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ABSTRACT

The LMZ1050x is fully supported by WEBENCH®, which is the fastest way to design a complete power
solution, including loop compensation. This application note provides the power supply designer with more
detailed design information for stabilizing the LMZ1050x using any type of output capacitor material. The
LMZ1050x can achieve stability with a wide range of output capacitances (C,) and equivalent series

resistance (ESR).
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Introduction

Feedback loop system stability is one of the most important design aspects of switching power supplies.
Stabilizing the feedback loop requires control theory knowledge and its design can be an intimidating and
daunting task. Fortunately, the LMZ1050x simplifies the compensation design by integrating type Il
compensation that reduces the number of external compensation components to two. A few equations can
be used to easily optimize transient performance and stability for any application.

Below are several equations to quickly calculate the compensation components for the LMZ1050x.
Compensation Equation Background is background information showing how these equations were
derived. Table 1 and Table 2 are included for quick component selection in common applications.

Table 1. LMZ10505/LMZ10504 Compensation Component Values

ESR (mQ)
Vin (V) Co (MF) Min Max Ripe (kQ) Ceomp (PF) Reomp (KQ)
22 2 20 200 27 15
47 2 20 124 68 1.4
100 1 10 82.5 150 0.681
150 1 5 63.4 220 1
>0 150 10 25 63.4 220 3.48
150 26 50 226 62 12.1
220 15 30 150 100 6.98
220 31 60 316 560 14
22 2 20 118 43 9.09
47 2 20 76.8 100 3.32
100 1 10 49.9 180 2.49
150 1 5 40.2 330 1
33 150 10 25 43.2 330 4.99
150 26 50 143 100 7.5
220 15 30 100 180 4.99
220 31 60 200 100 8.06
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Table 2. LMZ10503 Compensation Component Values

ESR (mQ)
Vin (V) Co (HF) Min Max Ript (kQ) Ceomp (PF) Reomp (KQ)
22 2 20 150 47 1
47 2 20 100 100 4.53
100 1 10 71.5 180 2
50 150 1 5 56.2 270 0.499
' 150 10 25 100 180 4.53
150 26 50 182 100 8.25
220 15 30 133 160 4.99
220 31 60 200 100 6.98
22 2 20 100 56.2 5.62
47 2 20 76.8 120 3.32
100 1 10 49.9 220 1
33 150 1 5 40.2 430 1
' 150 10 25 43.2 390 3.32
150 26 50 100 180 4.53
220 15 30 80.6 240 3.32
220 31 60 140 150 4.99
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Figure 1. Typical Application Schematic

Simplified Compensation Equations

For the voltage mode architecture, we know
1
fic= —F— —
2xxJLxCo (1)

To counter this double pole we place the zero caused by C.,,, Ry, @and R, at this frequency. There is
one additional zero caused by R and Cg.r (internal compensation components) at 17.6 kHz as shown
in Figure 4. Therefore,

fzeroext = fLC (2
1
fLc =
2 x 7 x Ccomp % (bet + Rcomp) @)
And,
1
fpole =
2 % 77 % Reomp X Ccomp 4

fooe is the pole frequency caused by the R, and C,,, components. Placing this pole is important for
good response and also good gain margin. This pole also counters the effect of the ESR zero. In this
methodology, we place the f,,. at 200 kHz when the fgg is less than 200 kHz. For f.s; greater than 200
kHz, the f,,. is kept at fzsz as shown in Equation 5.

fpole = 200kHz;fESR < 200kHz

fpole = fESR;fESR > 200kHz (5)
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Equation 6 provides a quick calculation for the upper feedback resistor Ry,.

fx fx 2
RCINT x| 1+ — [XVINx ,|1+| ——
(1 e v o)

() (i) o)
1-| — | + x| 1+
fLc QxfLc fpole (6)

Where, fy is the desired crossover frequency shown by Equation 7 and Q is shown by Equation 8

Riot =

fSW
fX = —
10 (7)
B Rout x+/L*Co
(Resr xRouT xCo) +L ®)
Once we know the upper feedback resistor, calculating the compensation components is easy and is done
as follows:
Rcomp = F\I’fbt
pole 1
fLc 9)
1
Ccomp =
2x 7 xfLc x (bet + Rcomp) (10)

Compensation Equation Background

The design approach is to first set the desired crossover frequency, f,. The fy is usually set to one-tenth of
the switching frequency. Therefore for the devices in the LMZ1050X family, the f, is set to 100 kHz.

vIN
= [u  LMZ1050x

I Rpcr Lo Vour
EN vout
. _r| Resr
Drivers

RL

= o

AM Error vV,

Amp VREF =
i FB oot
PWM ' —W——o
Comp — W\ —9 |
— — Reomp  Ccomp
GND, EP Rbb

Figure 2. Complete Loop Gain Schematic

Next we need to understand the uncompensated L-C, tank loop response. This response will depend on
the input voltage, internal ramp amplitude, L and C, values and their parasitic values. From Equation 7 we
know what our desired crossover frequency will be. The first step to design the compensating element
values we need to know the amount of gain that is required to be added. We know that the overall gain of
the system at crossover is 0 dB. This means that we need to add as much gain as the power stage is
below zero at crossover frequency. E.g. in the Power Stage Gain plot in Figure 3, assuming the desired
crossover frequency is 100 kHz, the gain at the desired crossover frequency is about -22 dB. This means
that the compensator needs to add about 17 dB at crossover to obtain the desired crossover.

In most cases access to the power stage gain is not available. Therefore we need to calculate the power
stage gain analytically. The power stage gain is shown as follows
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VIN fx fx V ’ x OV
Gain = 20xlo 10xlo 1+| — | |-10xlo 1+ —
) glO(VRAMPj+ ) 910{ +[fESRJ } *10%10 ( +[ch} J +[Qfocj
11)

This gain is what needs to be added in order to obtain the desired crossover. At crossover frequency, this
gain should be negative. Therefore negating it would give the positive gain required to be added.

The LMZ1050X has partial internal compensation. The Ryt and Cgyr are internal components. This
means that the upper feedback resistor can now be calculated based on the known internal compensation
values. But since this device employs voltage mode control architecture, type Ill compensation is almost
inevitable. Therefore along with the internal compensation components, the external compensation
components need to be considered too.

—Gain

10 ® —Romt x (1+ (2 x 77 x fX x Ccomp x (Rcomp + bet)))

Rfbt x (1+ (2 x 77 X fX x Ccomp x Rcomp))

(12)
We can now re-write Equation 12 for Ry,.
RCINT + (2 77 x fx x Ccomp x Reomp x RCINT )
Riot = -
—Gain
10 20 x (1+ (2 x 7x % fX x Ccomp x Rcomp)) - (2 x 7x x X x Ccomp x RCINT) (13)

Equation 11 and Equation 13 then can be simplified to obtain Equation 6

These are the basic guidelines to calculate the compensation components. Additionally depending on the
choice of output capacitors and whether the parasitic information is known or not, it might be required to
tweak the component values to get a good loop response.

Furthermore the equations listed in this application note are designed for a single output capacitor or, in
other words, capacitors of the same type. For a mixed type of capacitors at the output, the above
equations do not hold. The figures shown below depict the compensation strategy as explained above.
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Figure 3. Power Stage Gain
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Compensation Stage Gain
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Figure 4. Compensation Stage Gain
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Figure 5. Complete Loop Gain
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Figure 6. Power Stage Phase

S Compensation Stage Phase
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Figure 7. Compensation Stage Phase
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Figure 8. Complete Loop Phase

1 Conclusion

The LMZ1050x provides simplified type Ill compensation for the voltage mode control architecture and is
flexible enough to allow all types of output capacitor material designs. The LMZ1050x is well balanced to
support a wide range of Rgsz and C, values while reducing the number of compensation components to
two. For the device-specific data sheet, WEBENCH, evaluation board, application report, and reference
design information go to: http://www.ti.com/product/LMZ10504
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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