I\NSYS Simplorer v10 PO1

Power Electronics

& Section One
s  Note see addendum for initial software set up

&  Several sections of a DC/DC power converter design process will be presented in
this lab, each showing a different aspect of Simplorer's capability.

s  Inthe first section, the following Buck power stage will be implemented

174174} SEWTOOTHI cap_voltage
. Woa=SAWTOOTHT WAL TR Time [us] 500.000
Win 1= 50.0 FREQ=FSWY cap_voltage P 0.030
Vout =150 G Ind_cument. PKPK 0.102
_ AMPL=Vramp_pkpk / 2.0 Duty 0.320
Rload =75 Ind_current
o OFF=offset SET: pwm=1  SET: pwm:=0 = Ve 2.800
FSWy 1= 200000.0 TDELAY=Hmi
Vramp_max = 4.5 =mrmmn
Vramp_min = 2.0
Wer=SAWTOOTHT WAL
| Mote Duty = Yoldramplp-p) | MOS1 v
LDuhye=(sout £ 008 — — — — — — I Kl “0.53mH
Vramp_pkpk = Vramp_max - Yramp_min ' ]
offset ‘= Virarmp_phkpk /2,0 + Vrarp_rin, v g o/
I Vo= Duty * Vramp_pkpk + Vramp_min
Hoine = Q/ESW LI 0 - - — — — I
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&  This example was created to show a variety of Simplorer’s capabilities.

& ICA Initial Condition block to input the specifications of the power stage
4 EQU Equation block to calculate variables that determine the operation
& Sawtooth source for the desired “ramp” wave

s State flow diagrams used to calculate the pwm signal for the switch

s Measurement functions to evaluate design

s Use of system level MOSFET switch and diode

& Displays for waveforms and numerical values
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& Invoke simplorer and rename the project to be “Buck_lab”, then rename the
simplorer design to be “buck_ol_eq”

Project Manager - x

--[E] Buck_lab
¥ [[ﬁ'f' buck_ol_eq
+-1_7 Definitionz

& Open the “buck_ol_eq” design and insert the different components based on the
following library locations under the “components” tab. (see next page)

Project Manager - X

A2l Favorites
+- & Mast Recently Used
—- &) Simplorer Elements
+-1Z7 Basic Elements
+-127 Basic Elements YHDLAME
+- 7 Digital Elements
+-127 Manufacturers
+-127 Multiphysics

+-27 Tools
+- M2 Praject Compaonents
4 >
Praject  Components

& The ICA initial condition block is found in:
& Basic Elements/Tools/Equations/ “FML_INIT:Initial Values”
& The EQU Equation block is found in:
s Basic Elements/Tools/Equations/ “FML:Equation”
s  The sawtooth function block is found in:
s Basic Elements/Tools/Time Functions/”SAWTOOTH:Sawtooth”
s  The State logic input/output State is found in:
s Basic Elements/States/’STATE_11:State 11”
&  The State logic transistion is found in:
& Basic Elements/States/”TRANS:Transition”

& The measurement probes used for the capacitor voltage and inductor current pk-
pk measurements are found in:

& Basic Elements/Signal Char/ “TR_Probe: TR Probe”
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s  The Input Voltage uses the “E” voltage source found in:

s Basic Elements/Circuit/Sources/’E:Voltage Source”
s  The system level MOSFET and Diode are found in:

4 Basic Elements /Circuits/Semiconductors System/
&  The inductor, capacitor and load resistor are found in:

& Basic Elements /Circuits/Passive Elements/

&  The easiest way to import a ground symbol is to use “ctrl + g” or via the pull
down menu “Draw -> Ground”

& Placing the components on the schematic in the approximate positions as seen
on the preview schematic should yield the following so far.
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s The next step will be tofill out the properties of each component, rotate as
needed, and set up the display format.
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&  Setting up the ICA block:

s Double click on the ICA block, add in variables via the =l standard
“input” Icon for each variable to be added. Make sure to select the “Show”
box to display the variable on the schematic. De-select the “Show Name”
for the “Name” of the ICA block. It should look like the following:

Parameters - FML_INIT1 - Initial ¥alues @

State lOutput [ Display l

Mame | FML_INITL [ Show Name

Parameters

L% 5% =

Equation | | Infarmation | Show |Inc|ude InFol
Yin:=50.0 oo | [v [
| |vout:=15.0 ] [v —
| |Rloadi=7.5 oo | [v [~
FSW=200000 oo | [v [~
| |vramp_maxi=4.5 oo | [w [
| |vramp_mini=2.5 oo | [w [
s Select “OK”

s To resize the text on the schematic, select all the variables by holding the
left mouse button down while drawing a box around all the variables, they
will turn red to indicate the selection. Note in the “Properties” window on
the left side of the Simplorer window has a selection called “PropDisplay
Font Size”, by default it is setto 5. change it to 12, select the “Enter” key.

s To reset the spacing, change the Praperties - x
“PropDisplay Location” from Bottom Mame |Value| L
To Center, then back to Bottom. It should SchematiclD 1
PropDizplay 55 -460....| mil
Now look as follows. PropDisplag Angle T lde
PropDizplay Font Ayial
PropCizplay Font Size 12
] PropDizplay Justification Left ...
Vln =50 U PropCizplay Location Bott...
Vout:=15.0 . S
Rload:=7.5 o

Vramp_max:=4.5
Vramp_min:=2.0
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& Note the values in the ICA block represents the following:
& Vin = input voltage
s Vout = output voltage
& FSW = switching frequency

& Vramp_max and Vramp_min represents the typical ramp voltage range
found in PWM IC Controllers. this is used to compare to the “control
voltage” Vc that comes from the typical error amplifier found in a normal
feedback loop.

s Repeat the same procedure to fill outthe EQU equation block, it should end up
looking like the following:

Duty:=(Vout + 1.0)/Vin

Vramp_pkpk = Vramp_max - Vramp_min
offset ;= Vramp_pkpk / 2.0 + Vramp_min
Ve = Duty * Vramp_pkpk + Vramp_min
Hmin := 1.0/ FSW /100.0

s  Note the above equations represent basic voltage mode control relationships
used to calculate the control voltage “Vc¢” asif it had feedback. This control
voltage value will then be “compared” with the ramp voltage to generate the pwm
signal which controls the switching of the MOSFET, to yield the desired output
voltage.

&  NOTE variables that control the simulation (ie Hmin, which is the minimum time
step used by the simulator) can also be set, and changed during the simulation.
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s  Double click the mouse over the SAWTOOTH block to set up the ramp voltage
signal. Fill out the parameters as shown below.

Parameters - SAWTOOTHA - Saw-Tooth @

Parameters l Oukput [ Display ]

Mame | SAWTOOTHI ¥ Show Mame

Parameters

Rarp function |Rising -
Amplitude Wrarmp_pkpk/z.0 Phase | 0 ||:Ieg j
Frequency  |Faw | | offset offset

[ Perind | | J
Periodical
Delay | Hmin | |

s+  Before selecting “OK”, set up the display that will show up on the schematic by
selecting the “Output/Display”’ tab. Choose to display both the parameter and its
value by using the left mouse button (LMB) when the curser is over the desired
property’s Visibility field (see below). Do this for “FREQ”, “AMPL”, “TDELAY”, and
“Offset”. Select “OK”

Parameters - SAWTOOTH1 - Saw-Tooth

Parameters Cutput f Display ]
Mame Description | Direction | Show Fin |5weep | SDE | Wisibility |
Instance. .. In [ [ | [ |value
 |Tvpe In ™ [~ [ Maone
| |compoly | optians In ™ [~ [ maone
| |simulator... In [ [ [ mone
TRERIC Period In [ [ [ |Mone
ampL Amplitude In — [ [hame
| lpHase  phase In |— -
— Evaluated ¥alue
| |PERID Periodic In B [ [ |Evalusted Both
OFF Off set: In [ [ | [ MNone
| |ToELAY | Initial Delay In ™ [~ [ Maone
 JvaL value Ot [v [ [+ Mone
 |dvaL Derivative of Yalue Out [ [ [ Mone
4 *
0K | Cancel |
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s Now change the SAWTOOTH’s properties font size that is shown on the
schematic. Use the same process that was done for the ICA and EQU blocks.
Hold down the left mouse button and draw a box around the text shown on the
schematic, this causes the text to turn red to indicate it is selected. In the
Properties window on the left, change the “PropDisplay Font Size” from 5 to 12,
then select “Enter”. Reset the spacing of the text by changing the “PropDisplay
Location” from Bottom, to Center, back to Bottom.

s  Note the SAWTOOTH block has a pin for the output. This pin will not be needed
in this example and can be hidden by double clicking on the block, then selecting
the “Output/Display”’ tab, then De-selecting the box under the “show pin” column

(R A PRI =]} UEI\:I:.' 111
“:l VAL Valus Ot
Aunl Marivakiva AF Walie ook

[SININ N [N RRE] ]

| |
[ | [+ MNone Baottam
I —

blmrma Rimbborn

1<

&  Note the schematic should now look like the following so far:

[ @l Ea\_ﬂ TR_Prote 1
Vin =50 0 STATE_11_1 STATE_11_2 :
Vout:=15.0 TDELAY=Hmin (e e (O
Rload:=7.5 OFF=offset |
FSW:=200000 AMPL=Vramp_pkpk/2.0 E’(*“
Vramp_max:=4.5 FREQ=FSW
Vramp_min:=2.0

};Tli.l-i-cl L AT

| Lol
Duty:=(Vout + 1.0)/Vin T
Vramp_pkpk := Vramp_max - Vramp_min . | . .
offset := Vramp_pkpk / 2.0 + Vramp_min . ;m
Ve = Duty * Vramp_pkpk + Vramp_min T
Hmin := 1.0/ FSW / 100.0 T
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Parameters - STATE_11_1 - State 11

State ]

Marne

State Parameters

The next step is to complete the state diagram section that creates the pwm
signal used to switch the MOSFET on and off.

Double click the mouse over the “STATE_11_1" symbol to bring up the properties
window. Select the standard input icon to create an equation that will be _s'
evaluated when the simulation enters into this state.
Set thefollowing (Action type:SET, Name:pwm, Value:1, see below) this
indicates that when the simulator enters into this state, it will set the variable
“pwm” to be equal to “1”. This will turn on the MOSFET.

Select the “Show” box next to the Action to view it on the schematic

De-select the “Show Name” box for the Name

IMPORTANT: select the “Activate State” box to initialize on this state. This will
place a blue dot on the state to indicate it will be used initially.

See below, then Select “OK

E

Cutput [ Display ]

| STATE_11_1 [~ Shaw Mame

Yalid Far
Actions 130 % ¥ TR Do W Activate State
Action bype | Marne | ‘alue | | Infarmation | Shiowy |
SET I 1 J Calculation once at the moment of ackivation [w

LY

On the schematic, rotate the State by selecting it, then RMB (Right Mouse
Button) to bring up the menu, then select “rotate”

TRANZ1

O
;E Properties, .,

SE| Show Component Dialog... E<
add at unconnected pins 4
¥ oo Chrl+
Copy Chrl4C
> Delete Dielete IH
[%, Rotats chl+r [
o 2 Flip vertical
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s  Repeatthe previous process for “STATE_11_2" however now set “pwm” to zero
“0” (see below - NOTE do NOT select “Activate State” on this one). Note when
the simulator enters this state, it will nhow set the variable “pwm” to be equal to
zero, which will turn the MOSFET switch off.

Parameters - STATE_11_2 - State 11

State ] Cutput | Display ]

Mame | STATE_11_2 [~ Shaw Name
State Parameters
Walid For
Actions L9984 ] £ * TR DC [ Ackivate Stake
Action type | Marne | Yalue | | Infarmation | Showy |
SET P 0 J Calculation once ak the mament of ackivation [v

& Rotate it on the schematic as before.

& Next double click the upper “TRANS1” transition symbol to set up conditions that
must be met for transition from state (where pwm =1) to state (where pwm = 0).

&+  See below, note when Vc <= SAWTOOTH1.VAL , pwm will be setto 0, and the
MOSFET will be turned off.

s Select the box “Show Condition” so it will appear on the schematic
s  De-select the “Show Name” box for the Name, Select “OK”

Parameters - TRANS1 - Transition

Transition ]Output ! Display ]

Mame | TRAMNS1 [ Shaw Mame

Parameters

Priarity | g ::I 1 = highest

Condition For transition ¥ Show Condition
Wo=SAWTOOTHL, WAL Edit...

Logical Expression, Yalue

The use of equality in logical expressions { <=, ==, == ) instead of simple relational operators {<, =), forces the simulator to slow

down and approach the transition point with maximum accuracy,

Simplorer v10 User's Guide PO1-«#



I\NSYS Simplorer v10 PO1

Power Electronics

s Double click on the lower “TRANS2” symbol to set up the transition condition
where the simulation will go from the state (where pwm =0) to the state (where
pwm =1) see below. Note when Vc >= SAWTOOTH1.VAL, pwm will be setto “1”
and the MOSFET will be turned on.

s  Select the “Show Condition” box and de-select the “Show Name” box as shown,
Select “OK”

Parameters - TRANSZ - Transition

Transition l Qutput [ Display ]

Mame | TRANSZ [ Show Mame

Parameters

Priotity |5 :l 1 = highest

Condition For transition [v Show Condition

Vo E=5AMWTOOTHL WAL Edit...

Logical Expression, Yalue

The use of equality in logical expressions { <=, ==, == ) instead of simple relational operataors (<, =), forces the simulatar ba slow
down and approach the transition paoint with masimum accuracy.

& IMPORTANT, Flip this symbol horizontally on the schematic

iz SANTOOTHI WAL

[ ]
E
5 SET: pam =1 6 SET: v =0
E JE Properties,..
Show Component Dialog...
= AT Add at unconnected pins
#cut Chrl+%
Copy ctrl+c
|;T:| o | 74 Delete Delete
N =
—l—‘J |_rl1 =, Rotate ChrHR.
=1 B .
<z Flip Wertical
: Flip Haorigonkal

E1

(W[
=
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Connect the state diagram section as shown below, Save the design so far

SET: pwm:=1

Ve<=SAWTOOTH1.VA

SET: pwm:=0

Ve==SAWTOO

TH1.VAL

Note the logic of the state diagram section can be shown below, when V¢ (control
voltage) is less than or equal to the ramp waveform, the value of “pwm” goes to
zero “0” and the MOSFET is turned off, when Vc is greater than or equal to the
ramp waveform, the value of “pwm” goes to “1’ and the MOSFET turns on.

Ramp waveform —————

Vc (control voltage) —

Pwm signal \

Bl

00

Curve Info

== SAWTOOTH1. VA
TR

== Ve

TR

== PWM
TR

L

2004

ATV,
v

/ SV

0.00 '

[SISISISISI QSIS

00
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Parameters

Next step is to configure the power stage electronics

Double click on the voltage source and assign the variable “Vin” as seen below.
Remember this value of “Vin” comes from the ICA initial condition block. Select
the “Spice compatible” box (for spice compatible sign convention)

- E1

- Voltage Source

&

Parameters ].c\c - Parameters | Qutput { Display |

Marne |E1 W Show Mame
Parameters
(+ EMF ¥aluz | ¥in W ~| T Userin
‘alue, Variable, Expression [~ AC use
Time
Cantrolled | J

|v* Spice compatible
v Partial Derivation

Select the “Output/Display” tab and using the left mouse button, make the EMF
Value visible as shown below, Select “OK”

Parameters - E1 - Voltage Source
Parameters ] AC - Parameters  Output § Display I
Mame | Description | Direction |Sh0w Fin | SWEED |SDB | Wisibility | Location |
Inskancelame In [ [ [ vale Top
- |acType In [ [ [ |MNome Batkam
| Tvpe In [ [ [ |Mone Bottom
B CampDlg Optians In [ [ [ Mone Baottarn
| simulatorModel In [ [ [ |Mone Battom
- ac _IM Imaglnarv Part [ [ [ Mone Baottarn
__|FREQ Frequency [ [ T r
- |1PERIO Periad In [ [ m
- |ampL Amplitude In |_ — [ |[Beth m
— Evaluated Yalue
| |PHASE Phase In [ | | |Evaluated Bath i
[alalas 2o [ E T— —  lria—- Fi-LL
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s  Select the system level MOSFET symbol and rotate it once

= Properties. .. '
g =SA Show Component Dialog...
add at unconnected pins L
#cut Chrl4
y B3 Copy Chri+C
EJ;:IE ¥ Delete Delete
S, Rotate Chrl+R
= Flip Yertical

Ak Flip Horizontal

&  Double click the mouse on the MOSFET symbol. Note since this is a “system”
level MOSFET, it has 1%t order behavior like a MOSFET, however does not
require the actual high side gate drive circuitry associated with a buck converter
switch. This model uses a simple logic control to turn on and off the MOSFET.
Here we set the “Control Signal” to be the variable named “pwm” (see below -
note must uncheck the “use pin”), if this variable becomes a “1”, the MOSFET
turns on, if the variable becomes a “0”, the MOSFET is turned off. Remember we
had created the state diagram section to control the value of this variable “pwm”
based on the control voltage “Vc” and the ramp waveform.

Control Signal

Cantrol Signal P [ Use Pin

‘Value, Yariable, Expression

s  NOTE Simplorer has several different levels of switch models based on the need

& Note the system level Diode model will not be changed (use default values)
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s Next select each of the passive components and assign the following values

s L1=0.53m, C1=25u, R1=RIload. Setup to display the values, change the
font size to 10, rotate as needed. Note “Rload” is a variable thatis set in the ICA
initial condition block.

&  Connect the power stage, when finished, the schematic should look like the
following so far: (Save the Design so far)

Ve<=SAWTOOTH1.VAL

cap_voltage
A «a
Vin:=50.0 IR
1 TDELAY=Hmin SET: pwm:=1 SET: pwm:=0 et
Wout 5150 OFF=offset
o AMPL=Vramp_pkpk/2.0
' FREQ=FSW Ve>=SAWTOOTH1.VAL

Vramp_max:=4.5
Vramp_min:=2.0

ED) T

Duty:=(Vout + 1.0)/Vin l%i o

Vramp_pkpk := Vramp_max - VVramp_min pwm 2 | 25uF 2 Rioad
offset := Vramp_pkpk / 2.0 + Vramp_min E'C) Vin D‘Zﬁ o Ré

Ve = Duty * Vramp_pkpk + VVramp_min .

Hmin :=1.0/FSW /100.0

& The next step will be to Set up the measurement “TR_Probes” for the inductor
current and the capacitor voltage. This will allow an instant measurement to
evaluate the pkpk ripple current thru the inductor and pkpk ripple voltage across
the capacitor. The results can then be displayed in a numerical view plot.

s  Note to be able to add The “INPUT” as a value, Must first remove the “INPUT” as
a pin; double click the mouse on the TR_Probes, select the “Output/Display” tab,
then de-select the “Show Pin” for the “INPUT”

Parameters - TR_Probe2 - TR Probe

Parameters  Output / Displap l

Mame | Dezcription | Diirection |Shu:uw F'in| Sweep | SDB| Wizibility | anatiu:un|
INPUT Input zignal I [w [ | Mone Bottam
TSTART Time taztart mane e — — [ IMane Rattrm

& Note the TSTART and TSTOP are set up to Capture the results After the system
has Reached steady state. Note also only the “pkpk” Output is selected to save
Disc space. Fill out the forms as shown on the next page (INPUT -> L1.l, C1.V,
TSTART ->250us, TSTOP ->255us, FREQ -> 200kHz)
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&  The following is for the inductor current measurement probe

Parameters - Ind_current - TR Probe

Parameters l Dutput / Display]

Mame  |Ind_cument I Show
Parameters
Marmne Walle Units Dezcription
INFUT L1 A, Input zignal
TSTART 250 us Time ta start manitoring
TSTOP 285 uz Time to stop monitoring
B FREQ 200 kHz Expected fundamental frequency [0 to skip)

| |METHOD I 0=DFT. 1=Least Squares to calculate fundamental RS

ORDER 1 Harmanic: order of DFT, or M for LS50

Default Dutputs

[ Thisx [ M [ THIN [ MIN
[~ INTEG [ PEAVG v PEPE [~ ABS
[~ FF [ CF | RIPPLE [ RMSaC
| RMS [ ME&N [ THD [ FUMD

ak. | Cancel

&  The following is for the capacitor voltage measurement probe

Parameters - cap_wvoltage - TR Probe

Pararneters ] Dutput / Dizplay l

Mame |cap_voltage] W Show
Pararneters
MHame | Walue nits Dezcription
INPUT C1w W Input zignal
TSTART 250 uz Time to start manitoring
TSTOF 285 ug Time to stop monitoring
FRELQ 200 kHz Expected fundamental frequency [0 to skip)
| |METHOD 0 0=DFT. 1=Least Squares to calculate fundamental RMS
ORDER 1Al Harmnonic order of DFT, or M for LS8

Drefault Dutputs

[ THax [ Max [ THIN [ MIN
[ INTEG [ PEAVG v PEPE [~ ABS
[ FF [ CF [ RIPPLE [ RMSAC
[ RMS [ ME&AN [ THD [ FUMD

ak. Cancel |
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s  Setup the Transient Analysis by double clicking the mouse over the “TR” in the
“Analysis” section (see below). This will bring up the Setup window and set the

End time (Tend = 500uS), the Minimum Time Step (Hmin = 100nS), and the
Maximum Time Step (Hmax = 100uS).

Project Manager

=B Buck_lab*
= [ﬁ buck_ol_eq™

E] Portz

2 g8k Analysis

Analvsiz Setup Mame

Analyzis Control

[ Dizable thiz analyzis
End Time - Tend

Fir Time Step - Hiin

Dptimetrics
Results
127 Defiritions

ol SIE ——

Praoject | Components | Search |

td &= Time Step - Hmas

[ Use Initial Yalues

Transient Analysis Setup

TR

500 ug  *
100 ng *
100 uz r

Analysis Options

[ Enable continue to salve

|

Optiohz |

o]

Cancel |

&  Check to make sure all desired signals are available for plotting from the results
of the transient analysis. Select the menu “Simplorer Circuit -> Output Dialog” .
Check the boxes for “pwm” (switch signal), “Duty”’ (Duty cycle), and “Vc” (control

voltage)

MMI Tools  Window Help

Design Settings. ..

SubCircuit

Solution Setup
Impart SDE File...
Opkirmetrics Analysis

Results

[Design Properties...

Edit fotes

Qukput Dialog. ..

7 Ctrlshift+0

Browwse Metlist

Sek Active Setup...

=l
*

=3

Defined Gutput

C1.I
1y
cap_voltage, PKPE
3
D1
Doty

AddiRemove

v outputs [ Inpuks W InGuts

24
tc |2

[~ Subcircuits | Detivatives

- State variables
o2 W pwm

= Equation variables
10 = W puty

10 = [ Hmin

10 = [ offset

PLLE = 3 s

10 = ™ wramp_pkpk
+- (] Mets

A Element All

Element Mone

Expand Al

LR

Collapse Al
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& Zoom out on the schematic and add in a “rectangular plot” via “Draw -> Report”,
then select it in the schematic, and copy and paste 4 more into the schematic.
Add one “Numeric Display” onto the schematic (see below)

Ye<=SAWTOOTHT WAL
SANTOOTHL J R
- | <&
Vin:=50.0 TDELAY=Hrin SET: pwm=1 SET: pum=0 e
Motli15.0 OFF =offset L
R AMPL=Vramp_pkpk/2.0 | <&
Vrarmp,_max=4 5 FREQ=FSW Yer=SAWTOOTHT WAL
Wrarp_min:=2.0 L1 =
l w1 .0-53mH
. _| —050
Duty:={%out + 1.0)/vin o [ ‘1 25F L Rioad .
Vramp_pkpk = VYramp_max - Vramp_min =t _ J¥in "z_ 1] m%
offset .= Vramp_pkpk / 2.0 + Vramp_min * o
Yo = Duty * Vramp_pkpk + Vramp_min T
Hmin = 1.0/ FSW /100.0 = .
00:6 [X = osox \ e s 00:6 [X X 050x ki) L2 00:6 =) L2 050x i) = 00:6 [X k23 050x o s

\

& double click on the first rectangular plot and select the trace
“‘SAWTOOTH1.VAL”, then hold down the “ctrl” key and select also “pwm” and
“Vc”, then select “Add trace”, then select “close”.

® Report: Buck_lab - buck_ol_eq - Rectangular, Plot0_4 - Hew Trace(s)

Context Trace ] Farnilies ] Farnilies Display ]

lution: -
Solution |TP‘ J Primary Sweep: |Time j |-°-" J
Domainii—|Time [ e ¥ Default | ]

Opkimetrics setup:  |Naone -
¥ [R1.L; SAWTOOTHI . vaL; Ve REmT
» Funckion...
Select Quantities. .,
Cateqgory: Quankiky Function:

‘ariables ~
Output Yariables

Current
Others SAWTOOTHL . WAL
Update Report Percentage STATE 11 1.5T

¥ Real time Tirne +
Cukput Yariables. .. | Opkians. . ‘ Mew Report | ‘ Add Trace | Close
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Woe=SAWTOOTHT WAL
SANTOOTHI J T
| :
| <= A
m'_._ ; TDELAY=HmMIN SET: pwm:=1 SET: pwm:=0 el _clerehi
Voo OFF=offget L
ESW 2200000 AMPL=Vramp_pkpks2.0 <=1
‘v‘ram.pimax::él.S FREQ=F3W/ WeE=SAWTOOTHT WAL
Vramp_min:=2.0 L1 =
1 e 0.53mH
Duty:=(Vout + 1.0)/Vin pwm | L oar 2 poad [
Yramp_pkpk 1= Vramp_max - Yramp_min 57 vin "Z ol m% /%
offset .= Vramp_pkpk /s 2.0 + Vramp_min . - 010
Yo = Duty * Vramp_pkpk + Vramp_min Y= N — N -
Hrmin = 1.0 / FSW 7 100.0 = T
00:6 ) L2 oﬂel'rs] ki) s 00:6 ) L2 050x ki) T 00:6 ) L2 050x ki) s \ 00:6 ) L2 07! D?D'I s
&  Double click the mouse on the second “Rectangle Plot
and add in the plot for “L1.I” (Inductor current)
s+  Repeat for the next plot and add “L1.V” (Inductor Voltage)
s  Select the 4" plot and add “R1.V” (Output voltage)
&  Select the 5™ plot and add “L1.1” again

& Double click on the “Numeric Display” plot (which will display the last value of the
chosen waveform in numeric form) and add “Cap_voltage.PKPK”, hold the “ctrl”
key down and add “Ind_current.PKPK”, “Duty”, and “Vc¢”

& Report: Buck_lab - buck_ol_eq - Datatable1 - Mew Tracejs) @
Gamieyit Trace ]Famihes ] Families Display ]
Solution:
TR d Frimary Sweep: |Time j |A|I J
Darnain: Ti
e s ¥ ¥ Default | J
Cpkimetrics setup: ’m Ran
b : : : 9&
= i |cap_v0|tage.PKPK, Duty; Ind_current, PEPE; Ve Funchon ..
Select Quantities. ..
¥ Show last valoe only Category: ity Furiction:
Yariables cap volkage, PKPE A
Cukput Yarisbles . abs
) acos
Current by acosh
Others ang_deg
Yolkage ang_rad
asin
asinh
atan
atanh
cos
cosh
dB
dE10normalize
SAMWTOOTHL VAL dEzinormalize
Update Repart STATE 11 1.5T dEc
degel
¥ Real time . i b/
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s  Save the Design

s+  Simulate the design by placing the mouse over “TR” (that was defined in the
“Analysis” section earlier), then using the right mouse button, bring up the menu
then select “Analyze” (see below)

Project Manager . x o anm
=[] Buck_lab le%l %" [S—
=[if buck_ol_eq Wout=15.0 i
TDELAY=Hmin
El Ports Rload:=7.5 OFF=offset
- B Analeis FEV-200000 AMPL=Vrarmp_pkpki20 1 |E fre i
ﬂﬂ Vrampimaf._—xi.S FREG=FSWY T 1 AL =
DOpim Copy Chrl+c Wrarnp_min:=2.5
+ Resu L1
+-[ Definition Rename F2
P Deb e Dielaty Lef-- e E ~
v Lelete slete Duty:=(vout+1 D)vin poml 1 . .
Edit... “rarmp_pkpk:=trarmi_max-Yeamp_min Winhz i o1 L2808 Rload  |@=
offset:=Vramp_pkpk/2.0+vramp_min R1T e
— 3 Wer=Duty™ramp_pkpk+yramp_min
Bon=ectiy Hrmin'=1 0/F SWADD.O
o G T R
Disable
Project | Components B lohoo 7 " =15 ] ‘*TNJ
— o ez
Properties . x 5““ il : .{um
MName ‘ Walue |’*
Marme TR o " o
Ertiod v g = = T
&  The results should appear as follows:
LT
i ez J "
Vin:=50.0 kA T esamraare ——— =
o= o TDELAY=Hrin = =
Rload:=7 .5 = T pre=—
F v —200000 OFF=offset e EEom
e e AMPL=Vramp_pkpk2.0 L e = o=
rarnp_rmax =4. FREG=FSW S| =
Vramp_min.=2.5 Frm
Rl
Duty:=(Vout+1 .0)vin e pwrrl
11 L

Yramp_plkpk =Yramp_max-Vramp_min
offset ="ramp_pkpk/2.0+vramp_min
o =Duty™vramp_pkpk+yramp_min
Hrmin:=1.0/F SW100.0

||L

=T 'ﬁg?&] fpA ] oo
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s Rename the plot files in the “Results” section to better reflect their content. Move
the mouse over the name, then right mouse button-> Rename

Project Manager P
-8k Analysiz "'*
TR
7= Ophimetics I
Hzm Win:=50.0
RSl - a7
i Copy Definition  Crbc Hoad:=7.
5 @ Rectangular F Shy-=201
+- B Rectangular F ) Copy Data ramp_m
+- B Rectangular F Baste Clrl+y ramp_m
+- B HectangularF| Rename Fz |
+ Datatabled | we pojore Delete m
.77 Defiritinns - I
Project | Companents | Search | Modify Report... uty:=(v'c
Update Report ;a”:p:p\k
&  The following new names have been applied:
Project Manager -
—-98k Analysis ”
TR
[ ptirnetrics
= Results
- PwM signal

+- B Inductor current - zoom
+- B Inductor voltage - zoom
+ @ Output Woltage

+- B Inductar curent

+ ripple data

.77 Definitions b
Fraoject | Components | Search |
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s  Edit the plots on the schematic to zoom the waveforms for better representation.
Select the first plot on the schematic, then use the right mouse button to bring up
the menu, then select “Edit in Place”. (Note the edit in place allows such things
as moving , re-sizing , or re-defining the legend box as well)

200 o Curve g Y Ao
. [—T]
-
— SAWTOOTHIVAL
|, ‘ ™ Y2
T — Vo va
= 1.00 "
5

LS
|||.||I||||I.||I.|||.

»

Marker
Trace Characteristics L4
Add Mote ...

.00
0.00  125.00  _250.00
Time [us]

375.00 T 500.0

-

View

Accumulate

L

Edit

Modify Report..,

Update Repart

Save As Template, ..

Export...

1 Import...

Copy Image
Export Legend. ..

| EdtinPlace | |

Qpen in new winddw

4 Move the mouse in the plot area, and again use RMB to invoke the menu, select
the “View-> Zoom In”, then draw a zoom box within the plot.

A Al q
Rl 2.00
¥2
i v =]
|§ i | = 1.001
Marker 3 ]
Trace Characteristics » 0,00
T Add Make .. 0.00 125.00 T‘iﬁ
s, &M Pan Shift+Drag
fccurulate (¥} Zoom  Alk+shift+Crag
Edit b F@ Zoom In -
B" Zoarm Suk "

Modify Report, ..
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s Note can also zoom in without using the “edit in place” concept. Simply select
the plot, then RMB to bring up the menu, then use View -> zoom in. Zoom in on
next two plots for the Inductor current and Inductor voltage as shown below:

e

= Syt | =
Yin=500 A Toesmranis Bace o
vout:=15.0 TOELAY=Hmin = =
Rload:=7 .5 OFF=offsat -l X I P
FSW:zEDDDQ_D AMPL=Yramp_pkpki2.0 | ' - | =
Wramp_max=4.5 FREC=FSyY BRI B
Yramp_min:=2.5

L1

Lo 0.53mH
Duty:=(vout+1 0yvin S0 porn ||
Wramp_pkpk:="ramp_max-Yramp_min Wink.o '}_/S

offset:="ramp_pkpk/2.0+vramp_min
Wi =Duty™ramp_pkpk+Yramp_min
Hrrin:=1.0/F SW/100.0

g 1 Lo LR SR

T T =1 [
S

wn 3= Hr g

T T o O B [ L L

s  Edit the Numeric Display plot (“ripple data”)to resize and reformat the numerical
results. In the Project Manager window, double click the mouse over its name
“ripple data”. this brings in the report to the larger window.

Project Manager N 4
- 488 Analysis - 1
TR Time [us] 500.000000
O ptimetrics cap_voltage PRPK 0 14
- Results TR 0300
Pt zignal
s d Duty 0.320000
+-B Inductor curent - zoom TR
+-B Inductor valtage - zoom Ind_current. PKPK 0102217
+-E Output Voltage TR
+- B Inductor curert Ve 3 140000
+ ripple data LL
-3 Definitions
A
< >
Project | Eumpnnents] Search]
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& Use the menu “Edit -> select all’ to select all the fields in the DataTable report.
Note the “Properties” window on the left side of the simplorer desktop window
(see below) . Change the Field Width to 5 and the Field Precision to 3, select
“Enter” key. Note this will now show the DataTable as shown below:

Properties . x
M ame Walle
Humber Format | Decimal 1
Fieldidth 5 Time [us] 500.000000
Field Precisi 3
12ld Frecision cap_voltage PRPK 0.030
Specify Min L
. Duty
kin 0.320
- TR
Specify Max Ind_current. PKPK 0.102
b & TR ’
Pare To Mo Vi
3.140
TR

Diata Filter | Data Table | General |

s  Select the “Data Table” tab as shown below, and change the font to size 16, and
de-select the “Show Solution Name”. The results are shown below:

Properties - x

Marme | Y alue | -
Show Glabal Min-... [ 1
Transpase v Time [us] 500.000000
Mum D ata Per P 2500
S:m T“ Er; 2 = cap_vol... 0.030

ow Trace MName v
Show Solution Name [ DUty 0.320
Shiow W ariation ey [w |nd_CUIT. .- D 1 02
Fant Farnit | Ve 3.140
Header Row Font Fart |
Header Fow Back... | | |
L

Data Table | lieneral
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&  The final results should look like the following (note this should be the same as
the initial view showed at the start of this lab) : (Save the design)

——
= sanvraa | =
Win=a00 @ [ — Time [us] 500.000000
Yout:=15.0 e cap_vo... 0.030
TDELAY=H =
Rload:=7 5 SEEL bl 1] Duty 0320
0 o S pumen Ind_cur._. 0.102
P U AMPL=Vrarmp_pkpk/2.0 | e Vo 3.140
Wramp_max:=4.5 FREQ=F=w/ SR A
Wramp_min:=2.5
L1
L 0.53mH
Duty:={Vout+1 03vin pi | 8
Yramp_pkpk:=vramp_max-vramp_min M ‘z&

offset:=Vramp_pkpk/2.0+vramp_min
Yo =Duty™ramp_pkpk+vramp_min
Hrmin:=1.0/F 2W/100.0

EC R R R S

.|L
e

. e =] o] =)
_ S _
; ﬁ pr | - o
- (T : 2.
S - J:- S gk e ae L

& NOTE can change the default property font size that is used in the schematic
ahead of time via the menu “Tools -> Options -> Schematic Editor Options”

s  NOTE anotherway to permanently change the visual representation of the plots
on the schematic is to edit themin the Report window. For example double click
the mouse over the name “inductor voltage - zoom” which brings that plot into the
larger report window. Select the x-axis and note the properties window to the left,
Select the “Scaling” tab to specify desired range (see below). Note the same can
be done with the Y axis or other parts of the plot.

& NOTE can also change what is displayed on the plot schematic by selecting the
plot in schematic, RMB to bring up menu, “View -> Visibility” (see below)

Project Manager - X
Properties - X
=-[F] Buck_lab*
= [ﬁ buck_ol_eq* Mame | Walue | *~
@ Parts Axiz Scaling | Linear
= Analysis Specify Min [v
TR Mir 450
& Optimetrics "
H Fresults Specify Max [~
+ Q P signal Man 500
+-E Inductor current - zoom Specify Sp... [~
=R} Inductor voltage - zoom Spacing 10
LY Minor Tick... 5
+ Q Output Yaltage v —
+ Q Inductor current Auto L
+ ripple data utn Units v 2
+-[Z0 Defiitions

Az I Scaling IEartesian] General]
C—

Project | Components | Search
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