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ABSTRACT
The C5515/C5535/C5545/C5517 devices include three low dropout regulators ANA_LDO, DSP_LDO and
USB_LDO. This application report provides the guidelines for using these on-chip low dropout regulators.
This document also covers the USB power-up sequence that must be followed when using the device
USB.
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Introduction
The C5515/C5535/C5545/C5517 devices include three Low-Dropout Regulators (LDOs) that can be used
to regulate the power supplies of the analog PLL and SAR ADC/Power Management (ANA_LDO), Digital
Core (DSP_LDO), and USB Core (USB_LDO). These LDOs are controlled by a combination of pin
configuration and register settings.
The LDOI pins provide power to the internal Analog LDO, DSP LDO, USB LDO, the bandgap reference
generator, and some I/O input pins. The bandgap provides accurate voltage and current references to the
POR, LDOs, PLL, and SAR; therefore, for proper device operation, power must always be applied to the
LDOI pins even if the LDO outputs are not used.
CVDDRTC must also be supplied at RESET for proper power up. CVDDRTC must not be supplied by any
on-chip LDO, even though it requires 1.3 V. You can use an external LDO or a resistor divider
appropriately sized to maintain valid voltage and current into the CVDDRTC pin. For more information,
see the device-specific data sheet.
The ANA_LDOO pin is the output of the internal ANA_LDO and can provide regulated 1.3 V power of up
to the specified current rating in the data sheet. The ANA_LDOO pin is intended to be connected, on the
board, to the VDDA_ANA and VDDA_PLL pins to provide a regulated 1.3 V to the 10-bit SAR ADC, Power
Management Circuits, and System PLL. VDDA_ANA and VDDA_PLL may be powered by this LDO
output, which is recommended, to take advantage of the device's power management techniques, or by
an external power supply. The ANA_LDO cannot be disabled individually.
The ANA_LDO charges at the same rate as the bandgap circuit, which takes about 100 msec to charge
the external 0.1 µF capacitor via the internal 326-kΩ resistor. It is recommended to use external supplies if
the shortest boot time is required.

All trademarks are the property of their respective owners.
SPRAC48 – July 2016
Submit Documentation Feedback

Usage Guidelines for C55x On-Chip Low Dropout Regulators (LDOs)
Copyright © 2016, Texas Instruments Incorporated

1

Status of LDO’s During Reset and Before TRIM Update

www.ti.com

The DSP_LDOO pin is the output of the internal DSP_LDO and provides software-selectable regulated
1.3 V or regulated 1.05 V power of up to the specified current rating in datasheet. The DSP_LDOO pin is
intended to be connected, on the board, to the CVDD pins. In this configuration, the DSP_LDO_EN pin
must be tied to the board VSS, thus enabling the DSP_LDO. Optionally, the CVDD pins may be powered
by an external power supply; in this configuration the DSP_LDO_EN pin must be tied (high) to LDOI,
disabling DSP_LDO.
Also note that the DSP_LDO_EN is not intended to be changed dynamically.
The USB_LDOO pin is the output of the internal USB_LDO and provides regulated 1.3 V, software
switchable (on/off) power of up to the specified current rating in the device-specific data sheet. The
USB_LDOO pin is intended to be connected, on the board, to the USB_VDD1P3 and USB_VDDA1P3
pins to provide power to portions of the USB. Optionally, the USB_VDD1P3 and USB_VDDA1P3 can be
powered by an external power supply and the USB_LDO can be left disabled.
When the USB_LDO is disabled, its output pin is in a high-impedance state.
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Status of LDO’s During Reset and Before TRIM Update
When internal LDOs are enabled, the LDO will not be trimmed (that is, adjusted to generate specified
voltage levels) until after reset when the bootloader configures the TRIM register. The details of the analog
TRIM update and un-trim LDO voltage are further explained below.

2.1

TRIM Update
The bandgap references may be relatively robust and accurate, but not immune to process variations and
mismatch offsets whose adverse effects on accuracy varies across devices, wafers, lots, and technology
nodes, making each device unique. As a result, trimming (that is, tweaking) the output voltage is
necessary to produce predictable reference values, this is known as TRIM update.

2.2

Untrimmed LDO Voltages
•
•

2

Untrimmed LDO voltage is the LDO voltage before the Analog TRIM register gets updated. As shown
in Figure 1, the un-trimmed voltage level after the initial ramp can be between 0.95 V and 1.43 V.
If you intend to use the untrimmed LDOs in your design for power sequencing (such as, for power
good monitoring before releasing reset), then the respective power up sequence design must consider
LDO operating from 0.95 V and greater.
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Figure 1. Untrimmed LDO Voltages

2.3

Analog TRIM Register Update
Until the Analog TRIM register is configured, the LDO voltage may not match the voltage specified in the
datasheet. The Analog TRIM register is updated by the bootloader (during boot process) and this happens
only after the reset is released.
The TRIM register is updated during boot sequence. Following is the boot procedure during which the
Analog TRIM register gets updated:
1. Immediately after reset, the CPU fetches the reset vector from 0xFFFF00. MP or MC is 0 by default, so
0xFFFF00 is mapped to internal ROM. The PLL is in bypass mode.
2. Set CLKOUT slew rate control to slow slew rate.
3. Idle all peripherals, MPORT and HWA.
4. If CLK_SEL = 0, the bootloader powers up the PLL and sets its output frequency to 12.288 MHz (with
a 375x multiplier using VP = 749, VS = 0, input divider disabled, output divide-by-8 enabled, and output
divider enabled with VO = 0). If CLK_SEL = 1, CLKIN pin (approximately 12 MHz) is CLK source and
the bootloader keeps the PLL bypassed. Enable Timer0 to count the settling time of BG_CAP. This
CLK_SEL is for the C5515 device. For CLK_SEL information on other C55xx devices, see the devicespecific data sheet.
5. Apply manufacturing trim to the bandgap references (update analog TRIM registers )
6. Bootloader then polls boot peripherals, copies program code into internal memory from first peripheral
with valid boot signature
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DSP LDO When Disabled
The DSP_LDO_EN also affects how reset is generated to the chip. When the DSP_LDO is disabled, the
internal power on reset voltage monitor is disabled and the only source of RESET is from the RESET pin.

2.5

Enabling USB LDO
At reset, the USB_LDO is turned off. The USB_LDO can be enabled via the USBLDOEN bit (bit 0) in the
LDOCNTL.
Additionally, the USB_LDO is enabled by the USBLDOEN bit of the bootloader if it reaches the USB boot
step in the boot sequence.

3

USB Power Up Sequence
If the USB subsystem is used, the subsystem must be powered up in the following sequence.
1. USB_VDDA1P3 and USB_VDD1P3
2. USB_VDDA3P3
3. USB_VBUS
To enforce this power up sequence, load switches can be used.
• TPS22913 – is small, low rON load switches with controlled turn on.

3.1

Irregular Short-Term Signal Transition on USB DP/DM Lines
If the proper USB power sequencing procedure is not followed, the DP/DM USB signals might produce an
irregular short term signal transition, which in turn may result in failure of enumeration process.

(1)

Legend:
• Channel 1
• Channel 2
• Channel 3
• Channel 4

(Yellow): VBUS
(Green): USB_VDDA3P3
(Purple): DP/DM
(Pink): USB_LDO

Figure 2. Irregular Short Term Signal Transition on DP/DM line
As observed in the above figure, VBUS ramps up and then USB_VDDA3P3 ramps up following VBUS.
This results in irregular short term signal transition on DP/DM and stops only when USB_LDO ramps up.
The irregular short term signal transition on DP/DM is caused by having a residual voltage on VDDA3P3V
without VDD1P3V. Following the correct USB power up sequence, that is powering up VDD1P3V before
VDDA3P3V will overcome the above irregular signal transition issue.
4

Usage Guidelines for C55x On-Chip Low Dropout Regulators (LDOs)
Copyright © 2016, Texas Instruments Incorporated

SPRAC48 – July 2016
Submit Documentation Feedback

USB Power Up Sequence

www.ti.com

Also, from VBUS to VDDA3P3V there is a weak path through weak resistors. Therefore, if VDDA3P3V is
down and VBUS is up, there is a residual voltage on VDDA3P3V supply. Anytime there is a residual
voltage on VDDA3P3V without VDD1P3V, results in irregular short term signal transition issue.
If the power sequencing is ignored, and the irregular short term signal transition occurs before the C55x
device has completed boot-loading, the USB host will likely time out before software correctly configures
the USB module, resulting in a failed USB enumeration.
Additionally, for USB power sequencing - ensure USB VBUS pin does not inadvertently get supplied
through any ESD devices. TPD2E001 should be avoided in this case since there is a 3.3 V path from
USB_DP to VBUS through the ESD diodes. Instead, use TPD2EUSB30 for DP/DM and TPD1E10B06 for
VBUS to break the path from DP to VBUS.
The board designer must not allow USB oscillator or CLK generator to start until after VDDA3P3V is
supplied. For example, 12 MHz clock oscillator supplied by VDDA3P3V instead of VDDA3P3V, alternately
use 12 MHz crystal between USB_MXO and USB_MXI or use clock oscillator supplied by VDDA3P3V,
gated until after VDD1P3V is up.
Figure 3 shows the proper USB power up sequence; here USB_VDDA3P3 is gated by USB_LDO, and
ramps up when USB_LDO ramps up, with no irregular short term signal transition observed on DP/DM
lines.

(1)

Legend:
• Channel 1
• Channel 2
• Channel 3
• Channel 4

(Yellow): VBUS
(Green): USB_VDDA3P3
(Purple): DP/DM
(Pink): USB_LDO

Figure 3. No Irregular Short Term Signal Transition on DP/DM
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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 JESD48, 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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.
TI 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 TI and its representatives against any damages arising out of the use
of any TI 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 TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI 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, TI will not be responsible for any failure to meet ISO/TS16949.
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