TPS65720 Power Management IC (PMIC)
for Wearable and Fithess Devices
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Introduction

People are turning more toward wearable devices to improve
their everyday life by tracking things like fitness activity, health
and medical behavior. As the demand grows for more features
like smaller size and longer battery life, designers are facing

new and bigger challenges. Texas Instruments offers a variety of
robust, versatile, and highly-efficient solutions in a small package
to enable superior performance for a wide range of wearable
electronic devices.

The TPS65720 is a small PMIC targeted for wearable and other
portable low-power consumer end equipment. It contains a
USB-friendly, 300-mA Lithium-lon or Li-Poly battery charger, a
highly-efficient step-down converter, a low-dropout linear regu-
lator, and additional supporting functions. The output voltages
can be set using a resistor divider. The device can be controlled
by an I°C interface or hardware pins. Several settings can be
customized by the use of non-volatile memory, which is factory
programmed. The 2.25-MHz step-down converter enters a low-
power mode at light loads for maximum efficiency across the
widest possible range of load currents. For low-noise applica-
tions, the PMICs can be forced into fixed-frequency PWM mode
using the I°C compatible interface. The 2.25-MHz switching
frequency allows using smaller inductors and capacitors. The
DC/DC converter in the TPS65720 provides an output current
of up to 200 mA and up to 400 mA from the TPS65721. The

ICs also have one 200-mA LDO, which operates with an input
voltage range between 1.8 and 5.6 V, allowing it to be supplied
from the output of the step-down converter or directly from the
system voltage. The ICs offer a low shutdown current of less than
1 pA. Battery voltage is brought out as the third regulated output
in TPS657202.

Low-Noise Applications

As shown in Figure 1, a typical RF transceiver receives data
through an antenna, duplexer, a low-noise amplifier and band-
pass filter. The high-frequency signal is then fed into a mixer and
down-converted into a base-band signal. To maintain the signal
integrity of the received signal, the power supply for the receiver
chain must not produce unpredictable spurious frequencies that
can result in unacceptable signal-to-noise (S/N) ratio and cause
high bit-error rates.
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Figure 1: A typical RF tranceiver diagram.

Antenna

The down-conversion is basically achieved through the non-
linearity property of the mixer, m_baseband = w; - w,, where the
w_baseband is the angular frequency of the down-converted
base-band signal, oy is the angular frequency of the RF carrier,
and oy, is the angular frequency of the local oscillator. The local-
oscillator signal is usually generated through a phase lock loop
(PLL) with very low phase noise. The high quality of the PLL
output signal is generated based on a crystal oscillator as its
reference. The PLL output is then fed into a phase frequency
detector (PFD), charge pump, oscillator, and feedback divider.
Phase lock is then achieved by comparing the phase of the
feedback clock to that of the reference clock. Thus, a low phase-
noise clock with angular frequency of o, is generated at the
output of the PLL.

As shown in Figure 2a, three signals show up in the receiver
signal path—the received signal with angular frequency of wy, the
local oscillator, w,, and the interferer, w;. After passing through
the RF mixer, the down-converted signals shown in Figure 2b
appear as independent frequencies without considering the
phase noise of the local oscillator. In reality, the local-oscillator
signal usually has Gaussian-shape phase noise as shown in
Figure 2c. The interferer signal can come from the leakage of the
transmitted path through the duplexer, or from supply-generated
spurious frequencies of a switching mode power supply (SMPS).
The interferer signal is mixed by an RF mixer with the output of
the local oscillator. In Figure 2d, the down-converted signal is
barely seen due to the interferer and its phase-noise tail gener-
ated from mixing with the local oscillator, which can cause an
unacceptable S/N ratio and high bit-error rates for the base-band
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Figure 2: Effects of spurious frequencies to signal integrity.

signal. Usually, the received RF signal is at a very low energy
level, which means that a small amount of phase noise from
the local oscillator and the interferer from the SMPS can cause
issues for the receiver chain.

In order to achieve high efficiency during a light-load condi-
tion, most SMPSs have a power saving mode or PFM mode.

In the PFM mode, unnecessary circuits are turned off, and the
SMPS does not switch on until its output voltage drops below a
threshold voltage. The switching frequency depends on the load
conditions and it is usually in a very low frequency range (below a
few kHz) and spread all over a frequency range once the loading
condition varies. Due to its low-frequency nature, it is very diffi-
cult to find an ultra-high-Q band-pass filter to remove a spurious
tone with such a low frequency. Therefore, PFM-mode operation
and the hysteretic type of switching regulators are not preferred
power supplies for low-noise applications.

For low-noise applications, the TPS65720 offers superior perfor-
mance and a small footprint for wearable and fitness devices that
require wireless connectivity. Also, the TPS65720 can be forced
into PWM mode with a fixed switching frequency of 2.25 MHz.
With a high-Q band-pass filter, the SMPS-generated spurious
frequencies can be filtered out. Without the interferer present
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in the receiver path, the down-converted base-band signal can
have much better S/N ratio and low bit-error rate.

The TPS65720 also provides a linear charger and a low dropout
regulator (LDO) for low noise, small-footprint, and long-duration
applications. Figure 3 shows typical spurious frequencies and
noises generated by a SMPS, a linear charger, and an LDO. The
power spectrum density (PSD) of spurious tones generated by a
SMPS is shown in Figure 3a during fixed-frequency, PWM mode
of operation. The PSD plot shows the fundamental and its higher-
order harmonics. As mentioned, the fundamental and harmonics
can be easily filtered by a high-Q band-pass filter in the receiver
path.

If the SMPS operates in the PFM mode, hysteretic mode or with
a spread-spectrum function, then the PSD of spurious tones will
be lowered, which results in lower EMI in the system (Figure 3b).
However, it is very difficult to filter the low-frequency spurious
harmonics. The linear charger and LDO have much lower noise
compared to the spurious tones generated by SMPS, as shown
in Figure 3c. Therefore, TPS65720 is very suitable for wireless
low-noise applications such as smart watches, fitness and wear-
able devices, and Bluetooth® headsets.
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Figure 3: Typical spurious frequencies and noise.

Compact Size

The TPS65720 and TPS657202 are available in a small 25-ball,
wafer chip scale package (WCSP) with 0.4-mm ball pitch and
the TPS65721 in a 4 x 4-mm QFN package with 0.4-mm pitch
to support lower-cost manufacturing of PCBs. A typical bill-
of-materials (BOM) is listed in Table 1 for Bluetooth® handset
applications. All the resistors can be 0402 sizes for the feedback
dividers for DCDC1 and LDO1 and the 22-pF capacitor can be
0402 size for the feed-forward capacitor for DCDC1. With these
components, the total size of all the external components in the
BOM table is approximately 10.57 mm?.

Component
PMIC

Bypass Capacitor

Output Vgyg
Capacitor

Current-Limit
Resistor

Battery
Temperature NTC
Thermistor
Sensor

Part Number
TPS65720

GMK107BJ105K
GRM155R60G475ME47D

Any

Various

Value

Linear Charger

1.0 UF
4.7 uF

Varies based
on application

Output Inductor GLFR1608T2R2M-LR 2.2 pH 1.6 x0.8 mm
Output Capacitor | GRM155R60G475ME47D 4.7 uF 0402
Feedback Any 2 x 300 kQ 0402
Resistors
Feed Forward Ceramic X5R 22 pF 0402
Capacitor
Input Capacitor GRM155R60J225ME15D 2.2 uF 0402
Output Capacitor | GRM155R60G475ME47D 4.7 uF 0402
Feedback Any 300 kQ and 0402
Resistors 240 kQ

Total = | 10.57 mm?

Size
2x2mm

0603
0402

0402

Table 1: Typical BOM for a Bluetooth® application.

Conclusion

The TPS6572x family of small PMICs are targeted for

wearable and fitness devices, or other portable low-power
consumer end equipment. For low-noise applications, its
step-down buck converter can be forced into fixed-frequency

PWM mode via the I°C compatible interface. The IC allows the
use of small inductors and capacitors to achieve a small power
solution. The low-noise LDO and linear charger with a charging
current of up to 300 mA provide a suitable solution for wearable
and fitness devices that require a small footprint and long dura-
tion of operation.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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