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ABSTRACT

A voltage-mode controlled boost converter running in continuous conduction mode is
more difficult to stabilize than a buck converter due to the boost converter’s inherent
Right Half Plane-zero (RHP-zero). The boost converter's double-pole and RHP-zero
are dependant on the input voltage, output voltage, load resistance, inductance, and
output capacitance, further complicating the transfer function. Understanding the
transfer function and having a method to stabilize the converter is important to achieve
proper operation.
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1 Transfer Function of Boost Converter

1.1 Transfer Function of Power Stage

shows the block diagram of the boost converter. Using the state space averaging model, the
small-signal transfer function from the duty cycle (D) of the switch to the boost converter output (v) in
continuous conduction mode (CCM) can be derived. through are well known
simplified equations for this model as derived previously in application note (SCVADGT) [1].
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Figure 1. Boost Converter Block Diagram
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consists of a double-pole, RHP-zero and ESR-zero. For this discussion, the ESR-zero will be

ignored because it is at a much higher frequency than the double-pole frequency and RHP-zero.
shows a Bode plot of the double-pole transfer function.
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Figure 2. Bode plot of the Double-Pole Transfer Function
The double pole frequency fo depends on the input voltage (V) and the output voltage (V,) as well as
inductance (L) and output capacitance (C).
shows a Bode plot of the RHP-zero, frup-zero transfer function.
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Figure 3. Bode plot of the RHP-Zero Transfer Function

It is also important to note that frup-zero depends on load resistance (R) and inductance (L) as well as
input voltage (V,y) and output voltage (V,). Complicating loop gain stabilization is the fact that while the
RHP-zero phase begins to drop at 0.1 x frup.zero, the gain increases at 20 dB/dec from fryp.zero- The
following example helps illustrate the RHP-zero complexity.
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Consider the following parameters:

L = 10 puH,
C, = 100 pF
V,=36V

b=2A(R=180Q)
The frequency of fo and fryp.zero are calculated using Equation 4 and Equation J as follows;

2
18 3
¢ 18 (3] _20kH
RHP-zero 2nx1OuHX(3.6] z

! xi:4.2kHZ

f:
° 27 10uHx100uF 3.6

™

(8)
As shown in Figure 4, even though the addition of the RHP-zero is at a higher frequency than the
converter double pole, the RHP-zero phase drop starts a decade earlier, and therefore negatively impacts

the potential phase margin of the converter’s control loop. This is the nature of instability of a
voltage-mode controlled boost converter running in CCM.
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Figure 4. Bode-Plot of Boost Converter

As shown in Equation 7 and Equation §, the fo and fruyp.zero depend on Vi, Vo, R (1), L, and C. A larger
load current I, (smaller load resistance R) has a significant impact on fruyp.zero,» Dringing it closer to f,
which decreases stability margin.
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1.2 Complete CCM Boost Converter Power Stage Transfer Function
The simplified versions of through do not illustrate the effect of the output
capacitor’'s ESR (r. in Figure 1)) and the inductors DCR (r,) as damping factors on the double pole. In
order to get an accurate bode-plot, the full version of Equation 9 and Equation 10 are used. See the
appendix for the derivation of the entire equation.
122
Gy (5) = M _c(sl-A)" %X(s)+a—CX(s) _ (R+r¢c)(sCrg +1){— (sL+r )R+rg)+D“R }Rvi
AD oD oD P(s){D'RD'R+rc)+r (R+rc)} ©)
Where,
2 2
P(s) = S’LC(R +r¢) + S[L(R +1¢) + 1 C(R +r¢) + D'RrC(R + rc)} + 1 (R +rc) + D'RID'R + r¢)
(10)
1.3 Complete Voltage-Mode Controlled CCM Boost Converter Transfer Function
shows the block diagram of a typical boost converter, consisting of the power stage, feedback
and feed-forward compensation network, and error amplifier. The complete transfer function G(s) is given
as;
G(s) = de (s)'GFB_ffc (S)'Gerror (s) (11)
Where,
Ggv(s); Transfer function of power stage of boost converter
Ges_1ic(S); Transfer function of feedback network and feed forward compensation network
Genror(S); Transfer function of error amp
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Figure 5. Block Diagram of a Typical Boost Converter
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2 Method for Stabilizing the TPS61030

In order to maintain stability for boost converters with voltage mode control schemes, the following
conditions must be met:

1. frup-zero Must be higher in frequency than fo (by ratio M to be explained later) in order to prevent the
RHP-zero’s phase drop from affecting the power stage’s double-pole.

2. The crossover frequency (fgy) must be set at or lower than the frequency of the maximum
phase-boost effect generated by feed-forward compensation network with zero set at f5. If fgy is set
higher than the frequency of the maximum phase boost, the phase-boost effect becomes small while
gain increases, reducing the stability margin.

To simplify the calculation, assume that the maximum phase-boost frequency is 2 x f,. These conditions
are illustrated in Eigure 8.
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Figure 6. Bode-Plot lllustration of Stability Criteria
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2.1

2.2

[STEP 1] Select Output Capacitor

Before calculating the inductance, the minimum output capacitance C,, is the larger of the minimum
capacitance needed to provide the maximum acceptable ripple or minimum voltage dip due to a load
transient. The total output ripple is the sum of the ESR ripple (Equafion 17) and the output capacitor ripple
(Equation 13). Subtracting the ESR ripple from the total acceptable ripple gives the maximum allowed
output-capacitor ripple. Rearranging Equation 13 gives Equation 14, from which the minimum output
capacitance to provide the maximum acceptable ripple is computed.

Y, =1, X ESR

o_ripple_ESR

Iy - I Vin ) 1
Vo_ripple_cap = e % ' (1 - %) T

(o]

I V 1
Cmin_ripple :V;'( _V;’:].?

O_ripple _cap

(12)
(13)

(14)

The transient response should also be taken into account when selecting the output capacitance. The
worst case output-voltage dip due to a load transient occurs when the output capacitor must supply the
current for the transient until loop response takes over. So, if the transient duration (dt) and load current
(itran) is known, can be used to determine the minimum required capacitance to prevent
output voltage dip (Vo.gip) due to a load transient:

__tran .dt ~ ltran 1

C.. =
min_ tran
Vo_dip Vo_dip 4 x fay

(15)
Where dt is approximated to 1/4fgy to simplify the calculation.
Increasing the output capacitance in most cases decreases the dip during load transients.

[STEP 2] Determine Inductance DCR

Similar to the output capacitor's ESR, the inductor’s DCR (r,) has a significant impact on the boost
converter power stage's transfer function. In lower output-current applications, relatively high DCR helps
the stability by phase damping. The maximum allowable DCR is determined by the amount of loss that is
acceptable, i.e., the maximum efficiency required at maximum load. The total power loss consists of the
inductor AC and DC losses, SW (N-MOS FET) loss, Diode (P-MOS FET) loss, and control-circuitry power
loss. To simplify the calculation, the designer can ignore the inductor’'s AC losses, compute the inductor’s

2
DC loss hn -1 (by ignoring ripple component), and set the maximum acceptable inductor DC loss to 30% of
the total power loss.
So, setting a target efficiency n,

0
r _ 30% X Ptotal—loss
L_MAX — |2

n

(16)

_ 1
Where, I:)total_loss - I:)out x (ﬁ - 1)
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2.3 [STEP 3] Separating the Double-Pole and RHP-Zero Frequencies
Separating the double-pole and RHP-zero frequencies is the most important requirement for maintaining
stability. M is the frequency separation ratio between frup.zero @nd fo, and provides a relative measure of
phase drop between the two frequencies. Through empirical testing it has been determined that the phase
damping received from tantalum output capacitors with ESR values between 20 mQ to 100 mQ allows a
value of M=10. When using ceramic capacitors that have ESR values of a few mQ, thus providing a little
phase damping between the two frequencies, more frequency separation is required (M=15). Note M=10
or M=15 are starting points and final stability should be verified by transient testing in the lab (as
mentioned in [STEP 5]).
fRHP—zero >M
fo 17)
Where,
M=10 (one decade) — for tantalum capacitors.
M=15 — for ceramic capacitors.
Using Equation 4 and Equation §, we can get:
2
L<C- [B . Vﬂj
M V, (18)
When load resistance R is at its minimum (meaning I, is MAX) and the input voltage is at its minimum, the
fo and frup-zero are closest (as shown in Equation 4 and Equation §) and open loop phase margin is at its
minimum. Therefore, provides the maximum limitation of inductance.
2
Roin VIN_min
L =C.| —min  __N_mn
MAX [ M A
(19)
2.4 [STEP 4] Maximize Phase Boost Effect of Feed Forward Compensation Network
shows the feedback network and feed-forward compensation (ffc) network. The complete transfer
function, zero frequency and pole frequency equations are shown in through Equation 23,
respectively.
Compensation Network
— vV,
1+ sC(R1+R)
Ci=10pF o Gs) =
R1 R1 R]‘Ri
Ri = 100 kO 1+@+sCi R1+ R, + R5
(20)
FB
/ e
Internal ffc R2 chi (Rl * Ri) (21)
fp = 1
onC R1R2+RR2+RI1R,
X
Figure 7. Feedback network and Feed Forward i R1+R2 (22)
8 Converter Small Signal Control Loop Analysis Using the TPS61030 SLVA274A—May 2007 —Revised January 2009
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shows the calculated transfer function of this network when R1=1.24 MQ, R2=200 kQ, Ci=10 pF,
and Ri=100 kQ. Here Ri and Ci are the integrated ffc network shown in the TPS61030 data sheet. The
calculated results are fz=11 kHz, fp=58 kHz, and the maximum phase boost frequency is around 25 kHz
as shown in Figure . Note that f, varies for different output voltages due to R1.

ol

H 90°

15 jiramatty a5°
0 T =il \\'\__ Oo
Gain(AFB(o)f, )) —— i — Phase(AFB(o)f, )))
-15 - ‘ ‘ -45°
-30 90°
100 1410°  140* 140 1.40°
fp -Hz

1 1
f=— " =
Z 2.2.C;-R1+R2) P 9nC. R1-R2)+R;-R2)+R1-R;)
: R1+R2

f, =1.105x10* f, =5.84x10*

Figure 8. Example of Transfer Function of Feedback Network and Feed Forward Compensation Network

In order to simplify the calculation, assume the maximum frequency for phase boost from the feed-forward
network is 2 x f,.

Where:
Go
fow =1, -10% o
2
Go(dB):20|og Gdo'ﬂ =20xlog V_oﬂ
R1+R2 Vi R1+R2 o5

Noting that the double-pole has a —40-dB/dec theoretical roll-off, but —30 dB/dec was used to approximate
the damping effects of the output capacitor's ESR and the inductor's DCR.

Using Equation § and Equation 23 through we can get:
G \2
~o
Ls |1 My 10%
C 27'(: VO 2 . fZ
(26)
As shown in fo; therefore, fgw, becomes the highest frequency when input voltage V) is at
maximum. Therefore, L, is calculated when V is at maximum.
G \2
So
L 111 ViNnwax 109
™oCcl|2n V, 2,
(27)
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2.5 [STEP 5] Evaluating the Stability Experimentally

The Bode plot obtained from loop gain measurements is important to consider for stability, but should be
verified by transient-response test results. To ensure that the load step has frequency components up to
the control loop bandwidth, the rise time of the current step should be faster than 1/fg. The
transient-response test includes not only the small signal response, but also the large signal response
behavior that occurs in normal applications, while the measured Bode plot shows only the small signal
response.

The criteria for evaluating stability using a load-transient test is that if the output rings more than 3 times
before settling, the converter has low phase margin and should be re-compensated.

summarize the flow chart of design procedure for stability.

Spec;
Vin(min) - V(MAX)
V,l/lo
Vo_ripple
Transient
— [STEP 1] Select Cout and ESR

[STEP 2] Define DCR of inductance

A 4

[STEP 3] Maximum Inductance
by separation of double - pole and RHP - zero

!

[STEP 4] Minimum Inductance
by optimum phase boost effect

NO

YES

[STEP 5] Evaluation;
(1) Bode- plot
(2)Load transient test

result

Figure 9. Flow Chart of Design Process
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3 Example 1; High Output Current (2 A) With Tantalum Capacitor
TPS61030
15mQDCR | v,
—
Vi, L SW | _ Internal ffc c | 200 uF25 mQ
VBAT I Ri = 100 kQ I § Tantalum
R1
| ci=10pF=L| c
T R
Error Amp FB
" 1
R2
GND /77

Figure 10. Block Diagram of Converter

The parameters are:
Viy=3.0V-3.3V
V,=36V
lb=2A (7.2 W)
Vo _ripple = 5 MV (by capacitance)
Target efficiency 90% ( Ploss = 0.8 W, lin = 2.67 A at 3.0 V|\)
Vo_transient = 250 mV (assume transient I, = 0 Ato 2 A, and fgy = 10 kHz for calculation purpose below)

Calculating the minimum capacitance using the criteria of the output voltage ripple from Equafion 14;

Crin ripple :#' 1- Vi '1:LX 1—i X; ~100pF

- Vo V, ) f 5mV 3.6 ) 600kHz
—ripple_cap (28)
F.Y.l; Ripple caused by ESR is
Vo ripple_gsr = lo X ESR =2 A x25 mQ =50 mV.

Calculating the minimum capacitance using the criteria of the transient output voltage dip from
Equation 15;

Cmin tan = lran ) L = 2A X L ZZOOIJF

From the result of Equafion 2§ and Equafion 29, 200uF was chosen.

In Eigure 10, the feedback network consists of R1=1.24 MQ and R2=200 kQ. TPS61030 has internal feed
forward compensation network (Ri and Ci) across top resistor R1.

V2
G,(dB) = 20 x Iog<° x 5XR2) — 9.5(dB)

V. " Rl + R2 (30)
Ruin ’ 18 3
Lyax =C-| —min . MM | _ 200 yF x| —=x—— | =4.5uHMAX
MAX [10 v, S ETREY HAMAX)
(31)
Go 2 G \?
V, 30 30
L min A Ynowax 10 1 133, 10" = 1uH(min)
C | 2=n V, 2-f, 200uF |27 3.6 2x11k
(32)
P
Inductance_loss 0.24W
r = = = = 33 mQ
L_MAX
_ lizn_MAx 2.67 A? (33)
SLVA274A—May 2007 —Revised January 2009 Converter Small Signal Control Loop Analysis Using the TPS61030 11
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Where, Pinguc tan ce._loss = 30% X Ploss = 30% x 0.8 W = 0.24 W

Using the stability design rules, the allowable inductance range is 1 pH to 4.5 pH. Using the efficiency
design requirements, the allowable DCR (r,) of the inductor is less than 33 mQ. shows a
Mathcad™-calculated Bode plot of the transfer function including the boost power stage, feedback
network, feed forward compensation network, and error amp. The inductance values used for these
calculations is 6.8 pH, 3.9 uH and 2.2 pyH to demonstrate how stability improves due to changing the
inductance. The phase gain (M) achieved using these inductance values are as follows:

L =6.8 uH is M=8

L=3.9uHis M=11

L=2.2pH is M=15

The calculations consolidate the inductor’'s DCR and the ON resistance of internal SW into one 50 mQ
resistor in order to simplify the calculation.

6 A= 180
~
&
4 \ 120
\
6)) 2 g N 60 6
Gain(A( w(fq),6.810 )) :'{‘& TN Phase(A(co(fq),G.SlO_ ))
— ) \ \ — - \\\ —_ »
Gain (A o), 3.910°°)) §: \\ Mo Phase(A (o (fg,3.910°))
Gain (a( Uqu),z.zlo’“))_z \'\\..Q.;&f_m Phase(a(w(fg,2210°)
~4 120
~6 80
100 1.10 1.10 1.101
Calculation condition is ; fq
Vin=3 Vo=3.6 R=18 C:2><10_4 rl = 0.05 rc = 0.025
R1=1.24x 106 R2=2x105 Ri:1><105 Ci:1><10_11
Figure 11. Mathcad Calculated Bode-Plot of Transfer Function for High Current With Tantalum Output
Capacitor
12 Converter Small Signal Control Loop Analysis Using the TPS61030 SLVA274A—May 2007 —Revised January 2009
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shows the measured Bode-plot of the transfer function and load-transient test waveform. When

L=6.8 pH (frequency separation ratio M=8), the transient response shows slight ringing while settling. This
is a symptom of low phase margin. When L=3.9 pyH, which is M=11, the transient test shows good
response with no ringing while settling. As shown in Equafion 17, M>10 is reasonable to provide enough
stability margin when a tantalum output capacitor used. 2.2 uH shows acceptable phase margin as well.
The ilnductance DCR used in the test is around 15 mQ.

16-Nov-B6
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BT o
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: | Brha|l rinfjing
Phase Ll F f
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T e J i =3. z
~ 28,8 I T(B0mV/div)
' - | T . 2A
L L=6.8 uH (1A | M=8
A
[ I i
= S 0.5ms/div .
L Lo 4 OC B.36 A
Frequency 100 k 0  sTOPPED
- & A fRHP-zero
i /“\A/, Norringin =51kHz
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—_\-\“\\\ 49.0my o
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Figure 12. Measured Bode-Plot and Load Transient Waveform With Tantalum Capacitor
VMn=30V,V,=36V,Il,=2A, C =100 pyF x 2 tantalum capacitor)
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4 Example 2; High Output Current (2 A) With Ceramic Capacitor
TPS61030
15 mQ L Vo
—
Vi, L SW | _ Internal ffc c | 200 uF/5mo
VBAT I Ri =100 kQ I § Ceramic
R1
| ci=10pF=L| c
T R
Error Amp FB
" 1
R2

GND /77

Figure 13. Block Diagram of Converter

The next example uses the same parameters as the previous example but with a ceramic output
capacitor.

Viy=3.0V-3.3V

V,=3.6V

lb=2A
With ceramic capacitors on the output, special attention is needed for stability due to the low ESR. The
target of the frequency separation is M>15 as shown by Equation 17

Following the calculation process,
2

Roin  VIN_min
I-MAX_ceramic =C| 2% ———| =2upH
15 V,
(34)
Go \? G
1|1 Vin_max 1030 1 1 33 10% .
I-min_ceramic = =15 : = x| —x—x————| =1pH(min)
Cl2n V, 2.1, 200puF | 2n 3.6 2x11kQ
(39)
From the calculation results, the range of inductance is 1 pH to 2 pH. Choose 2.2 pH due to minimum
inductance requirement in the data sheet.
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shows a Mathcad-calculated Bode-plot of the transfer function with ESR=5 mQ (assuming
capacitor ESR and connection resistance total 5 mQ). The phase curve is steeper in than
Eigure T7], which means that the phase margin is smaller. Inductance values of 6.8 pH, 3.9 pH and 2.2 pH
were used to demonstrate how stability improves even though L=6.8 pH (M=8) and L=3.9 puH (M=11) do
not satisfy the M>=15 guideline. The calculated Bode-plot curve in shows that the phase margin
is 20° for L=6.8 pH, and 30° for L=3.9 pyH. The 2.2-uH (M=15) inductor provides a 45° phase margin
shown in Eigure 14.

6 = :,‘?\ ) 180
4 T 120
\
G_;nn(A(w(fq),é.slo"’)) 2 g%.\\ P~ 60 Phase (Al o(tg).6.810°)
G_ain(A(m(fq),3.91 ) o :i:\\\\\ (70 Phase (Ao(fq).3.910°)
G_ain(A(@(fq),z.zlo’é))_zo \“\b \‘:_60 Phase (Ao, 2210%)
=40 120
6?00 1.10 1.10 1.10}80
Calculation condition is ; fq
Vin =3 Vo=3.6 R=1.8 C=2x 10_4 r=0.05 rc=5x 10_3
R1=1.24x% 106 R2=2x 105 Ri=1x 105 Ci=1x 10_11

Figure 14. Mathcad Calculated Bode-Plot of Transfer Function for High Output Current and Ceramic
Output Capacitor
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shows the measured Bode-plot of the transfer function and load-transient test waveform. To

ensure that biasing has not reduced the effective output capacitance, two 100 uF/6.3 V ceramic capacitors
plus one 47 uF/6.3 V ceramic capacitor in parallel were used to provide an effective 200 uF of output
capacitance.

L=6.8 puH (M=8) and L=3.9 pH (M=11) show ringing during settling time at transient test, indicating that the
phase margin is too low. When L=2.2 pH (M=15), no ringing was observed, indicating adequate phase

margin.
e fRHPzero
- Ringing =29 kHz
3P S O
tEres (1)
= 1AL N EANEN= f% s
® F90.0 =3. z
! | ﬂvﬂ R n
e |\ /(50mVirdiv) V=8
2A =
8 " | oot CTA/dIV )A:
100 Frequency 100 k 15535'“\, o 05mS/d|V
2 2 Vv OC 18 MS/s
:3] ? '"g Eg ) I L HEEEE a STOPPED
ihsstes . . fRHP-zero
2 8 , Littletringing =51 kHz
Eres(])—
T H fo
g % | ||| =4.7 kHz
|
M=11
8 g 4
100 Frequency 100 k 155'5“5mv o
H é mg EE OC B.86 A 1o e
:3] 1 v 0G4 = = ] 0 sToPpED
s fRHP zero
; * ‘ N ringin =95 kHz
T Phase o LK
g A 5 ms ||
Gain <=1 47° 4900t \ f fO
X TR -t} - =6.4 kHz
L=2.2 uH N M=15
" - (meet
2 U
g 2| ow M>=15)
100 Frequency 100 k 150 m AC
g g mx Eg 4 DC B.86 A 16 e
0.1 v s = i 0 sTOPPED

Figure 15. Measured Bode-Plot and Load Transient Waveform With Ceramic Capacitor
(Vin=3.0V,V,=36V,Il,=2A,C =100 pF x 2 Ceramic Capacitor)
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5 Example 3; Low Output Current (I, = 0.4 A) With Ceramic Capacitor

TPS61030

6.8 uH/212 mQ

L A
—
L sSwW Internal ff
Vi | Internalfic 47 uFI5 mQ
SR g,

VBAT | Ri =100 kQ I Ceramic

| ci=10pF

T R
Error Amp FB
/77 _T
R2
GND /77

Figure 16. Block Diagram of Converter

Viy=3.0V-3.3V

Vo,=36V

lb,=04A(R=90Q) (144 W)

Vo _ripple = 5 MV (by capacitance)

Target efficiency 90% ( Pjpss=0.16 W, [;,=0.53 A at 3.0 V)

Vo transient=250 mV (assume transient 1,=0 A to 0.4 A, and fgw=10kHz for calculation purpose below)

Following the design process;

| \Y/ 1 04 3 1
Crmin_ripple = o————— 1N oo 2 - [x———— =22)F
V, Vo ) f 5mV 3.6) 600kHz
—ripple_cap (36)
Cmin van = ltran . 1 _ 04A « 1 =40},lF
- Vo_dip 4fBW 250 mV 4 X 10kHZ (37)
From the result of Equation 3§ and Equation 37, 47 UF ceramic capacitor available was chosen.
2
Rmin VIN_min 9 3Y
L =C.|—mn., TN 47 uF x| —x—| =12uH(MAX
MAX { 15V, H X[15X3.6j HH(MAX)
(38)
o\ G )2
V, 30 30
L= I 10 111 33 10T 4 H(min)
C | 2n V, 2-f, 47uF | 2n 3.6 2x11kQ
(39)
|:)Inductance loss 0.048W
r = = = = = 170 mQ
L_MAX 12 iax 0.53 A2 (40)

Where, Piyquctance = 30% X P oss = 30% x 0.16 W = 0.048 W

The calculated inductance range is 4 pH to 12 pH. For this discussion 6.8 uH is chosen. The inductance
used has a saturation current of 0.8 A (r,=212 mQ, higher than 170 mQ but acceptable practically) to
handle the maximum input current of 0.6 A. From through Equafion 10, we know the inductor
DCR (r) has a damping effect similar to the capacitor rc. In low power applications, the relatively large
DCR (r)) helps to offset the instability caused by the low ESR (rc) of the ceramic capacitors.
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shows a Bode plot of the Mathcad-calculated transfer function with inductor L=6.8 puH, and

rL=250 mQ (after consolidating the inductance DCR and SW ON resistance) and ceramic output capacitor
of 47 uF/5 mQ. The expected phase margin is 50°.

60 — 180
N
N
40 y 120
20 N 60
-‘—“'\\ N
Gain (a(o(fq),6.810°6)) 0 A “,\ 0 phase (A(o(fg), 6.810°°))
- Wi g
\ N
-20 60
=40 120
-60 180

100 1-10
fq
Calculation condition is ;
Vin=3  Vo=3.6 R=9 C=47x10°  1=025  rc=5x10"
RI=124x10  R2=2x 10 Ri=1x 10 Ciz1x10

Figure 17. Mathcad Calculated Bode-Plot of Transfer Function for Low Output Current and Ceramic
Output Capacitor

shows the measured transient response. The inductor used is 6.8 uH, 0.81 A_sat, 212 mQ,
Based on the transient waveform, the application is stable.

16-Now-B6
14:86:13
|No finging ¥
W:Erest11— ging T
.5 oms ,// I | ———
49 By 7 : A
§ / A\ V, (50 mV/diy
:]_ e T
B oms \\ // T
288 mA T
1 04A
- 1, (0.2A/div)
I 0A
> )
B oms
1 58 my AC
% 2 W 0OC 18 M5/s
5 my AC T 4 DC 0.172 A
0.2 v oo O AuUTO
Figure 18. Measured Load Transient Waveform
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Conclusion

6 Conclusion

A transfer function for a voltage-mode boost converter in continuous-conduction mode was developed

using state space averaging model. From the transfer function, the challenges of stabilizing a

voltage-mode boost converter were explained, and a design procedure for achieving loop stability was

provided.

Appendix A State Space Averaging Method

Deriving Transfer function using state space averaging method.

RC

[State 1: SW ON]

[State 2: SW OFF]

L r L rL
L _ . Vo
iL rcs e X2
VlNT . R § R
VCT c
State 1 [SW: ON, RC: OFF] State 2 [SW: OFF, RC: ON]
. e di, .
d V,=L—=+ri, +v (A5)
(v, =1% i, (A1) ar Ko
dt 4
. Ve
, dv, i.=C—=. (A6)
< le = ? . (A2) '< dt
Ve =—io(R+7.). (A3) i, =i, +22 (A7)
eV, =V T (A4)
o e e \_ Vy =V . (A8)
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By State Space Averaging Method, the state averaging equations are described as follows.
dXx
—=A4X +0bV,,
dt
iL
v, =cX. where X = : (A9)
Ve
The state equation is derived as below.
1 D'R -7, D'R
. _7(}2 + C) - . 1
dli, L R+r1,. LR+7) ([, L
1. = ' + L th
dt| v, D'R B 1 Ve 0
C(R+71.) C(R+1)

(A10)

[D'R-rc R MQ }
e

R+r.  R+r. || ve
AC analysis (small signal transfer function)

Gdv transfer function from Duty to Output voltage is derived as follows.

Gu(s) - AVo(s) otsl— A P xe)+ L x(s) = (R +rc)(sCrg +1){— (sL+1r )R+rg)+D?R? }-RV-
dv AD oD P(s){D'RID'R+rc)+r (R+rc)} '

Where:
P(s) = s’LC(R +1c )% + s{L(R +1e)+ 1, C(R+r1c)? +D'RreC(R+r¢ )}+ r(R+rc)+D'ROD'R+rg)

A.1 Reference

1. Understanding Boost Power Stages in Switchmode Power Supplies (SLVAQ061), Everett Rogers, Texas
Instruments, March 1999.
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