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ABSTRACT

TI's TPS61022 and TPS61023 boost converters can operate down to a 0.4-V input voltage after the
devices start up. However, a higher undervoltage lockout value is required in some applications. This
application report proposes an external circuit that can adjust the undervoltage lockout voltage between
0.4V and 1.7 V.
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Introduction

Table 1 is a portion of the electric specification from the TPS61022 and TPS61023 data sheet. The
undervoltage lockout (UVLO) threshold is 1.7 V at the rising edge and 0.4 V at the falling edge. This
means if the EN pin is logic high:

» The device starts up when the VIN pin is higher than 1.7 V.

» After the output voltage (VOUT) rises higher than 2.2 V, the device only shuts down again after the
input voltage becomes lower than 0.4 V.

Table 1. TPS61022 and TPS61023 VIN pin UVLO Specification

Parameter Test Condition TYPICAL MAX Unit
V rising 1.7 1.8 \%
V falling 0.4 0.5 \%

Vin_uvio Undervoltage lockout threshold

This ultra-low UVLO feature is useful in applications such as a super-capacitor power system. It helps to
utilize all the energy from the super capacitor. However, the feature is not always desired. If the converters
are powered with two alkaline batteries in series, of which the operation voltage is between 3.2 Vto 1.4 V,
the minimum operating voltage is unnecessary to below 1.2 V. Shutting down the boost converter at a
higher voltage can help to select the external components easily, such as an inductor and capacitor, and it
also helps to protect the battery from being overly discharged.

This application report introduces a circuit to shut down the TPS61022 and TPS61022 devices at a
voltage higher than 0.4 V. Using the TPS61022 device as example, theoretical analysis and bench test
result are presented to verify the proposed circuit.

Proposed Circuit Principle

The proposed solution utilizes a special feature of the EN logic threshold voltage, as shown in Table 2:
* When V> 18V orVq, >2.2V,the EN logic high threshold Vg  is 1.2 V.

» After the device starts to operate, the typical EN logic low threshold Vg, , is typically 0.42 V, with a
minimum of 0.35 V and a maximum of 0.42 V

Table 2. TPS61022 EN pin Specification

Parameter Test Condition MIN TYPICAL MAX Unit
Ven_ 1 EN logic high threshold Viny>18VorVe,r>22V 1.2 \%
Ven L EN logic low threshold Viy>1.8VorVo,>22V 0.35 0.42 0.45 \Y,
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Proposed Circuit Principle

Figure 1 shows a simplified schematic of the proposed solution. The operating principle details follow:

At the beginning, the device V| < 1.7 V and Vg = 0 V. The device shuts down and disconnects VIN
and VOUT. The NMOS Q1 turns off and the voltage at EN pin Vg is equal to V.

When V,, increases to higher than a typical 1.7 V (maximum 1.8 V) and EN voltage is higher than the
logic high threshold, the device starts to operate. The EN logic high threshold is typically 0.95 V with a
maximum value of 1.2 V. As Vg, = Vy > 1.7 V, the device begins the soft-start process. During the soft-
start process, the device initially pre-charges the V; closed to V,, then switches to boost the output
to the higher voltage.

After the Vo, becomes higher than 2.2 V, the UVLO value of the VIN pin is changed to typical 0.4 V
and the EN logic low threshold is changed to 0.42 V. Because of the R5, R6, and C2, the Q1 gate
voltage is still too low to turn on, the Vg, is still equal to V.

After the Vq; ramps to the setting value and QL1 turns on, the voltage at the EN pin is defined by
Equation 1.

R
Vey = =—2—xV,
EN Ry + R, X VIN )
If VIN declines and results in Vg, lower than typical 0.42 V, the device shuts down. The Vg is
discharged by the loading. After Q1 turns off, Vg, will be equal to VIN again. However, the device
would keep off if V, < 1.7 V.

YY)
L
V\N
O VIN SW
Vour
VOUT * O
—— MODE _L
§ Rs Ry Gy
FB
EN Re —
§ R GND
& ﬂ Rs Vour
= G Re
Figure 1. Schematic of the Proposed Circuit
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Based on the previous analysis, the UVLO value set by this method must be lower than 1.7 V.

The function of the R5, R6, and C2 is to keep Q1 off before the VOUT is ready. But Q1 must turn on after
the output voltage is stable at the setting voltage. The gate-to-source voltage at stable condition is defined
by Equation 2, which should be 10% higher than the MOSFET gate to source threshold voltage for design

margin.
VGS:R—BXVO >1.1xV,
R5 + RG uT GS(th)
where
*  Vgsu IS the gate-to-source threshold voltage of a MOSFET
* Vg is the setting value of the output voltage (2)

The time constant of the R5, R6, and C2, which is defined by Equation 3, is suggested to be the startup
time of the device — 700 ps (typical).
Rgs xRg «C,

Tre =
Rs +Rg (3)

Figure 2 shows the method to shut down the boost converter through an external control logic pin. The
device shuts down if CTRL is high, while the device is controlled by the proposed circuit if CTRL is low. If
the CTRL signal can support open-drain output, it can connect to the EN pin directly. Then the boost is off
at CTRL low logic, and it is controlled by the proposed circuit at CTRL open-drain.

YY)
Ly
VIN O VIN SW
VOUT
VOUT
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2
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EN
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TPS61022 =
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Figure 2. Method to Shutdown Proposed Circuit With 1/O
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Assuming the output voltage is set to 5 V and the new UVLO voltage is 1.2 V, the following process
details the design of the components for the proposed circuit:

* Set R3to be 1 MQ, R4 will be 538 kQ based on Equation 1. Considering the threshold variation in
Table 2, the new UVLO value would have a 1-V minimum and 1.29-V maximum.

+ Select CSD13381F4 as the Q1, which has a typical 0.85-V gate-to-source threshold voltage Vg, With
a 0.65-V minimum and 1.1-V maximum at room temperature. Considering the variation of Vg,
overtemperature, the gate-to-source voltage must be higher than 1.2 V to safely turn on the MOSFET.
Select 1-MQ R5, the R6 would be 359 kQ according to Equation 2.

» Select the time constant of the R5, R6, and C2 to be 700-us (TPS61022 start up time), the C2 would
be 2.6 nF from Equation 3.

Figure 3 shows the value of the external components.

LYY
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Vour
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Ry Cy
g Rs 750k 3x22
™M
FB
EN R» —
100k
g R, GND
536K TPS61022 =
Figure 3. Components Value of the Proposed Circuit
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3 Bench Test

After adding the proposed circuit, the startup waveform is shown in Figure 4.

*  When the V is lower than 1.7 V, the TPS61022 device shuts down. The VOUT is zero and the EN pin
voltage is equal to the input voltage.

« After V|y > 1.7 V, the TPS61022 device starts to operate. The VOUT ramps up to 5 V. Then QL1 turns
on and the EN pin voltage decreases to 0.6 V. If the V¢, is still higher than the EN pin logic low
threshold, the device keeps operating.

&

Vi (500 mV/div) g

—

Vour (2 V/div)

1 ms/div

Figure 4. Startup After Adding Proposed Circuit

The Figure 5 shows the shutdown waveform at 1-mA load condition as the V,, deceases. As the V
decreases toward 1.2 V, the EN also decreases toward 0.42 V. Once the EN pin voltage is lower than
0.42 V, the device stops operating and Vq; decreases. After Vo, decreases below approximately 2.4 V,
Q1 turns off and the V¢, becomes equal to VIN again. The VIN is lower than 1.7 V, so the device does not
restart, although the EN pin becomes logic high again.

Vin. (500 mV/div)
Vour (2 V/div)
DZ
®. -
i 400 ms/div

Figure 5. Shutdown at 1-mA Condition
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Figure 6 shows the shutdown waveform at the 500-mA load condition. The boost converter shuts down
when V is lower than 1.2 V as designed. Because of the voltage drop across the input cable, the input

voltage increases 100 mV after device shuts down.

Vi (500mV/div) . ..

. _ |

Vour (2 V/div)

400 ms/div
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Figure 6. Shutdown at 500-mA Load
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