2=8.0
TD=0.0 TR =10.0n TF =10.0n
PW =10.0u PER =20.0u

Place voltage markers on the MOSFET source and output,
and current markers on the inductor and MOSFET drain

Click on PSpice/Edit Simulation Profile and set:

Run to time = 2040 ps
Start saving data after = 2000 s
Maximum step size = 0.1us
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Measure the maximum and minimum output voltages

Calculate the average output voltage and compare it with
the theoretical value

Calculate the output ripple of the buck-boost converter
Determine the efficiency of the buck-boost converter

By changing the load resistance R, to 15Q determine the
regulation of the buck-boost converter

Change the duty cycle to 40% and to 60%, and measure the
output voltage - compare with theoretical values
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Continuous/Discontinuous Boundary

Continuous conduction will occur when the load current i0
is such that i, is greater than O

i :(1—k)(im +A2iLj

| Aip (1-K)*T
io>(1-k)=Lt = Sy
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Continuous/Discontinuous Boundary

With the present design of buck converter discontinuous
conduction will occur when:

g 0.52x20x10°5

i > 20=1.0A
° " 2450x107°

This current corresponds to a load resistance of 20Q

Increase the load resistance R, to 40Q) and simulate the
buck-boost converter with duty cycle 50%

Inspect the inductor current waveform
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Discontinuous mode

R a—V

I
VS (t) VL L C — RO V0

L

diode: conducting

S
VL T --0
- o . T Vo
switch: closed open
KT (1-K)Ts
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Discontinuous mode
TX
— Vg
VL
T < L - VO
kTe (1-k)Tq
Aiy
I
. Y : Vo
Aip =KTg S Al =—-Tx =
L S L, L4
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Discontinuous mode

During period that switch is closed the current in the inductor
increases, storing energy

When the switch is opened this energy is transferred to the
capacitor and is dissipated in the load

The converter therefore operates at constant power

Energy stored in inductor:
2
E =LA = 1L(kTSVSj - 1 eray2
2 L

2 2L
Power: 1, 00 2
P =fE = kTovs
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Discontinuous mode

For the circuit that you are simulating:

2
Vg 1,2 2 2
P =R, oK Tsvs p=Yo_20W
2 -6 2 0
_ 0.5%x20x107° x 20 Vo = P xRy = 20x40
2%x50x10~° __2828V
—20W

Measure the dc output voltage of the buck-boost converter
and compare it with this theoretical value
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Session 7

DC-DC Converters
Flyback Converters
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Flyback converters are similar to buck-boost converters but
incorporate a transformer between input and output

Flyback converters have two advantages over buck-boost:

There is electrical isolation between input and output
A wider ratio between input and output voltages is possible

Flyback converters produce a load (output) voltage v, that can
be less or greater than the input voltage vg

Flyback converters are used in discontinuous mode - the
current in the transformer primary drops to zero each cycle
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= vi=My i =12
1 n, 2 ST h, d
diode: conducting
T — Vs
Vi X --0
N
<  — - o 7V0
switch: closed open n2
kKTg (1-k)Tg
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TX
— VS
Vi
n
— - - 71\,0
B N5
KTg (1-kK)T
Al
. S
's _/\ /\ /
|_1 % :VS
dt Al =2 A
lg = nAld
Aig =KkTg Vs 1
L4
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Ty N,
N4
V2
T < L . T -VO
KTe  (1-K)T,
i Alg
[
t AIS = 2 Aid
. \' n
Alg =Ty -0 1
Lo
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The inductance L of an inductor is proportional to the square
of the number of turns n:

2
L1:kn12 L2=kn%=L1:%
1
So that:
. Vv . Ny . . Vv
Aic = kT -3 Al :72A| Aiqg =T, -9
S S L1 S N d d X L2
kTg vs =21 Yo
1 N T L
T, =kTg Vs Mb2 _yq N2Vs
L1 Ny vy Ny Vg
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For discontinuous conduction mode
Ty <(1-Kk)Tg
. No V
So that: Ty =kTs 2 Vs _ (1-K)Ts
N4 Vo
M Vo Kk
n2 Vg 1-k
For a 50% duty cycle (k=0.5):
N1 xVO > K =1
np vg 1-K
Nz _Vo
Ny Vg
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Flyback Converters B

During period that switch is closed the current in the primary
winding increases, storing energy

When the switch is opened this energy is transferred to the
secondary winding and is dissipated in the load

Flyback converters therefore operate at constant power

Energy stored in inductor:

1

2
£ a2 = Ty KTsvs | _ 1 y2r2,2
2 2\ L 2L,
Power:
P=fE = 21L1k2TSv§
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Example: a 5kHz flyback converter with a 6V input generating
a 400V output into a 20kQ load

Fork=05: M2_.400 oo solet: M2 _20
N4 6 N4
Power: p_ vg _ 4007 _
R, 20000
So:
1 szSVSZ =8
2L4
L= k2Tv2 = 1 40.52%200x1078 x62 = 112.5uH
16 16
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The peak current in the primary winding is:
: V
Aig =kTs =
S S L1
_6 6
=0.5x200x10 5
112.5x10™

=5.33 A

The primary inductance L4 = 112.5uH and the turns ratio is
no/ng = 20:

=112.5% 202 = 45000 pH = 45mH
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0V +8V 5kHz
Rp 50% duty cycle
100Q D1
MUR1 60
T T T .
R
Vg C_D IRF53O C A (l)_kQ
6Vdc 112. 5pH 45mH ‘ 0.5uF
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2
Note that the one of the inductors must
be inverted:
L1 L2
112.5uH 45mH
1 ]2
So far the inductors are separate with ,
no mutual inductance
In the Place Part window select: L1 L2
K_Linear from the ANALOG library 112.5uH ‘ 45mH
1 ]2
Set coupling to 1.0 K] K2
K_Linear

COUPLING =1.0
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Double click on K to bring up the property editor:

Il Property Editor o =] 4|
Mew Column... | Apply I Display...l Delete F‘ropert}ll Filker by: |< Current properties » j Help I

Implementation Type|L1|L2| L3 L4 L5 Lé |Location X-Coordinate | Location Y-Co |
+ SCHEMATICA : PAGET - K1 PSpice Model L1|L2 240 260

=
A[¥]\Parts £ Schematic Nets £ Flat Nets £ Pins A Title Blocks )[4 | 3|

A

Select the Parts tab, and edit the fields L1 and L2 to contain
the identifiers of your two inductors

Set the gate drive parameters to 50% duty cycle at 5 kHz:

V1=0.0 V2 =8.0
TD=0.0 TR =10.0n TF =10.0n
PW = 100.0u PER = 200.0u
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 221
University of
Flyback Converters &8 Reading

Place voltage markers on the transformer primary and
secondary, and on the output

Place current markers on the primary and secondary windings
of the transformer

Click on: PSpice / Edit Simulation Profile and set:

Run to time = 20.4 ms
Start saving data after = 20.0 ms
Maximum step size = (leave blank)

Measure the output voltage and compare this with the
theoretical value

Measure the efficiency of the converter (averaged over 200us)
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Measure the peak current in primary winding and compare
with the theoretical value

Measure the peak voltage across the MOSFET switch and the
peak reverse voltage across the rectifier diode

(Use the voltage difference markers: #%| )

Search the web to find the specifications for the MOSFET
switch and rectifier diode

Determine whether the voltages and currents in the MOSFET
switch and rectifier diode are within their ratings
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A flyback converter generates constant power into the load
(in this case 8W nominal)

Change the load resistance to 15kQ and measure the output
voltage

Explain this decrease in output voltage

What would be the likely effect of removing the load
resistance R, from this flyback converter?
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A common use of flyback converters is to charge the energy
storage capacitor in electronic flash
The energy stored in a 1400uF capacitor charged to 300V
(Nikon SB800) is:

E =;c:v2 =;><1400><1O_6><3002 —63J

Change the output capacitor on your schematic to 1400uF
and remove the load resistance

Simulate the flyback converter over the time 0-8s and
determine the time for the output voltage to reach 300V

Simulating a 5 kHz converter over 8 s generates a huge
amount of data which may exceed storage capacity
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To avoid problems when simulating, edit the simulation profile
and click: Output file options: set Print values every 0.1 s

Simulation Settings - buck ¥
General Analysis | Configuration FiIesI Dptionsl Data Collection | Frobe Windowl
Analysis type: _ : P -
[Tine e
Options: ok I
Genera Frirt walues in the output file every: ID.1 seconds - :
ahcel |
[CIMante | [~ Perform Fourier &nalysis
[ Parame _
I Temper [enter Frequency I fe F)
[15aveB [ umtier of Harmanics: I
[JLoad B : ) I— ions: |
Taave s Wutput Y anatles:
[ 1 Restart
™ Include detailed bias point information for nonlinear
controlled zources and semiconductors [/0F)]
aK | Cancel | Aol I Help |

Measure the time taken for the capacitor voltage to reach
300 V and compare with calculated value
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0V +8V 5kHz
Rp 50% duty cycle
100Q D1
MUR1 60
T T T .
<+ IRF53O —140% i
- 112. 5pH 45mH H
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Session 8

DC-DC Converters
Forward Converters
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In flyback converters energy is stored in the transformer’s
inductance each cycle, and then transferred to the output

Power is therefore limited by the energy storage and the
operating frequency

Consequently flyback converters are limited to low-power
applications

Forward converters do not rely on energy storage and are
suitable for high-power applications

A typical use of forward converters is the 300W power supply
in a personal computer
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Forward converters operate in discontinuous mode - that is
the primary current falls to zero each cycle

This is achieved by keeping the duty cycle below 50%:
typically k=0.4

An arrangement of MOSFET switches and diodes is used to
generate a tv¢ rectangular wave at the transformer primary

The secondary rectangular wave is rectified and filtered by
an inductor/capacitor filter

The output voltage is determined by the transformer turns
ratio and the duty cycle
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Transistors turn on .
and off together
_l
=8 k
When transistors — N
turn off current Y Y
\Y; — -
continues to flow S PR
through diodes 5 :II |_
_l
This reverses
voltage across ] [
primary winding —
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v
KT S
Transformer |  ~—7> | | 0
primary
- > > _VS
KT (1-K)Tg
N2,
Transformer | Ny S
secondary [T TN o Ny
——<vy
n1 S
M2,
Rectified M ong ®
secondary "~ TT777T -0

James Grimbleby School of Systems Engineering - Electronic Engineering Slide 246




University of
Forward Converters B8 Reading

N2y
S
Rectified __ | _____ | [ [ Ny
KTy (1-K)Te
Average output voltage:
1 Ny
Vo == 1KTg x—4Vg +(1-KkTg)x0
Ts N4
N2
=k—=v
N4 S
Note that secondary transformer winding is not inverted
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Transformer primary current:
KTq
Magnetising S >
current im M )
< >< > Aim
KTq (1-K)Tq
. no .
Reflected load I = =1L
current ig N1 0
Total primary
current
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Colal - R
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Example: a 50kHz forward converter with a 330V input
generating a 5V output into a 0.125Q load (40A, 200W)

Average input current:

. =299 _o6n
330
Peak current for k = 0.4:
; _ls 06 _45p
k 04

Let magnetising current: i, = ig/10 = 0.15A, so:

Vg xkTs  330x0.4x20x107°

L
LA 0.15

=17.6mH
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Transformer turns ratio (assuming 0.6V drop in output
rectifier diodes):

n
—2y,

Vo, =K
(0] n1

=0 _ 92 _0.0424
ny kvg 0.4x330

Secondary inductance:

2
L2_L1{ } =18x0.04242
N1

=0.0324mH
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Rp D3, D4: MUR160
200 D1
Q1
MBR4020
IRF740 18mH 10uH
°
D4
MG
330Vdc \ -
D3 500pF 0. 125Q
—;— P Q2 L2 —
<> IRF740 32.4uH MBR4020
mnJ
Rp
200
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The MOSFETs in the forward converter are turned on and
off together

For the base drivers of the MOSFETS select from SOURCE:
VPULSE and set the parameters:

V1=0.0
V2=8.0
TD =0.0

TR =10.0n
TF =10.0n
PW =8.0u
PER =20.0u
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Put voltage markers on the transformer secondary, on the
junction of the diodes and on the output

Put voltage difference markers: ¢¢| across the transformer
primary

Put current markers on the transformer primary and
secondary

Click on PSpice / Edit Simulation Profile and set:

Run to time = 2040 us
Start saving data after = 2000 us
Maximum step size = 0.1us

Simulate the forward converter
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Inspect the voltage and current waveforms
Determine the output voltage and output ripple
Measure the efficiency of the forward converter

Measure the voltages across the MOSFETs and diodes and
check that these are within the device specifications

Measure the currents in the MOSFETS and diodes and
check that these are within the device specifications

Why is the efficiency of this converter lower than that of the
other types of converter that have been considered?
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The output voltage of a forward converter is controlled by
the duty cycle

The initial simulations were performed using a duty cycle
k=0.4 which should have produced an output voltage of 5V

The output voltage of a forward converter depends on the
duty cycle

Change the duty cycle k to 0.3 and measure the new
output voltage

How does this compare with the theoretical value?
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Forward Converters B8 Reading

There are advantages in using higher switching frequencies

Higher frequencies allow lower value inductors and
capacitors to be used

The disadvantage is that switching losses in the MOSFETs
and diodes are proportional to frequency

This leads to a lower overall efficiency at higher switching
frequencies

Measure the efficiency at a switching frequency of 200kHz
(reduce all capacitor and inductor values by a factor of 4)
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. . University of
Analogue Simulation &8 Reading

Session 9

DC-DC Converters
Current-Control Buck Converters
Hysteretic Buck Converters
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Current-Control Buck Converters ® Reading

Buck converters that are required to generate a constant
output voltage have feedback to control the duty cycle

Some applications require a constant output current rather
than a constant output voltage

Examples are drivers for stepping motors, electromagnets,
arc welding and LEDs

Hysteretic control is a very simple method for controlling the
load current of a buck converter

Hysteretic buck converters operate in continuous mode
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Luxeon K2 Power LED B8 Reading

Typical Forward Current Characteristics

Cool-White, Neutral-White, Warm-White, Green, Cyan, Blue
and Royal Blue, Junction Temperature, T; = 25°C

3.1 32 33 34 35 36 3.7 38 3.9
V; - Forward Voltage (Volts)
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closed
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Current-Control Buck Converters

@ Universi_ty of
Reading

) : -V : i Ve —V
— 0 _ S 0
ith2 —itt = (1-k]JTs 2 lth1 —lth2 = KTs S
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Maxim MAX16820 ® Reading
IN - REGULATOR Ve
o '
s >
CSN COMPARATOR
1 2 S
1.23V >
BANDGAP : >
REF N
UVLO
COMPARATOR
GND
DIM > MAaxim
MAX16819
MAX16820
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Maxim MAX16820 B8 et

ViN
T RSENSE z; é; L
T._/\ AN —e Y Y Y
CnZ==
YV e 14 *
Cvee
IN Vee —|
M AXI/V
csN  MAX16819  pry |
MAX16820 |
1 DIM GND % v
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Maxim MAX16820 B8 Reading
ELECTRICAL CHARACTERISTICS
PARAMETER SYMBOL MIN TYP MAX UNITS
Input Voltage Range VIN 4.5 28.0 V
Ma?qm_um Current Regulator fSW 5 MHz
Switching Frequency
Ground Current IGND 1.5 mA
Supply Current [IN 425 pA
Undervoltage Lockout UVLO 4.7 5.0 \%
Undervoltage Lockout Hysteresis 0.5 V
SENSE COMPARATOR
PARAMETER SYMBOL MIN TYP MAX UNITS
Sense Voltage Threshold High VSNSHI 195 210 225 mV
Sense Voltage Threshold Low VSNSLO 176 190 204 mV
Propagation Delay to Output High tDPDH 82 ns
Propagation Delay to Output Low tDPDL 82 ns
Current-Sense Input Current ICSN 1 pA
Current-Sense Threshold CsHYs 17 35 mV
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Design of LED Controller & Reading
Supply voltage = 12V

Choose LED current = 800mA
From data sheet LED voltage = 3.73V

MAX16820 threshold voltages = 190mV and 210mV
MAX16820 mean threshold = 200mV

Use sense resistor Rsense = 200mV / 800mA = 0.25Q
Threshold currents = 760mA and 840mA
Threshold differential = 80mA

Choose f, = 100kHz — T, = 10us

Vo(1-Vgo /vs)

L1, Vo . :1O><1O_6x7'46(1_7'46/12):353pH
(ith1 —ith2) 0.08
James Grimbleby School of Systems Engineering - Electronic Engineering Slide 287
. University of
Create New Orcad Library & Reading

To simulate a LED driver circuit based on the MAX16820 two
components are required that are not in the Orcad Library:

MAX16820 led driver
Luxeon K2 LED

Create a new directory: Lib and extract the files LuxeonK2.lib
and MAX16820.LIB from spice_library.zip

These files are standard SPICE models - open LuxeonK2.lib
with Notepad and examine its contents

Without closing LuxeonK2.lib, open MAX16820.LIB in
Notepad, and cut/paste into LuxeonK2.lib

Save the combined file which now contains the two SPICE
models as MyLib.lib
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Create New Orcad Library & Reading

On desktop click on: Start / Programs / Orcad16.0 / Pspice
Accessories / Model Editor

|22 pspice Model Editor -1al =l
File Edit Wwiew Tools ‘Window Help ci d ence

FEEEPRLAFER

alqalal @ X vl ol

|Ready |

Click: File / Open / MyLib.lib
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Create New Orcad Library & Reading

MyLib.LIB:MAX 16820 - PSpice Model Editor - [Model Text] 10 x|

File Edt Wiew Model Plot Tools ‘Window Help cadence -=l&(x
Models List .SUBCKT MAX16520 IN CSN DIM GND DRV WCC -
MDdBl Name I T De I **************************************************

Luxeonk2 Dinde *VLO (4.7V-0N, 4.2V-0FF, 0.5V Hyst)

MAX16520 SUBCKT VIV VUV GHND 4.7V

GUV GHD UV1 POLY(2) IN WUW1 UV1 GND O 1M O.5M
DUVL GHND UV1 D

CUV UW1 GHD 1P

DUVZ UVL V1 Di

VIOV1 W1 GND 1V

*************

FLDO

EVINL VIN GND IN GND 1

RWIN VIN VCC1 10K

‘I I _'I DWCC1 VCC1 VCCZ DA
crr

LEZoPa I 3 FaVale ML Y

[ |
[Ready T

Click on: File / Export to Part Capture Library

Save as: MyLib.olb and close the PSpice model editor
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Create New Orcad Library & Reading

In Orcad Capture select: File / Open / Library and browse to
MyLib.olb

In the window expand: mylib.olb and you will see the new
Orcad parts that you have created: LUXEONK2, MAX16820

Click on: MAX16820

u?
1N GND |2
2 CsN DRV |2
3 Div vee 6
MAX16820
If require this part can be edited
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Create New Orcad Library Reading
Click on the bottom right-hand corner of the outline to resize:
u?
N GND —2
2| csN DRV [
3 DM vee 8
MAX16820

To move the one of the pins, click on it and drag it to the
required location (not necessary in this case)

To change the appearance of a pin click on it, then right click
and select: Edit Properties / Shape / Short
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Create New Orcad Library & Reading
MAX16820 circuit symbol with short pins:

u?
TN GND 2
2 | csN DRV |2
31 bim vee 8
IVIAX 16820

Do not change the pin names

Finally click: File / Save, File / Close, File / Close Project
and select: Yes All

You are now ready to use this part in a PSpice simulation
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Simulate LED Driver B8 Reading

Enter the circuit diagram for the MAX16820 hysteretic
converter into ORCAD Capture using the new device models

For the MOSFET use device IRF530

For the flywheel diode use IN5817 (D1N5817)

For Cvcc use a 47nF capacitor

Connect the DIM input of the MAX16820 to the positive supply

Simulate the circuit from 0 to 100us

You will now see the error messages:

ERROR -- Model LUXEONK2 used by D4 is undefined
ERROR -- Model LUXEONK2 used by D5 is undefined
ERROR -- Subcircuit MAX16820 used by Ul is undefined

Orcad needs to be given the locations of the device models
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Simulate LED Driver B8 Reading

Click on: PSpice / Edit Simulation Profile and select the
Configuration Files tab

Under: Category select: Library

Simulation Settings - buck |

Generall Analysis  Configuration Files | Dptionsl [rata Collection I Probe Windowl

— Details
Categary: Filename:

Shimulus I Browse... |
Include Configured Files Xl + | + |

° CAQCADSDICAD_1E.0Mools\pepicetlibranynarm. il #dd a= Global |
Add ta Design |
Add to Profile |
Edit |
Change |

Y 2
Library Path

I"E:\DrEAD\DrE.-’-\D_1 EB.0MtaclshPSpicesUerlib " Browse. . |
ak, I Cancel | Apply | Help |
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Simulate LED Driver &8 Reading

Browse to the device models: MyLib.lib and click on: Add as
Global

Now select the Analysis tab and tick the box: Skip the initial
transient bias point calculation

Click on: OK
Place a voltage marker on the drain of the MOSFET

Place current markers on one of the LEDs and on the
flywheel diode

Simulate the circuit from 0 to 100us
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Simulate LED Driver B8 Reading

Click on: PSpice / Edit Simulation Profile and set:

Run to time = 100 ys

Start saving data after = 80 ps

Maximum step size = 0.1us
Inspect the current waveforms

Measure the minimum and maximum LED currents and
calculate the average current

How do these currents compare with the design values?
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Efficiency of LED Driver B Rendine

In order to evaluate the efficiency we need to know the exact
period T¢ of the waveform

In the simulation window click on: Trace / Measurements,
select: Period from the list and click on: Eval

In Name of trace to search select the voltage on the MOSFET
drain: V(M1:d) and click on: OK

The period is now displayed near the top of the window

Use this value of T to average the power from the supply and
the power in the LEDs, and hence calculate the efficiency

Compare this value of T with the design value
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Simulate LED Driver B8 Reading

The battery voltage in a car varies from 12V (partially charged)
to 14V (fully charged)

|deally the current in the LEDs should be independent of the
supply voltage

Change the supply voltage to 14V and simulate the converter

Measure the minimum and maximum LED currents and
calculate the average current

Are these currents significantly different from those measured
with a supply voltage of 12V?
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. . University of
Simulate LED Driver B8 Reading

The data sheet for the MAX16820 gives a maximum switching
frequency of 2MHz

The advantage of a higher switching speed is a smaller and
cheaper inductor but the efficiency is likely to be lower

Calculate the value of inductor that would give a switching
speed of TMHz

Simulate the circuit at this higher switching speed

Measure the actual switching frequency, the output current and
the efficiency
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