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A switching power supply controller includes a comparator to
compare a [eedback signal (0 a first limit and a second limit,
one ol which includes a ramp. Limit generators may be used
to generate limit signals in response to power supply signals,
control signals, and/or output signals. An error amplifier may
be used (o generate the feedback signal in response 1o an
output signal and an input control signal. A switching power
supply may alternatively include an oscillator that shifis the
swilching [requency in response to the input control signal.
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The improved version in a ramp-pulsed-modulated (RPM) structure

V. Li, P. Liu, Q. Li, F. Lee, Improved Current-Mode Control with Single-Cycle Load transient,
Applied Power Electronics Conference 2016, Long Beach (CA)
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Steady-state CCM operation

| have considered steady-state
conditions only to derive the
small-signal model. Literature
points to a dynamic up-slope
change during transient but it
complicates the model. As you
will see, the average model
incorporates a dynamically-
moving t,, generator and final
results are in excellent agreement
with SIMPLIS.
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This is a high-frequency ramp-pulse-modulated (RPM) buck converter
delivering 5 V 5 A from a 10-V source. Enable the 1-ohm load for ac
analysis and disable the PWL source (right-click after selection) to
see the transient response. Check Simulator>Edit Netlist (after preprocess)
to see the calculated component values. e
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SIMPLIS versus IsSpice with resonating capacitor
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Small-signal coefficients:

a~ ‘c
Vac
1+ —
cp
1 1
j_ Ic v - v k1c
Ie ac ac
1+ — — +1
VCP VCP
I
1 c
flV c v - N Kac
ac ac \Y
+ — v ac ‘1
V. cn’
cp p Vep
.-V,
1
d I, . IR ¢ Vac - kcp
dv,
P 1+ 2 2 Vac
c o0 |y !
p ch
_ Verr'kFB Vac Vth
=
R 2Ly Vg
— R+ S;
L
d Vc Vac Vth 1
WV|R 2L,V TR e
dve R 1 ac Ri+ S R
.R. .
L
d & Vac Vin N Vin Ry Vac “Vth
dVac Ri  2L; Ve RiVac .V 2
L—R1 Sr 2-L1~ Sr+ L 2L 2. S + ac
1 1 1 T L

lhg = 1A Cui=2pF V=10V Vo =33V
Vin =05V Voo = Vin = Vou =67V V= Vo
Ich v Vin ~ Vout A
S = —% = 5— S, = ———— = 335— ¢
G s 1 us
Vorkeg V. v, t
FB th 1
e e —33024 Cpi=—| —
Ry 2Ly Vi Li\nm
— R+ S;
Ly
I
1 1
k= —033 k= ° —~0.109—
ac \Y
—C +1 ch‘ x
p Vep
1.V,
¢ 'ac 1
Kep = =0.221—
\7
chz. =1
Vep
LS,V
1 1 1'5r Vin 1
kyo = P Kyae = - =0.023—
2(LyS, + Ry V)

Verr = 762mV
onm=q p.a
Sn'Ri + Sr

2
] =456.372pF



Parameters

Vout=3.3
Vin=10

R=1

Ri=80m

L=2u
Sn=(Vin-Vout)/L
Ct=2p
Ichg=10u
Sr=Ichg/Ct
Vth=0.5
kFB=0.33
pi=3.14159
Verr=762m
Ic=Vout/R
Vac=Vin-Vout
Vcp=Vout

ton=Vth/(Sn*Ri+Sr)
cr=(1/{L})*(ton/{pi})*2
kic=1/(1+Vac/Vcp)
kac=-lc/(Vcp*(Vac/Vcp+1)*2)

Small-Signal Model

L1

VIC
+ {L} mzm [329V |
~ a Ct U/ 5 AVAVAY
G
.
R3
O 10 g ;1
1u
—|_220u
_

Ve
*B3
. Voltage

V(stim)*{kFB}

!

p

Control Voltage
Valley Current Setpoint

kcp=Ic*Vac/(Vcp*2*(Vac/Vcp+1)*2)

kvc=1/Ri

kvac=L*Sr*Vth/(2*(L*Sr+Ri*Vac)2)

coefficients

Current
I(VIC)*{kic}+V(a,c)*{kac}+V(c,p)*{kcp}

stim

~

B2
@ Current

V(Ve)*{kvc}t+V(a,c)*{kvac}

J_ Cr
“' {Cr}

+ Verr

{Verr}
Q) et

Vout



Plot1
vdbout#1, vdbout in db(volts)

(dB)
16.0

V)
»
o

-64.0

-104

144

ph_vout#1, ph_vout in degrees

(°)

250

150

50.0

-50.0

-150

Control-to-output transfer function

Ho=12.1dB

Vo ()
V.(f)

Large- and small-signal models responses

10

100

1k 10k
frequency in hertz

100k

1Meg

10Meg



response
P K,

C
T kpp=4.034 [ 2010g(Hy) = 12.115}

c I (s) r, ! o

- = W\/ 2 1 < Vout (S) ! L = 4.034
excitation R
i 2(LyS+ Rvy)T (L
_ 1 1
©T VC (S)kvc V(;)kvac RL HO ~ LSerh + 1 Ri kFB
Lo 2(LS, +RV,) R

(ke gk | e R)F T 1)

I/out — vac
VL + RL g RLkvc k
I/(c) :|:I/c (S)kvc _I/(c)kvac:|(rL +RL) > " kvac (RL +rL)+1 v
= 1, =Lt ) s
9k, (R, +r)+1 :
~/ Determination of the small-signal

transfer function using the FACTs




\C ]T ﬁ Set excitation V. to 0O V
< O—
VT
@T I/c (S)kvc _I/(c)kvac ; RL
=0 o]
C C,
7 3 Q

V_ =—I.R Vok =1 y =tr

(1)__T L _(c) vac AT (c)—k_
;= L
=

1 L+RL



Set excitation V. to 0O V
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L, is in high frequency
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L, is in HF state, C, is a short
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Comparison between SIMPLIS and the simplified expression.
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