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Application note

STPMO066S external components sizing

Introduction

This document is intended to integrate the information provided in the STPMO066S product datasheet, in order to facilitate the
correct BUCK and BOOST external components sizing into the different applicative conditions. A specific focus is reserved to
external components like inductor, output capacitor and compensation network.
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1 STPMO066S features

One of the main advantages in using a multi-regulator solution is the integration and scalability compared with
a discrete solution. Figure 1 shows the STPMO066S functional block diagram to have the complete view of the
device.

In the next chapters the relationships to define the external components will be described. Generally, the
expressions define a minimum value for those components. To avoid poor dynamic behavior, it is recommended
not to exceed too much (1.5 - 2 typically) the minimum value calculated if not specifically indicated.

Figure 1. Functional block diagram
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* A Schottky diode is needed. A 100 V, min 2 A forward current diode, is strongly suggested.
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2 BUCK components

BUCK is a converter. It is therefore necessary to provide the inductor, the output capacitor and the compensation
network externally (see Figure 2). The controller implements a peak current mode strategy.

Figure 2. Buck functional block diagram
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2.1 Output inductor

The value of the output inductor is usually calculated to satisfy the peak-to-peak ripple current requirement. To
achieve the best compromise of cost, size and performance, it is suggested to keep the inductor current ripple
between 20% and 40% of maximum load current.

As an example, the current ripple can be evaluated with the usage of Eq. (1):
IRipple = Al = 0.3 IgyT(MAX) (1
Where Ipyr(max) is the maximum output current.

Then, the inductor value can be estimated by the equation:

L=l v 1 - Vour
Fsw Bl "OUT\ "~ Vinmax)

Where Fgyy is the switching frequency and Vy(pm4x) is the maximum input voltage.

The peak current flowing through the inductor is:
Alp,
In(PEAK) = TouT(MAX) + — 3)
If the inductor value decreases, the peak current increases. The peak current needs to be lower than the current
limit of the device.
The inductor should have a saturation current higher than the device current limit.
In order to meet slope compensation, L needs to meet the following equation:

Vour
4
2 Islope @

The Ijope for BUCK is evaluated the with equation:
Islope =N45uA fsw (5)

With N = 5*4000 coefficient coming for internal components and depending on the current mirror ratio.

2.2 Output capacitor

Output capacitors are selected to support load transients and output ripple current, as well as loop stability. The
voltage ripple is related to the ripple current flowing into the inductor, an adequate output capacitor sizing can
reduce the impact of current ripple.

1
AVQUT(RIPPLE) = A1L<ESR + W) (6)

Considering that the goal is to define the minimum output current to satisfy the desired max output ripple the
equation becomes:

Alp,
8 fsw (AVour(rippLE) — AL ESR)

If the capacitor is appropriately chosen, the ESR value will be quite low then the related term can be neglected
with a simplification of the above equation.

CouT(MIN) = (7

The output capacitor is also important to sustain the output voltage during a load transient. In general, minimizing
the ESR value and increasing the output capacitance results in a better transient response. The ESR can be
minimized by simply adding more capacitors in parallel, or by using higher quality capacitors.

2
c _L (IOUT(MAX) - IOUT(MIN))
OUT(MIN) = 2 MIN(V i - Vout - Vout) NVour(max)

AVoyr(max) max allowed transient output variation.

2.3 Bootstrap capacitor

A bootstrap capacitor must be connected between the BST and PH pins to provide a floating gate drive to the
high-side MOSFET. For most applications 47 nF is sufficient. This should be a ceramic capacitor with a voltage
rating of at least 6 V.
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24 Compensation network

The compensation network components selection is crucial to ensure stability and good dynamic performance
to the regulator. The loop control strategy as already stated is based on the peak current mode control,
compatible with external RC compensation network. The error amplifier is a trans-conductance amplifier with
large bandwidth, which is larger than the closed-loop one.

The basic regulator loop is modeled as a power modulator, an output feedback divider and an error amplifier. The
loop transfer function is:

v
L) = % Gmop(s) GEA(s) )

Where:
VgEF is the internal reference voltage equal to 1 V as defined in the specific implementation.

Vour is the converter output voltage.

Gpop(s) is the transfer function of the error amplifier, it forms a pole and zero, as expressed in the Eq. (10):

9mmoD Rroap (1 + sESR Coyr)
(1 +sRpoap Court)

Gmop(s) = (10)

Immop forthe BUCK is 2.2 s.
R104p is obtained for the specific output voltage and current selection as:

Vour
R = — 27 1
LOAD = “Tour(max) (1)
The dominant pole is:

1
2n Coyt (RLoAD + ESR)

fpmop = (12)

The zero is:

_ 1
fzmop = 5 Cout ESR (13)

Gg(s) is the transfer function of the buck converter from control to output. As reported in the equation it forms
two poles and a zero.

9mEATo (1+sRc Cc)
(L+sroCc)(1+sRc C)

Geals) = (14)

ImEA is the trans-conductance of the error amplifier, 1 ms.
1, is the output resistance of the error amplifier.

The zero is:

f2EA= ~3CaRE (15)
The first pole can be considered in the origin because r, is very big, the second pole is:

T (16)

The choice to select the compensation values is to cancel the fy,yop With f,4 and the f,p0p With fp4. The
second cancellation is necessary only if the f,y0p is near to the crossover frequency f . (see Figure 3).
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Figure 3. BUCK simplified gain plot
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The power modulator has a DC gain reported in the Eq. (17):

GAINMop(DC) = 9mMoD RLoAD (17)

The total loop gain as the product of the modulator gain, the feedback voltage-divider gain, and the error-amplifier
gain at f should be equal to 1.

Then:
VREF -
VouT GAINMOD(fc) Geafo) = 1 (18)
Where:
fpmop
GAINMOD(fc) = GAINMOD(DC) £ 7o (19)
GeA(fc) = 9mEA Re (20)
Finally:
Vout
Rc= 21
¢~ T9mEAVREF GAINMOD(f,) @1
The procedure to follow step by step to define the external network components is:
1. Choose a suitable value for f, usually between fSTW and ff—g/.
Choose the Vy value within the selectable options.
Calculate the value of R:
Vout
= 22
RC= ~gmEaVREF CATNMOD(F,) (@2)
4. Calculate the C( value by forcing fpymop = fzE4:
1
Cr= —— 23
c 21 prOD Rc (23)
5. If fzmop is less than 5 £, add a second capacitor, Cr, by forcing f,pmop = fpEa:
1
CF= ——F——p— 24
F= "2 fmop Re @)

2.5 PH diode

It is necessary to insert a Schottky diode between the BUCK phase and GND as close as possible to the device
pins. The diode must ensure almost 2 A forward current and minimum 100 V for reverse voltage.
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2.6 Specific sizing example

261 Example 1
The use of the BUCK as pre-regulator has been considered. This leads to an assumption of V;y = 12V and
Vour =5V, IOUT(MAX) =2Aand fs = 400 kHz.

Al = 0.3 IOUT(MAX) =064 (25)

1 Vour
L=+—5—V 1———— | =15uH 26
Fsw A1, " OUT ( VIN(MAX)) # (26)

This value needs to be checked with respect to the absolute minimum due to g4y,
Isiope = N 45 uA fsy = 0.36 A/us (27)
4
Ly > 7122 = 7.0t (28)
slope

From this check it is confirmed the value of L previously calculated.

With a choice of 2.5% max variation for the output AVoyr(rippLE) = 0.125 V.
Alj,

8 fsw (AVOUT(RIPPLE) = Al ESR)

A reasonable choice can be Coyr = 1.8 uF.

Cout(MIN) = = 1.5 uF (29)

To complete the Cyy7 evaluation it is necessary to take into account also the dynamic load current variation (see
Eq. (1)). The example does not include this contribution for sake of clarity.

After choosing the inductor and capacitor values it is possible to define the compensation network, starting from
the evaluation of f,;0p and f;mop-

. Vour
With R =—09UT __ _j50andESR =0.010Q
LOAD = Toyr(max)
_ 1 _
TPMOD = 30 Cour Ruoap +EBSR) o> K (30)
_ 1 _
famoD = ey ESE = 88 MHz 1)

With this previous info and defined the f. = 80 KHz and GAIN yop(pc) = 5.5, the GAINmop(f,) is:

fpmoD
GAINMoD(f,) = GAINMOD(DC) ”fc =24 (32)
Last step is to evaluate the compensation values R, C¢:
Vour
Rc = =21KQ 33
¢~ T9meAVREF GAINMOD(f,) (33)
1
Cc= ——F——%—= 2.16nF 34
¢~ “2mfpmop Re " (34)
Finally, the optional extra capacitor Cg:
1
Cp= ————5—=861pF 35
F= "2mfmop Re P )
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2.6.2 Example 2
In this example it is considered to use the BUCK as post-regulator. This leads to an assumption of V;y = 5V and
VOUT =157V, IOUT(MAX) =2 Aand fSW =24 MHz.

Al; = 0.3 IOUT(MAX) =064 (36)

pe— 1ty (__Your
Fswal, "OUT\ "~ Vin(max)

This value needs to be checked with respect to the absolute minimum due to g4y,

) = 0.66 uH (37)

Isiope =N A5 uA fow = 2.16 A/us (38)
Vout
Lyin > 5 ISlee = 0.35uH (39)

From this check it is chosen the value L = 1.2 uH.

With a choice of 2.5% max variation for the output AVyyr(rippLE) = 0.0375 V.
CouT(MIN) = a = 1uF (40)
8 fsw (AVOUT(RIPPLE) — Al ESR)

A reasonable choice can be Coyr = 1.8 uF.

To complete the Cyy7 evaluation it is necessary to take into account also the dynamic load current variation (see
Eq. (1)). The example does not include this contribution for sake of clarity.

After choosing the inductor and capacitor values it is possible to define the compensation network, starting from
the evaluation of f,;0p and fzmop-

. Vour
With R =— 0 __o750and ESR =0.010Q
LOAD = Toyr(max)
_ 1 _
TPMOD = 3 Coyr (Ruoap + EsR) 0K )
_ 1 _
fzmoD = —meoyrESR = 88 MHz (42)

With this previous info and defined the f = 480 KHz and GAIN yop(pc) = 1.65, the GAINmop(f,) is:

f
GAINVOD(f,) = GAINMOD(DC) ”"f”COD =04 (43)

Last step is to evaluate the compensation values R, C¢:

Rc= Vour =3.75KQ (44)
ImEAVREF GAINMOD(f,)

1
Cc= ——5——5—= 037nF 45
¢~ “2mfpmop Re " (4)

Finally, the optional extra capacitor Cg:

1
Cp= —5—5———5— =482 pF 46
F= "2nfmop Re P 48)
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3 BOOST components

BOOST controller integrates the compensation network, it is then needed to provide externally only the diode, the
inductor and the output capacitor. The controller implements a peak current mode strategy. The implementation
block diagram is reported in Figure 4.

Figure 4. BOOST Functional block diagram
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3.1 Output inductor

The inductor value depends on the allowed ripple current in the coil, directly related to Vyy, Voyr and fsp.

In the specific Boost case, the maximum inductor value acceptable is limited by RHP zero value. The RHP
(Right-Half-Plane) zero limits the cross frequency and is evaluated with the following equation:

B ( VN \?
LOAD VOUT)
fz,RPH= ———51 (47)
From this, it is possible to obtain the inductor value for a specific fz rppy choice, for example with f7 ppy = fSTW
the L is reported in the equation:
iy (1-D)
= 48
204D fsw “8)
. _._ ViIN i
WithD = 1 TouT phase duty-cicle.
This result is obtained with the choice of a specific Al;, reported in the equation:
2D
Al = @ —pyLoAD (49)

That results in the condition of zero current (see Figure 5) on output capacitor when the low side turns on.

Figure 5. BOOST output capacitor ripple current
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3.2 Output capacitor

The output capacitor choice directly impacts on two important aspects, the transient response and the output
static ripple. The assumption made here is to simplify the overall system response by cancelling the zero defined
by the compensation network with the main pole generated with the external components choice.

The two frequencies, the zero f; and the pole fp4 are evaluated with the following equations:

1
_ 50
fzc 27 Rc1Cc1 (50)
S
(0.5 + S—e>
(1- D)3 n 2

LCL fsw RLCy,

fr1= o (61)

In which C¢1 = 240 pF and R;1 = 42 KQ are the capacitor and the resistor of the internal compensation network.
Instead, S, is the slope compensation coefficient in the specific implementation defined as S, = 0.528 A/us and S,
in the inductance current slope during ON phase evaluated with the equation:

v (ESRL + RSW)I
IN — 1=D ouTt
Sn= 7 (52)

In which Rgyy is the total equivalent ON resistance (0.7 Q) and ESR;, is the equivalent series resistance related to
the chosen inductor.

The following equation, to evaluate the minimum value for the output capacitor, is obtained forcing the condition
fzc= fp1
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3
Cour = Re1Ce1| (1= D) =p7="+ (83)

As a final check it is possible to compute the output static ripple Voyr(ripple) With the following equation to
confirm that it is in the acceptable range for the specific application case.
loyr D 1
Coutr fsw
To improve the overall performance, it is a good practice to choose output capacitors with low ESR.

As a direct implication of the BOOST inner compensation, which is fixed, the maximum acceptable output
capacitor needs to be selected based on compensation, bandwidth and phase margin.

VouT(Ripple) = (54)

3.3 Output diode
The reverse voltage of selected diode needs to be at least 1.25 Vo of the boost.

The peak current rating of the diode must be greater than the maximum inductor current.

To reduce the power losses, it is a good practice to choose a Schottky diode. The power dissipation of the diode
is estimated with the equation:

Ppmax) = VFp lout (55)
In which Vp is diode forward drop voltage.

34 Input capacitor
The input capacitor is chosen based on Vy(ripple) @nd can be calculated as below.
IRIPPLE
CIN > 56
IN = ZVINRipple) Tsw (56)
V .
ESR > —IN(Ripple) (57)

2 IIN(Ripple)
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3.5 Specific sizing example
Considering a configuration in which the BOOST output voltage is Voyr = 5V and the input voltage V;y = 3.3V, it
is provided by a pre-regulator. With the output voltage chosen the current in the inductor is limited to /;;;,, = 0.6 A
that defines also the maximum output current as calculated in the equation:

1-D
ToyT(MAX) = llim E1+—D) (58)
%4
In the case under analysis D =1 — M =1- % =04
ouT
As aresult Ipyr(max) = 257 mA
With this info:
Viny (1 -D)
L =52 =145uH 59
21L,04D fsw H (59)

A reasonable choice can be L = 1.5 uH
With L value assigned the S,, can be calculated with Eq. (52):

Sp =18A/us (60)

Se)
0.5+ —
( Sn 2

W-i-R_L =1.36/.1F

The minimum capacitance value Coyr(min) = Rc1Cc1| (1 — D)3
A reasonable choice can be C = 1.8 uF

Output voltage ripple can be evaluated for the chosen values considering the equation:
VouT(Ripple) = 23mV (61)
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4 Conclusion

The present application note is intended to explain and facilitate the correct BUCK and BOOST external
components sizing into the different applicative conditions. The main info to highlight is to keep the selected
value close to the calculated one due to the high impact of external components on the stability of the overall
system.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2023 STMicroelectronics — All rights reserved
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