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Modulator - G

Is permanently compared to a reference voltage
d The reference voltage 7, .is precise and stable over te
 The errorle=7,,.-a7,, is amplified and sent to the contr

 The power|stage reacts to reduce £ as much as it can.
Power stage - H

Vo
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d A stable output voltage, whatever loading, input, temperature

and aging conditions.
A fast reaction to a incoming perturbation such as a load

transient or an input voltage change.
4 A quick settling time when starting-up or recovering from a

transient state.

mmm)> A stable and noiseless dc source we can trust!

Ambient temperature
T4

Input voltage [ d ]Dutput voltage
| dc-dc .

V:'n l J Vﬂuf

Output current
lout
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The plant

I/.i}r (S) - - " H(S) ( I/;IH (S)
\S‘
Vot (5']_ H(S)

7, (s)  TRH(5)G(5)

— Open-loop gain T{(s)

s)H
(5)=0 _..{ G(s)H(s)|=1=0dB T

£G(s)H(s)=-180° 10

, H (s To sustain self-oscillations, as ¥;,(s)
e 0)= | o 0| L

1+G(s)H
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 In a Bode plot, we deal with both magnitude and argument:
= when |7(s)| crosses the 0-dB axis, this is the "1" point
» when arg 7vs) crosses the -180°axis, this is the "-" sign

- dB

180 40.0 |Tl:~5]|
90.0 20.0

|T(s)|=04aB
o O ~ /
LT(J{.}
~90.0 -20.0
180 0.0 ST age \ -
10 100 1k 10K 100k 1Meg 10Meg
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ERHSTERfC ( crossover frequency ) BRI ERHO0dBEAISIER A
fB{iI#d&Ephase margin ) FEHZEZFHINERLFIMBAIFD- 180E Z BRI ZE
1R (Gain margin): 1B 2B ZA R - 180 EAISIERAL I M HYIE TR

IT(s)]
fo=6.5KHz
D° - 0dB //
#T{s}
‘———“/_\' Gain margin

1 67 dB
On = 927

-180° I

10 1 1k 10K 100K ikiag
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r2 (RS Bs=jw=j ( 2*pif ) T -
FBFER BB#HLAR
Vin D FEZEC fBH91/(s*C)
4 - Vo FERKL BEHS L

EIBERZEL G(s)=Vo(s)/Vin(s)=Z2(s)/Z1(s)

QSR NA S 157 s 2 FH A RIRYEE BEANEE S HARRHY |,

g ﬁ%ﬂ*ﬁiﬁﬁ%ﬁ%ﬁﬁ%ﬂ]ﬁﬁt

fBREFNZIMZZAEZEs(s=jw)F R , R —FINEFEE | BREEUEBRE,
FR{&E5ER éﬁl?iu__fl«)\é%%]iﬁ*/ﬂﬁuﬁ%

BEEAEIEE | BG(s)RTAIG(s)=N(s)/D(s) o FHln BEBEsHIREY |
AERD FIDEHTER SRR | FTkZ 1 BRI | B
G(s)=N(s)/D(s)=[(1+s/2*pi*fz1)(1+s/2*pi*fz2)(1+/2*pi*{z3)]/

[ (s/2*pi*f0 ) *(1+s/2*pi*fpl)*( 1+s/2*pi*fp2)* (L+s/2*pi*fp3)] ,
DFPXIMNMABRRIZ AT IR , TS n BRI E’J‘ﬁﬁ—?—%’ﬂfptwﬁ»\—.—
fOFRAVIIETR A=,
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TS HRIRRIERT. MRS SiEmmErEsane . Oy = tan ™ 2
YA

O 0p% L SUE
Ak
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+100

+20

0 10 100 1000 10 000 100 000
Mz (H2)

TR FZAOFp AR &,

FZFNFp#ERE#NIT , FEAFAERBA, XESESISTRRYN | BRE T HIHIEmL
ISR, EESMISmIEX , laffaimEgERIELUERINEEET,
WNRFzEFz2MABFz1 , MEEAFLIAEREGLIMARG2 ; MNRFpEFp2MiA
BFpl,IESmRFhAE S EG3MARGS,
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S Vo= Gw*Vin+Gvd*d (1)

61 || 62 Hrp :

| |
| |
A : + : " A . /.\ - A 2
R ? T =" Jo=Giv*Vin+Gid*d ()
| |
= T L _U GWEBHINBIEEBRE ( Audio Susceptibility ) |,

) GivEH XS NRIEEREL (HHEERAIMNEE )
d i Gvd 28I i=HIRIERREL ( FBBERINRE )

Ve

S|
=]
A

GidZ2HIHXH=HIRIEEREL ( IR )

Vo =Gw*Vin—-Gvd *Vo*G1* Fm
- U e SR
+ Vo Gwv(s)

Vin 1+Gvd(s) *GL(s) * Fm(s)
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R 1 . | VdEDEC
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|
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f +
RBlAs

*  FREQUENCY [Hz)

PHASE

90% PHASE
"BOOST"

1+ =-R2-C1

Gls) = c1-C2 ) AV =

cl1+c2)

B2 XEMATRY 7 PliTHlEs , MbodeE & |, DY
*&/‘f_\-—lo *&5 £ Cl+C2

A 2-7-R2-C1-C2
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G’(E) — (I_EREC) [1_3 ( EE]‘CE]
g WEvR
s-Rl-(Cl—CE]' l—sRE e, (143 R3C)

FHASE

GAIN (dB)

180

a0

90

FREQUENCY (Hz|

180° PHASE
“BOOST”

M2

+ FREQUENCY (Hz)

_ Rz _ .. (RL+R3)
A1 = o AV2 = R2-—ps

fzerel = ooy

1
+ R3y-C3

f 2=
_Tero Ry

(C1+0C2)
2.-m-R2.C1-C2

1 r

2-m-E3-C3

f_polel =

f_pole? =
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IWERFSE , NIAMARE , BWiHRBE , BRSHE | FAREFT IR
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11T S -— Nt EbuckBES ( FBER )

L RL

L

=== Output Inductor I i
| JESR
+ Output
o VN — ,Gapa[:imr:
44— Q2 | _Lcout
— | ==
[
& %
Buck Converter

RLOAD

r——
I

q/mi'

PWM generator | —
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o Cci
Compensator with i
Transconductance Amplifier

[EPEEbuckER

|

|
| PAM  Buck |
|

Generator ,CDHV&I’[BI{

|
|| 1 '
i

Vosc [ ®{GP(s) [ Vour
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Input Voltage 5V fin -5 Eﬁg
Qutput Voltage 3.3V o = 10 S
Output Current 10A U
Switching Frequency 200KHz C T
Output Inductor 3.3uH BR=0om ALK
Output Capacitor 200uF vith 1BMOESR oot =, =0 AR
Peak to Peak Oscillator Vosc = 1.25V ez RSRAR
Ramp Voltage
Reference Voltage Vrer = 1.25V
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IG1T TR -£82 - BEZER TS

H(s) — l + ESR-C-s Vin 1
MA

L 2
1 . ESR -C L-C
TS (Rload " )+S

* 1. as:pﬁ 1o
FRia SRR RN 2S5 [EERIXNR =R :

20

_1.868x 10° 0 N

1
fpo:= — ! :
pO 2.7’[. L.C o i \H_“

e EEZSRSRE [EBI S

1 10 100 1=10° 1=10% 1=10°

from= _4.019% 10° :
21 ESRC

THEM 2%
MEBAMZF |, EATTLAT R EEBEANSFEIER

root (20-1og([H(H) ). £) = 5.012x 103 FHSRE TN
RERELUTEHBEARBAGRE
85 012-10%) + 180 = A5. 415 TR = - 100 S

57 : Z|HEI AR AR ELERER |
REEIZ TN ? 10 100 1107 1104 1107
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IRERREIE | SRR (O AN T TSR L/ 2, (BSEhT, SR e VT I
A= 1/2, ANIER S S B RARFIXE0R, XBFEHEEH 200k B ¥Eer
HiATE20KHZ ( 1/10FF%5% ) .

EHfpo<fzo< fc <fs/2 , BfiNiEZFEType NEIAMZEE. (RIXTHR_E—TA S HHIRE)
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IZITSCH -84 - R E T M T

O
(]
GAIN (4B)

R1

RBIAS )
VREF
EIEFERERIE= S .
fl = 0.75 -fpo = 1.401 = 107 .
AR ME SRR RS 3
1
2 = % = 13 10° il = 2.m-B2-C1
. cl+e
T 1mR2C1C2
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1G 11 SCH- 2285 - it EL BB E S

T ESCARRYEBHEE S S48
Ehias = 1-10°

Rl = S0 Vref o e = 16ax 103
Vref

FEE18 o £ 7E F S A8 5 4 0 db:
201ozl [H(20-10%)|) = —14. 973

EDIDgLE] = 14. 873
El

14. 973
E2 =Rlio 20 =g, 194103

1

£l = ————
fl-2.m-E2

= 1.236 % 10~ 9

1 +C2
z-m-R2-(C1-C2)

2 = 175.57-10~ 12
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EIEFHESERIE S
fl = 0.75 -fpo = 1.401 = 107
HEIEFHESEFIIE S
2 = fs _ 1 107
2
AV = E
Ri
_ 1
- 2wR2C1
. Cl+Q
~ 2@wR2Cl1C2

—f2=10 solve,C2 — 1.755T12565461711407Te-10
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S G - 2h 2528
12 1TSCHl-#5209bodeE
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e, e
0ls) = (1+s-R2-C1) ~
s R1.(C1+C2) -Ll + s.Rz.ﬂ) | - L
Cl+C2 20-logl [G{£)|) ™
o
0 M"“-\:
Glf) = {1+ j-2-mw-f-R2-C1)
el T (. C1.co
oom-f) R1-{C1+C2) |1+ j-2.m-f-R2-
(2m) RL-(C1+0D {1+ 2m 61+cz)
BlLif) = M-lan
T =50 7 [ I
10 100 1=10- 1><1I:I"1 1=10- 1=10°
f
0
//._.--" ﬁh‘“\\
_en f/’/ ‘\\
J.-""f#’f \\‘M
61 (£) T | '
=100
— 180
10 100 1107 1=10% 1%10° =10t
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111 -5CH - 7R bodeE
A Y s l‘“""-.
BGTAFIRMEBRE - ™
- -
Ty (f) = G(£) H(f) Iyl
@[Iﬁ(f)l} 1 \“a
_ED_
10 Lan 1x210° 1210 1:10° 1x10°
f
B2 (f) = w-mn
MAEBAEZLH |, BAITLATE LB EANSTHITR 0
f = 15-107
root (201og( [Tv(£)|), £) = 1. 944> 10% -
SATEA LA S P FEFR AT v
. - 100
62(1.044-10%) + 180 = 66.427 puuy
—150 i
10 Lan 1107 %107 1%10° 10t
f
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€ EA |u dl P
I + (volt/current >»PWM ™ (power >y
(reference) - error amp converter) (volt/
compensation) current)
‘analog computation” Ky / A\
s-domain eguations K e ]
( (feedback)
c2 c
o R ol
— | Q@ Switching &
R Ky R = R output
R1 T —NW—  filter stage
—° R4 L
= L Y YY"\
EA gain or i
analog controller . v
C(s)=—=
E R \|s@+R,.C,s) d
, NERRAERRELP (5 )

Need to find :
Ry, Rz, €1, G
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FAEFIFIBIR-----z1 (BEX)

r[n]

EDTIE

+

Need to find:
j ay, 4z, bOl bll bZ
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e[n]] Ca |u[n] d | P
[ (controller) > DPWM (plant) > y
Kyln) [ AD kL (
( | S+ZOH+Quantizer | /
Unh)=a,-U(n-2)+a,-U(n-1)+ ﬁQ_AI__ Switching &
b,-E(n—2)+b,-E(n—1) +h, - E(n) | Ot fler
where..E(n)=R(n)—KY(n) _erﬂ_

DIRRAUGERREIP (s )

Z Xk
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+ Control Design in Discrete Time ‘: \ Discretized Controller ,

FINERIEL R EY
Continuous—Time Process Model

(EE f*ﬂzlxrl'}""%Ja%

,’; Discretized Process Model “Gontml Design in Continuous Tlr"n»:a1

; z S

i

Difference Equation %4 \7’3‘%5

Software Algorithm — #X{4E%
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Mathcad

) - Mathcad2—FSs Bt B EIRSE | MAA—EUEAR, 52, JErs
HESEREA I EER | MR~ 2R e e e m— s, 2
0 BEANE RO ETE, EmMathCadfE/RS R e FRiB R S 2
P EF BRGNS | £ TRRRAAR R SEMETA.

/Ii/lj{)a?thcadﬁ AN RE , oRlRKRESHL. EdES. ESE. BREENIINK
JJUTe

EEEEA  REIEE, SR, BIRS. HSIHE. 2DA3DER. HE. R
| EFRS. BiEnE. TR SHlEYEE,

AN : Mathcad S8, WE , B , RABRT—(k. ERSamET AT 8RR (L
AR ERE ) |, EREREIFARE , 170 AR |

EITEAFRES IR SRR 2RI FAMathcadsest , BAFEIRTHITEME— S8,
BERM B Mathcad ZARRIE |
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BT HEASERRTHIR SRR
BEE—MZRAN. STHRIRGHER |
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BEd
[11! Edit View Subcirouit Elements Simulate Options Utilities Window Help =k
DI :[[&]o|~|B] v|x| 2] Z=l[s Alels|n| @ln) s AR ¥|
]

B psmEZEJRTEABRFE - ST
FEENEHE R AETE, psimEBRE | = o | |

OB AR, ol FT e
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= SRR S, PRERISRE R (S5
RIS ) | EIERESEE AR, @it 1
EA= IR TR, B AR L
AR TISIT o

g
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=0
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100 1200 12000 1230300
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»» Gyv_ripple = tf (4« [1/2/pifE0 11, [1/2/pif 10 11)

Transfer function:
0.01273 = + 4

0.01892 = + 1

™
™

»» bode(Gv_ripple) =

p3 | he=c2d(Gv_ripple, T, "tustin’ ) |

Transfer function:
0,8011 = - 0.7983

z — 0.90893

Sampling time: 1.1111e—-005
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Irmported model data. Right-click on the plots for design options. ‘
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