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System Description

The TPS63802 is a high-efficiency, high-output current (2 A) buck-boost converter available in a 3 mm x 2
mm QFN package. The device can seamlessly transition between buck, buck-boost, and boost modes
without any unwanted toggling.

For this reference design, the TPS63802 is supplied by a regulated voltage rail of 3.3 V. The TEC element
is connected between the VIN and VOUT pins of the TPS63802. Depending on the current required to
flow through the TEC element, the output voltage of the TPS63802 can be varied from 1.8 V to 5 V, by
injecting a control voltage Vg, through a series resistance R;, into the FB pin.

The V. VOltage can be generated either with a DAC or a low-pass filtered pulse width modulated (PWM)
signal. This design uses the PWM signal option. The PWM signal is generated using one of TI's ultra low-
power microcontrollers, MSP430FR2433, that is available in both a BGA and a 4 mm x 4 mm QFN
package. The Vg, Vvoltage can be varied by adjusting the duty cycle of the PWM signal. A Proportional —
Integral (PI) control is programmed into the microcontroller unit (MCU) to regulate the temperature of the
TEC element to the target value.

System Overview

Block Diagram

1. System Schematic
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Design Considerations

The TPS63802 has a built in Power Save (PFM) mode where switching action is paused at low-load
currents to achieve higher efficiency. This mode can be used to improve the efficiency when V, < V. For
conditions where V, > V,, the forced Pulse Width Modulation (PWM) mode, where the device continuously
switches is used. This is because the V, gets charged externally above its target, by V, through the TEC
element. The TPS63802 can regulate the V, back to its target value by sinking negative current through
the power FETs when the PWM mode is active.
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2.2.2

Adjusting the Output Voltage of TPS63802

The TPS63802 regulates the voltage at the feedback pin (FB) pin to 0.5 V. The output voltage is set by =\
1, when the FB resistor divider network consists of only resistors R; and R,.

(R + Ry)
Vo = 1R22 x  Veg

eV, = Output Voltage

* R, = Upper resistor on feedback divider

* R, = Lower resistor on feedback divider

* Vg = Feedback regulation voltage 1)

By adding a resistor R, with a control voltage Vg, to the FB pin, the output voltage can be changed
dynamically depending on the current in the R; branch. The design equations stated here are for the case
where the Vg, only sources current (Verr, win 2 Ves)- FoOr the case where the Vg, can both source and
sink current (Verre win < Ves< Verre wax), Please refer to the equations in TIDUCAS. The current I, from FB
to ground is constant as the FB voltage is regulated to 0.5 V. The current I, can be modulated by
changing the current lcrg, @S lg; = lg, - lcrr- The modulation in I, is reflected in Vg as Vg = Ig; X Ry + Vg,

To design the feedback divider network, a value of R, can be chosen according to the ranges given in
SLVSEU9A. The values of R; and R, can be obtained from . 2 and =\ 3, once the min and max value of

the control voltage (Vg ) are chosen.

V -
R — CTRL_MAX CTRL_MIN x R
3 Vo_max — Vo_mmw 1

(2
R — Ves X Ry X Ry
2 Vomax ¥ Rz — Vg X (Ry + R3) + Vorremmw X Ry)

R, = Resistor between control voltage and FB pin
Verrevax = Maximum value of control voltage
* Ve wn = Minimum value of control voltage
Vo wax = Maximum value of output voltage
* Vo un = Minimum value of output voltage 3)

For example if R, is chosen as 511 kQ, and Vg, varies between 0.5 V and 1 V, the calculated values of
R, and R, necessary to vary V,, from 1.8 V to 5 V would be 56.2 kQ and 80.6 kQ respectively. The output
voltage for a given value of control voltage can be calculated according to = 4.

b=Ve + (ho X (4 + 4) — %) x R @

Generating the PWM signal

The PWM signal of variable duty-cycle and frequency can be generated using one of the timers of the
MCU. For example, the MSP430FR2433 timer can be configured to be in the Up mode, where it counts
from 0 to the value specified in the TAXCCRO register.

The duty-cycle of the PWM signal is adjusted in each cycle, based on the output from the PI controller by
setting the TAXCCRL1 register. The timer output pin itself can be used as the PWM source by setting it in
one of the Output Modes like Reset/Set. Alternatively, a GPIO pin can be used for the PWM signal using
the interrupts generated from the timer, if the port pin corresponding to the timer output needs to be
simultaneously used by another peripheral of the MCU.

The PWM signal can be sent to a first order low pass filter to generate the Vg, Signal. The corner
frequency of the filter should be chosen based on the desired transient response and steady state
temperature accuracy required.
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Digital PI Controller

The temperature of the TEC element can be sensed by using an NTC element in a simple voltage divider
configuration by adding a series resistance Rs yrc With an accurate voltage source Vgge, as shown in [¥] 1.
A lookup table of temperature versus resistance of the NTC element can be written into the MCU memory.
Once the target temperature is input to the MCU, the corresponding NTC resistance (Ryrc tarcet) iS
obtained from this lookup table. The voltage across the NTC at the target temperature can be calculated
using the values of Ryrc tarcer Vrer aNd Rs yrc. This voltage is used as the reference voltage (Vyrc tarcer)
of the PI controller.

An ADC is used to sample the voltage (Vyrc) of the NTC element. If the MCU used has an accurate
internal reference voltage, the ADC reference and the NTC resistor divider network source (Vgge) can be
supplied from this reference itself. If the internal reference is not accurate enough, an external reference
such as shunt regulator (LM4041D) is required to reach the right temperature set point. When using the
LM404D, a series resistance Rg ggr is connected between the supply and the cathode pin. The value of
Rs rer Must be set properly taking into account the current needed to supply the NTC resistor divider
network and the minimum cathode bias current. The LM4041D has reference voltage of 1.233 V between
the cathode and feedback pin. Rs g was chosen to be 8 kQ in this design to have a total available
current of 314 PA ((V, - Vrer) / Rs_rer)-

The error of the Pl controller is the difference between the reference (Vyrc tareer) @and the measured NTC
voltage (Vyrc).- The output U, of the PI controller given in = 5 is the sum of the individual outputs of the
Proportional and Integral parts.

U= Ko x Bg+ K % (Bg — Eg prev) % dt

where
e U = Controller output
* K, = Gain of proportional part of the controller
« K, = Gain of integral part of the controller
e Ei = Error in present cycle
*  Eg prey = Error in previous cycle
e dt = Time between two ADC samples (5)

The gains K, and K, of the controller need to be tuned based on the thermal environment of the
application. The integral part of the error, when using rectangular integration, is the difference between the
present error (Eg) and the previously calculated error (Ex prey) multiplied by the time (dt) between two
ADC samples.

The dt value required for the calculation can be obtained using one of the MCU timers. When using the
MSP430FR2433, the timer can be configured to run in the Continuous mode. As soon as the ADC
completes the conversion of the V. voltage, the timer can be stopped and the contents of the timer
counter register TAXR be read out. The dt value can then be calculated based on the timer frequency and
the number of counts. The TAXR register can then be cleared and the timer is restarted.

The output of the PI controller is used to update the duty cycle of the PWM signal. The duty cycle of the
PWM signal should be limited to a range corresponding to Verg, iy @nd Verr, uax- If the duty cycle is at
one of the limits, the integral of the error should be clamped to prevent saturation of the integrator.

Program Flow Chart

The firmware implementation of the digital Pl controller on the MSP430FR2433, corresponding to the
design schematics found at TIDA-050017 is shown in [X] 2.
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Initialize variable and add lookup
table for NTC.

Configure port pins for GPIOs,
Timer Output & ADC input.

A

2. Program Flow Chart
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controller output.

3 Test Results

The TEC current vs Control Voltage (Vcrr), (X 3) and efficiency measurements (X 4 to [ 6), were
obtained using a real resistor instead of a TEC element. This was because the resistance of a TEC
element drifts much more with temperature when compared with a resistor. This temperature variation of
the TEC resistance should be considered when calculating the maximum possible TEC currents. The
efficiency of TPS63802 in PFM mode (X 4) is better than in PWM mode ([X| 5) at lower load currents

(< 200 mA) due to the lower switching losses. Higher values of TEC resistance can increase efficiency,
but at a cost of a lower maximum TEC current.

To show the high temperature accuracy achievable with this design, the steady state temperature error
over time plot in [X| 7, was measured using the values of Rg = 10 kQ and C,= 22 pF for the low pass filter.
For this measurement, the LM4041D shunt regulator was used to drive the NTC resistor divider network

and also to provide the external voltage reference to the ADC.
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3. TEC Current versus Control Voltage (Verry)
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4. TPS63802 Efficiency for Vo >V, (PFM)

5. TPS63802 Efficiency for Vg >V, (PWM)
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-050017.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-050017.
4.3 PCB Layout Recommendations
4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-050017.
4.4  Altium Project
To download the Altium Designer® project files, see the design files at TIDA-050017.
4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-050017.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-050017.
5 Software Files
To download the software files, see the design files at TIDA-050017.
6 Related Documentation
1. Texas Instruments, 5 V low-power TEC driver reference design
2. Texas Instruments, MSP430FR4xx and MSP430FR2xx family user's guide
6.1 HZ
E2E is a trademark of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
T RCOPMEB LOBEPEI I ZENE O A E IRELET,
6.2 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.
7 About the Author
Varun John is a validation engineer for low-power switching regulators at Texas Instruments.
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