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USB charging ports in automotive applications are usually supplied directly from the car battery rail. To
generate the required 5-V charging voltage a DC-DC converter is required. This DC-DC converter can be
located directly at the USB-port or remote in an ECU. In case the DC-DC converter is in the remote ECU
the USB port may be connected with a longer cable. Having high charging current flowing through the long
cable may cause significant voltage drop from the DC-DC regulator to the port. This voltage drop needs to
be compensated to be able to offer a USB charging voltage compliant power supply at the location of the
USB-port. The cable length differs according to the car model. Therefor a programmable compensation is
needed to have a unique hardware suitable for different car platforms. The measurement results
documented in this test report show the performance of a reference design addressing these problems.

1 Overview

This reference design provides a complete power supply solution, supplying a USB charging port which is
connected to the remote ECU with different cable lengths. This power supply solution can be powered
directly from the car battery rail. It is based on a high efficient step down converter, the TPS62130, which
can provide up to 3 A output current. The input of the step down converter is connected to the car battery
rail using an overvoltage protection circuit. This will ensure that any overvoltage condition at the input
cannot cause damage at the step down converter and its connected circuits. The output of the step down
converter is supplying an USB charging controller, the TPS2549, which controls the USB charging port.
The charging controller detects the device connected to the USB charging port and controls the power
accordingly. It also provides short circuit protection for the power connections of the USB-port. More
details on the different control features and configuration options of the TPS2549 charge controller are
described in its datasheet. Additionally, this power supply solution provides a controllable amplification
stage that allows cables of longer length to be connected. The structure of the circuit is shown in Figure 1.

TPS62130 TPS2549
Step Down |— USB Charge
Converter Controller

Supply Voltage | Overvoltage USB Port

Protection

Amplification
stage

Figure 1. Block Diagram
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Circuit Design

In this section measurement results for the proposed circuit are documented. Details on how to configure
the individual devices in this circuit can be found in their respective datasheet (TPS62130, TPS2549). The
circuit is designed to withstand up to 40-V supply voltage at its input and operate at supply voltages from 5
V up to 17 V. The output is regulated at 5 V assuming it is connected with the correct combination of the
Jumper and length of cable, which has a cross section of 0.5 mm?. The maximum output current is set to
2.5 A, above that current short circuit protection is active and disconnecting the USB-port.

Overvoltage protection

To achieve the high input voltage rating the circuit uses an overvoltage protection at its input. This
overvoltage protection circuit is disconnecting the supply voltage at the input of the circuit and disabling
the DC-DC converter, in case the supply voltage exceeds the maximum operating input voltage of the
DCDC converter. Details on how this overvoltage protection circuit is designed can be found in the
application note SLVA664. Figure 2 shows the complete overvoltage protection circuit.
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Figure 2. Overvoltage Protection Circuit Schematic
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Figure 3. Power Stage Circuit Schematic

The power stage consists of the DC-DC converter U1 (TPS62130) and the USB charging controller U2
(TPS2549) as shown in Figure 3. The TPS62130 is configured to regulate 5 V at its output. This is set by
a resistive divider consisting of R1, R2 and R3. The CSprime output of the amplifier is connected to the
feedback of the TPS62130 between R1 and R2. This enables the TPS2549 to sink current flowing through
the upper resistor R1 in the feedback divider. By sinking this additional current flowing through R1 the

TPS2549 increases the voltage drop across this resistor which results in a higher output voltage of the
TPS62130 to compensate the cable drop.
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The amplification stage between the CS pin and CSprime is a current to current converter which gain can
be programmed with resistors R12, R13, R14 and R15. This allows compensating different cable lengths
with a unique hardware. These resistors can be chosen as describe in Section 2.3 and Section 2.4.

2.3 Programming the Output Voltage of the TPS62130

R., R,, R; are calculated in the first place to compensate the shortest cable length. Equation 1, Equation 2
and Equation 3 show the procedure to calculate theses resistors. Assuming there is no load connected to
the charging port, the current flowing in the amplification stage will be equal to zero.

r +R
_ s cable
R =
G 1)
R = VCS — VFB
, ==
VL — VCS
R, ()
R _ VFB
.=
VL — VCS
R 3
Table 1. Variables Description - Output Voltage for TPS62130
Variables Description
Ios The total resistance of the power switch in the TPS2549 is 47 mQ (see TPS2549)
Reavle Resistance of the shortest cable length to compensate
G The gain of the sink current proportional to load current is 75 PA/A (see TPS2549)
\A Load voltage to regulate (For example 5 V)
Ves Voltage at the pin of the current sink CS. Recommended to be set between 3 V and 4
V (see TPS2549)
Veg Voltage at the FB pin, regulated to 0.8 V (see TPS62130)

2.4 Programming the Amplifier Gain

Longer cable lengths can be used by adjusting the gain of the operational amplifier. It is recommended to
make the calculations for the resistor with the highest load current.

Vour =11 Rgpge ¥V, +1, T (4)
7 _R+R +R %
our FB
, R,
I cs — R
1 ®)
I'
_ cs 1.
Rgain - (I G 1) R20
L’ (6)
Table 2. Variables Description - Current to Current Converter Gain
Variables Description
V'ou Output voltage of the DC DC converter to maintain V_ in the voltage
set in the last section
I Maxim current load
R'cable Resistance of the cable with different length
I'cs Amplified current to change V', (see Figure 3)
Rgain Resistor (Ry,, Ris, Ry, Or Ry5) to set the gain of the amplifier
Rao Resistor to set the amplifier gain (see Figure 3)
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2.5 Parameters Recommendations
The limit of the cable length it is set by the maximum output (maximum Load) in the regulation side (V'y,)-
For instance the output voltage of the TPS62130 is limited exceed 6 V which limits V', to 6 V. This report
gives the description to set four different amplifier gains set by the resistors R12, R13, R14 and R15.
However the design can be adjusted according to the number of cable lengths needed to compensate. It
is possible to extend this gain by adding more resistors or by using them in different combinations, which
would be the case of connecting the switches to a microcontroller who controls 4 bits.
2.6 Design Example
This section gives an example for calculating the gain of the amplifier for cable lengths equivalent to 150
mQ, 250 mQ, 300 mQ and 350 mQ, with a load voltage of 5 V and Vcs of the TPS2549 setto 4 V.
For a fixed cable length of 150mQ, Equation 1, Equation 2 and Equation 3 result in R;=2.6 kQ, R,= 2.4 kQ
and R;= 2.1 kQ.
Each of the resistors, R;,, Ri5, Ry, and R, are calculated according to Equation 4, Equation 5 and
Equation 5.
Table 3. Resistors Values
Cable Resistor Value
150 mQ R,=0Q
250 mQ Rys= 1 kQ
300 mQ Ry,= 1.5 kQ
350 mQ Rys= 2 kQ
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3.1
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3.21

Measurements

In this section measurement results for the proposed circuit are documented. Details on how to configure
the individual devices in this circuit can be found in their respective datasheet (TPS62130, TPS2549). The
circuit is designed to withstand up to 40-V supply voltage at its input and operate at supply voltages from 5
V up to 17 V. The output is regulated at 5 V assuming it is connected with the correct combination of the
Jumper and length of cable, which has a cross section of 0.5 mm?. The maximum output current is set to
2.5 A, above that current short circuit protection is active and disconnecting the USB-port.

Overvoltage protection

Figure 4 shows the behavior of the circuit during a line transient into an overvoltage condition. If the
supply voltage decreases below 17 V the overvoltage protection turns the FET Q1 on and sets the EN
signal high. This causes its output voltage (signal VIN) to increase and the connected TPS62130
converter starts operating. After the soft start of the converter the output voltage of the converter is
regulated to its set 5 V. As soon as the supply voltage is increasing above 17 V the overvoltage protection
circuit turns off the FET Q1 and sets EN low which disables the TPS62130.

Supply Voltage 5V/div, DC

Input Voltage 5Vidiv, D \ E

o

EnableVoltage 5V/div, DC

o

Input Voltage 5Vidiv, D

Time 20ps/div in=20V to 12V to 20V, lout=1.3A

Figure 4. Overvoltage Protection

Power Stage

DC regulation

Figure 5 shows the resulting DC regulation at the output of the TPS2549 charging controller (VOUT) and
at the cable where the USB-plug is connected. This measurement was taken using a 250 mQ cable with a
gain of 1.5 calculated in the previous section.
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Figure 5. DC Regulation

Figure 6 shows the relative voltage error of the DC voltage regulation to 5 V. Of course the regulation
error is significant and increasing with current at the output circuit, but this makes the error at the USB-
plug at the load side almost negligible. The error at the plug is less than 2% at the highest output current.
This 2% error is mostly caused by the amplification stage and the accuracy of the resistor values.
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Figure 6. DC Regulation Error
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3.2.2 Transients

Figure 7 shows the dynamic performance of the implemented control circuit. It is measured during a fast
load transient from 0.2 A to 1.8 A and back. When the current is increasing there is a voltage drop at the
output voltage and even higher at the load voltage. The voltage drop at the output voltage is detected by
the control circuit and compensated. Removing the load causes a minor overshoot at the output voltage,
and due to the compensation voltage which is still high, the load voltage has a higher overshoot. This also
is detected by the control circuit and compensated accordingly.

Output Voitage 1V/div; DC

Load Voltage 1V/div, DC

Output Current 1A/div, DC

| ﬁ Time 20us/div Vin=8V, lout=0.5A to 2A t00.5A

Figure 7. Load Transient

3.2.3 Startup and Shutdown

Figure 8 shows the behavior of the circuit at startup and shutdown. This has been tested by applying
supply voltage and removing it. During this test the load is always connected.

As soon as the circuit is powered properly, the TPS62130 operates with a softstart and regulates its output
voltage to 5 V. This output voltage supplies the TPS2549 which then starts to operate as well. The
TPS2549 starts to supply the load by smoothly turning on the output (Load voltage) and ramping up the
load current. After removing the supply voltage all currents and voltages immediately drop to zero.
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Supply Voltage 5V/div, DC / \
Output Current 1A/div; DC
Load Voltage 5Vvidiv, DC /—_J o
Output Voltage 5V/div, DC /
Time 5ms/div Vin=0V. to 12V to 0V, lout=2A
Figure 8. Startup and Shutdown Measured at the Output of the TPS62130
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