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Voltage Mode Buck Regulator
Basic Architecture
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Feedback, Error Ampilifier, and
Compensation — Two Types

Gm Amp: Y
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2(s) { + Gain is a function of the feedback ratio, so
Virer regulator loop gain increases inversely with
J Vour- Gain is also affected by changes in A(s).
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Loop gain is independent of op-amp’s open
Y < loop gain and the feedback ratio.
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Voltage Mode Buck Regulator
Loop Gain

* Modulator and Power Stage gain:
Vour Vin 1+sR.C

V. V., 1+s(R.C+L/R,)+s’LC

* Feedback, Error Amplifier, and Compensation gain
(Gm-type Error Amp):

VC I VREF ‘A(S)

VOUT VOUT

* Regulator loop gain, H(s):
V V 1+sR.C

H(S)=£.A(S)‘ e 2 2
Vour Vo 1+s°(R.C+L/R,)+s“LC
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Voltage-Mode Buck Regulator
Frequency Response
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Current Mode Buck Regulator
Basic Architecture
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Current Mode Buck Regulator
Loop Gain

* Gain of Modulator and Power Stage:

Vour _R., 1 J+sR.C 1
- 2
Ve Ri yRTmpoos 145 448 s_
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Current Mode Buck Regulator
Loop Gain

* Feedback, Error Amplifier, and Compensation gain
(Gm-type Error Amp):

Ve __ Ve, A(s) A(s) =Gm e Z(s)
VOUT VOUT

* Regulator loop gain:
Vier R 1+sR.C

H(s) =- e A(s)e—LeKe eFh(s)
ouT i 1+ >
®p
K=——— 1 Fh(s) = L
1+ L SW (m_D'-0.5) 14> .S
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Hysteretic Buck Regulator
Basic Architecture
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Hysteretic Buck Regulator
Switching Waveforms

Vsw
Vin |
ton torr tON and tOFF are functions
of Vi, Vourr Ly ESR, ESL,
V,ys+(ReFRL)R,, and t
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Calculating Hysteretic Regulator
Switching Frequency

* In most cases, switching frequency is determined by output
ripple voltage (AV ;) resulting from ESR. Amplitude of AV
Is described by the 1-Lr ollowing two equations:

VIN VOUT

Y
AV, = eDTeESR DT=t,, D=-2UT

AVour = Viys ® RF1R+ Rez + [ESR J (V'N _LVOUT + Vour ) o td:|

F2

-

 Combining these two equations yields an expression for the
switching frequency

fo o (Vin — Vour J*ESR
Vi (VHYS * RF1R+ Rez LJ +(Vyy sESR ott,,)

F2

_ Vour
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Compensating for excessive
ESL in output capacitor

Vin 29uH Vour
4 5V to 35V @
[ T3]
Cin
22uF
—t— Rapy Chapy —
TN
PGATE ISENSE
ADJ FB
Vin

C,ur has excessive ESL, so AV . has large voltage steps that result in erratic
switching. C2 filters-out ESL voltage step at FB pin. C1, C3 and R3 generate
triangle waveform that determines the switching frequency.
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Constant On-Time Buck Regulator
Basic Architecture

INO
Modulator Power Stage
'__________________"___"l |_—_ ———————— 1
On-Time | fon | I
Adjust hnd | '
\ 4 | ‘ ‘ ‘ : :
|
|
. ¥ j_ on-Time | ! ! | [
Y, } One Shot | L [
REF L |
. | | | Vour
Error I I —T©
Comparator : : c I R
I L
| |
| | R
______________________ | | (ESR)
Vee ! '
__________ o4
Re,
R

14



VRer ®

Constant On-time Buck Regulator
Switching Waveforms

Vew
Vv / t, is set by a one-shot
IN timer that decreases t_
ton tors as V|, increases.
toer is a function of V|,
-0.6V T+ Vour and to,
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Calculating Constant On-Time
Regulator Switching Frequency

* t,\ Is @ constant, so the regulator must adjust t___ to the value
necessary to maintain charge balance in the inguctor. This is
expressed by the following equation:

VIN B VOUT

V,
oty = (I)_UT .(T_tON) torr =(T_tON)

* Solving this equation for 1/T yields an expression for the
switching frequency:

fo, = Vour
ton ® Vin
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