Buck Converter

“¢ INTRODUCTION:
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Fig : Buck Converter

Continuous Conduction Mode:

During ON time:
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During OFF time:

—Vo
Al = T
i = —Torr

For the steady state operation Total current rise should be zero,
Nion + Aigpr =0

Vi =V, -V,
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L lovtp

Torr =0
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Vo=D xVj
Ton
where,D = ——————
Ton + Torr

Also,D’=1—-D
Now,
Considering Efficiency(n)= 100%
Poweriyut = Power gypys
VexI, =V, %1,

I, =D=x1I,

¥ Average modelling of switching devices
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Fig: Average Modelling of switch with perturbation
From above figure from averaging ignoring switching frequency ripple,
i1 = d * iy can be written as,
i1 =dxigand I, = D x I, for DC (no AC perturbation)
Also, by equating Power,
ve=d+*viand Vo = D x I for DC (no AC perturbation)

Hence, the equivalent circuit is:
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Fig : Equivalent Circuit

The transformer in figure is mathematical object which also works on DC. The transformer winding
is which changes with time that makes this transformer non-linear. It is also large signal model

» Small Signal Modelling of Switching Device

Lets decouple AC and DC part,

iv=I +1 and iy =TI +19
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vy =V +9; and vy = Vi + By
d=D+d and dl:l*dil*(D+d):D’—

Now, From Average modelling we have,
i1 = d* iy
L+ = (D+d) * (I +12)
I+ i1 = DI+ dl + Dis + d iy
Since, I, = DI,
i =dl+ Diy +di»
Here,iy << I, iy << I and d << D so diy — 0
= 4, = dI, + Diy
= i, = dI, + Di,
Similarly,
v9 = dvg
= (Vo + 1) = (D + d)(Vi + 1)
= Vo + 0 = DVi + dVi + dVi + diy
Since, Vo = DV;
= 0y = dVi + dVi + dv
Here, v, << Vi,v, << Vaand d << D so dv; — 0
= ¥, = dV; + Dv,
= v, =dV; + Dvy
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Fig : Equivalent Circuit for small signal analysis
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Small Signal Complete Model

)
)1+

Fig : Small Signal Complete Model

~/ Gain Analysis:

Fig : Small signal model for gain analysis
From the figure in primary side,
= U1(s) =0
From the figure in secondary side,
= 4y(s) — (sL + Ry )iz (s) — 6,(s) =0

= Uy(s) = (sL + Ry)iz(s) + 3,(s)
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Current through inductor,

= ir(s) = ﬁo(s)(Ri + RCT)
o sC

~ . 1 sC
=ir(s) = vo(s)(R— + m)

~ . 1 sR,C
=ir(s) = Uo(S)R—( + m)

~ R s(R,+ Rc)C +1
= () =Uols) - ( sRCC—)i—l

From voltage relation,
— dV; = Dy
Uy(s) — d(s)Vs = Dvy(s) In Laplace domain
= (sL+ Rp)ir(s) + ¥,(s) — d(s)Vi =0

1 S(Ro + Rc)c +1
R, sRcC +1

R 1 s(R,+ Rc)C +1
= Uo(s)((sL + RL)R_ ( sRcC’CJ— 1

= (sL + Rp)v,(s)

)+ o(s) — d(s)V2 = 0

) +1) —d(s)Vi =0

s%(R, + Rc)LC + sL + sRy(R, + R¢)C + Ry, + sR,RcC + R,

i) G )~ d(s)V = 0
. 1 s’(R,+ Rc)LC + s(L+ Ry (R, + Rc)C + R,RcC)+ Ry + R,, 5
= 1 (s) (- et ) 2Rt %) ) )~ d(s)Vi =0
Q RQ L R (Ry+Rc)+R,R,
= (s (Bt Ro SR lC+s(gim + Rk C+1) Vi~ 0
0 R, sRcC + 1 !
Ry + R, B 1O + s(gly + BBt lilegy g
= 1,(s)( )—d(s)V1=0
R, sRcC +1
R,+R R R,
L (S)(RL +R, "5 g LC + s(ghyg + (Be + 75%)C) + 1) d(s)Vi =0
° R, sRcC +1 !
2R +Rc LC +s R0+RC ( \/T + (RC\/W + RLR, \/>) +1
g (s)(RL + R, BrtR, v/(RL+R,)(R,+Rc) VR, +Rc v/ (Ri+R,)( 0+Rc) )— )
° R, sRcC +1
2R0+Rc R0+RC VE RoRp+RcR,+RLR, /C
L (o) (Bt o SERLC TN B L T mrr T VR Rt VO + 1) im0
? R, sRcC + 1 !
2 R+ Re Ro+Rc VE RoRp+RoRo+RLR,
g (s)(RL + R, % RitR, LC + sy RL+R0LC(\/(RL+R0)(RO+RC) + /(Ri+R.)(Ro+Rc) \f) + 1) P
° R, sRcC + 1 !
0 R, sRoC + 1

d(s)W "Rt R, 2 ButRe [ RotRe VE ReRp+ReRoARLR,
Rk, 1O+ 8\ BT, LC(\/(RL+RU)(R,,+RC) * v/ (RL+R.)(R D+Rc)\/g)
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I, V, DV
DC quantitiesare: Vi =V, Vo =DV, I =L =1,= — = — =
D R, R,
N Uo(s) v R, SRcC +1
dis) "Rr+R, [RotR VE RoRL+RoR,+RLR 9 Ry+Ro
1+ s RL+RZLC(\/(RL+RO)<RU+RC> + (Rp+R,)(Ro+Rc) g) + R IO
(a+35)
=G vo =G voO s wews
i200(8) = Gaz ()1+m+(w_o)2
where,
R, 1 1
G vo = V‘;ia esr o~ Yo d
aol8) = Vo= Wer = o @ Reforg
Rr+R,
1
Q= RORL +Ro+Ro+ R Ry
¢ R Ro)Ro T RC)
V/(Rp+R)(Bo+Re) VE
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Fig: Small Signal Model for audio susceptibility
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Wesr

= Gvinavo(s) = GWMVO(O)W
WoQ Wo

where,

R, 1 1 p

_—, W = — W, = ——— an

R +R, ™ ReC’ ™ BtRo [y
R;+R,

GVinZVo(O) =D
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Buck Converter

Q= +Ro+RotRLRo
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Fig: Small Signal Model for Output Impedance
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~ Analysis:

ccm_buck_average_modelling_analysis.pdf
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https://www.notion.so/signed/attachment%3A87d80cd5-2d12-42c2-a865-4eee50ed61d3%3Accm_buck_average_modelling_analysis.pdf?table=block&id=1a3affec-2529-8050-aacb-c2932760fabd&spaceId=831b3b11-d186-4325-9e36-52fb43e04401&userId=7134549f-8968-4e84-96c4-d23315c3f672&cache=v2

