Complete Compensator

52dB Mag(v(vc)”mv)) T

44dB—- - -t . . . R P oot I SO UG S IR
28dB- . S S S JR T O R S R AN Lodd ST SO Y S IR

12dB
80r Lo
60—
40"'""":'":":':' o
20 R S Rt

-20r-
=40r-
-60r=
-100. L L) lllllll L L lllllll L L lllllll L) L lllllll L L lllllll L L LI D

1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz

)l
Ge = Gem

S
27(50Hz) (1 + 2n(1.2kHz))
S

(1 + 2n(8ikHz))
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Compensator Realization oeged Renr
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Compensator TF

52dB 280°
48dB- o —260°
44dB- +-240°
40dB- iiL-22l}°
36dB- ::-20l}°
32dB- ii-18l?l°
28dB- 55-160°
24dB- _5_;_1409
20d8- | PP
16dB— -+ 1100°
12d B = 80°
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz

.ac dec 1000 1 1Meg

Jib opamp.sub

5.1k 624n
ik

15 129n
= L
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Op-amp GBW

52dB °
48dBA - L L L L -260°
aadB N\ -240°
40dB -220°
36dB- -200°
32dB -180°
28dB-{ -160°
24dB- -140°
20dB-{ -120°
16dB- -100°
12dB+ T 80°

1Hz  10Hz  100Hz  1KHz  10KHz 100KHz 1MHz 10MHz 100MHz _

Open Sembok| E:5\Program Files [#86)5LTCALT spicelvlib\symi 0 pampshopamy

This ig the fifth attribute to appear on the netlist line.

Attribute Walue

Spicetdadel
Walue
Wale2

Spiceline

oparmp

Aal=100K,

Spiceling? =1000Meq|

Cancel
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Boost Converter Example

__________________ il Vg =12V
L :
5 R =10Q
LD B = 1
H=—
v R 20
¢ o 2 — 5 L = 5uH
f. = 500kHz
Transistor H(s)
gate driver @ Vi = 4V
Pulse-width| V. Vier =3V
modulator [ G(s)
Compensator
Reference Vref

input
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Boost TFs

Table 8.2 Salient features of the small-signal CCM transfer functions of some basic dc—dc converters

Converter Gy G wWo Q w;
S
[ _) v | G
Buck D — — R4/ — co
Wy D VvLC L
Gra(s) = Gao 5

| K Ky Boost 1 Vv D D'R C D’R

+ ] ] Vic I L

Qwo  \wo Le
D Vv D’ C D*R
Buck—boost -—— — D'R [ —
Hekboos D DD’ JVIC VL DL
T ” Gvd " T
” Gvd " L Gvd

“ N 1o
G0 = 300 — 49.5dB I |

wo = 8.96krad/s —» 1.4kHz

£ Gy -20 dB/decade

Q = 8.94 > 19dB

w, = 80krad/s — 12.7kHz

-270°
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System Block Diagram

2 Load current
100 (5) variation
4
\'}g(s) Zout (s)
ac line b G"E(S)
- variation
(ST A
R /N . A - .
B,y (=0) D (s) P .(s) 1 d(s) + P(s)
> > v » G, >
M_Duty cycle +
variation
Converter power stage
7)&?)
H(s) |
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LTspice Simulation Lo Gl N Y

Té;\ é“ld ("\
-V(vx)/v(d) V(out)/v(d)

70dB 0°
60dB—
- -30°
.param Vg=12 V=60 R=10 D=.8 50dB
Jlib switch.lib .param Vref=3 H=1/20 Vm=4
.lib myParts.lib .param L=5u C=100u
;tran 0 500m 250m 40dB- — -60°
.ac dec 100 10 1Meg .ic V(out)=60 I(L1)={6*5} V(vc)={D*Vm}
.op 30d B
f‘o"o’\ out — '900
vgr {L} I—: ; [ _'l'_ Tioad1 20dB-
a3 o -l_{C} {R} PULSE(0 .5 3f5m 1n 1n 10) 10dB- —120°
AC1 0dB—4- — -
-10dB— —150°
R3 Laplace=1
/ -20dB Caoe
-30dB-
-40dB- —210°
-50dB-
--240°
-60dB—
-70dB ) LI |||||| ) LI |||||| ) LI |||||| ) LI IIIIII..‘...I.‘.'I”I"I‘IIII 270°

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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Impact of RHP Zero

Maximum OO T
‘ phase lead L =
36d3 0° 75°+ .ﬁpmax fz.];
| 5 60t
27dB : e . /A
: L . [ J;
18dB_ E 4 L L Gc(f;?max) = tan”! fp
- -60° |
9dB : \o .
s b, f,_L+sin(6)
0dB- : — -90° *t % L 1-sin(6)
: \ ! \
: SR 0° T e e
-9dB- \ 1 10 100 1000
: —120° 511
[%T switchingModel-PID.asc X n
- 18dB Cursor 1
. -150° V(vx)v(d)
-27dB— ‘ Freq: 50.118723KHz  Mag:  -38.20138dB O
L Phase: -255.4704° O
-36dB— -, —-180° Group Delay: 774.95929ns Electronics 39 Chapter 9: Controller design
K Cursor 2
-45dB— '°‘.... L2100 Freq: - N/A—- Mag: ‘ -- N/A--
"..' Phase: ‘ -- N/A--
'54d B .°-.' Group Delay: - N/A--
", --240° Ratio (Cursor2 / Cursor1)
-63dB Freq: — NIA—- Mag: — NIA--
T, Phase: - N/A--
-72dB LI B I | ||||| LILLL ||||| ] L) ||||| 1 LI} ||||| ".l....l..l. LILILLLI 270° GmUP Dela‘)’(' - N/A--

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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PD Design: f.=50kHz, 6=80°

-V(vx)/V(d)

B :
50d r 20°
[g SwitchingModel-PID.asc X
Cursor 1 b o
45dB- e mwa !
. . . .param Vg=12 V=60 R=10 D=.8 Freq: 50.118723KHz  Mag:  -227.32997mdB
Jib switch.lib .param Vref=3 H=1/20 Vm=4 Phase:  -17547155° () 20°
lib myParts.lib .param L=5u C=100u 40dB- Group Delay:  776.17226ns -
#tran 0 500m 250m Cursor 2
.ac dec 100 10 1Meg .ic V(out)=60 I(L1)={6*5} V(vc)={D*Vm} OO i e r =40°
.0
P 3 5d B_ Phase | -- N/A--

Group Delay: - N/A-—- L _60 (o]
Ratio (Cursor2 / Cursor1)

510 - out :
— I Iload1l | . Fre - N/A-- Mag: - N/A-
" e LHH * l ” 30dB : ) Phasz: — N/A- b _800
1- -1-{‘3} R N buLse(0 .5 3f5m 1n 1n 10) : Group Delay:  ~NA-

{vg} w 25dB— -100°
AC1
4 20dB 3 -120°
x Laplace=79*%(1+s/27.485k)/(1+s/3.59Meg)*0.0875 ;: \ R
ve NA, 15dB- : Bad - —-140
= Wooe L |l e T PR

am %Cj 10dB- ) — [160°
-180°

5dB
0,.... __2000
Od B \ ..'-. 4 L 2 20 -}
-5dB 2400
-10dB LU 1L B ) B I B AL R B B B R L 260°

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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Design: f.=5kHz

P L RP T |-150°

36d . -V(VX)IV( W SwitchingModel-PID.asc X
B — T
*e -V(vx)/V(d)
Freq: 5.0118723KHz Mag: -8.9807207dB (o]
i2vesDRt0D 27dB~ _sorerzn | e |
.param Vg=12 V=60 R=10 D=.8 Phase: -199.0039° O
.lib switch.lib .param Vref=3 H=1/20 Vm=4
.lib myParts.lib .param L=5u C=100u ity w
;.tran 0 500m 250m 18d B— Mreemme
.ac dec 100 10 1Meg .ic V(out)=60 I(L1)={6*5} V(vc)={D*Vm}
. - -60°
t 9dB- UodB/ohe
ou
!ﬂ = I
I_A {R} 0dB— — =90°
{c}
IVg} -l- PULSE(0 .5 3f5m 1n 1n 10)
N
AC1 - gd B
: —120°
R3 -18dB- :
1 Gc §
3

—7g OB
A T

-36dB—
Targets: “AsaEs o
e Set f.=5kHz e .
* Set ¢,,=52° e e

-72dB~—r e - 270°

* Add Pl zero at f/10 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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o
Compensator Design o (0]
PR f=f ) T
o _ Szu +\q +s1n(6)
’ 36dB =V(vx) [/ V({1 switchingModel-PID.asc X 8 = ‘Pﬂ\ \q 1 +sin ( e)
B . . I _ \ f=f :
k § 5.0118723KHZ( )N()- - - 7\ P —
27dB- Freq: Mag: ~ -89807207d8 O 1 Sin (8)
Phase: -199.0039° (@]
— : L Group Delay: : s PI : G _ £
i -— — -60° — o iﬁ_ _ Sw \_\z & fp
o\ el ‘f?« i
0dB- % ~ -90° '
-9dB :
—120°
-18dB-
-27dB- B
-36dB- %%. —-180°
-45dB- .
—-210°
-54dB-
-63dB- 5 o
e N e t—270°

T T T T T T T T i T T T T T Tt
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz

G, = 0.46 (1 +

2n(500Hz)> (1 t 2n(8i6Hz))
(

S S
L+ 2n(30.6kHz))
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AC simulation

.param Vg=12 V=60 R=10 D=.8

.lib switch.lib .param Vref=3 H=1/20 Vm=4
.lib myParts.lib .param L=5u C=100u
;.tran 0 500m 0
.ac dec 100 10 1Meg .ic V(out)=60 I(L1)={6*5} V(vc)={D*Vm}
.0p
_ out
Jy L G Iload1
SN2 {L} H #
- In '_A —I_{C} R} PULSE(0 .5 3y5m 1n 1n 10)
“Taver . ] | :

AC1

Laplace=0.46*(1+3140/(s+10m))*(1+s/5.13k)/(1+s/192k

-V(vx)/V(d)

30°

L _300
— _600

e _900

—-120°
—150°
—180°

—-210°

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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Transient Simulation V(re)

61V— V(out)
D,
N

Q
T
%
E
)

48V 1 T ] I
Oms 6ms 12ms 18ms 24ms 30ms
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