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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 (CO) 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 II
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 (mΩ)
VIN (V) CO (µF) Min Max Rfbt (kΩ) Ccomp (pF) Rcomp (kΩ)

22 2 20 200 27 1.5
47 2 20 124 68 1.4
100 1 10 82.5 150 0.681
150 1 5 63.4 220 1

5.0
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

3.3
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 (mΩ)
VIN (V) CO (µF) Min Max Rfbt (kΩ) Ccomp (pF) Rcomp (kΩ)

22 2 20 150 47 1
47 2 20 100 100 4.53
100 1 10 71.5 180 2
150 1 5 56.2 270 0.499

5.0
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
150 1 5 40.2 430 1

3.3
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

Figure 1. Typical Application Schematic

Simplified Compensation Equations
For the voltage mode architecture, we know

(1)

To counter this double pole we place the zero caused by Ccomp, Rfbt, and Rcomp at this frequency. There is
one additional zero caused by RCINT and CCINT (internal compensation components) at 17.6 kHz as shown
in Figure 4. Therefore,

(2)

(3)

And,

(4)

fpole is the pole frequency caused by the Rcomp and Ccomp 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 fpole at 200 kHz when the fESR is less than 200 kHz. For fESR greater than 200
kHz, the fpole is kept at fESR as shown in Equation 5.

(5)
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Equation 6 provides a quick calculation for the upper feedback resistor Rfbt.

(6)

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

(7)

(8)

Once we know the upper feedback resistor, calculating the compensation components is easy and is done
as follows:

(9)

(10)

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

Figure 2. Complete Loop Gain Schematic

Next we need to understand the uncompensated L-CO tank loop response. This response will depend on
the input voltage, internal ramp amplitude, L and CO 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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(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 RCINT and CCINT 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 III compensation is almost
inevitable. Therefore along with the internal compensation components, the external compensation
components need to be considered too.

(12)

We can now re-write Equation 12 for Rfbt.

(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.

Figure 3. Power Stage Gain
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Figure 4. Compensation Stage Gain

Figure 5. Complete Loop Gain
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Figure 6. Power Stage Phase

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

1 Conclusion
The LMZ1050x provides simplified type III 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 RESR and CO 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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