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SIMetrix / SIMPLIS

* SIMetrix / SIMPLIS is developed by Transim.

* It's a software package which contains two differ
ent software : SIMetrix and SIMPLIS.

Transim:



SiMetrix / SIMPLIS

* SiMetrix is more like an enhanced mode of
traditional SPICE simulators. Faster analy
sis speed compared to traditional SPICEs.

* SIMPLIS is developed especially for switc
hing power supplies. Its fast AC analysis is
the reason why it is popular used by PE d
esigners.



Why SIMPLIS?

* There are 2 reformations of SIMPLIS com
pared with traditional SPICEs [

1.Can run AC simulation in switch model
2.Faster Bias Point simulation achieved
by POP simulation



Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Ideal components (Simple switch and VPWL resiston)



Buck Converter (Open
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Use a VPWL resistor to replace a diode 13



Buck Converter (Open Loo
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Buck Converter (Open Loo
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Buck Converter (Open Loop)
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Buck Converter (Open Loo
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Buck Converter (Open Loop)

4 CADocnments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck open loop sxsch (Selected)
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Correct Part Number should be selected!! -

Select 1z Mod ified

Use MOSFET and Diode: realistic condition
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Buck Converter (Open Loop)
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uck Converter (Open Loop)
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Buck Converter (Open Loop)

DRAIN

MOSFET Model 0001

GATE HEE - K o o

IR_BODY
E+ RGS —*cGs

SOURCE

CGS : Linear capacitance
QQ1 : Ideal Switch
IR_BODY : Body diode modeled by PWL resistor



Buck Converter (Open Loop)

DRAIN

MOSFET Model 0011

+ QQ1

GATE EE8 K FZAN + coss
IR_BODY T
+RGS _l* CcGs
_[- | I i

SOURCE

CGS : Linear capacitance

QQ1 : Ideal switch

IR_BODY : Body diode, modeled by PWL Resistor
COSS : Lumped linear output capacitance
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Buck Converter (Open Loop)

DRAIN

MOSFET Model 1032

1/ 'CDG
jz[

+ QQ1

GATE & K Zs I cos
IR_BODY T
+RGS _I*+cas
—[ & - I -

SOURCE
CGS : Linear capacitance
QQ1 : SIMPLIS Switch modeling Id vs Vds with Id normally proportional
to voltage exceeding VTO
'IR_BODY : Body diode, modeled by PWL Resistor
ICDG : PWL capacitance
ICDS : PWL capacitance




Buck Converter (Open Loop)
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Buck Converter (Open Loop)
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Probl

ems in using MOSFET
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Buck Converter (Open Loop)

CADocuments and Settings\Brian Wan; \EE\E 1 SIMPLIS\Buck clozed loop ideal sxech (Selected

SSSSS

Synchronous rectlfymg switch using only Simple Swﬂ%es
(Recommended)




Buck Converter (Open Loop)
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Buck Converter (Closed Loop)

Vg tﬁ

JUL

E/A’s output should be connected to Comparator’s + node!!

WM

V
Buck converters: 7" =D

g
D1 then V, goes 1

Check: When V_ goes high
l

V. goes low

!

D goes low

!

V, goes low

!
Stable

32



Buck Converter (Closed Loop)

4 CADocuments and Settings\Brian WangAsifm\EE251 SIMPLIS'Buck closed loop sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

Buck closed loop sach
2
MR

1
.......... M L PDOEMOALE L
............ L BTAT0-4VT 0
............ o T R F e« | T A A

To0n
e REERER AUIRETERSSREEY CRSURSRRRES ?:\3 .................... S
.................... Ch s
................................. . 2EM. .
C3
CLAPDOEMDIALALLY - oo B3l A0
........ :Ralgn
ST A,

Connections of closed-loop Buck 33



Buck Converter (Closed Loop)
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Sawtooth (Waveform Generator) settings 34



Buck Converter (Closed Loop)
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uck Converter (Close

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

Select X082

Comparator settings
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Boost Converter (Closed Loop)

B . [=]x]
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Comparator settings 37



Buck Converter (Closed Loop)
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Buck Converter (Closed Loop)
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Buck Converter (Closed Loop)

. o Shut Impedance c4 Ra
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Boost Converter (Closed Loop)

1
Boost converters: % —=
L Vo V 1 = D

g

|

D1 then V, goes 1

Vg iﬁ - C

Check: When V_ goes high
l

V. goes low

}
Voaw D goes low
) Lz Ve 9

b - 1
1 " v E/A+}7 e !
V, goes low

!
Stable

E/A’s output'should be connected to Comparator’s + n21de!!



Boost Converter (Closed Loop)

T Startup: V_,=0
1.4,uVI.(\3=O . +R5 l
L1 |CE=1 VFB = low

810 L 20uic=0 |

= Tt VC = hlgh
PWM B !

s ez PWM = high
+ !

Switch always on

560k 4?( l
R2  =5q0u Vout still =0
== 10p I£=0 71.5k
2 2.2n1C=0 []RQ l
c10 = | Can’t work without
' soft start circuit

Require a dead time control circuit during start up (Soft Sééart)



Boost Converter (Closed Loop)
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Buck/Boost Converter (Closed

Loop)

Vg —

WM
N

N

D
V., 1-D

g
D1 then V, goes 1

Buck/Boost converters: —< =

Check: When (-V,) goes high
l

V. goes low

!

D goes low

!

V, goes low

!
Stable

E/A’s output should be connected to Comparator’s - nggle!!



Buck/Boost Converter (Closed Loop)

— 5

S10 IC=1
|_|—| Mk Vout
+ 2.2u1C=0 g . R4
L1 —10ulC=0 —=10ulC=0
L Cc1 c4
0.01
900k 11
D 1
500m 3.3m 3.3m
e i i
G3
Ed
440k —
[]RZ = 200u
V2
@ _ -0.857142 | []150k
—1.1nIC=0 V1 — R9
C10

Require a dead time control circuit during start up (Soft Start)



Buck/Boost Converter (Closed Loop

UL simplis_tranl11 (C:\Documents and Settings\Brian WangULMNEE251 STMPLIS\Buck-Boost closed loop Richtek ideal sxsch (Selected)) (Selected)
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Frequently used sub-circuits

*RC current sensing (i

n Current-mode contr L
ol o [ ___________________________________________ a
* Use OPAmp and CC = .
VS to enhance and tr ;
| I e

ansmute sensed sign | o
™

I : sense
a i ™
i
: H2 — 1.8k
i — -
1

When £:R4 -C,
Rl

...............................................................................

V;ense :K .is :K Q — & HZ) .is
R R 47



Frequently used sub-circuits

*Direct current sensing
* |deal way, but maybe
560n 1.6m

too ideal S —

L1

To Adder1 3.333333

A

E1




Frequently used sub-circuits

*Voltage Adder
* Many ways to

implement, only ﬁ ﬁ

driven sources =
needed

Input 1 Eo Output

= L 1.
Input 1 + I » I + Input 2




Frequently used sub-circuits

w Measure Plot
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Trigger = low: hold »
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=] =
]

1]

S6
Input l Output
3 E
1n D / /

C2

V11
DU
Sample Clock | ™

L@L




Periodic Operating Point (POP) analysis

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

.......................... #! Choose SIMPLIS Analysis

Select analysis Ll

POF

Trlggerﬂlg ........................
N . . . . D AC ........................
QsePOPTnggerschemamdevtce L
(Bee menw. Place- = Analog Functions-=POP Trigger) [ Tenstent — § o

Saveoptioms ... ... | ool

o4

O FalmgesOnty |~ |

Trigger gate
Trigger conditions (%) Oto 1

@ ProbesOnly ... .

POP analysis settings 51



Periodic Operating Point (POP) analysis

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

A DI s

() ¥oltages Only
(%) Probes Only

Rt AT | T oty [ 11001

B Triggrring [] eoOP B R

- e gl i e ! . [ AC D

T : higher to avoid error | o i s | Dmwen |0
rchina POP. ana i o S

When IaunChlngPOPa |¥ng§r!§mgm@gm O 110 O &l CLLLIiiiiiiiniiiiiiiin

QDnditi.ons

Max perind  |1u f

Cryeles before 5
lavnching POP f

o # POP Advanced Options

_________________________ PO opios | SRR EEEEr ) EEEREE RIS
......................... Convergence |10f :‘]Defau_h o
LT Tteration limit 20 ::%Default = B R
_____________________________ Eunberot =
............................. o — 21 [7] Defanlt

[] Crutput POP progress

[[] Use snapshot from previous transient analysis

Advanced settings

52



Periodic Operating Point (POP) analysis

C-ADocuments and Settings\Brian Wangistim\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator B3 Probe FProbe ACHNoise Hierarchy
=E 9 9 RepeatLastPlace..  Al4R

Eruck closed loop ideal sxsch From Model Library... Ctl+3
From Symbol Libracy...

Hierarchyr »
Magnetics

Passives
Coanectors

Pobe

Sources

Bias fnnotation
Sermicondvstors
SIMPLIS Primitives

Parameterized Opamp
Switch with Hysteresis

Worksheets

Put POP Trigger into the circuit

53



Periodic Operating Point (POP) analysis

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

_______________________________ A et votme

............................... Cratput Low Voltage

............................... Output High Valiage

........................... Hysterests 2

POP Trigger’s back should be | .. U

............................... Tnitie] Condition of Output (used in Divide by Two) |0 -

of the main circuit 0 1] s viesContion gminbpte iy ren 500 o




Periodic Operating Point (POP) analysis

File Edit Cursors Annotate Curves A View Measure Flot

S Ra] cRmAK LK ¢ e
[ ] Vout

I O

time/uSecs 2uSecs/div

POP analysis waveform: no importance 55



Periodic Operating Point (POP) analysis

* In SIMPLIS, users have to perform
following simulation steps before
launching AC simulation:

1. Transient analysis and back-annotated

2. POP simulation (add POP trigger)
3. Add AC source and Bode Plot Probe

56



C-\Documents and Settings\Brian Wang\tim\EE251 SIMPLIS\Buck closed loop ideal sxsch {Selected)
File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

D MXCHE FQARA 20 ¢+ mF Tk X

AC analysis

hoose SIMPLIS Analysis

Periodic Operating Point | AC | Transient |

Sweep parameters

T —
e —
e B 1
decade - =]

(%) Decade
(O Lingar

Select analysiz
EOP

AC

[] Trensient

Have options

O 4l

() ¥oltages Onty
(=) Probes Ouly

[] Fowce New Analysis

|>

Mod ified

S7



AC analysis

* Measuring loop gain in the simulator :
Different ways in different software

PSPICE V.S. SIMPLIS

58



AC analysis

1.In PSPICE —
(1)Breaking the feedback loop and inserting an
AC source.
(2) Must replace switches into averaged models [4]

(1) (2) f_s-" i“’rﬁ,‘r

VREF—X 2> y e > VouT

i ] F,
-~ \/\ o 2 0 :.
'Ic'; H _— %‘ n e
59




AC analysis

2.In SIMPLIS —

(1)Just add AC source in a
ny place of the loop

/]
A —— o
(2)Add Bode Plot probe at t E M
he place we want to measu ! !
re s

(3)Switches can be used wixz@bﬁiiw ﬁ
thout any average modelin : [

g

We don't: have to change a
ny part-ofthe circuit 60



AC analysis:
Disturbance Injection Point

*InPractical measurement, rules will be:
Injection point — high impedance
Measurement point — low impedance

* In SIMPLIS: many points can be injected

IN [QUT
=OUT/IN

high impedance & @ = - low impedance



AC analysis:
Disturbance Injection Point

*Injection between error Amp and Comparator:
The best injection point

* Cannot be found in real ICs

700u

U1 AC 1 G1
:: FB
PWM * @" I
- V9 +
V3
ramp

62



AC analysis:
Disturbance Injection Point

* ‘Injection between V
Injection point
* Can be found in real ICs

and Compensation: Good

out

Vout
=— 3|0|p Vout
C10 + AC 1 |
— |—g— @ V3 ez
g2op 22K 820p ooy + AC 1
9 — @ V5
] eI
1K
el [IRa —
€ '/ &
V T Vc —-—< 2k lﬁ
2k "X—_\_ 08 R6
L R5 X1 — W
700
- 12 :|—_ L
08 2
= 63




AC analysis: Buck converter
(Closed Ioop)

. CADocuments and Settings\Brian WangisifiEEZ

dddddddddd

Method 1: Add AC source and Bode Plot Probe into the;,
circuit




AC analysis: Buck converter
(closed-loop)

65



AC analysis: Buck converter
(closed-loop)

C-ADocuments and Settings\Brian Wangistim\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place [FEig] Probe AC/MNoise Hierarchy

‘9 M¥C Repeat last probe .. CtlR E ¥ E o &

Voltage. ..

Voltage (Mew graph sheet)..
Voltage - Differential...
Woltage - Digital

Voltage - A conpled...
Voltage - Bus..

Current in Device Pin...
Crrent in Wire...
Current fn Device Pin (Wew graph sheef)...

More Probe Functions...
Power In Device....

Fourier LS IR
Wew Graph Wind ow
Wew Graph Sheet Fl0

Place Fixed Voltage Probe... B
Place Fixed Current Probe... T
Place Fixed Inline Current Probe

Place Fixed Diff. Voltage Probe...

Dielete ANl Fited Probes

Performance fpalyss...
Plot histogram. ..

Select X082 Mod ified

Method 2: Add AC source into the circuit and use the
function “Add Curve” after running AC analysis




AC analysis: Buck converter
(closed-loop)

i

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

Define Curve | fisidraph Options | Axis Scales | Axis Labels
< LT —

¥ dbii1315)
£

A

¥ Left-click on schematic to insert voltage, shift-left for
LR current. Separate multiple values with ;'

Available vectors
$ Trace? v
Edit Filter.. Subcircuits: AT
Bignal type: ALl
Wildcard filter: fext
Curve label
Ok ][ Cancel ][ Help
::::::::::::::}('2:..]. Ll ol
e E EEH T THE T EHE 4
D g i T
T -1
AN I J
Sele X 083 Modified

Method 2: Define required curve’s function at Y Expresséon



AC analysis: Buck converter
(closed-loop)

4 CADocuments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

Select X082 Mod ified

Measurement: Compensation (A)




AC analysis: Buck converter
(closed-loop)

UL simplis_ac9 (C-ADocuments and Settings\Brian WangASLiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Cursors fnnotate Curves Apes View Measure Plot
SRaq cRMEY LW /A LTTR s

| [] Phase
m| [] Gain

sinplis_acO Phase (V1)

50\
N

) 40 "‘\\
= e \
& \

a0 P~ ]

\_‘_‘_‘_‘__‘_
10
\
10 L]

Phase / degrees
[hy] £
() (o]
\\

a0
] 20 50 100 200 500 1k 2k 5k 10k 20k S0k 100k 200k 500k 1
freq £ Hertz
x: 10.5286Hertz y: 55.8246db

Bode plots of Compensation (A)



AC analysis: Buck converter
(closed-loop)

4 CADocuments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

X082 Mod ified

Measurement: Loop Gain (T = G,*F_*A) 70




AC analysis: Buck converter
(closed-loop

UL simplis_acl0 {CADocuments and Settingsi\Brian Wang\stimiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Cursors fnnotate Curves Apes View Measure Plot
SRaq cRMEY LW /A LTTR s
W [ | Pham=

W [ Gain

sinplis_ac10 Phase (Y1)

40 i

--..—..._.__’—\
20

20 ——

\VF‘\—\

Gain / dh
[}

1

0 /./' N
80 / \

-100

-120

Phase / degrees

-140 V/ \\

10 20 a0 100 200 500 1k 2k 5k 10k 20k a0k 100k 200k 500k 1

freq £ Hertz

x: 42 7461 kHertz y: 61.8951db

Bode plots of Loop Gain (T = G*F *A) 71




AC analysis: Buck converter
(closed-loop)

4 CADocuments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

Measurement: G VvV IV 79



AC analysis: Buck converter
(closed-loop)

UL simplis_ach (C-ADocuments and Settings\Brian WangASLiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Corsors Annotate Curves Axes View bMeasure Flot
D Qeq cRM B EEK /LT R e
m [] Phase
m [ Gain

sinplis_acS Phase (¥2)

- P ~
o ~ ~
" i VANEY
I ERIAY

-8 /

23 —0
sl

40 oo,

20 \

-20 N
0 S h\
o AN

-100 \j M

Gain / dh

Phase / degrees

10 20 a0 100 200 500 1k 2k 5k 10k 20k a0k 100k 200k 500k 1

freq £ Hertz

x: 582 238kHertz : -42 6988dh

Bode plots of G

=V IV,

V(closed loop)



AC analysis: Buck converter
(closed-loop)

4 CADocuments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

B9 MXCHE RAQ | 750 7 "+ EE XD L

Buck closed loop ideal sxsch

- B

ol v

£ ¥
Select X082 Mod ified

Measurement: G =V /d

d(open loop)

74



AC analysis: Buck converter
(closed-loop

UL simplis_acl? {(CADocuments and Settingsi\Brian Wang\stmiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Cursors fnnotate Curves Apes View Measure Plot
SRaq cRMEY LW /A LTTR s

| [] Phase
m| [] Gain

sinplis_ac12 Phase (Y1)

20 /_\

Gain / dh
=

20 \
\

g
=
=
- -6
% \
o
o
o -B0 \
-100 \_’// ___’_,_,_/-'-‘_'
10 20 50 100 200 500 1k 2k 5k 10k 20k S0k 100k 200k 500k 1
freq £ Hertz
x: 315.414Hertz y: 28 2464

Bode plots of G =V /d

d(open loop)



AC analysis: Buck converter
(closed-loop)

We have known the starting and ending points of G, .., 0op) @N
d T, so we use the equation:

G G

G __ “d(open _loop) __ d (open loop)
d(closed 1 _ _
(closed _oop) 1+T  1+G XF XA

d (open loop)
y using “Add Curve”

to get the information of G

d(closde loop

Directly using a Bode plot probe to measure G, is imp

ossible!

closde loop)

Measurement: G =V /d (Using “Add Curve”) 76

d(closed loop)



AC analysis: Buck converter
(closed-loop)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

- = %)
ZOHE 9 MXCHE KRAR 2 0

B toad s ¥E DL L

Buck closed loop ideal sxsch

N B Define Curve @ .

| Define Curve | AsisiCraph Options

boie Beales || Axis Labels

Expres
T

b (L3A11) 7 (1013 F15)) )

T —

Gain<

T Left-click on schematic to insert voltage, shift-left for
RS current. Separate multiple values with ;'

Avyailable vectors
10 w
Edit Filter. Subcircuits Al
Signal type: AT
TWildcard filter: fext

Curve label

X082

Measurement: G

Mod ified

didibsed loop) = V. /d (Using “Add Curve”) 77



AC analysis: Buck converter
(closed-loop)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

HES
ZOHE 9 MXCHE KRAR 2 0

B toad s ¥E DL L

Buck closed loop ideal sxsch

N B Define Curve @ .

| Define Curve | AsisiCraph Options

boie Beales || Axis Labels

Expres
T

hase( (134110 1 (1-(13 F15))

T —

Phase <

T Left-click on schematic to insert voltage, shift-left for
RS current. Separate multiple values with ;'

Avyailable vectors
10 w
Edit Filter. Subcircuits Al
Signal type: AT
TWildcard filter: fext

Curve label

X082

Measurement: G

Mod ified

didibsed loop) = V. /d (Using “Add Curve”) 78



AC analysis: Buck converter
(closed-loop)

1 )
Galn Gd(closed loop) _db( d(open loop)) db( /11

1+T 1- (1 /1 5)
1
G )
Pl’laSe_Gd(cz(;sed_loop) :phase( d(fpjf]fooz?)) :phaSe(l (1/}1 )
15

The denominator of G ,...4 .., CONtains — signal because T contai
ns negative feedback loop

Measurement: G =V /d (Using “Add Curve”) 79

d(closed loop)



C analysis: Buck converter
(closed-loop)

UL simplis_acl (C-ADocuments and Settings\Brian WangSifEE251 SIMPLIS\Buck closed loop ideal sxsch) (Selected)

File Edit Cursors Annotate Curves Axes View Measure Flot
S aeqcaMEB EER /S LuER
) [ db{C13A111-C130150)

| [ phass((:135110(1-C1301500)

Shnplis sl Ab((13/T 1ML (1383

db(( 131G 318 /

phase(C 1341 1101-(13418)) /

x: 323.044Hertz

20
A0
B
a0

A T

[0 e
\

40 [

20

1}

.

~I

T~

[

10 20 a0 100 200 500 1k

freq £ Hertz

¥: 960549

2k 5k 10k 20k a0k 100k

200k

500k

1

Bode plots of G

d(closed loop)

=V /d

80



AC analysis: Buck converter
(Closed-loop

4 CADocuments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

U=
- | =GUTAN-

Select X082 Mod ified

Measurement: Z

=V, /i, (Sub-circuit method) s

p(closed loop)



AC analysis: Buck converter
(closed-loop)

"% CADocuments and Settings\Brian Wang\\EE251 SIMPLIS\Buck

zed loop ideal swsch (Selected)

SSSSS X082 Mod ified

Measurement: Z
e method)

b(closed loop) = V. li, (AC current sourg,



AC analysis: Buck converter
(closed-loop)

UL simplis_ac? (C-ADocuments and Settings\Brian WangASLiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Cursors Annotate Cuorves Lxes View Measure Plot

S aeqcaMEB EER /S LuER

| [] Phase
m| [] Gain

simplis_ac2 Phase

Gain / dh

Phase / degrees

: 828599 Hertz

-100

-120 /
140

A0

-6

B0

160

140

120

100

8

G

4

20

10 20

freq £ Hertz

i -33 5483dh

a0k 100k 200k

500k

1

Bode plots of Z

p(closed loop)

=V i,

83



AC analysis: Buck converter
(closed-loop)

X - = )

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

9 HMXCHE GFQ& £ 1

#! Define Curve @ D I

Define Curve | fLdsfiraph Options | AwdsScales | AwdsLabels

] - 5
Galn< i dbi :11/V54P ) 5 >
:

¥ Left-click on schematic to insext voltage, shift-left for
[ %Y Elot curent. Separate multiple values with ;'

Available vectors
10
Edit Filter... Subeircuits: Al
Signal type: A1
Wildeard filter: fext

Curve label

Select X082 Mod ified

Measurement: Z, . ccq 100p) = Yo/l (USing “Add Curve”)s4




AC analysis: Buck converter
(closed-loop)

X - = )

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

9 HMXCHE GFQ& £ 1

#! Define Curve @ D I

Define Curve | fLdsfiraph Options | AwdsScales | AwdsLabels

| o

Phase ¢ ) . >

= [

¥ Left-click on schematic to insext voltage, shift-left for
[ %Y Elot curent. Separate multiple values with ;'

Ayailable vectors o -
10 v U .
Edit Filter... Subeircuits: Al SR -
Signal type: A1 T L
Wildeard filter: fext Eﬂ S o
Cutys lsbel — | o
Ri -
ok [ coma ][ meb ] 25k
Select X082 Mod ified

Measurement: Z, .ccq 100p) = Vol (USiNg “Add Curve”)ss



AC analysis: Buck converter
(closed-loop)

UL simplis_ach (C-ADocuments and Settings\Brian WangASLiEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected)

File Edit Cursors Annotate Curves Lxes View Measure Plot

B aaq enmiF LR F Lwee e
| [ phes(lL}VE4E

m) [ db{11EVEER)

simplis_ach phase(:11/V5#P)

/\
/LD

dh(:114/540) / 7

[} o

700 /
BOCH
500 /
400+ /
300 /

200 /

L/

phasel 11/ v5#7) /

100 e

5}

10 20 a0 100 200 500 1k 2k 5k 10k 20k a0k 100k 200k 500k 1

freq £ Hertz

x: 210.507kHertz i 3479477

Bode plots of Z

= Vi,

in(closed loop)



AC analysis verification: SIMPLI
S v.s. Mathcad

min :=10 max:=108 r:=10g|:|%ﬂ n:=3000 j:=0..n
[ mmn ]
T
Jd—
f(j) :=min -10 w()) =20 d())  s()) :=1w())

Vg:=12 Vo :=3 L:=3310° % €:=2210 °
R:=0.15 Rc:=20-10 ° D:=025 Dx:=1-D
1010 © 1 1
Ts := WZ .= WO [ =———
3 Rc C w/L-C
1 1
Q:=
wo L
— +CRc
R

Mathcad settings 87



AC analysis verification: SIMPLI
S v.s. Mathcad

RIFZD50S R S5 100 121010 © C2:=3310 2
1PN
wzl :=——  wpl:= SRS wi:= : A()) := W.l : WZ.ID
R2Cl R2C1C2 R1Cl SO [, , 30 |
1 wpl[]
| 430 ()
Gv(j) =D W e
V- 2 Gd(j) :=Vg 5
L, SO L sW s
[] wo [] Q-wo Qwo [ wo [
. N
2oy =R W2s() +5G)° 1430 RARe sG]
P 2 . "2 zing.dROD__Qw R Owoll
wo Q) s 0 50T T4 C(Re +R) s(j)
Qwo [] wo [] 0Dl

Mathcad settings 38



AC analysis verification: SIMPLI
S v.s. Mathcad

1
Fini=— T(j) :=Gd(j) Fm-A(j)
- __Gd() )=S0
Gde(j) :=——— S8y
c(j) L +70) ) 1 +T(j)
70(; 1
Zpc(j) =220 Zinc(J) = 2

L+T() I D T(j)
Zin() (1 +T() R 1+T(j)

'IReference about Z, : Zamierczuk, M.K.; Cravens, R.C., II; Reatti, A. , “Close

d-loop input impedance of PWM buck-derived DC-DC converters,” Circuits and Sy
stems, 1994. ISCAS ’'94., 1993 IEEE International Symposium on Volume 6, 30 Ma

y-2 June 1994 Page(s):61 - 64 vol.6
Mathcad settings 89



AC analysis verification: SIMPLI
S v.s. Mathcad

A simplis_ac5 (C-ADocuments and Settings\Brian Wangh#i BNEE251 SIMPLIS\Buck closed loop ideal sxsch (Selected)) (Selected) : _ =
Fils JO0Y Cursors Annotals Curves Axes Visw Messue Plot Al .35* - E@@
5 Culix B LEE » L #BEE REED BARO0 WHRO HRAD
I- i e freq Phase Gain A
| Delste 18 -179.982727 9.753631518
g 8 10.264781246 -179.981086 9.753628829
S 12.02264435 -179.979232 9.753623834
Changs Tith 13.18256739 -179.977228 9_75361879
= — /\ 14 45439771 -179.975831 9_753612727
30 1584893192 -179.972621 9._753605439
. 2 \ / h 17 .37800829 -179_969978 9 _FL3596677
z \ / \ / \ 19.85460718 -179.96708 9.753586144
% 0 \ / \I 28.89296131 -179.963982 9.753573483
= q g 22.98867653 -179.968417 9._753558265
4 \/ 25.11886432 -179.956594 9.753539972
1o 27.542287083 -179.952482 9.753517985
38.1995172 -179._9478084 9_753491559
o 3311311215 -179_.94276 9_753459882
/ 36.30780548 -179.937227 9_753421639
700 39 81871706 -179_931157 9 _F53375783
B0 43 .65158322 —-179._.924497F 0 _753320691
§\ 500 / 47 863008923 -179_917188 0 _753254511
b 00 / L2. 488746082 -179.989167 0753175682,
é 00 / L7 .54399373 -179.9088361 9.753879575%
2 - / 63.089573445 -179.8985693 9.752964985
s / 69 183089789 -179._.8880875 9_752827457
o ———— 75.8577575 -179 868409 9.752662456
g 8317637711 -179 855588 9 752464578
[ S T i w0 1k 2 Bk 10k 20k Tk 00k 200K ok 1 921.206108394 —179.841491 9.75222739M1
o Hortz 1688 -179_825981 9_751943258
109 _6478196 -179_8068907 9_751603136 3
165 668Hertz v 34 06987

SIMPLIS: Copy curves’ ASCII data and save to a txt filg,



AC analysis verification: SIMPLI
S v.s. Mathcad

. B Zinc bt - SR g@@

BEE REE BA0 wEE FHEAD

freq Phase Gain -

10 -179.982727 9.753631518

10.96478196 -179.98106 9.753628029

12.02264435 -179.979232 9.753623834

13.18256739 -179.977228 9.75361879

1445439771 -179.975831 9.753612727

15.84893192 -179.972621 9.753605439

17.37800829 -179.969978 9.753596677

19.05460718 -179.96708 9.753586144

20.89296131 -179.963902 9.753573483

22.90867653 -179.960417 9.7535582465

25.11886432 -179.956594 9.753539972

27.54228703 -179.952482 0.75351798% Aimplis_Zine = i
30.1995172 -179.947804  9.753491559 ‘ =
33.11311215 -179.94276 9.753459802 CA Finc txt
36.30780548 -179.937227 9.753421639

39.81071706 -179.931157 9.753375783 =
43.65158322 -179.924497 9.753320691

47.86300923 -179.917188 9.753254511

52.48074602 -179.909167 9.753175024 (In Mathca
57.54399373 -179.900361 9.753079575

63.09573445 -179.890693 9.752064985 (’)

69.18309709 -179.8800875 9.752827457

75.8577575 -179.868409 9.752662456

83.17637711 -179.855588 9.752464578

91.20108394 -179.841491 9.752227391

100 -179.825981 9.751943258

109.6478196 -179.808907 9.751603126 2

Mathcad: Insert the saved SIMPLIS ASCII data file g



AC analysis verification: SIMPLI
S v.s. Mathcad

100

2040d [A(]) 5

Rl
Simplis_ A

=50

Gain/db

Tl

T

10 100 1-10° 1-10* 1-10° 1-10° 110" 1-10°

£(j), Simplis A

Bode plots of Compensation (A)

0

. 180
arg(A(j)) =50

ol
Simplis_ A
~100

~150

Phase/degrees

AN I

L

10 100 1-10° 1-10* 1-10° 1-10° 1-10” 1-10
<
£(j), Simplis_A

8

92



AC analysis verification: SIMPLI
S v.s. Mathcad

Phase/degrees

100 0

4 °
e
il ~-100 [~ \_(‘r'""‘t ° i
>0 \'-\ 9 \'\;\
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L]
\ 180-200 . : i
[ ]

200od |T(H]) O \ ] arg(T(j)) —

..
\\ te

RS 1 ql =300 - I ail
Simplis T 2 : Simplis T ! :'
o000 =50 [~ 8‘ i o 00 .:
[ ]

=400 [~ of M
..
..

-100 [~ \‘ “s00 - e il

-150 -600
10 100 1-10° 1-10* 1-10° 1-10° 110" 1-10 10 100 1-10° 1-10* 1-10° 1-10° 1-10" 1-10

<
£(j), Simplis T £(j), Simplis T
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AC analysis verification: SIMPLI
S v.s. Mathcad

Gain/db Phase/degrees

-40 ",,—1-4—.3\$ 100
B "‘"\
-60 / all 50 T
180
arg(Gve())) —
T 0o T

20-logl | Gve(j)|)

<
Simplis_Gvc 2 -80

i .. il s
c o oo 3 Simplis_ Gve s
e e e e =50 L Y T
° .°.
o .°.:
- — — [ )
100 =100 [~ ‘e m
H
_ -150
120 3 6 7 8 10 100 1-10° 1-10* 1-10° 1-10° 1-107 1-10°

10 100 1-10 1-104 1-10° 1:10 1-100 1-10

<
U
£(j), Simplis_Gve. (J), Simplis_Gve

Bode plots of G = VIV, 94
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AC analysis verification: SIMPLI

S v.s. Mathcad

Gain/db

50

2010d |Gd(j)|) o fF

o l
Simplis_Gd

-50
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T

~100
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<
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Bode plots of G
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<
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95



AC analysis verification: SIMPLI
S v.s. Mathcad

Gain/db Phase/degrees

0

100

,_z..ﬁ-.g,\\ pror-o—g,
=20 [ m \
. 50~ i
20 logl | Gde(j)|) / \ arg( Gde(j)) —
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oo 00 Simp]iS_GdC !
® ®© o 0
~60 [~ \_ -50 |- il
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<
f(j), Simplis_Gdc

Bode plots of G =V /d 96

d(closed loop)



AC analysis verification: SIMPLI
S v.s. Mathcad

20 -log( |ch(j)|) ~50

¢
Simplis_Zpc 2

~100

~150
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<
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Bode plots of Z
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AC analysis verification: SIMPLI

S v.s. Mathcad

Gain/db Phase/degrees

100 1000

-
%o
.. ... 180 o
20 log | Zine(j)|) arg(Zine(j)) —— 500 [~ J
- T .
. . .ol .
Simplis_Zinc S« .
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£(j), Simplis_Zine® £(j), Simplis_Zinc

Bode plots of Z = Vi,

in(closed loop)
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Create Hierarchy

*In'SIMPLIS , we can create a small block which
equals to a sub-circuit of the main circuit.

Compensation network

Compensation network sub-circuit 99



Create Hierarchy

&=
File Edit View Simulator Place Probe Probe AC/MNois | Hierarchy
= ; T
[z T@[®[MXC R E[RAR | Deedits cwe o 2]
Buck sch | Laend Ctl+T
o o Root
................... ...||> Open/Creste Symbol for Schematic.,
Place Component (Full Path)..
Sl BDUB-ANT Place Component (Relative Pathy... g g g g B R B B B B R BB R R g
......... o oA
L coon b 1
................ Elace Module Fort " QP [ w8 T A A m med moi oAb AW RNl mME BVE B RWE b mw e
................ Flace Module Eus Port :
........ TO0R[G=-7.1306676000  Dodat Bus Connestions 7

Tpdate Sxmbals

G5~ Classic

L3

—L2.2m 1C=2 465127 44493092e+000 |

_ﬂ ......................................
Belect B 1 Iodified

Create New Symbol
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T

File Edit View Simulstor Place Probe Probe ACHNoise  Hier

Create Hierarchy

e

h
Ay File Edit PropertwPin Ares

ol x|l

e THDMXCHE[GRAR[ 2|0 : o N
Bw:k.sxsch' ”

i EE;Ié'

|
| @ 2 H O ||l SEes- e | [0 (eSS mOE s

S T A R L A

| ﬂ’l

LAY

................... St %1

Draw a block on the blank sheet
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Create Hierarchy

(o x| [l
File Edit View Simulator Place Probe Probe ACHNoise  Hisvarchy File Edit mﬂ;m Ares
e TR DMXCHE[GRAR[ 2|0 : o
Buckacwch | Eor Place Pin {repeated)...
.................... e T 5 e e [
................... A Add Standand Properties.. id
R SR R Sl M‘ [ Bk FroseriEin.. o
............... S b Edit Pin Order... -
................. f/1- - Edit Propertiss S
................ ST Global Pins . o
a R W R PRI W E G { s e i Y
................... o -
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: o oo
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Create Hierarchy

oy ol2 himp - 41 EE
_fﬁ%(@ iRERE R

TEO ERO

File Edit View Swnulator Elace

ET

Simulator Graphs

Fil:

Buck sisch |

Iz THE% MXC =

settingshAac
does not ex

<

1 15 I
S TR EEEEE S

Wew Eymbal

Open Symbal ..
Open Component...
Delete Symbol...
Import 8ymbol...

Close Bheet |

File Edit PropertwPin Arcs

~Ioix|

cmaals

810 x| [z e AL E] -

Save the drawn block for future use
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Create Hierarchy

e o
File Edit Wiew Simulator Place Probe Probe ACNoize Hierschy

Buck sch |
......................... 12
__________________ wlbeili
......................... V2.
N = 2, - S
........ [
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USRS MESEN DERRRREREE - - |amlog;ampumwfmcommm\{ L s e
______ ¥ Al references to symbol antomatically upd ated.
~ File
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Modified

"Save'settings: Choose “Component file”
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Create Hierarchy

4| pivdstratorEL ETEIMe: prted)
File Edit View Simulator Place Probe Probe AC/MNois | Hierarchy
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Create New Symbol
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Place the drawn block into the main circuit .



Create Hierarchy

== x|

Enck sach |

—L2.2m 1C=2 465127 44493092e+000 |

Belect B 1 Iodified

Place the drawn block into the main circuit
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Create Hierarchy

_{®] x|
File Edit View Simulator Place Probe FProbe ACMHNoize Hierarchy

[z TH[IDHMXCHE[RAR[Z]|) 3 "+ EBEX 2O 4
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Edit Properties...
Dielete Properties...
Move Text

Edit 8ymbol
TUpdate Symbol
Restore Properties. .
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Edit the drawn block
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Create Hierarchy

Belect E 1

Edit the sub-circuit into the drawn block

Do il S A AT E Bk werh
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Create Hierarchy

F Edit View SmlulamrPlace the Probe ACHNoiz= th
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===
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Copy’and save the desired sub-cwcmt into the bloch)9




Bmkmmhl

Create Hierarchy

== x|
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Modified
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49204

Compensation network replaced

26+000 |
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Advanced Simulation Types

* Monte-Carlo simulation: a repeating
simulation runs with random variables to
component parameters

* Multi-step simulation: a repeating
simulation runs while setting equal
distributed parameters of the component
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Monte-Carlo Simulation

* Monte-Carlo example: Select Cap’s ESR to observe

% C-\Documents and Settings\Brian Wang\M\EE25] SIMPLIS\Buck open loop sxsch (Selected)
Fil: Edit Yiew Simulstor Place Prope Probe ACHNaise Hierarchy
S8 S HRORERAR S snraEEroas ESR base value = 20m
] - o
Choose variation = 10%

vt —ESR value will vary from 18m to
2.2m 1C=2.701315463200 22m and the prObabiIity is a

=" | e Y Gaussian distribution
@ [ 20m l@
R1 Gau

sssss

18m 20m  22m (9Q),



Monte-Carlo Simulation

B - [5x|
File Edit View Simmulator Place Probe FProbe AC/Hoize Hierawchy

O MICHE QAR /i) z + E R X=@ s

Buck open Joop sxsch

- Press Shift-F7 at the ESR and type
- { Base Value * GAUSS (Variation) }

e :DLf . ~In this example = {20m*GAUSS(0.1)}
e g
SRR N | = [ %m: |

SSSSS

Determine component’s parameter
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Monte-Carlo Simulation

4 CADocnments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck open loop sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

12 ' I I ' |l 22miCc=2.701315463200

o L HRe ﬁﬁﬁﬁi@“ﬁﬁ
T

{20m'GAUSS(0.1)}

R1

Select i 2 Mod ified

Component’s parameter has determined 114




Monte-Carlo Simulation

4 CADocnments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck open loop sxsch (Selected)

File Edit ¥iew B0 Place Probe Probe ACHoiz Hierarchy
‘@ CTE | Choow dmlsss. i E L EEXEQR S
Eun Fa
Buck open loop) Abort
. T Show Statns Window
Initial Conditions [

Setup Multi-step...

Fun Multi-step

OpenfClose Command Window — F11
Create Netlist as Subeircudt...
Create Netlist as SPICE 2 Subcircuit...

N — S . S
Dles D Group S 33ulC=1882701718356841e4001 -
i » LV » J_ :
N
o - 2.2m1C=2.701315463200
— V1 IC=1 T ¢ 20

T4 w5 T

| {2om'GAUSS@.1))
R1

£ *
Setup Multi-step ..

Set up Multi-step 115



Monte-Carlo Simulation

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

209 MXCHE GQa 70 s+ FF X004

dddddddddddd

Set up Multi-step 116




Monte-Carlo Simulation

Ul simplis_tran120 (C:\Documenis and Settings\Brian Wang\SENEE251 SIMPLIS\Buck open loop sxsch (Selected)) (Selected)

Ele Edit Cuors Annotle Cyes Aws View Measwe Plot

D Qe cnEEp LEE S LTTaE

| [] Vout
I UL simplis_Eran120) (C:ADocuments and Seings\Brian WangSUEEE251 STMPLISIBuck open loop sxesh (Selected)) (Seleciedy
e Bt Cowors woble Cunes Aws View Meosure Pl
simplis_tran120 Fout DRA el EELE S umexe
) [ Vou
i simplis_tran120 Vout
| H |
_ |
27 27 !
2724
271
Z > am
3 H
£ 271 \ >
// 27
263 i
.
|
|
|
268 257.4 575 2575 25 257.8
time/uSecs 100nSecs/div
I
25 = 8 8 0 i ——io
time/uSecs 1uSecsidiv
52 260 188uS80s 2TI6LY

Monte-carlo'waveforms: 30 V,, lines of random ESR value




Multi-Step Simulation

* Multi-step example: Select Cap’s ESR to observe

File Edit Yiew Simlstor Place Probe Probe ACMNoie Hie
B9 MECEE RAK 700 s T EEX2Q0
Euck

pen loop sxch

sssss

m]at

Hierauchy

3.3u1C=1.88270171835684 1e+001

_ - Vout

°L1"'

l 2.2m 1C=2.701315463200

c1 20
8"

20m

R1

ESR base value = 20m
Choose random name to enter,
like “Resr” to replace “20m”

Set the range and distribution of
Resr, for example, from 10m to 30

m, number of steps =21

—ESR value will vary as:
10m,11m,12m,13m........ ,29m,30m
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Multi-Step Simulation

B - [2)x]

File Edit View Simulator Elace Probe Probe ACMoise Hierarchy
BOED MYXCHE QA L) s = FE =007
B,

St Press Shift-F7 at the ESR and type

SSSSS

Determine component’s name
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Multi-Step Simulation

4 CADocnments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck open loop sxsch (Selected)

File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy

12 ' I I ' |l 22miCc=2.701315463200

R Ry . o o . ic21 o1 20

S v R ﬁﬁﬁﬁi@“ﬁﬁ

B

Select i 2 Mod ified

Component’s name has determined 120




Multi-Step Simulation

4 CADocnments and Settings\Brian WangAsi f\EE251 SIMPLIS\Buck open loop sxsch (Selected)

File Edit ¥iew B0 Place Probe Probe ACHoiz Hierarchy

‘SO Coow s i E tEEXEQR A
Eun Fa
Buck open loop) Abort
T Show Status Window
Initial Conditions [

Setup Multi-step...

Fun Multi-step

OpenfClose Command Window — F11
Create Netlist as Subeircudt...
Create Netlist as SPICE 2 Subcircuit...

N — S . S
Dles D Group S 33ulC=1882701718356841e4001 -
i » LV » J_ :
N ]
o - 2.2m1C=2.701315463200
— V1 IC=1 T ¢ 20

T4 w5 T

[{Resi}
JR1

£ *
Setup Multi-step ..

Set up Multi-step 121



Multi-Step Simulation

- [=]x]
File Edit ¥iew Simulator Place Probe Probe ACHoiz Hierarchy
O D MACHE RQAA L2i0 s+ FF X0 L
Buck open loop sxsch

Start valve |10m

Stop velpe |30m : .....

L 2.2m1C=2.701315463200

O et 2o

= | v2 O List [
o o A T : o SN

[ Bun ] [ Ok l [ Cancel ] [ Help ] N

Select i 2 Mod ified

Set up Multi-step 122




Multi-Step Simulation

ocuments and SettingsiBrian Wangh#HENEE251 SIMPLIS\Buck open loop.sxsch (Selected)) (Selected)

File Edit Cursors Annotale Curves Ayes View Measwe Plot
O Raq ammEE EEE S LTTRs

| [] ¥outResr=10m. m [ VoutRese=13m W [] VoutRese=16m ) [] Vout Rese=19m ) [] Vout Res=22m

UlsImplisstrant 21 (C:Wouments and Se tngs\bran W ang) S sk 251 SIMPLISWS uk open loopsswsoin (Selected)) (Selectsd),

o [] YoutRes=25m (] [] YoutRes=28m ﬂ;% Eﬂag‘r’&m'ﬂ“ ;;um ‘; VL Mz“' =
CnEUK HER S LR
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][] VoutResr=12m m| [] Vout Resr=15m m| [] VoutResr=18m m| [] Vout Reer=2Im m| [] Vout Resr=24m ][] VoutResr=27im ][] VoutResr=30im ) (] VoutRese=1lm (] [] VoutResr=l#m  m [] VoutRes=l7m (W [ VoutRew=20m () [] VoutRew=23m  (m] [] VoutRes=26m [m] [] VoutRes=29m
) (] VoutRes-12m (M) [] VoutRes-l5m () [] VoulRes-l6m () [] VoutRew2lm ) [] VoutRew24m ] [] VoutResweZ/m (M [] VoutRes=30m
simplis_tranl21 Vout Rese=16fm o 3l VoutRowciom
27
27
’ 27,
27
Z
2 an
£
Z 271
=]
e}
= 2,700
2
2 8
266.5 B
time/uSecs S00nSecs/dv
268 TP4uSecs .27V
316
timefuSecs 2uSecs/div
x: 337 661 ulecs ¥ 2730357

Multi-step waveforms: 30 V_, lines of specified ESR Valﬂﬂ?



Hotkey List

F3:wire

F5: Rotate

F7: Edit Part

F9: Run simulation

Ctrl-Alt-F7: Edit Additional Parameters
Ctrl-E: Descend Hierarchy

Shift-F7: Edit Parameter (Only in multi-ste
p and Monte-carlo simulations)
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Conclusion

* Advantages in using SIMPLIS simulator:

1.Faster simulation process
2 .Easier to use , harder to make faults
3.Can run both DC and AC without

changing our circuit
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Thank you for listening!!
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