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ABSTRACT

This application report explains how TPS61175 behaves in Pulse-Skipping mode and
how the frequency of the pulse skipping varies with change in different components.

Pulse-Skipping Mode of TPS61175

The TPS61175 is 3A high voltage boost converter with soft start and programmable switching frequency.
The TPS61175 regulates the output voltage with current mode pulse width modulation (PWM) control.
Once the PWM switch is turned on, the TPS61175 has minimum ON pulse width of 60-ns. This sets the
limit of the minimum duty cycle of the PWM switch, and it is independent of the set switching frequency.
As the output current drops, the boost converter enters discontinuous conduction mode (DCM). In DCM,
the on time is a function of load current. If a very light load current only requires the switch on time to be
less than 60 ns typical (110 ns maximum), the IC enters pulse-skipping mode. In this mode, the device
prevents the switch from turning on for one or more switching cycles to prevent the output voltage from
rising above the regulated voltage. Compared to nhormal PWM operation, the output ripple in pulse
skipping will be larger.

In a device without pulse skipping, the PWM cycle starts at the rising edge of the clock whenever the
PWM comparator output is low. The PWM cycle ends when PWM comparator output goes high. (see
cycles T1, T2 and T4 in [Figure 1)).
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Figure 1. Operation of TPS61175

The TPS61175's pulse skip circuitry operates by checking the output of the PWM comparator just before
the CLK rising edge. If the PWM comparator output is high at this moment then one cycle (or pulse) is
skipped. The exact relationship between pulse skip frequency and load current is a complex function of L,
Co, Vin, Vo and the control loop. Since one input to the PWM comparator is the output of the error
amplifier (i.e., the IC’'s COMP pin), changing the compensation components changes not only the time
between switching bursts in pulse skip mode (i.e. the pulse skip frequency) but also the number of pulses
within each burst. Specifically, the pulse skipping frequency, fpg varies inversely with the compensation
capacitance value and directly with the compensation resistance value. In other words, fpg varies directly
with the loop bandwidth of the converter.
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Calculation of Skip Threshold Current
The peak current through the inductor in discontinuous mode is given by Equation 1.
Vout + Vf — Vin
Ipeak = \/2 x lload x
L x Fs (1)
And the On-time Ton is given by Equation 2.
Ton=L x Ipe.ak
Vin (2
Where,
Ipeak = Peak current through inductor L in discontinuous mode
lload = Load current for entering pulse-skipping mode
Vout = Output voltage
Vf = Forward voltage of Schottky diode
Vin = Input voltage
Fs = Switching frequency
Ton = On time of the PWM
Rearranging gives
(Ton2 x Vin? x Fs)
lload = 2 x L (Vout + Vf — Vin)
x out + Vf — Vin
( ) @
For instance, if we have Vin=12.75V, Fs = 750kHz, L = 22uH, Vout = 24V, Vf = 0.35V :
for Ton = 30nS, lload = 215pA
for Ton = 22nS, lload = 115pA
Example:
Given below are some practical results measured on TPS61175 EVM.
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Figure 2. Schematic of TPS61175 EVM
Legends for waveforms in through are as:
Table 1. Waveform Legend
Channel Corresponding Waveform Vertical Scale Time Scale
Channel 1 (Yellow) Switch-node voltage waveform 50 V/div 1 ms/div
2 Understanding TPS61175'’s Pulse-Skipping Function SLVA353-July 2009

Submit Documentation Feedback



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA353

13 TEXAS

INSTRUMENTS
www.ti.com Calculation of Skip Threshold Current
Table 1. Waveform Legend (continued)
Channel Corresponding Waveform Vertical Scale Time Scale
Channel 2 (Red) AC-coupled aLltput voltage 200 mVi/div 1 ms/div
Channel 3 (Blue) Voltage Wa"egi‘r’]rm on COMP 200 mVi/div 1 ms/div
Channel 4 (Green) Load Current waveform 200 mA/div 1 ms/div

1. For Output current = 220 pA
a. R3=3.09kQ, C4 =33nF - fpg=599.91 Hz
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Figure 3. Test Condition 1(a)

b. Same R3 =3.09 kQ, larger C4 = 68 nF, lower loop crossover — lower fpg = 755.171 Hz
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Figure 4. Test Condition 1(b)

c. Smaller R3 = 1 kQ, same C4 = 33 nF, lower loop crossover — lower fpg = 314.039 Hz
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Figure 5. Test Condition 1(c)

2. For Output current = 110 pA
a. R3=3.09 kQ, C4 =33 nF - fpg = 340.532 Hz
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Figure 6. Test Condition 2(a)
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b. Same R3 =3.09 kQ, larger C4 = 68 nF, lower loop cross over - slower fpg = 533.15 Hz
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Figure 7. Test Condition 2(b)
c. Smaller R3 = 1 kQ, same C4 = 33 nF, lower loop crossover — lower fpg = 230.352 Hz
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Figure 8. Test Condition 2(c)

Conclusion

The TPS61175 pulse skipping feature operates by simply blanking out the clock pulse, thereby not turning
on the FET, if the PWM comparator output is high at the beginning of each clock cycle. The skip cycle
threshold can be found using the on time equation in DCM mode; however, the frequency between pulse
skip operation bursts varies inversely with the compensation capacitance value and directly with the
compensation resistance value. In other words, it varies directly with the loop bandwidth of the converter.
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adequate design and operating safeguards.
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Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
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responsible or liable for any such statements.
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be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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