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[/ |Beost prc ncP 1854 AC sxsch

[/ ]Fultbridge phase shift CM isolated - full versio...
[ Z]Fiyback CMisolated Zener dicde.sxsch
lzl'lappzd Buck VMwxsch

ml-lill bridge VM isclated - full version.wxsch
[ ]Buck 2 Phase vhwcsch

mﬁuck BCMuwxsch

Fomwd active clamp CM non-isclated - demo...
LZIFbeuI: CM single stage non iso MC33262 ac ...

[ /|Boost cM PFC sine full version.wxsch
EOPSIMP.mmp

| Buck VM Monte Carlo_mc.sxscl
E]Bu(k VM PID analog.susch
[/ JFiyback CMisolated.wxsch
[Z]OPTDMMLn:cmp
[ ] Boost v PEC sine full version wsch
[]Boost M Average Mode PFC 1854.5esch
[eukemisclsted.susen
mLLC Charge Control with Type 2.sxsch
[ ]Boost TPFC CCM Var toft tran.sxsch
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Boost CM with OTA LM5155

—

Change fcto 1 kHz, PM = 60°
Change PM to 45° with step load

{Rupper}

R11
{Rlower}

*

.VAR Vin=6
.VAR Vout=24
.VAR Rload=12
.VAR L=6u
.VAR Ri=6m
.VAR Fs=440k
.VAR Ts={1/Fs}
*

.VAR D={1-(Vin/Vout)} * duty ratio calculation *
VAR fRHPZ={((1-D)*2*Rload/L)/(2*pi)}

.VAR fcMAX=0.2*fRHPZ

*

.VAR Gfc=6 * magnitude at crossover *

.VAR PS=-90 * phase lag at crossover *

*

* Enter Design Goals Information Here *

*

.VAR fc=2k * targeted crossover *

.VAR PM=60 * choose phase margin at crossover *
*

* Enter the Values for Vout and Bridge Bias Current *
*

.VAR Ibias=1m

.VAR Vref=1

.VAR Rlower={Vref/Ibias}

.VAR Rupper={(Vout-Vref)/lbias}

*

* Choose OTA characteristics *
*

.VAR gm=2m * transconductance in siemens *
*

.VAR boost=PM-PS-90

.VAR G=10"(-Gfc/20)

.VAR k=tan((boost/2+45)*pi/180)

.VAR fp=fc*k

VAR fz=fc/k

.VAR a=sqrt((fcr2/fp”2)+1)

VAR b=sqrt((fzA2/fc*2)+1)

*

.VAR R2=(a/b)*(fp*G)*(Rlower+Rupper)/((fp-fz) *Rlower*gm)
VAR C1=1/(2*pi*R2*fz)
.VAR C2=(Rlower*gm/(2*pi*fp*G*(Rlower+Rupper)))(b/a)



| use a Control Block to automate all my calculations:

Place Probe Probe AC/Noise Hiera

Repeat Last Place... Alt+R

From Model Library... Ctrl+G
From Symbol Library...
Annotation

Select by Specification

Search Part...

Hierarchy

Magnetics
Passives
Connectors
Probe

Voltage Sources
Current Sources

Controlled Sources

| prefer it over F11 control commands which are naturally

hidden.

J Select Symbol

| symbols
» Miscellaneous
» Mixed Mode

MPQ4481 SiMetrix

» Obsolete

> Opto

+ Passives

» Power Supply Loads

» Power Supply Sources
» PSU Drivers

PSU Switches

» Semiconductors
» Sheet/Text
» Simplis

SIMPLIS_NLE

> Sources

» Special Linear Functions
> Switches

> Switching Regulators

» Thermal

> Vendor

_* Optocoupler specifications *

.VAR Fopto=10k

> |

» VAR Rpullup 10k * check WIth the selected control ch|p

.GLOBALVAR Copto= 1/(2*p|*Fopto*RpuIlup)
GLOBALVAR CTR=0.8

4 Select Symbol b

| Symbols A
Power Supply Loads
Power Supply Sources
> PSU Drivers
PSU Switches
Semiconducters
| ¥ Sheet/Text
11 X 8.5 sheet
17 % 11 sheet . .
55X 4.2 sheet d
85X 5.5 sheet : Te xt
Al sheet
A3 sheet
Ad sheet
A5 sheet
Af sheet
caption
Control Block
Free text
script_execution_symbol
Text v

Intemal name: control_block . E Cancel

It is NOT a free text window!

VAR is a local variable
.GLOBALVAR is a global variable passed to a subcircuit



For debugging the automated macro, use the curly braces:

{"™"}
{"'1G={G}
{"™" }fpl={fpl}
{"™" }ki = {ki}

{"™"} kd = {kd}
{"™" Y kp = {kp}
{"*'}Ti = {Ti)

{"*'}Td = {Td}

{"™ }IN={N}
{™}

|

Include these in
your control block

Simulator Place Probe Probe AC/Noise
Choose Analysis...

Run Schematic
Abort
Show SIMPLIS Status Window

Initial Conditions

Setup Multi-step...
Run Multi-step

Find Smallest Time Constant
Graph Time Constants

Debug Simulation

Manage Data Groups...
Re-plot Data Group...

Edit Netlist (before preprocess)
Edit Netlist (after preprocess)

Open/Close Command (F11) Window
Enable/Disable Simulation Health Report...
Open Optimiser

Switch to SIMetrix Mode

Hierarchy M
Fé
F9

Ctrl+Space

4

F11

X

» % % % %

G = 8.93367184301926
fpl = 3955.09138381201

ki = 10019.8508023075
kd = 0.000228988740525218
kp = 4.01291260344107
Ti = 0.000400496243169302
Td = 5.70629772322628e-05

N = 1.41804762831445
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-0 Gain  Gain Crossover Frequency 2.0383085kHz Al 90|  Gain (.. Gain Crossover Frequency 1.0132644kHz
Gain  Gain Margin 17.58501d8 Vout ~—  ~360 mV Gain (... Gain Margin 23.711324d8
-135 Phase  Phase Margin 56.866294degrees 2 T chout 135~  Phase.. Phase Margin 64.292795degrees
180120 40 60 100 200 400600 1 2k 4K 6K lllik 20k 40K GOK 100K “180 20 40 60 100 200 400 600 1k 2k 4k 6k 10k 20k 40K 60K 100K
freq/Hz 10kHz/div freq/Hz 10kHz/div
Design goal is 2 kHz f, Design goal is 1 kHz f,
Ny 24.4 ]
24.2
24.1 " Z 242 600 mV - \‘_"“"'-————
24.n = mV/é e Ig 24.0 ’/
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§§Z§ \ 236 \ —
23.7 \N\d N
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These Bode boxes let me plot three
different transfer functions.

VOUT VOUT
- >
s M1 "Control-to-output &Y [ IN [1ouTl ELVB
—— 12 0 =0UT/IN
Vin
Compehsated W (N ouT oy, v
loop gain U v acto
= VA —
Compensgtor [N [ ]ouT! SRR
o =OUT/IN VA -
F— Include divider
ntribution!
Extra pole . contributio
__________ i 1 - ———
1 : 1 ! 1
1 .k L - ! R5 1
, {1/(2*pi*10k*fp2)} : —
{Rupper}
e [
C3 1
10k 25— : :
[ Vref | .
Ré T TTTT G2 1 | '
1K | {Td/(N*0.1u)} 100N | \
Cr—n - = + ! |
rRi7 | e e |\ _RT___ | ' !
100p IC=0 R15 | | l |
c4 1 Eq ! R6 |
Rlowe
10k R4 VEE VDD D{ ° ! ?
» 3 0 1
I _I
Vramp Q T VEE -5 5
- ) 3 10k vz v
[ ————— - =
- VERR - .
g { I rie I No virtual
.
+ J VERR vopl o *— 1t ground
u7 G1 ] —
VFB Filtered PID

Buck VM PID analog Filtered PID + extra pole ‘ Type 3 compensator



20

-20

-40

-60

-80

-100

-45

-90

-135

-180

-225

-270

-40

\_LIHTTN

135

10 20 40 60 100 200 400 600 1k 2k 4k 6k 10k 20k 40k 60k 100K

freq/Hz 10kHz/div

The starting point: the control-to-
output transfer function
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The PID response with poles and
zeroes translated in k, k; and k,

¥

PID coefficients are
automated from the macro

40
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The compensated loop gain
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Curve label Name Value ‘J
17 LoopGain Gain Crossover Frequency 10.097686kHz
35|~ Loop Gain  Gain Margin 23.349249dB
Loop Phase Phase Margin 58.720938degrees
180520 40 60 100 200 400600 1k 2k 4k 6k 10k 20k 40K 60k 100}
freq/Hz 10kHz/div

showing crossover, phase and gain

margins
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clock =0OUT/IN
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Buck VM with digital PID



J Edit PID Discrete Filter: U1 X .Val’fz‘|=25k ..........................................
Narfz=1k o
PID Discrete Filter (Version 8.1+) var.fp2=125k : pole .is.brought by the anti-aliasing fiterat Fsw/2 . . . . . . . . . .. . .. ...
Parameters o m Gn) e mal wEoa) m) Gn g e e wh el g (e 80 w4 a ) w (e JelIm en o N Gm e LB EE L+ ¢ s+ 4 b+ e s s e b s 4 4 s
— * Do not editthe'below lines ™~ = © = =~ © © = 000 s
NOTBOOSEPM-BE00 . - . . ;i i v vt a e SV AR A BV RS DR SR G TS
PID Discrete Filter model. The filter transfer function is VarG=(10"(-chf'20))fde L s
T(z2)=K,+ K, . KpS() -varfp1=fc/tan((2*atan(fc/fz1)-atan(fc/fp2))-boost*pi/1:80) * adjust second pole for targeted-boost *-
TR ENE) yE Sy (2)) varFs=250k
NAPTSIES): « v 6 comr wov o s s ity mow % % & Ses & & % % % e B R R B S SR EE MW s ow e
=) MRl T o e i T P & 15338 TR
. -globalvar Wtau= s transport delay with zer elay
S4z) Sotz)=qlz-Diz YEthod sy Blovand Eefles globalvar R=(1/(10n Weau)y, ~
2(z-1)/(z+1) Method is Trapezoidal e T P
e e e e -var-Req={Rupper*Rlower/(Rupper+Rlower)} ; equivalent resistance drivingCa - - - - - - - -+ -
for more fomation sbot s devce. var Ca={1/pi’Fs"Req)}, anti-aliasing filterat Fsw/2 ~ ~ ~ =~ =~~~ "~~~ "~ ° "
Parameters Tt o v | T I e
al o = o) fom e NOOWESS@PIAR) o0 L f f e G R et an Er e B2
a e} 2 | mitaiCondton [0 — varwpl={2%pi*fpl} -
- e - NS =5 = ;var.wp2={2fp|"fp2}.._.._._..__._....,.....,.._..__._.__._
AcqusitonTme [n |4 s | Derivative Method |BACKWARD_FULER | varassqri(t+(fe/fp1)h2) ~ - -
varb=sqri(1+(fc/fp2)r2). .~ . B . . . . e e e
varc=sgri(i+(fz1/fc)*2). . . . . . . . . . . . . . .. Calerilati .AFf- |
E Cancel Help wvard=sqrt(t+(fc/fz2)02) - - - - Ca|CUIat|0n Ofthe PI D .....
VarGO=@b/Cd)"G L DD parameters basedon
Nvar Cwp2={ WP 2™ K ). . . Ll e e
E R | poles-zeros placement
"Varkr:GO'WZ'I .........................................
~varkd=((wz2-wp)Xki-GO*wpl)Y(wp142*wz2) = = = 0
varkp=G0*((wz1+wz2)/wz2-wz1/wpl). . . .
NAPKPZEKD™ © © © C Tttt ottt
varkdz=kdTs = | Niceroate naramotarce macead fa - o
varkizkis . Discrete parameters passed to



A delay can be implemented based on the first-order Padé approximant:

STs 2 1
1- < RHPzerolocatedat w,=— —— f, =—
e_STS ~ —2 TS 7Z-Ts
STS 2 1
1+ < LHP pole located at @, = — > fIO =—
2 T, AR
{R}
E1 Ra 1 = 1
‘”—* “\ o E2 " + T +
® 0 | i l
L 1 i + | ‘\\
! 1 c2 N 61 | G2
10n R3
1k 1
- - mmmouT
Total delay
.globalvar Wtau=1/Ts ; transport delay B S(T +DT )
.globalvar R={1/(10n*Wtau)} e s s
=0

Analog PWM
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BODE_OUT
BODE_IN

BODE_OUT
BODE_IN

DVM Phase Margin Histogram

PhaseMargin(V(out)/V(in))

out
in

GainMargin(V(out)/V/(in))
Gain Margin Histogram

out
in

XatNthYn(db(V(out)/V(in)), 0, 1)

BODE_OUT
BODE_IN

Crossover Histogram

out
in

Vclock CL ,i‘\)
/

Buck VM Monte Carlo

}\
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1
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]
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{10n*gauss(0.05)} IC=0

C3
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L

How2Power Monte Carlo — Stéphanie Cannenterre

Monte Carlo gone wrong — Charles Hymowitz

C5

|

R10
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R8
{32*gauss(0.01)}
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=

+
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{100n*gauss(0.05)} IC=0
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Goal functions to insert

BODE_OUT
BODE_IN

DVM Phase Margin Histogram
PhaseMargin(V(out)/V/(in))

out

in Phase margin

GainMargin(V(out)/V(in))

Gain

BODE_OUT
BODE_IN

XatNthYn(

Crossover Histogram

BODE_OUT
BODE_IN

Mean 1(V(in))

Margin Histogram

out

in Gain margin

db(V(out)/V(in)), 0, 1)

out Crossover

In

Ganvaran(viout Vi) < Goal function

Curve label

Use SFREFS for hierarchical reference

Mean1(V(in))

[PhaseMargin(V(out) V(in)) ]

Curve label

VI'—1 Phase Margin Histogram

Mean 1(V(in)) | Goal Functions... ]
[XatNthyn(db(Vout) V@) , 0, 1) |
Curve label

I rossover Histogram

Use SFREFS for hierarchical reference

Probe Probe AC/Noise Hierarchy Monte Carlo
Repeat last probe... Ctrl+R
Add Curve...
Voltage...
Voltage (New graph sheet)...

Voltage - Differential...
Voltage - Digital...
Voltage - AC coupled...
Voltage - Bus...

Current in Device Pin...
Current in Wire...

Current in Device Pin (New graph sheet)...

More Probe Functions...

Power In Device...

Fourier »

New Graph Sheet

Enable/Disable Fixed Probes...
Place Fixed Voltage Probe... B
Place Fixed Current Probe...
Place Fixed Power Probe...

Place Fixed Inline Current Probe
Place Fixed Diff. Voltage Probe...
Place Bus Probe

Place XY Probe

Place Fourier Voltage Probe
Create and Place Arbitrary Probe
Delete All Fixed Probes
Performance Analysis...

Plot histogram...

C-

XatNthYn(data, yValue, n

J Edit Probe

Probe Opbons  Axis Scales  Auwis Labels
Probe expression
Enter a goal function to define the probe.
Use V() for voltages and I(sss) for

currents. Annand sssmay be any string
starting with a letter,

For example, the wil geate a
histogram of the mean of a single input
voltage
Mean1{V(in})
|

Curve label

Uise SFREFS for hierarchical reference
Colour

[ Use defaut Edt...

Axiz type

(®) Auto select

O Use dedicated grid
O use named grid
O Use named Y-axis
O oigtal

Aods name

Desplay order
Asbitrary string to specify order

Multi-step mode

O Multiple curves

() Performance analysis
® Hstogram

Histogram options

:’:’" ot % [ defauit
[ Show advanced statistics

History

History depth 1 - [ default

Use separate curves, If enabled, O on
@ new curve is created for each
new run and histery depth is ignored, (O Off

Global default may be set frommeny (@) Use default
Fle | Options | General... [oFF]

[ At anaiyses disabled
EA Transent

EHroe

E4 AC sweep

[] Plot on completion arly

ol o [

2 variables

v ooy
XatNthYn(db(V(out)/V(in)) , 0 , 1)

Crossover Histogram T L 1st

2pins |,

| out OdB

Cross.

X value at the Nth Y crossing with negative slope



X1

+ ;1?¥—
1 =1 In this example, the POP is found
o= rect while the converter is supplied
mr756 .
—tin, e d M from an ac sinewave source. The
VA N A D1 .
S el R ratio between the clock frequency
@vz g L. W (o . famd the input ac source must be an
e _ZOUTIN J integer to have the POP converge.
B N [ ouT] .
oo 2o )
- 3 Here, f, . =65 kHz and f._. = 50 Hz
R11 varain LR10 2 vout - clock ‘ line
oo i e - e giving an exact ratio of 1300.
On-time . If you want to test a 60-Hz source,
Q ¢ .
ST . adjust the clock to 64.98 kHz for a
o 11— .
I 2 ratio of 1083.
Off-time
IN | Off-Time =S 032
w . D (RR?Jpper) R12
Duty ratio — D (Rioac)
IN Duty Cycle
T ([0
I "
Clock R1
|c=1E]
Clock 4 (FD V1 D FRZIuwer)

Boost CCM Var toff PFC tran 1.3 kW — demo POP



The simulation is done in less than 20 s for a 100-ms duration. For this

CCM, you can extract information such as rms current in the output
capacitor but also current distortion in different operating conditions.
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3-Level PFC Converters

= The two dc rails of equal values let you use semiconductors of lower voltage

= The output transformers can then be serialized or paralleled for more power

o VR ' v+
Dl
= = W V2 =
I_
Jk— C,
I_
G SW,
I_
e +
I —
= = V+/2
C,
D2
L L K L

(A)

12

lg10(t) 3

(A)
1.(t)

(V)
Vprv(t)

V)
Vprv(t)

13
12
11
10

9

[o) I N e o)

O~ N WhH Ul O N B

SVIV1 8IL 2 alre ir|1terleavr-|3d

22.150

22.

Sus/div

160 22,

170 22.180
(ms)
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This is a fixed-frequency 3-level intereavedl CCM 1.3-kW PFC converter

- Christophe Basso - Transfer Functions of Switching Converters -

D3

T e

Boost PFC 1-phase 3-level Interleaved CCM Mul

" Multiplier

GNF

28 = 756
- = L mr.
= 4
L1 VBF
V5
KBO AC 1
g KB e !
a Duty ratio DR Rz +
DRV 3 IN Duty Cycle C D {Rioad} VAF
R6
& — {Rupper}
B FBF
220p
c6 R3
2.2k 2.2k 10n vt D {Rload}
1 e || + R
RS R1 c3 {Rlower}
+ + R2
{Rsense} R17 B Ve m)v2 250m
‘ {MP} + mr756
+ }
L ®
OPsI = ONF
U2 KMUL o = - D1
E1 G3 1 U3 |
Mul1V 1
I VFB
\ | FB
— ‘ T 1 IN1 I L} + EIFBF
\M + [jout I R18
va IN ouT | e R2} EleNF
G flve MULTOUT 1 R16 E2
=0OUT/IN 1 | 1 1c=1 .
[ — (] cn
VB +——EIVBF VREC
VA FB c1
a IN ouT L ‘ | oo o,
=OUT/IN o T
! {Cc2}1c=0
7
N ouT Eve
=OUT/IN
E6

Vout



F1

Granularity will improve on precision

But more points slow down simulation

Current Al

1 5 | -2.995732274

2 6.00E-02 -2.813410717

3 7.00E-02 -2.659260037 a

4 B.00E-02 -2.525728644

5 9.00E-02 -2.407945609

6 1.00E-01 -2.302585093

7 110E-01 -2.207274913 b

g 1.20E-01 -2.120263536

9 1.30E-01 -2.040220829

10 1.40E-01 -1.966112856

11 1.50E-01 -1.897119985 v

Entry mode Initial segment

@ Arbitrary Initial segment |1 =

OSyrrmeInc

=V. X V.
Vout (t) Vlnl (t) V|n2 t

F2 1

+

E4

Building a simple multipliers

R2
1
=

11—
y E %
ouT
IC=1 + R7
R4 F5 1
ey

< In(b)

Napierian logarithm

In(a) 7

e base
In(a-b)=Ina+Inb

natind) _ o

Check this link for
detailed explanation
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V2

5
Fast leg Slow leg 3
mr756 f======- . [==—====- . VOUT
1 ! 1 1 |
D1
1 | 1 |
“ + s3 cot . VB
R1 D4
1 ? EZ{E = mr756 : V5
\ ! ~ bsuL AC 1
+ — 1 ! ! ! ¥
= | | | !
- | 1 1 1 VA
1 | 1 Icap V1
= | I | | R6
| ISU 1 | IbU I {Rupper}
1 1 1 |
o £ 1 1
xe | |
47u A = 200u
lin Va 1 1 c13 R12
s L1 e 1 N =t 680U IC=415 D {Rload}
L3 L1 1
: ISL IDL ® FB
I
I
I
I
I
I

R17

D 2.2k

60m

Boost TPPFC CCM Var toff tran

E2

u1
TPPFC sub B
m
L HSFL mr756z R2
N HSGND I {Rlower}
HSLS + s4 IC51
_|R1 !
CSAMFOTA _ IR | 1
INV.  FB | | |
1 | I
1 | I
FB —— === el el
VFB — —
VN [ouT
ERR =0OUT/IN
R5 -
o {R2} VA IN ouT ERR
{C2}1C=3.5 =0OUT/IN
c3 -
T{C” BRR N [ouT

=0OUT/IN



VFB/V )
Vbrigde / V ISU/A ISL/A IL/A lin/A DU/ A IDL/A

VOUT / V

18
12

Sy
-l‘-

time/ms

20

40

60

80

100

20ms/div

In this TPPFC topology, a decoder is needed to route
the driving signal to the lower- or upper-side switch

depending on the input current polarity

ug

VAR DT=100n

CsAvP Il
U1
Ct
INV Ut
OPSIMP
u2
£
m
L
é I s
SyncP
N
63 R11L R4 i ;
100[ J1c=1 c7 r*
100n | —— 250m
T Tva
|
|
T !

SynoN

S HSFL

HSGND

{fgm}

va

25—

J




230V rms

==
11 1
fox) R7
Ideal_Diode I(g‘eaLDiode
a a

1
a4

Bidirectional switch

O0to 230V rms

|
|
|
vin, ! Vout
4.7u 4.7u 1 VINT 30u (L
LA i f 10m
L2 L4 | & R3 U1
©
, ! 10 — W o
lin O Gate4 y I | e RS out
R9 R8 U8 1 []22 100m
100m 10m “ 1 1
SINE im SyncN V4 + - |
V1=-330 /4 e ] b D4§ | R4
ve=azo (V! | 81 c 15.3
FREQ=50 ca cs e Gate3 21
DELAY=0 1u 4.7u — 1 8 1 Lc c1
G1 SyncP u1 SyncN us | 1 o o -'-10n 2u
R1 ) \ ) »—‘ ] ? 2 1
100( | 1c=1 ) | | Y D305,
O O b 3 1
4.7u 4.7u ul2 2
o il o i R )
L3 L5 —

SyncN
N
u1
U35
S Q
R
goa N
Vclock (\Jil) _us
u7 ‘
i, T _O—
S VAR DT=100n

400m T

*

=t

Buck Ac-Ac Converter — full version

SyncP

This is an ac-to-ac adjustable inverter which
allows to adjust from 0 to 100% the power
delivered to a given load, e.g. a boiler. A
loop adjusts the control variable to exactly
absorb the excess of energy delivered by a
solar inverter.



Tout/ A IL/A Tin/ A Ic/A

ISW/ A

Vin/V

300
100

-100

-300

VINT / V

300
100

-100

-300

Vout / V

150
50
-50

-150

time/ms

85 90 95 100

5ms/div

Fixed ac input voltage, 230 V rms

Adjustable ac output
voltage, 100 V rms



Current-mode power converter

k\Buck CM I lysi k CM digital I - I -
\buck\Buc \sampled analysis\buc digital modulator — current loop This is an open-loop current-mode buck

2 dom LNIG0 var vOUT converter operated at a 100-kHz switching
L TR frequency.
20m
:\{/\:in} 2 D1 } 1 5—1 IN -OUT’—E
eal_Diode . = Vout . .
e .SLST =OUT/N The duty ratio is 50%
- VAR Vin=10 Vin=10V, V,,; =5V, I,,; =5 A
.VAR L1=100u
VAR Vout=5
VAR Ri=100m _ From [1], we know that the double poles located
X1 .VAR Sn={(Vin-Vout)*Ri/L1} .
us VAR Mo=1.3 at F,/2 are affected by a quality factor Q;:
s a ﬂﬂ L VAR Se={(Mc-1)*Sn}
T VAR Sramp={3/10u} 1
RGN - .VAR Scomp={-Se/Sramp} Q _
p
() 7| m,(1-D)-0.5]
{™}
Vclock ‘/Jil\‘ { ::: } Sn i {Sn}
T e " oS 10 b S 2 Scomp) The poles are damped by adding an artificial
| ("} ; :
—O 0| R J_ p 0 1 ramp to the current sense signal:
o T Artificial ramp —————
VmaxDC —L— _ Se 1 mc = 1 e no I"amp
AC 1 1 {Scomp} mc =—+ = 1.5 > 50% .
@;@;+ \u jﬂ J Sn m,=1. o compensation
— g e]
i " : ~ () On-time inductor 7\
V6 e G1 G2 \J_L/ Vsaw
510m —( F [H}M w slope
s ‘ ‘ [V1/[s]

[1] R.Ridley, A New Small-Signal Model for Current Mode Control, Ph. D. dissertation, Virginia Polytechnic Institute and State University, 1990



Gain / dB

Phase / degrees

40

m.=1 By adding slope compensation, we are
2 — damping the subharmonic poles and the

\ i converter gains in overall stability.
1

0 N >s
\ﬁ
0 |Vuut ( f )| m,=1.5 Where does this instability come from?
Vc ( f ) \ We can have a look at the inner current loop
0 gain which links the duty ratio to the
m.,=1 inductor peak current. However, both
-45 N variables are discrete points, how do we do?

-90 e :
mj. = 1.5 \
-135 \ ‘ Implement a
\ digital modulator
-180 h
N

-225

-270 \Y4

-315 VC ( T )

-360

10 20 40 60 100 200 400 600 1k 2k 4k 6k 10k 20k 40k 60k 100k

freq/Hz 10kHz/div
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The digital modulator introduces an ac perturbation in d(t)

B. Cho, F. Lee, Measurement of Loop Gain with the Digital Modulator, IEEE Transactions on Power Electronics, January 1986



U4

I X

This is the digital modulator that |
described in this paper published on
How?2Power:

HOW-=POWER

Exclusive Technology Feature

ISSUE: January 2021

Simulation Demonstrates Impact Of Current-Loop Crossover Frequency On

Stability
by Christophe Basso, ON Semiconductor, Toulouse, France

dy
|

vdd U1 )
ur D Q 4
I
dy I QN F—
/\< >>— 4| SET
vdd RST
i
5
— Vdd
R2
47u 2.5k E 5k
Mod I——i F—
c4 R6 \L 11
D1
Us 400u Ideal_Diode
us +
_L o
C3 R3 &

&

C2
T 10p IC=0

|

When d, goes high, d, immediately follows, C, is discharged and stays low
When d, goes low, d, goes low after C, charges to the ac-modulated threshold



s2 ~
L11C=0 vout vouT

The digital modulator is inserted and |

—

20 40 60 100 200 400600 1k 2k 4k 6k 10k 20k 40k 60k 100k

L R6 ‘
i I\ v g can extract the duty-ratio-to-inductor-
VA R3 .
— i 1 t — N [Jour g peak-current transfer function
I cs c13 o =OUTIN | ¥
220u IC=0
4L ] ) ) T 10.009k 25.58407k
—— 100m 15.57507k }—‘
- “ RS VAR Vin=10 w0 |
.VAR L1=100u — ‘
B T : ! VAR Vout=5 ‘m=1 3‘;;;;:‘\% RHP zeroes
= |~ | dX .VAR Ri=100m [ e \\\ i
] u3 d Digital l\bIJc:dulatorZ \\//ﬁg ,\SAn={1(Vin—Vout)*Ri/L‘|} mC il 1.5 \\\in i
] . c= . S| }
R B v VAR Se={(Mc-1)*Sn} S . . gy
R QN|— Mod VAR Sramp={3/10u} g bIOpe Compensatlon reduces W
L VAR Scomp={-Se/Sramp} the I-loop gain and forces a IA ( f ) R
AC10 @9 20 |-Crossover point at a more L .
N %1 . A ! i
) L g*i favorable phase margin. d ( f ) Lo
velook (1) et _ P
NI us — {™}Sn={Sn} 40 | | ‘
_ u2 " CS 10 cs { " } Se = {Se} Io , i
& \ § R2 {™} Scomp = {Scomp} -180 —— N\ 9w.: 60_
O 1 AN + 10p1C=0 {™} \ L @
® c () \ 5o
\I/ s I" f Q: S
‘ VmaxDC —L— g, 4 L ( ) \ i i 12
= g T YRR
1 {Scomp} 3 % d ( f \ 3. 3
L } J N N T~ %3
V6 — () 315 \
510m — G1 . G2 \J_l/ Vsaw _\
R4 o\
I F . w .36010 : A
L

REF A
freq/Hz 10kHz/div

\buck\Buck CM digital modulator — current loop gain
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