Contol Sﬁa&rgies of choppex -
% Tn de_dc convestex the avevdgg 0
Vavging the ' value-
4Thic 15 ochieved by vayir
e can be varied uSualﬁj
9) Cuyrent Cimik control -

wdput Qbffage is controlled bj

ca the dui‘d Ogc(e Of the Swifchmc} pu{se.
%@ufg c,éjcl in two woys
) Time yobo conbrl

ke dd%] C‘dC(e is the vodio of ON time to fime period of a pulse.
‘LE'I - ..._-_.TEL 3
° 4

) rﬁme yatio control -
As the nome guggesk here the time yatio (i-e., the du{zj Cgcfe mh‘o) i

varied - This kind of contol can be achieved in two ways
() Pulse Width Modulation  (ii) Frequency Modulation Control .

) Pulse Width Modulerion :-

Tn H)i? techrique the time period is keep constant but the ON time Q¥
OFF time s varied.



US‘“ﬁ this , the duty ajcle yatio can be vagied - N
Gince, the O Hime or pulee width 5 ge{.{ing cbanged it
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Fg Pulse InNidth Mbdulaﬁ’on wave 'ﬁzm.

*Eec;uencﬂ Modul adion -

*In this method, the Hime peviod is Varying while keeping either of
ON time oy OFF time as Constant . ,

sk Since the time pep‘od 32:65 chqnged so the ﬁe‘queno:f also c.harﬁe'
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‘Q O.men(‘ Cim‘l{‘ Conbol »

% In this C‘On{m| sha{(’vgg a f"pc?c:rfc v is Crpp,md on ‘fhe Wagent
vaviation .

# Tn this method cuyvent is aflowed o fluctuate ov Cﬁangﬁ. anls
between fwo values i.e., maximum cusvent (Tma,) and the
minimum  curyent (L),

Vo,

Conrtinuous
(Y venk
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| Opemﬁng mades -

* Two modes of opevation in de +o de conver%evs based on. mduc{w
Qunsvent Continuous conduction macle (CCM)

) Inductor cuwvent is greater than Zero (:e 'IL>O)
2) Biscontinuous conduction

- VIndudor cuwvent goes to zer and stays at zevs by some time
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‘ CQSSchaJc\on of C|r>0ppers (DC DC Conver%ers) |
‘Bependma on the Odput Vol‘cage the choppers are clasSr({ecl as

l) Sfepl d‘OLUh,COn_VeX{e)' or, Buck Converter
) Sty Up Convextey ov Boost converter -

3 Step up [down Converter ov  Buck— Boost convestey

) Sﬁp down converter ( Buck Conver&w) -

Tlle below ckt shows the Buck converter,
L

T B e

BU.{H cgcle, D = l_-f.‘i‘

** The oudput Voltage ,
Opemhon .
Case(s)' Cb0ppew oY Swrh:h is ‘ON"

% Then diode is Reverse b:ased e voboubil]

Ig '
Ii,

)

HPPlﬂ RvL ot (oop),

Aprly KCL at node*p’

VL + VC

\/:V ¢ IL=IC+I0 — @@

L= uvg Ve

here, V, = Vo L:I-T -0
M = V%] 0



case N+ Switeh i ‘OFF"
* Then Vs becomes zerwo

% And Dicde is fovward biased .
- .-Q ¢ \'-Lr) -

AT
T 0T 7]

HPPlﬂ KVL ot (oop : HPP‘tj kCLQJt? node{—'},

0=V, +V, T ETL=TC"+ﬂ:;,@
R AR _— x — |

) Tc - I,-T, — @
P IVL =-Vo —%® . . ..- T : -

\/Q:VC -sec B

alanced eq,gg'{ﬁob __1__:1 ‘.In‘da-cﬁ)r "

VL(ON)‘TON A \JI;(GFF) ) TOFF =0 . _5 @

We know that,
Buy eycle, D - T & Te Tout Toor
Pw-DT —@ Te- T-T.
'Eﬂm eq O, Tore = T DT
\{(o'«) = Vg *Vr; — @ L “U-o)7
{;Um e @, | |

VL(DFF) = =V = ' C

: %m %@ ' VL(0~)~T0~ i Va(orr)'Torf = 0

(%-Vo)DT + (Vo) (1-D)T = 0

(Vs - Vo)DT = Vo (T-DT) = 0
VDT - VDT - VoT+ BT =0 . .~
\éD/T':\/oY

[ Vo = V;.D)




Amp sec Balanced eq,uaﬁOn in capaahw

_— = ——

Tc(w). TDN e IC(OFF) -—H)#' =0 P @

1§nm E’Ii@, IC(ON) = IL"IO —H)N = DT
fom ¢4 @, T = 1o-T Tow = (-D)T

frem %0 Ic(ow) Ton + I:(o#) Towe =
= (L-1) DT+ (T 3) (1-0)T -
> (L- )T + (Tp-T.)(r-07) =0

= (IL L,)[D'HT pt] =0 ’
3 (L-1)T=0
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T
—ﬁr Tnductor Cuwenf ,
. Ripple cusyent, AL = T oy~ Lty

’)Com eq, @), VL Ve -V ,.
The \/o[fa?z across the induc%o\(; N
Ve oL ddli: 7
. 3% = Vg -Vs
from the waveform , AT
Ripple cuvvent, AL, =di’ 7 -



g Time pc:'iod. DT = dt
and b =
d - Ve-V
L 3¢ 2 S
L AIL = VS"‘VSD
11
O _ v (i-p
L o7 s (1-D)
2 AT < Vs (1-D) DT
L
a4 N, - Vs (1-D) DY
LFf
Imzx = IL - 2 a1
Ime = —IL — A{L
Q
- T EL
— 'LR“ A& |
. Ve B . N Vs(1-D).D
& e i3 . Aaf
. YeD _ Ve(1-DD _
xR Ao WD[R
-.[hﬁn =

JLF
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ALf
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, (P_'_EE_IE' in @)qcihﬁ VO({‘O.%Z - (AVc)

Neknowﬁ,@t ﬁ’ec}nrgz Q= cv
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‘Enm the (wave ﬁ\)xm

AQ = Prea of hﬁangle o

= :.{-x‘ base x Heigh&-

o o ml o O
ar T T
AQ: AILT
3

Vs (1I-D)D
Lf

M, - (-0
3F*CL

>
=

- Cyitical Tnductance (Lo) -
I’F I;'nin = O .

L wh { ;LJ"
IL = AIL : J-L“‘é_'-' J

2 |
L - Y (-D)DT
DL, )
Mo v(1-D)D {Vor v
: Lf
___gs—{-ﬁ- = M(‘"D)
R oLt
O R
R(-D) ~ oLf
*.
% Lc R(1—~D)]
f

CYqu cal COPOCI{?GD ce (Co)-

_ — ==

'\%mh =
AVe
Vc —- & '- 0
. {Vc v}
Vo - VS((’D)D Vo = VsDJ
le8f’cL
Vs/[) . VD VD (i1-p)
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9) B_Ogs% Com/en@er (S{epnup Convevff!) %

r‘*ﬂ 1,1

f

Fg - Boost Convestey (on Step-up Choppes

Opexation:
Case (i) - Qwitch is 'ON’

* Piode ‘D’ is RB. i.e., OP?—'\D B T

m"

“
()

.z:i-c R \f
Apply KvL at loop , Arply KCL @ node A,
’VS+V‘-:O Ic-f‘Io"' 0
.'-1VL'; VS":’(D - lIc =T | —> ®

Case(iyr Switch is 'OFF’
% Piode 'D'is FB i.e, 3hort

i L, 0+ ?wm_m.@ ;E’ i

Ve 4 j}/%) \Z —%;I(‘c; %R 1

T owbd JT T

foly kVL ot loop
Ve ~Vi+ Vo = 0 :
M Vv @ C M iy

"- I et IL"IQ

Fpoly KeL ot node

—>®



] Volt -sec balance n Tnductoy -
VLON - Ton & Vyore Toer =« @ —> @ ‘

we know that , D - I:rﬁ 5 e DT

and T = Tm+—[;#
Tots - To = Ton
Tt = T-DT

and , View = Vs {= fom eq ©}
VLOFF = Vo-\s {'f;om e‘t@]
@=$ Vs . DT * (V, V%) (T-DT) = @

= V}/T‘ VoT V DT - VsT—!—\//D/T 4

Vﬁﬁ é Vo;r/(f"D> VsZ/

. Vs |-
- %) -

(0)’) .VS = Vo-([-l:))]

’HmP -sec balance in Capaq{m -
]—CON-_E)N + Lcorr Tore = O _ @

L = DT+(IL (- =0, ST
7
'I/DT + TLT-T.DT-T.T + I,,/DT o
TL(-D) = T,T

N Y () (or) T,. =

R‘pp’e in Induc:{'[)'{ CUVYQD(' (A—IL) | |

’EY Tnductor wvent , &

%

(pspp\e cnzent, ALl = Titman = Teemn )

é(ﬁ



V= Ve
nd the Vol(osc n inducty,
- di
V=1L [
V= OL
L DT
VS = L . AIL
DT

C“ﬁft_iid Ind uctance (Le) -

I-F I‘ﬂn =O -
I - AL _ o
) .
T = AT [—IL:LS.T‘
Q .'.I,:V'VR
= Vs.D j~ :
ALF
23 Vs.D
(D ALf
Ve
e Vo = 222 .
know that , (I~D)
X
RO-DF ~ Qif

CHeNk

4 R(;)D)D ‘ (L R(,_,wﬂ
?tppfe in  (opacitoy Vo!fagz (AV.:) .

Tt (]
find the Cuwvent i, eq pacitor




Cvihcql Capaci_fi(lce CCC) -
VC mn = O

VC"' AV: = O
L

_ AVe
Ve = £=
D
QCF
V, = Yo D
ARCF K %K
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©) Buck - Boost Converter; -
* Tt isa DC-DC Convester.
* Quiput voltage dlepends on st{'(Lj Odde (D).

* If 0<D<o0.5 then V, < Ve {Buck Convester |
* TF 0<D< 1 +then V,>Vs {Boosf Convez'ter}

'15,5 !.-/—--:l

Ve, _-{ ILL | \{/ t[ R :|{:
Operation - v

Case (i) r Switch is ‘ON" .
sk The Piode is OFF (i.c., Reverse biased)

o= [ l
L viglL Vc:_ R Vo




fﬂppltj KVl 4o the ckt Qpp(ﬂ KCL“..C_H__, node A,
iVSfVL "—‘>® IIC ;'Io - (@
Case (i)> Suwitch is 'OFF
l % The Diode is ON (i.e., fovward BrGSE’d)

e (fiD -1 —
“)J,I,_ ‘_‘fIf_/_ }y,r }l
1 <« }
~ Vo3I W T | 2R v
pr 0T
)
Qppt(j KVL 1o the (oop,
l V,r_-—Vc ; VC—Vo. ;'-VL"—VO '_>®
" pply KeL at node A,
I tIe+1c =0
EREICEES bdo
Volt-sec balanced equation in Inductoy - ¥
VLGN 'TON + V;_opp '-['OFF =" We know that
Vs. DT + Vo (1-D)T = O DI 5 7=-DT ¢
Vs.DT = -V T+ % DT " T= Tont Topr = DT+ Tz
,i VS'DY; V"_WD"’) _roFf: = T-DT - (I-D)T )

s s
D
Amp-sec balanced equation in  Capacitor -
Ieoy . Tow + Teorr Tore = O
“Io. DT - (1,4 T,)(1- D)T =0

"To.DT - (I,T- I;DT+I,T To,DT):=0

“LbT - TT + I,DT - ,7 4 LET -0 [’__ro:'..L (i-0)|
L1460 =Ly

9 | , s D_‘
IL = ';;II'_UTB .L(OY) IL 2 ‘I;[’_.LJ (0?) -IO IL( ‘}]
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Viow = W .

N RT3
a_g" 5

L AIL:VS

DT

V; DT
lmas__ﬂ VD
L COY)EH—’:F’J

?_f_f_ﬂgle in Capaciter Voltage (AVe)

Bmﬁng ON {—ime) [ P
dv { fo= 6 %%!}
C S T T, ,

_d_v_. = —_I_O_
dt C
AVC - -—Io _ .Ic ; =
dE - ¢ T oW .
Tn{'egyafe on both sides
vm,é T =DT o« " o
Ve _ -Ts
ot f & o
ax ¢ o
LV, = Plo
_ fe
QI:’{’E.‘*; | In_du&an&e (Le) -
Lwg = To-4% 5 Loy = T4 A2
PU:E 1—Lrn‘nn:O ‘.“k - | |
T,. OL _ =
2
% TL = A?Q['L é —IQ AIL
|-D 2
“DVs . =Vo SRV
Wi s DV
= ZO-OF  fH { °'T%}
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—E) In a buck converter the avermge load cuyrent 30A,Ch0;)pinj
frequengy is Q01 , Supply voltag is 110V Calculate the op
and OFF periods Of the chopper if the load 3eSistance is an

Jﬁl- In Buck converter, |

I.-1. = T,= 3opgmp
£ = Q501 ; Ve=llov; R=2n

ChOPPInS tme , T - —’% . 3'56- = J msec
L - -\é— IV, - vep} | Ton = DT = 0.545 % ux:q’g
T, = %D Ton = 9.18 msec
: T = Ton + Tore
Rl IE;SR E 3w T2y T Tow & (ﬂ-3.18)10'3
D - 30",',0:"3 = 0.545 - Torr = | .89 msec ¢

@ In a boast converter, as an input volifoga‘rs 8V and ?fe‘?ﬁ"fed
Output voltage is 13V at IskHa hen L= (00MH , C = 950 uF
and overaga [oad cuyyent of 0.3 Amps . Peteymine
(" Puly eyele 6D Peak- peak ipple voltage (i) Cviti cal value of capacitoy
™) Cribical valu '

(‘ r.hc ' ¢ oF inductor ) Imax & Timn -

Ar - : =
£ V=8V ;5 Vo =18V ; 1 (skipa L=100uR ; C= Q50 uF ; I,-0.34,

i) D :'? W AV = 9 (in)‘Cc;? w §/, = w I, Trde1d 9
Q) Chqpping time | T - _-)lc- - il

e
know that , T Boost convertey
V, - Ve | o
| (I;D)' f () The peak-peak vipple vol\‘age
"D = -_-2. ) H e :
VA P AV = JoD ¢ 0.3xas5
: D:f—-y_s_,-_-g_i Cf Q50X 1076x,80€ X (o7
Vo 18 |

.‘ Me = hgmy




QRF
p- Y. 18
. = o
Cc . _ 055 =
2% 60 x 15 %(0° e
W ), . R(-D)D
Qf
. 69(i-a.55)"(ass5)
| ~ 2xI5x10° =h0e i
W Tooss - V{*;{""* (1-D)
_ ALF
] 18[6_10__’_'(%0.55) ]
T 9% oo % 1076815 X (0]
mox=3 3 Amps’
Ihﬁn = Vo[“'_"‘ {=p)
, R oL

- R -
QA100% 1076 15X 10°

b Inﬁh = —9,4 %Ps .—

3 Cons; |

: gwiicc:\eyQ{ib; Buc: ;2005{' converter Sho'wﬁ in the T(lzguwé below

i 5 cpr ng ot 9skHz and 0.35 Duby clicle. Assume

o v h s’wn‘Ch o be ideal- Undey the SF&; state ;
ition wohat is the. average cusvent o e

mnductos is N igiaie] ) . H““‘f}h y
L/ e o
Lo Lo

S Iy




. To
; .IL(avg) W
- Vo
T )
Vs.

Buck Convev{:er
= Source G-D'Yen{ (Is) 3

P?n = Pm_::f:.
NeTs = Vo To
- Ml
Ts "
= Suitch _ij@{ (Tsw)
Lm(avg) =L )




boos{ COnvex%ezr Summa P oo 5 g l

= Suiteh_Guvent (Tsw) - D\ - Vsp
Tsw (ave) - T:.camFrf ) To = I, (1-D)
T (mms) = (T Tavs 3) AT, 1/1%3_
_I:Sw(‘:ms) - ({3( I L) AV, - T.D
= D Cf (
xode Cuvyent (I) - [ [= D)J
—_— e e e 5) TL(mmf) - VD R QL‘F
ID(ng) - M G)IL(m'rn) . (1-p)
T 7 , ° R; QLf
= I, (1-0)- -L'('A) | T =
(f/D) ,. s = ° :
ID = Io v, 4
() ). T () = Ia.Lavg) }
{(r_-D)T" -
Ip(ﬂms) = I, [—=—— r 4 :
T Isw(m) = IﬁD \{5
L ms) = L\i D i - Ll )
'D(T ) I 1 -D T q) 'D@Ws) - ID'-
= SOUYCQF_@van{".(Is) 7o X ID (rme) = IL@
Pin = Pout ’ 1) Lo - R(-DID
T = YoTo % o s -
e I _ R . " - b
T, = Yol = ) Ce - 2Rf -
- Vsﬂ_ P w1 LU S v
/PQ'J‘BTTY)OHCQ Parame{'eys 0£ P_C'-a Q_g Cé;r}ve)fé%s“
;) E'FFmenaj

* Ratio of OUi'PUIT POwex 'h) mpuf Powe}’ T .
* Higher effciency veduce heak dissipation and powex oss. =+ -
* Typically vanges ﬁom 80/ to 8 % .

2) Vol 6092 Reg,uloﬁcm ’
* Measuves the stabil ’{3 of wapaf' voftage despite input ov [oad changes

* -ﬂwmu la: Volfa% Qegufqﬁon_:[;\_/_”.?_(%i’ V'ﬁ‘" ’°°°’]x 100 7
- full load

* Lowe'x Va_[,ues' indicake bettey perfoymance .




I ation
d Qe?“' ° ing boad cusyent .

3) Lot abion in output voltage with chang

, Measures vari | ‘
:-[;nw1%an% for applications with varying loads -

4 Line Regulation

+ Measuves how we
input vayiations.

* formula © Line Kegulation =

5) ?ipple and Noise

¥ Small AC Voltage fluctuations 11 the DC 0“@“‘5-

% Measuved in mV peak-{o—peak (mVpp).

* Lower wipple 15 prefevved in sensitive applications.

¢) Switching Frequenty

% The frequency ok which the converter Switches powes devices.

% Common values: [00kH2 tp several MHz.

* Highev frequencies allow smalley Components bud increases Swi%cbirg losses

) the output voh‘age semains constant despite

(_A_‘é&’c_.) % 100 %
AVM

3) Transient Kesponse

% (pverters ability o vespond to Sudden [oad 07 input changes
% Measuved in micweeconds (4s).

% Fast vesponse prevents voltage dips and ovevshoots .

8) Poceyr Densﬁy
* Powey delivered pey unit volume.
# Higher pouwer density allows compact designs for portable applications

D Thermal Perfoxmance

¥ Petermines heat dissipation and coolinﬁ vequiyements

:% Efficient converters produce less heat , Tmprvin ?Tn b"(‘
IO) Isolation (ﬁr Tsolated Converfers) P "3‘
: Electvical sepavation between input and Output.

* Tsolation Voltage ypically Yanges fom kv 1 skv

;

* Escenti
ssential for S&ng-cn‘{icql app[icaﬁOns.
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