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Welcome to the PSDS 2025 webinar series! W Texas INsTRuments

»

* In 1977 Bob Mammano, the “Father of PWM
Industry,” started the seminar

e 47+ years

« 26+ seminars

» 100+ technical topics
« 50,000+ customers

» A comprehensive archive of white papers,
presentations and videos -

Bob Mammano, Lloyd Dixon, Bill Andreycak, Robert Kollman, Laszlo Balogh


http://www.ti.com/PSDS

Agenda

Compensation design and objective
Explanation of poles and zeros

Power stage characteristics

Error amplifier and transconductance amplifier
Isolated feedback with opto-coupler
Compensation examples

Circuit limitations and other issues

5

W3 TEXAS INSTRUMENTS



Compensation design and objectives

Why do we need feedback and why do we need compensation?

Power Stage:
Vin Inductor/Transformer Vour r _Loa § -
Power Switches I | . | + Feedback is needed to
Modulator I | I regulate the output voltage
I I
VC V'OUT o : L :
¢—|Compensation Test Lo | _
i _l Signal » The control loop bandwidth
- * influences the response time
Error }_‘ :
Amp VRer =
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Control loop response

Objective Good transient response

Poor transient response

LsCroy

lout | * Maximize crossover louT
frequency for fastest

transient response

~ Vour
i L L " ‘r'"."‘n)“-‘\l'ﬁ..mﬂhww“\‘“'WMMn\TfWIW“‘V'Il"(HM ‘-\‘"‘v“-dw‘mmrrwwwvmmﬂwwm-m . . |
| | » Adjust compensation for

best setting behavior

LeCroy|

o e
100 Ay
1,000 Aatsi)

* Response is well damped

« Response is under-
damped causing with good setting behavior

oscillatory behavior
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Phase margin and gain margin

- Control loop - frequency response i Phase margin and stability

» Sufficient phase margin needed to prevent
™S oscillation (45° min.)

40 - - 90 .
S 20 | 4 © |+ Gain margin goal of 10 dB min.
w Phase margin w
a )]
P o4l LN N _ 1o T |* Slopeof-20dB/decade when passing
Z I_ o through 0 dB
2 Gain margin
S -20 - - - : :

I T —| ™ |+ Bandwidth rule of thumb is 1/5 to 1/10 of

switching frequenc
-40 ‘ ‘ ‘ -90 gireq y
100 1,000 10,000 100,000 1,000,000
FREQUENCY (Hz)

8

W3 TEXAS INSTRUMENTS



Poles, zeros and right-half-plane zeros

Pole Zero Right-half-plane zero
1 S S
H(s) = —5 1+, 1=,
S — Z _ Z
14+ — H(S) = H(S) -
Wp 1 1
20 45 60 135 60 45
o 0 - - 0 o 40 - 90 | @40 - 0
N ol ol S >
L
520 - 450 S 20 - 45 § 3 20 45§
- S Iz z
2-40 -9 |2 o o |20 0
= = =
-60 T ‘ -135 -20 ‘ ‘ -45 20 T T -135
10 1,000 100,000 10 1,000 100,000 10 1,000 100,000
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
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Complex conjugate pole and ESR zero

Complex conjugate pole With ESR zero

1 S
H(s) = _ 1o,
S S H(S) =
1+ 0o @ t 2 145 s2
0 0 0
Qo wWo = wf
20 45 20 45
Gain | i
oz ° Q=2 ° Ja ° S
= 20 Q=11 45 | = 20 - 45
a Q=05 ol 4 &
> -40 Q=025 | -90 % 2 -40 - -90 %
zZ zZ
G -60 135 | & -60 - - 135
< <
= 80 | — s - 180 = 80 | | | | - 180
10 100 1,000 10,000 100,000 1,000,000 10 100 1,000 10,000 100,000 1,000,000
FREQUENCY (Hz) FREQUENCY (Hz)
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Control methods and operating modes

Control methods

Operating modes

Switching frequency
and period

* \Voltage-mode control

» Current-mode control

* Fixed frequency

 Continuous conduction-mode (CCM)

 Switching frequency — fg,,

« Switching period — T

T

1
fsw
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DCM vs CCM

Discontinuous Conduction Mode (DCM)

OA > t
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Buck, boost, and buck-boost derived topologies

Buck, forward, push-
pull, bridge

Buck-boost, SEPIC,
flyback

Vour =Vin XD

Vour = Vin X
our = VIN X T

Vour = Vin X
our = VIN X T
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Voltage-mode buck power stage

}IN 20 . 45
/, \\ 0)0
I ~ 0 f— -0
L % Wy —
— Logic T +— Vour T 20 | 2.7 45
1= C:OUT R % 2
= ouT 40 | - -
%RESR = 40 T 90 E
Lo -
PWM - - -60 - - -135
-F— VRrawp 1 <§E \
+— VC -80 T T T T - '180
10 100 1,000 10,000 100,000 1,000,000
FREQUENCY (Hz)
Ac= Vin Wy = 1
o
VRAMP L'COUT 1+i
Vo 1)
Qo = 1 0, Ny
° L W, = ¢ 1+ +—5
%:OUT Rese *Cour o Wo Wg
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Current-mode buck power stage

V|N
L
| L Rs
| LOglC MW j’_ c O VOUT
ouT
— Rout
1 RESR
- + - -
PWM = + VSLOPE /I
+ VC
1 1
w =~ J—
P Cout : Rout @z REsg * Cout
A Rout Rout Fo(s) = 1 _
TR AR 1+ +(i)
Wy * Qp Wn
w. = Wfsw
n 2 atD=0.5

MAGNITUDE (dB)

20

N 45
hY wn
1 —_
i N 2r 1 O
B & ’ \\ ,’—\\ g\
f Y < & VR T
\\ 7 \\ ’ (7))
. w, - 90 T
21 &
8 - -135
T T T T 1 '180
10 100 1,000 10,000 100,000 1,000,000

FREQUENCY (Hz)

S
o 1+—
Vout W,
— = Ayc : Fh(S)
D, 1+
Wp
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Ve

Ideal I,
Oscillating I,

Why is slope compensation needed?

GND

Switch Node

= 2
/ _VG
Ay A -
AN
N\
/7
Yl
N\
N\
/7
Lo i}
AN
/7
ol
N\
o T @
> 2 5 s
H+o 2 =
>~ S £ 5
S Y ac 2
apR o —
v £ =
to %
M)

i3 TExAs INSTRUMENTS



Impact of Slope Compensation

Not enough slope
Optimal slope
20 0 Too much slope

MAGNITUDE (dB)
A
o

-60 Not enough slope
Optimal slope -135
-80 | Too much slope
-100 -180
10 100 1000 10000 100000 1000000 10 100 1000 10000 100000 1000000
FREQUENCY (Hz) FREQUENCY (HZ)

*gain curves normalized to 14 dB DC gain
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W3 TEXAS INSTRUMENTS



Current-mode boost power stage

VN o

CIN =

Vour

R = AR,
A ~
ve Ri
2
Wp =

COUT ' ROUT

,\,Rout'(l_D)2 w _wfﬂ

Rout - (1-D)

" 2

atD=0.5

ouT

(&)

20

MAGNITUDE (dB)
)
o

45
/,_\\ 0
I 1
! )
il -4
2l o 2
21 90 T
o
-135
- -180

10 100 1000 10000 1000001000000
FREQUENCY (Hz)
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Current-mode buck-boost

power stage

VIN

-
L Rs
— Logic M T

L
Cout| g ~
i A EE IQOUT
v RESR
F ¢ o -Vour
PWM _~ —®+— Vsiore 1
H———— V¢
Ri=A-Rs w NRout'(l_D)2
’ L-D
A ~ M . :;
ve (1-D) R ’ Ress - Cour atD=0.5
1
Y~ 1+D Fp(s) = . Y
" Cour - Rour 1+ wn * Qp + (w_n)

20 45
D 0 -0
E /’ 7 \\ C
\ u -45
Ll ) / "N L
a '20 1 \\ /l 2
) I <C
= T\ @n [ 90T
& -40 2 .
O -
9 - 135
=
-60 w w w w w —+ -180
10 100 1000 10000 1000001000000
FREQUENCY (Hz)
s s
R 1+ )(1-2
) (+3) (-5
;ut Ayc 1Z " F(s)
C + w—p
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Current-mode flyback power stage

T1
¥ Np:Ns D1 y 20 45
IN© ouT
[ ] C — -
%ROUT Rour @ 0 1 0 R
! IR W N 45
= O - \\__/l
® o1 3 -20 | o 2
= On -90 T
zZ 21T [l
o -40
< - -135
>
-60 ‘ ‘ : ‘ —+ -180
10 100 1000 10000 100000 1000000
Rout - (1 - D)* FREQUENCY (H
R =A-R, W, ~ — Q (Hz)
A ~Rout‘(1_D).& 1
T A-D)-R Ny @R o atD=0.5 A <1+i)<1_i)
D
1+D 1 Zut ~ Ayc £ S Dl Fr(s)
Wp ¥ ————— Fh(S) = Ve 1+—
Cqr R 2
out ‘" Rour 14+ S n (i) Wy
Wy * Qp Wn 2p
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Type | error amplifier

' 60 - 135
Viourt \
Ccowmp o 407 - 90
L R = 20 45 >
Vs BT a | ! 0
VC O—¢ g 0 -] B O %
Vrer £ Ress Z » A
2 -20 | . - -45
1 < 2.1 i
= =
_40 T T T T - '90
10 100 1000 10000 100000 1000000
FREQUENCY (Hz)
1
Dy = Y
EA Ve N
Rear 'CCOMP v ~ _—S
ouT
2IL
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Type Il error amplifier

[
\ ouT
Chr
1
11
Ccowmp Recowp
VFB RFBT
VC - —0
+——oV
REF RFBB
R 1
A comp Y
RFBT HF RCOMP .CHF
P 1
- Reome *Ceowmp Assumption: Ccowp >> Cye

80 180
—~ 60 - 135
m \

2 »
1 40 - - 90
Q a TN %)
220 | Ay —— bl - 45 T
> N_- \\—/ o
O o Wzen adals L0
< . 2.
s T
'20 T T T T -45
10 100 1000 10000 100000 1000000
FREQUENCY (Hz)
S
Ve _ Ayy * WzEA WzEA
v S 14—
out +
WHF
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Type Il transconductance amplifier

Viout 80 180
—~ 60 n i 135
R o
VFB FBT S >
VC = L 40 | /"\\ R i 90 L
° 0 = S~ ik <
R T + VREF RFBB E 20 | Ay — ’ 1 - 45 T
COMP > e N_o o
ChrT Rea = O Dren Dre”
Ccowmp :I: :[ Om <§t 0" 2.7 2.7 - 0
— —3 = = '20 T T T ' _45
10 100 1000 10000 100000 1000000
Am =Kes - On - Reowr FREQUENCY (Hz)
1 R
Oy = K. — FBB
= RCOMP 'CCOMP e RFBB + RFBT 75 A >
1 Ve VM " WZEA WzEA
[0 N — — gm . R —— ~ — . S
" Reovr *Cre Pou = ’Out S 1+—
WHF
Assumptions: Ceoyp >>Cpe & Rpy >> Regyp o
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Type lll error amplifier

c Viour 80 270
HF __60 - 225
H C m ~ N
Z 40 A . -l*' W 180 o
Ccomp Rcomp i Y o/ s % \ o
| ——— 1 I =
VRFF% Regt 5 20 | Aw T e 135 0
- FB =z 01 Ogep — Prz. 27 ﬁ - 90 g
I—>0 VREF Regs <§E -20 40
1 -40 ; w ‘ * 0
— 10 100 1000 10000 100000 1000000
R 1 1 FREQUENCY (Hz)
Am » S O = Opp =5
Regr Reome - Ceomp Rer - Ce
S S
~ 1 14+ —
Dz = 1 o N S Ve . _Avm-Wzpa ( * wZEA) ( " wFZ)
Resr 'CFF Reowme 'CHF 7 = S ) S S
. Vout <1+_>.<1+_>
Assumptions: Ceoye >>Ce & Regr >> R, WFrp WHF
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Type Il isolated feedback with fixed bias

— V'our

% RrsT

- C
'l' COMP

Shunt regulator
used as op amp

% RFBB

A, =CTR- 2 !

D
1 1

Wz =5 ~
Reomp - Ccomp

80 180
—~ 60 - - 135
@ \
= o
w 40 A TES - 90 Ll
o) / \‘ I, \\ %)
E 20 ] A/M -\ I‘ H ) B 45 %
= ‘ \\_/ D_
3 o Dren %\ 0
;% 2.7 2.7

'20 T T T T -45

10 100 1000 10000 100000 1000000
FREQUENCY (Hz)
S
Ve Aypy - Wga . WEgA
V' our S 14—
WyF
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Type Il isolated feedback with Vout bias

VCC
. V' 80 180
Rp; R, ouT
VC IC¢<- < ¢ IF ‘IB 8 60 \ Dgen - 135
o 'S
| + W 40 A Ch 2T 90 )
Cr :"ﬂf Ve 2 Rens a) - %)
-[ y L -l | i <
t J_ R = 20 45 T
- T Coomp T o 5 A, . Reomp + Resr Dy .
TL431 ! < O T Renr - 0
Shunt regulator %RFBB = 20 45
used as op amp 10 100 1000 10000 100000 1000000
FREQUENCY (Hz)
A _CTR- e CTR=1c
D F _S
. 1 Uc  Avm - @ga WEgA
W — Wy = v’ S L
ZE4 (RCOMP + RFBT) ' CCOMP " RP 'CP our 1 + wHF
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Current-mode buck

o Vour

Modulator — Logic

ouT

"
taa,
.
I3

| PWM Ven 7 RFBT.
“’ _ ‘,'.. FB "0‘
R c —OVREFEE Ress 5 EI’FOI’

Peak current-mode buck gl c - { amplifier
Optimal Vs ope = VourRi-T/IL ™ I comp
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Current-mode buck compensation strategy

» Choose a value for Rg; based on bias current and power
dissipation

» Find the modulator transconductance in A/V
* Pick target bandwidth, typically fg,,/10:
we = 2 fe
 Find the mid-band gain A, to achieve target bandwidth
+ Set w g, equal to 1/10 the target crossover frequency:
Wyea = W/10
» Set wy equal to the ESR zero frequency:
Whe = Wy

1
G_(mod)=—
»(mod) R
~ e -Coyr
A G, (mod)

Reowe = A * Rear (op amp)
Am

Reowp = g -K (9, amp)
m FB
1
C. -
o e Reowp
1
Chr =

3-28



Current-mode buck compensation results

40 90
Power stage " ~
o 20 ® - 45
Eg 0 ; 0 0
LG I 2.7 2
o —-20 : - 45 =
S 40 o -90
100,000 1,000,000
” 4 22
Error amplifier y P O >
o 20 oo - 180 &
D L
= 0 - 135 0
zZ <
O —-20 90 T
%: '40 T 45
Dy 100,000 1,000,000
60 135
Control loo —
- —_J&c
=T L0 2
9 ~-20 - a5 £
s -40 - 90

100,000 1,000,000
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Bandwidth vs transient response

Current-mode bandwidth

Current-mode transient response

60 135 e
= 40 - 90 e %I
D 20 i | 45 EJ/ S
Em 7)) |
Z3T 0 - - 0 < — |
2 20 - fe - 45 AT N N N T A e,
/] | { |
= 40 | | | .90 Vplh e T
100 1,000 10,000 100,000 1,000,000 > et
FREQUENCY (Hz) T
- - - . J— 1 — 1 —_—
With no ESR, slew rate or duty cycle limiting: ' =7 . b= ok - 28
Al 5A
Current-mode single pole approximation: Ve i Can P 2n10kHz ad0E 0™
Al 5A
i e . V= = V. = =130mV
Current-mode critically damped: P e r . Cor * = & 7 10kHz. 440,F shown above
Vol de: A V, = e =140mV
oltage-mode: P78 f. Cour P 8.10kHz-440uF
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Switching regulator with poor compensation

0.1 uF
TPS54620 ’—{
v, 3.3 uH v
IN VIN BOOT H M our
15 pF 1
oD 31.6 kQ
Vsense 47 uF
—(EN COMP 10kQ
SSITR pjcLK 5kQ
22 yF
10 nF 100 kQ % 1nF effective
T T capacitance
<~
Power stage
40 g 45
520 -0

=0 45,
n U
520 - 00

}_

=40 - - 135

(O]

<60 | | | -180
01 1 10 100 1000

FREQUENCY (kHz)

» Power stage: phase at —180°

LeCroy’

Transient response

indicates high internal slope lout

compensation e
* Error amplifier: zero appears v

high and mid-band gain is 3 dB el
» Control loop: f is 95 kHz with

only 20° phase margin

50 Error amplifier 270 60 Control loop 135
%\40 ] - 2256 @40 1 - 90
520 1 180y 7120 | 45
5 0- === [ 135% |5 0- 0 <
= al| kE o
=-20 1 - 90 =20 1 T 45
2-40 ‘ ‘ ‘ 45 (&9.40 ‘ ‘ ‘ —1 -90
= 01 1 10 100 1000 = 0.1 1 10 100 1000

FREQUENCY (kHz) FREQUENCY (kHz)
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Switching regulator with revised compensation

0.1 uF
TPS54620 ,—{ -
Vin VIN BOOT Y ryygq Vour
1 ‘
15 HF oD 31.6 kQ l
Vsense AT uF
—(EN COMP 10kQ l
SSITR pricLK 1kQ
22 uF
10nF 100 kQ % 10 nF effective
T T capacitance
N
40 Power stage 45
820  — - 0 —
-c N
0 0 - - —45|(_|DJ
520 - - 90
}_
240 - - 135
<§C-60 ‘ ‘ ‘ -180
0.1 1 10 100 1000

FREQUENCY (kHz)

* Power stage: cannot change

LeCroy|

Transient response

slope compensation lout

FREQUENCY (kHz)

» Error amplifier: decrease
+ Control loop: now f. is 30 kHz " \/

with 67° phase margin ’

50 Error amplifier 270 60 Control loop 135
@40 | - 2256 @40 1 - 90
520 \ - 180(% 520 1 - 45 ul
S 0 - 135 5 0 - 0 <
E S, D_ = =
=-20 1 - 90 =20 1 - -45
2-40 ‘ ‘ ‘ 45 <40 ! ! ! -90
= 01 1 10 100 1000 0.1 1 10 100 1000

FREQUENCY (kHz)
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Practical limitations

Error amplifier bandwidth Optocoupler bandwidth Switching frequency

Error amplifier BW limit Opto frequency response Voltage-mode control loo
P 270 20 P 9 y P 45 80 9 p18 )|
225 | -0 _| | 60 - 1352
= 180, a5 | Sa0 iy 90 2
1355 - =905 | 520 - 45 =
= o ol | E= L
5 ek = N8 O T =200 kHz U2
%‘20 T T T T 45 %‘80 ! 1 \“g_ -1 80 §-20 T i T T T "450'
001 04 1 10 100 1000 1 10 100 1000 001 04 1 10 100 1000
FREQUENCY (kHz) 1 FREQUENCY (kHz) ; FREQUENCY (kHz)
« Error amp BW can limit  Resistance seen by output « Maximum f. is a fraction
maximum f¢ transistor forms a pole in of fsy
« Wider BW op amp needed kHz range « Rule of thumb is 1/5 to
for voltage-mode due to  More of an issue for forward 1/10 of fg,
Type Ill compensation topologies at higher f
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Measuring transfer functions

Power stage

VIN

PGND

SW

VOUT

Network Analyzer
Out Chl Ch2

A B

Injection
Transformer

Vout

FB

i

il
1

Compensator

Network Analyzer
Out Chl Ch2

A B

VIN

PGND

COMP

SW

VOUT

Transformer

Injection

Vourt VIN

FB

T
1

Closed loop

VIN

PGND

COMP

SW—M

Network Analyzer
Out Chl Ch2

A B

Injection
Transformer

Vourt

VOuT

FB

1]
1
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DCM vs CCM characteristics

Current-mode buck power stage

40

‘-—:‘-.:..

CCM Phase'~,
DCM )

T

FREQUENCY (kHz)

0.01 041 1 10 100 1000

90

- 90 £
- 135

-180

Discontinuous vs. continuous conduction-mode

Voltage-mode buck power stage

90

45
- 45 6
90 T
- 435
180

-
1 10 100 1000
FREQUENCY (kHz)

* DCM causes a reduction in loop bandwidth compared to CCM

* Generally, if the loop is stable in CCM, it will be stable in DCM

L0 T

D=

DCM duty cycle

Buck

:\/2' L- fow - Tour Vour
Vin '(VIN _VOUT)

Boost

\/2' L- 1:sw ’ IOUT '(VOUT _VIN)
VIN

Buck-boost

D= \/2' L- fsw ’ IOUT 'VOUT
VIN
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Filter considerations

Input filter stability Second stage filters

<« Zour [ ZiN—> L, L,
NN Vour VN e Y

| 1wl

on L 1 1
| Vin Cout1 Cour2

V|N ! ZIN =- I ROUT EE é ROUT
Rc : IN Resr1 Resr2 ]
. | L
l = 3 e
INPUT FILTER CONVERTER

For stability: Filter Z5,; << Converter Z, « Capacitors: make Cy 1, smaller than Cg 1,
* Inductors: make L, smaller than L,

L :
» Characteristic impedance Zs =,z « Resonance: make second stage filter
IN .
. Dambing factor resonance 3 times f. _
Ping 4:1.[M+5] - Damping: make second stage filter damped
20 4 2w toaQofl
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Summary

* |dentify poles and zeros of the power stage

« Select appropriate compensation network based on control mode and
topology

« Tune compensation and loop gain to achieve required loop bandwidth
and transient response
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Resources and references

+ “Closing the Feedback Loop” by Lloyd Dixon, SEM300

+ “Current-Mode Control of Switching Power Supplies” by Lloyd Dixon, SEM400
* “The Right-Half-Plane Zero -- A Simplified Explanation” by Lloyd Dixon, SEM500

* “Isolating the Control Loop” by Robert Mammano, SEM700
» “Control Loop Design” by Lloyd Dixon, SEM800
» “Control Loop Cookbook” by Lloyd Dixon, SEM1100

+ “A New Small-Signal Model for Current-Mode Control” by Ray Ridley

» “Current-Mode Control Modeling” by Ray Ridley

+ “Designing Stable Control Loops” by Dan Mitchell and Bob Mammano, SEM1400
+ “Current-Mode Modeling — Reference Guide” by Robert Sheehan, SNVA542
» “Understanding and Applying Current-Mode Control Theory” by Robert Sheehan, SNVA555

» “Frequency Compensation and Power Stage Design for Buck Converters to Meet Load Transient Specifications” by S. Bag, R.
Sheehan, et al., APEC 2014

» Power Tips: Compensating Isolated Power Supplies by Brian King

» Practical Feedback Loop Analysis for Current-Mode Boost Converter by SW Lee
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http://www.ti.com/lit/ml/slup068/slup068.pdf
https://www.ti.com/seclit/ml/slup075/slup075.pdf
http://www.ti.com/lit/ml/slup084/slup084.pdf
https://www.ti.com/seclit/ml/slup090/slup090.pdf
http://www.ti.com/lit/ml/slup098/slup098.pdf
https://www.ti.com/seclit/ml/slup113a/slup113a.pdf
https://ridleyengineering.com/images/current_mode_book/CurrentModeControl.pdf
“Closing the Feedback Loop” by Lloyd Dixon, SEM300
https://www.ti.com/seclit/ml/slup173/slup173.pdf
http://www.ti.com/lit/an/snva542/snva542.pdf
http://www.ti.com/lit/an/snva555/snva555.pdf
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6803433&tag=1
https://www.eetimes.com/power-tips-compensating-isolated-power-supplies/
https://www.ti.com/lit/an/slva636/slva636.pdf?ts=1746623464611&ref_url=https%253A%252F%252Fwww.google.com%252F
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Voltage-mode buck

Modulator .

V,

D = —ouT
VIN
D = VIN _VOUT
VIN

Logic

Vin
e :
$——"m l T_OVOUT
e d C {
e _: ouT Rout
1 Resr
“““““““ 'C”HF .............................
VRAMPI M ) Cer . Error
{ FBT =
T/ 7 Ccowmp Rcowmp FF} : £
1L Vv : amplifier
o ‘.‘VC / FB :
' . \—O VR&er RFBI@ ’

‘e
.
.
e
G
.
Y
»
",

R
.
.
“
-----
------------------
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Voltage-mode buck compensation strategy

» Choose a value for Rg; based on bias current and power A, - O
dissipation " Ao
* Pick target bandwidth, typically fg,,/10: R _ R
COMP — A\/M "EBT
 Find the mid-band gain A, to achieve target bandwidth Ceomp = R
ZEA " Mcomp
» Set w g, and we; equal to the output filter complex conjugate
| . 1
pole wy: Cer = —
Wzea = Wez = Wo ez Teer
+ Set wgp equal to the output filter zero wy: R.. = 1
Wep = Wz ep - Cr
» Set wye equal to half the switching frequency: C. - 1
HF —
Wy = 2-1-fg, /2 Dye - Roowe
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Voltage-mode buck compensation results

40 45
Power stage Ty o
s S 0 \ @, -45 L
) 14> Em. | Yo Pl
20 . 0 <
Vour @, ) 2.7 T
VT ~ A O .40 -135 o
¥ S s <
c 1+ +72 E '60 T T T T '180
Qo -y @y 10 100 1,000 10,000 100,000 1,000,000
g 50 270
Error amplifier w20 O g Oz [ 505 &
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Current-mode boost
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Current-mode boost compensation strategy

* Choose a value for Rzt based on bias current and power G_(mod) = D’
dissipation " R,
 Find the modulator transconductance in A/V o — Royr - D
A I
* Find the RHPZ frequency at minimum input voltage and L
maximum load current A, =2 Cour
M
« Set the target bandwidth to 1/4 of the RHPZ frequency: G, (mod)
we = 2 fe = wr/4 Reowp = Am Reer (op amp)
 Find the mid-band gain A, to achieve target bandwidth Reoyp = ; A\/& (g,, amp)
+ Set w,e, equal to 1/10 the target crossover frequency: " 1FB
Wy = W/10 Ceomp =
@zen - Roowe
+ Set wye equal to the lower of the RHP or ESR zero frequency: 1
_ C.. =
Whe = WR Or W
HF R z " e - Reowe
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Current-mode boost compensation results
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Current-mode buck-boost
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Current-mode buck-boost compensation strategy

* Choose a value for Rzt based on bias current and power G. (mod) = D’
dissipation ; R,
+ Find the modulator transconductance in A/V o = Rour -D”
« Find the RHPZ frequency at minimum input voltage and " L-D
maximum load current A, =2 Cour
y =
- Set the target bandwidth to 1/4 of the RHPZ frequency: G, (mod)
we = 2 fe = wr/4 Reove = Ami * Regr (0p amp)
 Find the mid-band gain A, to achieve target bandwidth Reoup = . }“2 (9., amp)
+ Set w,e, equal to 1/10 the target crossover frequency: " 1FB
Wea = W/10 Ceomp =
@zen " Reowp
+ Set wye equal to the lower of the RHP or ESR zero frequency: 1
Wyp = Wg OF Wy, Che =

@ - Reowr
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Current-mode buck-boost compensation results

Power stage w2 2 @, 45
a) 20 -A/C 2 2 = 0 o
< < S 0 = w, 7 L 45 W
~ 1+—)(1——) T \ 0 <
, ( =g .
;ut ~ dye- 0\ @) (o) 0 =0 | 2-7 135 &
c 1 + NS E ‘60 T T T T — ‘180
@p 10 100 1,000 10,000 100,000 1,000,000
g 270
Error amplifier y [ 528 &~
: 1 O 2 160 4
VC S =z B 135 <
r— . T
— A s o 90 &
Vour 1+—— < 60 ‘ | | | 45
O 10 100 1,000 10,000 100,000 1,000,000
60 135
Control loop W] 35
D ~—
2 _ 20 - 45 W
N . - Eo N
Vour _ Vour | Ve 5 S 28 045 <
5 5 5 40 o
VBUT VC V(,:)UT é 40 T 2 . 7[ T T T '90
10 100 1,000 10,000 100,000 1,000,000

48

i3 TExAs INSTRUMENTS



Primary side compensation

Primary side compensation High bandwidth configuration

VC VCC VCC
—— o] VC Te)
W | Rp

2 M 2
W R L i
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+_VREF % RE T VREF %RE
« Uses primary side inverting amplifier to « Opto emitter is at virtual ground of V¢
implement frequency compensation « This minimizes pole due to opto

parasitic capacitance
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Secondary side compensation

ESR zero compensatio Phase boost
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« Zener bias for Ry eliminates

the high frequency feedback
path for secondary-side
compensation
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Isolated current-mode flyback
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Current-mode flyback compensation strategy

* Choose a value for Rzt based on bias current and power
dissipation
 Find the modulator transconductance in A/V
» Find the RHPZ frequency at minimum input voltage and
maximum load current
« Set the target bandwidth to 1/4 of the RHPZ frequency:
we = 2 = wg/4
* Find the mid-band gain A, to achieve target bandwidth
Adjust Ry, Ry and Cy ;7 as required
+ Set w g, equal to 1/10 the target crossover frequency:
Wyea = W/10
» Set wye equal to the lower of the RHP or ESR zero
frequency:
WyE = WR OF Wy

CCOMP = R

C, =

FeT * Wzen
1
Ry - @y

W3 TEXAS INSTRUMENTS



Current-mode flybac

K compensation results
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