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Circuit Description

The C2000™ Delfino™ microcontroller demands a
tight tolerance on both of its supply rails; this TI
Design monitors the two voltage rails and asserts a
reset when either rail is not within its specified supply
voltage range. The TPS3702 window comparators
monitor for both undervoltage and overvoltage faults
on each voltage rail and incorporate glitch immunity
and hysteresis to ensure proper resets.
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1 Design Parameters
Table 1: TMS320F28377D Electrical Specifications
. L . Max Current
Device Parameter Description Specification Tolerance .
Consumption
VDD3VFL Flash power pins 3.3V +5% |40mA*
Delfino VDDOSC On-chip crystal oscillator 3.3V +5% |-
.. . + 50 *
Microntroller VDDIO Digital I/O powejr pins 3.3V +5% |55mA
VDDA Analog power pins 3.3V +5% [25mA*
VDD Digital logic power pins 1.2V +5% [480mA*
* All I/O pins are left unconnected.
Table 2: TPS62420 Electrical Specifications
. _— e Max Current
Device Parameter Description Specification Tolerance
Output
TPS62420 VIN Input voltage 5V
Voutl First channel output voltage 3.3V +1% |600 mA
Vout2 Second channel output voltage 1.2V +1% 1000 mA
2 Monitoring Voltage Rails on Delfino with TPS3702 TIDUAD1-October 2015
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Theory of Operation

The Delfino™ microcontroller, TMS320F28377D, requires two supply voltage rails for operation: 3.3 V and 1.2 V.
There is a +5% tolerance associated with each rail, as shown in Table 1. An adjustable dual DC/DC converter,
TPS62420, was selected to generate both rails. To ensure that each rail is within its specified range, both are
monitored by a window voltage detector, TPS3702, which features undervoltage (UV) and overvoltage (OV)
detection. Any deviation from the specified supply voltage range will trigger a reset signal that will be read by the
microcontroller.

In order to power up the microcontroller properly, the 3.3 V rail needs to be powered on first, followed by the 1.2 V
rail, as shown in Figure 2. To do this, a resistor and capacitor were placed on the second channel enable pin,
ENZ2, of the TPS62420, creating an RC delay between the start of each rail's ramp, as shown in Figure 3. A diode
was also added between the two output rails to ensure that the 3.3 V rail is always higher than the 1.2 V rail per
specification.

In order to monitor both rails simultaneously, both window comparators’ OV outputs are wire-OR’ed to a general
purpose input/output (GPIO) pin of the microcontroller. When the microcontroller reads a low output signal (OV is
active-low), it will run an interrupt to hold the microcontroller in reset until normal operating conditions resume.
The UV outputs of each TPS3702 are also wire-OR’ed and connected directly to the microcontroller’s reset pin,
asserting a system reset when an undervoltage condition is detected on either rail.

2.1 Design

2.1.1 Sense Accuracy

The TMS320F28377D specifies a 5% tolerance for both of its supply rails. A £5% tolerance for the 3.3 V rail
specifies a range from 3.13 V to 3.46 V. The TPS3702 monitors various voltages including 3.3 V. It also
features two built-in window threshold options that can be chosen by setting the SET pin high or low. The
TPS3702CX33 was selected with the SET pin pulled high to enable the +4% window threshold option. This
yields a nominal overvoltage threshold of 3.17 V and a nominal undervoltage threshold of 3.43 V. However,
once the +0.9% tolerance for each of the thresholds is factored in, the overvoltage threshold voltage may vary
from 3.40 V to 3.46 V depending on system conditions. The undervoltage threshold can vary from 3.14 V to
3.19 V. This is depicted in Figure 1. Setting the thresholds in this manner prevents the voltage rail from
deviating outside the specified +5% without triggering a reset.

The same approach was used when selecting TPS3702CX12 to monitor the 1.2 V rail.

Accuracy
Band
-------------------------------------------- +0.9%
V—-::m f
N 3 L
---------------------------------------- f==%- -0.9%
+4%
Vmon
Norm
-4%
________________________________________ - _:Di,
Vv ¥ f
Ko &
____________________________________________ 09
Accuracy R

Figure 1: TPS3702 voltage thresholds

For more information on TPS3702 device selection, please refer to the Device Nomenclature section of the
TPS3702 datasheet.
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2.1.2

2.1.3

Pull Up Resistor Sizing for Current Consumption

The TPS3702 features open drain outputs that require a pull-up resistor from their output pins to the desired
pull-up voltage. The pull-up resistance is typically in the range of 10 kQ — 1 MQ. Higher resistance keeps
current consumption low. Take, for example, a resistor of 10k Q pulled up to 3.3 V; when the signal is active
there will be a current draw of 0.33 mA.

In this design, however, it is not expected that the signal will be active for long periods of time. Therefore,
current consumption is not a pressing concern. Instead, 2.2 kQ resistors were used resulting in a current draw
of 1.5mA. This was done deliberately to boost immunity to noise. Due to concerns of electromagnetic
interference, the current was increased to limit the chances of a false signal being read by the microcontroller.

Enabling an Interrupt

Both fault conditions, undervoltage and overvoltage, are monitored by the microcontroller. The undervoltage
output signal is directly connected to the microcontroller’s reset pin. The overvoltage output signal, on the
other hand, is connected to a GPIO set up as an external interrupt. Another option is to launch a non-maskable
interrupt when an overvoltage condition occurs. This can commence shutdown routines and hold the
microcontroller in an internally initialized reset.

A sample code to initialize an external interrupt can be found in the appendix.

Monitoring Voltage Rails on Delfino with TPS3702 TIDUAD1-October 2015
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3 Component Selection
3.1 TPS3702
The TPS3702 is an integrated overvoltage and undervoltage window detector. It has high threshold accuracy
(0.9% max) which facilitates proper resets. A SET pin, which can be pulled high or low, allows the user to
change the width of the window, i.e. the overvoltage and undervoltage thresholds. It is also equipped with a
built-in hysteresis to prevent oscillatory behavior on the rail from affecting the reset signal. Built-in glitch
immunity prevents transient voltage spikes from triggering an unnecessary reset signal.
The TPS3702CX33 is used to monitor the 3.3 V rail. The SET pin is pulled high so the undervoltage and
overvoltage thresholds correlate to a +4% window. There is a 0.55% nominal hysteresis associated with both
the undervoltage and overvoltage thresholds.
The TPS3702CX12 is used to monitor the 1.2 V rail. The SET pin is pulled high so the undervoltage and
overvoltage thresholds correlate to a +4% window. There is a 0.55% nominal hysteresis associated with both
the undervoltage and overvoltage thresholds.
For more information on TPS3702 device selection, please refer to the Device Nomenclature section of the
TPS3702 datasheet.
3.2 TMS320F28377D Delfino™ Microcontroller
The Delfino™ TMS320F2837xD is a powerful 32-bit floating-point microcontroller unit (MCU) designed for
advanced closed-loop control applications such as industrial drives and servo motor control; solar inverters
and converters; digital power; transportation; and power line communications.
3.3 TPS62420
The TPS62420 is DC/DC converter that generates two voltage rails. It has independent enable pins for each
channel which are necessary to achieve the required power up sequence for the microcontroller. It also
features a power save mode at light current loads and an easy scale interface function which can change the
output voltage of either rail through a serial interface. It operates at 95% peak efficiency.
TIDUAD1-October 2015 Monitoring Voltage Rails on Delfino with TPS3702 5
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4  Simulation
No TINA simulations were generated for this project.
4.1 Timing Diagram
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Figure 2: System timing diagram
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4.2 Block Diagram

VIN P _ 33V rail _ _
5V x
240 EN1 TPS62420 OUT2 22K0 22KQ
EN2 GND
= IM“F 1.2V rail
VIN i
TPS370233
Sense oV
L
TPS370212
Sense ov
oL

Figure 3: Block diagram showing UV and OV detection
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5 Measurements and Verification
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Figure 5: Reset asserted for an undervoltage fault on the 3.3 V rail
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Figure 7: Reset asserted for an undervoltage fault on the 1.2 V rail
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Figure 9: Shut-down
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Appendix A.
A.1 Schematic
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Figure A-2: Page 2 of electrical schematic
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A.2 Sample Test Code
/ FILE: OverVoltagelnterrupt.c
/I TITLE: Soprano Example External Interrupt Test Program.
I/l This program sets up GPIO0 as XINT1. A GPIO signal is used to trigger the interrupt
/I GP1030 triggers XINT1, jumper this two pins together
/l User needs to externally connect these pins for the program to work properly.
/I XINT1 input is synced to SYSCLKOUT.
/I When the ISR is triggered, it will flag OverVoltageFlag to 1 (default is 0)

/I The interrupt is only fired once -- if ResetOverVoltagelSR is set to 1 in the // watch window (the default), //
the OverVoltageFlag will clear and the ISR will // be reenabled.

// ResetOverVoltagelSR (default 1) activates the ISR if set to 0, resets ISR when set to 1. 0 simulates the
desired fail condition.

I ]

#include "F28x_Project.h" /I Device Headerfile and Examples Include File

interrupt void xint1_isr(void); // Prototype statements for functions found // // within this file.
/I Global variables for this example

volatile Uint32 Xint1Count;

Uint32 LoopCount,OverVoltageFlag,ResetOverVoltagelSR;

void main(void)
{
InitSysCitrl() /I Initialize System Control:
DINT; /I Disable CPU interrupts
Il Initialize PIE control registers to their default state, all PIE interrupts disabled and flags are cleared.
InitPieCtrl();
/I Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;
IFR = 0x0000;
Il Initialize the PIE vector table with pointers to the shell Interrupt
/I Service Routines (ISR).

InitPieVectTable();

TIDUAD1-October 2015 Monitoring Voltage Rails on Delfino with TPS3702 15
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Il Interrupts that are used in this example are re-mapped to ISR functions found within this file.
EALLOW,; /I This is needed to write to EALLOW protected registers
PieVectTable.XINT1_INT = &xintl_isr;

EDIS; /I This is needed to disable write to EALLOW protected registers

I/l User specific code, enable interrupts:

/I Clear the variables

XintlCount = 0; /I Count XINT1 interrupts, used with resetISR to limit the number of ISR callsto  //

one per "over-voltage" event
OverVoltageFlag = 0; // ISR flag (default is 0)
ResetOverVoltagelSR = 1;

/l Enable XINT1 in the PIE: Group 1 interrupt 4

// Enable INT1 which is connected to WAKEINT:
PieCtrIRegs.PIECTRL.bit.ENPIE = 1, /l Enable the PIE block
PieCtrIRegs.PIEIER1.bit.INTx4 = 1; /I Enable PIE Group 1 INT4
IER |= M_INTZ; /l Enable CPU INT1
EINT; /l Enable Global Interrupts

// GPIOQ is an input
EALLOW,
GpioCtrIRegs.GPAMUX1.bit. GPIOO = 0; Il GPIO
GpioCtrIRegs.GPADIR.bit.GPIOO0 = 0; Il input
GpioCtrIRegs.GPAQSEL1.bit. GPIOO0 = 0; /I XINT1 Synch to SYSCLKOUT only
EDIS;

/l GPIO30 is an output, starts high
EALLOW,
GpioDataRegs.GPASET .bit. GPIO30 = 1; /I Load the output latch (high)
GpioCtrIRegs.GPAMUX2.bit. GPIO30 = 0; /I GPIO
GpioCtrIRegs.GPADIR.bit. GPIO30 = 1; I/l output
EDIS;

16 Monitoring Voltage Rails on Delfino with TPS3702 TIDUAD1-October 2015
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I/ GPIO0 is XINT1
GPIO_SetupXINT1Gpio(0);

/I Configure XINT1
XintRegs.XINT1CR.bit. POLARITY = 0; // Falling edge interrupt

/I Enable XINT1
XintRegs.XINT1CR.bit.ENABLE = 1;

while(1)

{

LoopCount++;
/I ResetOverVoltagelSR can be set in the watch window

if(OverVoltageFlag == 1 && ResetOverVoltagelSR == 1)

{
OverVoltageFlag = 0;
GpioDataRegs.GPASET.bit.GPIO30 = 1; I raise GPIO30 (disabling ISR)
PieCtrIRegs.PIEACK.all = PIEACK_GROUP1,; /I reenable interrupt
}
else if(ResetOverVoltagelSR == 0)
{
GpioDataRegs.GPACLEAR.bit. GPIO30 = 1;
/I take GPIOO low, triggers ISR (this simulates the "over-voltage" condition)
}
}
}

Il Insert all local Interrupt Service Routines (ISRs) and functions here:
Il If local ISRs are used, reassign vector addresses in vector table
interrupt void xint1_isr(void)

{

XintlCount++; /I counts the number of ISR triggers-- the ISR should ONLY be triggered when an //
"over-voltage" is detected

TIDUAD1-October 2015 Monitoring Voltage Rails on Delfino with TPS3702 17
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}

OverVoltageFlag = 1; // flags the "over-voltage" condition

/I User specific requirements to correct the condition would be placed here

18
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A.3 Test and Measurements
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Figure A-4: Load Transient Response — 77 mA to 140 mA on 3.3 V rail
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B.1 Bill of Materials

Bill of Materials

Appendix B.

Manuf:

Item Qty |Reference Value Part Description Manuf: er PCB Footprint
Part Number

1 6 (C1,C5,C7,C8,C10,C11 10 uF CAP, CERM, 10 PF, 25V, +/- 20%, X5R, 0603 TDK C1608X5R1E106MO80AC C1608X5R1E106MO80AC
2 2 c2,ca 22uF CAP, CERM, 22 [4F, 10 V, +/- 20%, X5R, 0603 TDK
3 U | 33 pF CAP, CERM, 33 pF, 100V, +/- 5%, COG/NPO, 0603 AVX 06031A330JAT2A 06031A330JAT2A

C6, C9, C16, C17, C18, C19, C20,

€21, €22, C23, C24, C25, C26, C27,

€28, €29, €30, €31, €32, C33, C34,

€35, €36, C37, C38, €39, C40, C41,

€42, C43, C44, C45, C46, CA7, C48,

€439, €50, €51, €54, €55, €56, €57,
9 44 C58,C59 0.1pF CAP, CERM, 0.1 pF, 16 V, +/- 20%, X7R, 0603 Kemet CO603C104M4RACTU CO603C104M4RACTU
10 4 C12,C13,C14,C15 2.2pF CAP, CERM, 2.2 pF, 25V, +/- 10%, X5R, 0402 TDK C1005X5R1E225K050BC C1005X5R1E225K0508C
11 2 (52,653 15 pF CAP, CERM, 15 pF, 50 V, +/- 5%, COG/NPO, 0402 MuRata GRM1555C1H150JA01D GRM1555C1H150JA01D
12 < W : Diode, Schottky, 20V, 0.5 A, 1.0x0.35x0.6mm Central Semiconductor ~ CFSHO5-20L CT-ND CFSHO05-20L TR
13 1 n Header, 2x7 pin, 100mil spacing, Straight, 4 Wall 3m 2514-6002UB HEADER_14PJTAG
14 2 EE 2.2 pH Inductor, Drum Core, Ferrite, 2.2 uH, 1 A, 0.11 ohm, SMD Bourns SRU2016-2R2Y SRU2016-2R2Y
15 1 L2 3.3pH Inductor, Drum Core, Ferrite, 3.3 uH, 0.6 A, 0.32 ohm, SMD Bourns SRU2009-3R3Y SRU2009-3R3Y
16 2 13,14 220 ohm Ferrite Bead, 220 ohm @ 100 MHz, 0.2 A, 0402 MuRata BLM158B221SN1D BLM158B8221SN1D
17 2 5,16 60 ohm Ferrite Bead, 60 ohm @ 100 MHz, 3.5 A, 0603 TDK MPZ16085600A MPZ1608S600A
18 % RY ) RES, 0, 5%, 0.063 W, 0402 Vishay-Dale CRCW04020000Z0ED CRCW04020000Z0ED
19 1 R2 806 k RES, 806 k, 1%, 0.125 W, 0805 Vishay-Dale CRCWOB05806KFKEA CRCWO8B05806KFKEA
20 1 R3 178k RES, 178 k, 1%, 0.125 W, 0805 Vishay-Dale CRCWO0805178KFKEA CRCWO0805178KFKEA
21 1 R4 205k RES, 205 k, 1%, 0.125 W, 0805 Vishay-Dale CRCWO0805205KFKEA CRCWO0805205KFKEA
22 1 RS 200k RES, 200 k, 1%, 0.125 W, 0805 Vishay-Dale CRCWO0805200KFKEA CRCWO0805200KFKEA
23 1 R6 22.0k RES, 22.0k, 1%, 0.1 W, 0603 Yageo America RCO603FR-0722KL RCO603FR-0722KL
24 1 R7 39 RES, 39, 5%, 0.063 W, 0402 Vishay-Dale CRCWO040239R0JNED CRCWO040239R0JNED
25 4 R8,R10,R11,R12 2.20k RES, 2.20k, 1%, 0.1 W, 0603 Yageo America RCO603FR-072K2L RCO603FR-072K2L
26 1 R9 10.0k RES, 10.0k, 1%, 0.063 W, 0402 Vishay-Dale CRCW040210KOFKED CRCWO040210KOFKED
27 0 R13 DNP RES, 5%, 0.063 W, 0402 CRCWO040210KOFKED CRCWO040210KOFKED
28 1 u Dual-Core Delfino Microcontroller, PTPO176F Texas Instruments TMS320F28377DPTP TMS320F28377DPTP
29 1 u2 Buck Adjustable Regulator with 2.5 to 6 V Input and 0.6 to 6 V Output Texas Instruments TPS62420DRCR TPS62420DRCR
30 1 u3 High-Accuracy, Fixed-Threshold OV/UV Monitor, DDCOOO6A Texas Instruments TPS3702CX33DDCR TPS3702CX33DDCR
31 1 u4 High Accuracy Fixed Threshold OV/UV Monitor, DDCOOO6A Texas Instruments TPS3702CX12DDC TPS3702CX10DDC
32 1 “¥2 Crystal, 20 MHz, 10 pF, SMD Abracon Corportation ABM3B-20.000MHZ-10-1-U-T ABM38-20.000MHZ-10-1-U-1

Figure B-1: Bill of Materials
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Monitoring Voltage Rails on Delfino with TPS3702
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated



