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ABSTRACT

A backup power supply is an electrical system that provides emergency power to a load when the main
power source fails. An appropriate backup power supply provides instantaneous protection from main
power interruptions without glitches, by supplying energy which is stored in backup capacitors or batteries.
Such backup power supplies are typically used to protect hardware such as solid state drives (SSDs),
storage systems, telecommunication equipment, industrial equipment, or other electrical equipment, where
an unexpected power disruption can cause malfunction or data loss.

This application report describes a circuit which addresses instantaneous protection of main power
interruptions by using a buck-boost converter and a backup capacitor. It also provides the design,
schematic, key components, and measurement results showing the performance of the circuit.

1 System Design Overview

In this design, the backup power circuit is based on the TPS63060, a highly-efficient, synchronous, single-
inductor, buck-boost converter. Figure 1 shows a simplified block diagram of the circuit.
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Figure 1. Simplified Block Diagram of the Backup Power System

During normal operation, the main power is directly connected to the system and the backup capacitor is
charged using the TPS63060 buck-boost converter. During backup operation, the buck-boost converter
supplies the system directly from the backup capacitor. The TPS63060 buck-boost converter supports
energy transfer from the input to the output, as well as from the output to the input. With this bidirectional
operation functionality, the TPS63060 charges and discharges the backup capacitor in a very efficient and
controlled way. Charging the backup capacitor to a voltage level higher than the main power voltage
results in a smaller backup capacitor value and smaller solution size to store the same amount of energy.
The usable energy stored in the backup capacitor is only limited by the input voltage range of the buck-
boost converter, which is 12 V for the TPS63060.
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The objective of the circuit is to charge the backup capacitor to a programmed voltage level and provide
instantaneous backup power in case of a main power interruption for a load up to 10 W. Typically, this
circuit can be used for a SSD system to enable a controlled shutdown to prevent data loss in case of a
main power loss. See the Tl reference designs library for an example implementation.

2 Schematic
This design example is focused on a SSD backup power application. Figure 2 illustrates the circuit of the
design, which consists of a buck-boost converter (TPS63060) and an eFuse (TPS25940A). The buck-
boost converter is used for charging and discharging the backup capacitor, C,. The smart eFuse has
integrated back-to-back FETs and enhanced built-in protection circuitry for SSD applications. The
TPS25940A is not required for this high-efficiency backup power supply design, but is generally used in
these applications to provide protection for the system. More details can be found in the TPS25940A data
sheet. The detailed operation description in the next section is focused on the TPS63060 buck-boost

converter.
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Figure 2. SSD Backup Power Application Schematic
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3.1

3.2

Detailed Operation Description

Backup Capacitor Pre-Charging Operation

The first time main power is available, there is no voltage on the backup capacitor, and thus no voltage on
the input of the TPS63060. Therefore, the backup capacitor must be pre-charged via a diode to the
minimum operating input voltage level of the TPS63060 (typical 2.2 V). At this input voltage level, the
buck-boost converter starts operating. A series resistor, R,, is used to program the maximum pre-charge
current into the backup capacitor. The pre-charging current linearly decreases with the increase of the
backup capacitor voltage, V.. Equation 1 defines the pre-charging current.

lpoy = Vmain — Vo1 — Ve

Rq

where
*  Vyan: Main power voltage
eV, Forward voltage of diode D1
* V. Backup capacitor voltage
e R, Resistor to set the pre-charging current
* lpey: Pre-charge current (1)

Backup Capacitor Charging Operation

The TPS63060 buck-boost converter operates bidirectionally and is able to transfer energy from the input
to the output as well as from the output to the input. The latter is used to charge the backup capacitor,
connected to the converter's input. Transferring energy from the output to the input in order to charge the
backup capacitor, two items have to be fulfilled.

First, the converter must be in forced PWM mode. The converter is able to operate in the reverse direction
(only in this mode). To enable the forced PWM mode, the PS/SYNC pin must be programmed to a logic
high level. The TPS63060 data sheet shows a detailed description of this mode pin.

Secondly, the output voltage of the TPS63060 must be programmed lower than the system voltage.

As long as these two items are fulfilled, the TPS63060 sinks current from the system voltage V. This
way, the converter transfers energy from output to input and charges the backup capacitor. The charge
current is defined by the negative current limit of the TPS63060 buck-boost converter. Depending on the
converter operating mode, either in buck mode or in boost mode, the negative current limit is typically
between 0.2 A and 0.4 A, which is ideal because it does not add a high load to the main power.

With the feedback resistor divider consisting of R, and R, the output voltage of the buck-boost converter
must be programmed to a level below the system voltage in normal operation. Ensure that the
programmed voltage is below the system voltage including all tolerances of the main power source and
the buck-boost converter. Equation 2 defines the programmed output voltage.

Vour = (& + 1} * Vrg
Rs

where
*  Vgour: Output voltage of TPS63060
* Vg Feedback voltage of TPS63060 (500 mV typical)
* R, R Resistors of the output voltage divider (2)

When operating in forced PWM mode in a reverse direction, the TPS63060 charges the backup capacitor.
As the TPS63060 has no input overvoltage protection, the PS/SYNC pin must be used to stop the
charging. Setting the PS/SYNC pin to a logic low level enables power save mode and stops the charging
of the backup capacitor. In the power save mode, the reverse direction is blocked.

Figure 3 shows the basic circuit implementation consisting of a resistor divider and a comparator with an
integrated reference voltage source, Vgee. When the voltage of the resistor divider reaches the reference
voltage, the PS/SYNC pin is set to a logic low level. Alternatively, the designer can use a supply voltage
supervisor (SVS) device instead of a comparator.
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Figure 3. General Implementation to Stop Charging the Backup Capacitor

When the voltage V-, reaches the level of the rising threshold voltage Vs of the comparator, the
PS/SYNC signal goes low and the TPS63060 converter stops charging the backup capacitor. Equation 3
defines the backup capacitor voltage when V, reaches the level of the rising comparator threshold
voltage.

Ver = (& + 1) * VrhR
Rs

where
e V! Backup capacitor voltage at comparator rising threshold
e Vi Comparator rising threshold voltage
* R, R;: Resistors of the voltage divider at the backup capacitor 3)

Due to the leakage current of the backup capacitors, the quiescent current of the TPS63060 and the
current of the resistor divider (R,, R;), the backup capacitor is slowly discharged. When the voltage V-,
reaches the level of the falling threshold voltage V¢, the PS/SYNC pin is pulled to a high level and the
TPS63060 converter starts charging the backup capacitor again. In normal steady-state operation, this is
an iterative process. The recharge cycle time depends on the leakage currents and on the hysteresis of
the comparator. Figure 4 shows the voltage at the charged backup capacitor in normal operation.

A A Ver
Ver

Figure 4. Backup Capacitor Voltage in Steady State

Equation 4 defines the backup capacitor voltage when the resistor divider reaches the level of the falling
comparator threshold voltage.

Ver = (%Jf 1] * VriE
3

where
e V. Backup capacitor voltage at comparator falling threshold
*  Vq Comparator falling threshold voltage
* R, R;: Resistors of the voltage divider at the backup capacitor (4)

The design in this document, as shown in Figure 2, uses a comparator which is integrated in the
TPS25940A device. Because the comparator output of the TPS25940A is inverted, an additional inversion
of the signal is necessary, which is achieved by R; and Q,. See the TPS25940A data sheet for a more
detailed description.
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Moreover, the comparator in the TPS25940A has a deglitch time of 0.5 ms incorporated. During this time,
the backup capacitor voltage continues to rise, according to Equation 5, before the PS/SYNC pin goes low
and charging is stopped. Take this into account for small backup capacitor values.

AVC ICh X tde

« V. Voltage rise at the backup capacitor during the deglitch time

* I Charge current (200 mA typical)

e t: Deglitch time (0.5 ms typical)

e C: Value of the backup capacitor 5)

Combining Equation 3 and Equation 5, the maximum voltage at the backup capacitor must be lower than
the maximum input voltage rating of the buck-boost converter and within the voltage rating of the backup
capacitor.

3.3 Backup Operation

In the backup case, when the main power is shorted, a reverse current flows from the system to the main
power. This adds additional load to the backup power system. To prevent reverse current in case of a
main power loss event, a TPS25940A device is used in the example to disconnect the main power from
the system. This device is a smart eFuse with integrated back-to-back FETs and enhanced built-in
protection circuitry for SSD applications. The TPS25940A provides true reverse current blocking when a
main power fail condition is detected. See the TPS25940A data sheet for more details. If these features
are not required, a diode or a MOSFET can prevent reverse current.

In case of a main power loss when the system voltage drops below the programmed output voltage level
of the TPS63060, the buck-boost converter immediately starts regulating the system voltage. Depending
on the required backup time and backup power, Equation 6 calculates the minimum required value of the
backup capacitor. V, is the lowest level the backup capacitor can be discharged to, which is the minimum
operating input voltage of the TPS63060 buck-boost converter. V is the voltage level of the backup
capacitor where it reaches the falling comparator threshold voltage. This voltage is the worst case value
for the charged backup capacitor in normal operation.

2xTxP

C. =
™ (Ver? - Vel?)
where

¢ C,in: Minimum value of the required backup capacitor

* V. Backup capacitor voltage at comparator falling threshold

* V¢ Minimum discharge voltage of the backup capacitor, defined by the minimum input voltage of the

TPS63060

* n: Efficiency of the TPS63060

e T: Backup time

« P: Backup power (6)
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4 Example
In the example, the TPS63060 provides instantaneous backup power of a SSD system in case of a main
power interruption to prevent data loss. Ensure that the programmed output voltage of the TPS63060 is
below the system voltage including all tolerances of the main power source and the buck-boost converter.
In the example, the main power voltage is 5 V. With an estimated 7% total tolerance, the converter output
voltage is programmed to 4.6 V. A constant system power of 5 W is provided for backup time of 4 ms.
Calculations:
The resistor R, sets the pre-charge current flowing through the diode. With a resistance of 27 Q and a
diode voltage drop of 1 V, the maximum pre-charge current was calculated:
* lpcy = 150 mA (Equation 1)
The output resistor divider is used to program the output voltage of the TPS63060 converter. With given
values of R, = 90.9 kQ and R; = 11 kQ, the output voltage was calculated:
* Vgur = 4.6 V (Equation 2)
The resistor divider at the converter input is used to program the maximum voltage level of the backup
capacitor. With values of R, =1 MQ, R; =110 kQ, V;4,r =0.99 V, and V- = 0.92 V (see TPS25940A data
sheet), Vg and V. were calculated:
* Ve =10V (Equation 3)
e Ve =9.3V (Equation 4)
With a buck-boost converter efficiency of 90% and a minimum backup capacitor voltage of 2.5 V, the
value of the required backup capacitor was calculated:
e C,» =550 uF (Equation 6)
In this design example, four 150-uF capacitors were selected to achieve the required backup power.
Equation 5 was not taken into account because the influence of the deglitch time is negligible in this
example.
6 High-Efficiency Backup Power Supply SLVAG676—December 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/lit/pdf/SLVSCF3
http://www.ti.com/lit/pdf/SLVSCF3
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA676

13 TEXAS
INSTRUMENTS

www.ti.com Test Results

5 Test Results

The following tests were performed with the same conditions and values as shown in the example in
Figure 2. The load is represented by an electronic load, which draws 5 W constantly. The following plots
show the main power voltage, the system voltage, the voltage at the PS/SYNC pin of the buck-boost
converter, and the voltage at the backup capacitor.

5.1 Backup Capacitor Pre-Charging and Charging Operation

Figure 5 shows the pre-charging and charging of the backup capacitor. As soon as the main power is
present, the capacitor starts being pre-charged. After the backup capacitor voltage reaches the minimum
operating input voltage level of the TPS63060 (typical 2.2 V), the converter starts operating and charges
up the backup capacitor. At the programmed voltage level of 10 V, the PS/SYNC signal goes low and the
buck-boost converter stops charging the backup capacitor.
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Figure 5. Pre-Charging and Charging of the Backup Capacitor
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5.2

Backup Operation

Figure 6 shows the backup operation. If the main power fails, the TPS63060 converter immediately starts
regulating the system voltage to its programmed output voltage. The backup capacitor is discharged and
its voltage decreases slowly. When the backup capacitor voltage reaches the minimum operating voltage
of the TPS63060, the converter stops operating and the system voltage decreases. In this scope plot, the
backup time is about 4.5 ms. Larger backup capacitor value results in a longer backup time referring to

Equation 6.
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Figure 6. Backup Operation
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5.3 Normal Operation

Figure 7 shows the backup power supply in normal, steady state operation. The main power is directly
connected to the system and both have the same voltage level. The capacitor slowly discharges through
leakage currents. After the backup capacitor voltage level reaches the comparator threshold voltage, the
PS/SYNC signal goes high and the backup capacitor is charged again. In this design, the recharge period
is9s.
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Figure 7. Normal Operation (Recharge Cycles)

6 Conclusion

Using the TPS63060 buck-boost converter for a backup power system brings some major advantages:

» Wide useable backup-capacitor voltage range (2.2 to 12 V) results in smaller backup capacitance and
solution size

e Up to 10-W output power

» Small and high efficiency single converter solution

» No glitches at the transition from main power to backup power operation

» Backup-capacitor type and size are selectable to meet backup power needs
» Support of pulsed loads connected to a weak supply

This design fits in enterprise and industrial SSD applications. It helps that critical user data is not lost
during a power-failure to the drive. In an industrial PLC application, it supports a secure power down.
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