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PGA411-Q1 EVM User's Guide

The PGA411-Q1 EVM allows users to evaluate the functionality of the PGA411-Q1 device. This user’s
guide describes both the hardware platform containing a sample PGA411-Q1 device, and the graphical
user interface (GUI) software used to configure the functionality and diagnostics on the PGA411-Q1
resolver-to-digital interface IC. In addition to evaluating the PGA411-Q1 device, the other objective of this

board is to display in the GUI the position (angle) or velocity readings from a resolver sensor.

This document also includes the EVM schematics, bill of materials, and PCB layout.

NOTE: Texas Instruments recommends using the PGA411-Q1 EVM user's guide (this document)

after reading and following the steps listed in the PGA411-Q1 Evaluation Module Quick Start

Guide. To download this guide, go to the product folder: www.ti.com/product/PGA411-Q1.
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1 Introduction
The PGA411-Q1 evaluation module (EVM) is a board designed for the evaluation of the PGA411-Q1
resolver-to-digital interface IC from Texas Instruments. The PGA411-Q1 EVM incorporates all required
circuitry and components with the following features:
 PGA411-Q1 resolver-to-digital interface with power supply & amp
* Texas Instruments' MSP430™ microcontroller used for controlling the PGA411-Q1 device through the
I/O pins and a SPI port in addition to receiving digital data in different formats
» Voltage LDO regulator, TI's TLV716P, to provide configurable V4 voltages (3.3 V or 1.8 V)
» Voltage LDO regulator, TI's TPS735, for the 3.3-V MSP430
» Circuitry for interfacing general resolver sensors
e 20-MHz XTAL as PGA411-Q1 single reference clock
» Multiple test points for main analog and digital signals
* UART, JTAG, and USB connectors
Figure 1 shows the PGA411-Q1 EVM architecture, where the key components and blocks previously listed
can be identified.
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Figure 1. PGA411-Q1 EVM Block Diagram
2 Setup and Operation
2.1 Required Equipment for Device Evaluation
The following elements are required for proper operation and to receive consistent results with this user's
guide:
» A single power supply that is capable of 5-V operation and a minimum current of 0.5 A
* A computer with Windows® XP or Windows 7 and .net Framework 4.0 or later
» The PGA411-Q1 GUI
» A resolver sensor connected to the correct ports. Refer to the resolver data sheet for more information.
2.2 Initial EVM Setup
2.2.1 Installing Graphical User Interface Software
Before the PGA411-Q1 device can be evaluated the GUI software must be available on a host computer.
Run the GUI installer and place the executable file in a convenient location (Desktop or c:\Texas
Instruments EVM\) and double click to run the application.
To download the PGA411-Q1 GUI go to www.ti.com/product/PGA411-Q1.
SLAU658—March 2016 PGA411-Q1 EVM User's Guide 3
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2.2.2 Set-Up Instructions
For set-up instructions, refer to Figure 2.
J5 Resolver Sensor
PGA411-Q1 (3-5, 4-6) Connections

» |37
J6
MSP430
LED USB_RDY | 14
(D12) '
MCU_RST (S4)
J3
(3-4)
USB
(J15)

NRST FAULT RES S1  J2 5-Voce
(S3) (S2) (1-2)

Figure 2. PGA411-Q1 EVM

WARNING

This EVM contains components that are sensitive to Electrostatic
Discharge (ESD). Use proper laboratory techniques and equipment
to minimize the chance of an ESD or EOS event.

Step 1. Set up EVM jumpers as follows:

e Confirm the J3 jumper settings (3-4) for 3.3-V VIO. This step is required for proper
operation with the MSP430 device.

e Confirm the J5 jumper settings (3-5 and 4-6) to connect the exciter outputs (OEXx pins) to
the IEx input pins. The tracking loop inside the PGA411-Q1 device must sense the
exciter outputs.

« Confirm that the J2 jumper is present to connect the internal boost supply to the supply
input of the integrated exciter amplifier (VEXT).

NOTE: Using the integrated boost supply for the exciter amplifier is strongly
recommended.

Step 2. Apply the 5-V supply to the banana connectors for V.. and GND.
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Step 3. Connect the USB cable to the EVM and to the PC.

NOTE: Power, as described in Step 2, must be applied before connecting the USB.

Step 4. Verify that the LED USB_RDY (D12) is on, ensuring a good connection. If it is blinking or off,
unplug and replug the USB cable, and press the MCU reset, MCU_RST (S4).

Step 5. Launch the PGA411-Q1 GUI.

Step 6. Wait a few seconds after the GUI welcome screen appears. The first view should be of a

[ Peasixeima
File  View Help

block diagram which is a high level representation of the PGA411-Q1 resolver-to-digital
interface and contains interactive features. The red boxes indicate controls that can be used
to configure internal blocks inside the PGA411-Q1 device.

If the connection is successful, the Connection Status field displays Connected and a revision number
is displayed in the PGA411-Q1 Device field as shown in Figure 3. If the connection process failed,
press the S4 switch on the EVM and then press the Reset button in the upper left corner of the GUI
(see Figure 3) to restart the connection.
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Figure 3. PGA411-Q1 GUI Block Diagram
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NOTE: Follow the start-up procedure carefully and ensure that board connections are correct. The
power must be applied before the USB cable is plugged in. The USB_RDY LED close to the
MSP430 controller should remain on continuously after connecting the USB cable and
should not blink. If the device does not power up properly, the EVM status field in the GUI
will display: PGA41x-Q1 Device: Not Available as shown in Figure 4. If this occurs, turn off
the 5-V power supply, unplug the USB cable, and go back to Step 2.

= PGAHx-Q1 EVM

. Memory Map
Data Monitor

EVM Status

i Pin Configuration
USB Controller:

Mot Detected

Connection Status:

USB Firmware:

PGA41x-Q1 Device:

Mot Available

Figure 4. PGA411-Q1 Device Startup Failed
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2.2.2.1 EVM Switches and Jumpers Settings
Refer to Figure 2 for the locations of the switches and jumpers on the PGA411-Q1 EVM.

Table 1 lists the descriptions of the EVM switches. Table 2 lists the descriptions of the EVM jumpers.

Table 1. Description of EVM Switches

Switch (SW) Description
0: This position is the default and selects the prepopulated 1Zx resistive divider
- (30 kQ / 30 kQ).
S1 Voltage divider . . . o
1: This position selects the user-populated 1Zx resistive divider (30 kQ / external
resistor value).
S2 Fault reset This switch pulls the FAULTRES pin low when pressed. When this switch is
pressed and then released, all faults from the PGA411 device are cleared.
S3 Device reset This switch pulls the NRST pin low. This action resets the PGA411-Q1 device.
S4 MSP430 BSL This switch resets the MSP430 microcontroller. The firmware is reloaded.
Table 2. Description of EVM Jumpers
Jumper No. Function State Description
Open Disconnect VEXT from boost output
J2 VEXT Jumper
Closed (Default) Connect VEXT to boost output
1-2 Do not use
3-4 (Default) VIO =33V
J3 VIO SELECT VIO = VCC (5 V), Do not use with current EVM
5-6 version. This mode is to interface PGA411-Q1
device with external microcontrollers.
. Pin 1 Exciter output 1 to resolver (OE1)
J4 OEx Terminal - -
Pin 2 Exciter output 2 to resolver (OE2)
3-5 (Default) Connect OEL1 to IE1 through voltage divider
J5 OEXx to IEx 4-6 (Default) Connect OE2 to IE2 through voltage divider
All other combinations Do not use
. Pin 1 Input to 1Z1 external filter
J6 COS IZx terminal - -
Pin 2 Input to 1Z3 external filter
. Pin 1 Input to 122 external filter
J7 SIN 1Zx terminal - -
Pin 2 Input to 124 external filter
J10 Analog Connector — Header for analog signals
J11 Digital Connector — Header for digital signals
J15 USB Connector — Connector for USB cable
6 PGA411-Q1 EVM User's Guide SLAU658—March 2016
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GUI Software

PGA41x-Q1 GUI Main Screen

Figure 5 shows the default starting screen of the PGA41x-Q1 GUI. If the EVM is connected properly, the
screen should display the values that follow for the EVM Status fields, as described in Step 5 in
Section 2.2.2:

» USB Controller: USB2ANY I/F Found

* USB Firmware: 2.6.5.53 (this value is designed for Revision B of the EVM) @
e Connection Status: Connected

» PGA41x-Q1 Device: Revision: v10.1

The default GUI view is the block diagram of the PGA411-Q1 resolver-to-digital interface IC and contains
interactive features. All boxes in red, as shown in Figure 5, are controls that can be configured. These
boxes indicate the default values of the PGA411-Q1 device after power on. The configurable elements in
this block diagram include:

» Internal boost voltage control
— Boost output voltage from 10 to 17 V
» Exciter amplifier
— Exciter frequency (10 to 20 kHz)
— Exciter amplitude (4 Vgys Of 7 Vgys)
— Exciter amplifier gain (1.15t0 1.9 V/V)
— Common-mode offset (0.5 to 2 V)

Use a scope probe on the test points next to exciter connection, J4, to view changes to these
blocks instantaneously. The optimum values depend on the characteristics of the resolver sensor
that is used.

e Analog front end (AFE)
— COS gain and SIN gain from 0.75 to 3.5 V/V.

— Diagnostic values for detection thresholds on the AFE amplifiers. These values include both the
high and low thresholds.

The optimum AFE settings depend on the signal levels from the resolver outputs (sine and cosine).
Observe these signals on the test points next to the J6 and J7 jumpers when configuring the AFE.

NOTE: Both gains must match to achieve better accuracy on the angle estimation.

* Read Angle button

When pressed, the angle (in degrees) is displayed, if the resolver sensor is rotated and read again, the
value should update.

« BMODEO which is the control bit for 10-bit and 12-bit modes

Higher precision is achieved by changing the resolution from 10 bits to 12 bits by checking the
BMODEDO box. The new angle reading should have more digits of precision.

e Control bit for the FAULTRES pin
To ignore faults, ensure that the FAULTRES pin is set to low. To set this pin low, uncheck the box.

NOTE: Toggling the FAULTRES pin with a fault condition still present causes the PGA411-Q1
device to go into normal operation, which may cause damage to the PGA411-Q1 device.
This is most likely to occur with high current short circuits on the exciter amplifier.

Ignoring the faults is only recommended for initial evaluation.

@ This version is the latest at the time this user guide was generated.
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2.3.2 Device State

EVM Status
USB Controller:  USB2ANY IIF Found

Connection Status:  Connected

USB Firmware:  2.6.5.53

PGA41x-Q1 Device: Revision: v10.1

Angle
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Figure 5. GUI PGA41x-Q1 EVM Main Screen

The Device State menu (see Figure 6) supports two device states: NORMAL and DIAGNOSTICS. This
menu displays the current device state. Click on the down arrow for the dropdown menu to select a new
state. This menu always displays the current device state, therefore serving as a confirmation that the
device transitioned to the new state correctly.
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Figure 6. Device-State Status and Selection
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NOTE: The data sheet includes a detailed description on why and how to change between these
states. Some of the controls in the PGA411-Q1 GUI interactive block diagram change states,
from NORMAL to DIAGNOSTIC in a hidden manner to make the configuration changes (for
example, changing the exciter sine-wave amplitude from 4 Vs t0 7 Vg,s). See Section 2.3.4
for more details.
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Pin Configuration and Fault Register Status

The Pin Configuration window (see Figure 7) displays the current status of the digital input and output
pins. The input pins of the PGA411-Q1 device are shown in Figure 7 on the left-side (below the Update
button) in the GUI, where the low or high values will be driven by the MSP430. Select the status of the
nine digital-input pins by clicking on the appropriate button (INPUT-HizZ, OUT-LOW, or OUT-HIGH). The
MSP430 device then switches the connected 1/O pin to the selected value.

The output pins of the PGA411-Q1 device are displayed to the right of the group of input pins. This section
displays the current status of the output pins with logic low equal to 0 and logic high equal to 1. For
example if the FAULT pin changes to HIGH the GUI displays a 1 in the field which is then highlighted in
red.

The Fault Status tab on the right-side of the Pin Configuration window displays the current status of the
device registers which report any fault in the system. The following sections provide more details on the
fault status registers.

The display updates each time the Update button is pressed. To automatically update this page, check the
Enable box under the Auto Update section and select an update period in 1-s increments.

CLOGGUITPNEE - — "I 222 = e I W T |

File VWiew Help
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Figure 7. Pin Configuration Screen
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234 Memory Map
The memory map is used to read and write to all of the device registers. The Memory Map window (see
Figure 8) includes the register name, hex value for all 16 bits, and individual bit values.
A change to a register value occurs in one of two ways. The first way is bit by bit. To change a register
value in this way, click in the text field of the bit number that will change. If this text field displays a 0, click
the text field to toggle the value to 1 (see Figure 9). To update more bits, repeat the procedure. The
second way to update a bit is with the hex value. Click on the hex value under the REG column (see
Figure 10) and type the new HEX value.
In each case, after updating the register values the row should become highlighted in yellow, which
indicates that the change has not yet been programmed to the PGA411-Q1 device.
To program the new register values into the device, click on the Write Selected button to updated only the
highlighted registers. Click on the Write All buttons to modify all registers at one time.
NOTE: The device must be in diagnostics mode to write to the majority of registers. Refer to the
PGA411-Q1 data sheet for the entire list of registers.
The primary buttons at the bottom of this window are defined as follows:
Read Selected — After selecting the register by clicking on the register name while holding the CTRL key
for multiple selection, use this button to read all of the selected registers.
Write Selected — After selecting the register by clicking on the register name while holding the CTRL key
for multiple selection, use this button to write to all of the selected registers.
Read All —Use this button to read all of the registers and to update the register values in the table.
Write All —Use this button to write the current values listed in the table to all of the registers, including
those that were not modified.
ZERO GRID —Use this button to set all registers to zero.
DESELECT GRID —Use this button to remove all selections from the grid.
SAVE GRID —Use this button to save the contents of the grid to a text file. This option is useful for
reusing register settings that were predefined.
LOAD GRID —Use this button to load the grid with the contents of a text file.
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File VWiew Help
g | @\ Update Mode Manual + | Device State: NORMAL - | |
E-PGA41:-01 EVI ADDRESS REG  b1S bl4 bl3 bl2 bll bl0 b8 b8 b7 b6 b5 bi b3 b2 bl b . | [umLmes | Fautt status |
Pin Configuration » DEV OVOVL 1 1 1 1 o |o o o — DEV_STAT1 i
o qe‘gc:nzle‘”gs DEV OVOV2 aoc? o [o [o Jo o 11 n FLoor_cLave [l exuy @ Focosord [
. Exciter Amplifier oy S - E S E S . L O S rrcre @ ©cqov @ FosworH [
§ Aatog Frani Enid DEV OVOV4 07F2 o 11 |1 o o [1 Jo
. Tracking Loap DEV OVUVS 100 11 o Jeo o Jo Jo |o Fcecrc [ Foope [B  SPISTAT !
. - Diagnostic Masks DEV OVUVE 038F 0 jo [1 |1 1 1 1 |1 rrecre [l FOCOsOPL o] FGOPEN [
Memory Map DEV TLOOP CFG |0514 0 2 ] 1 0 |1 0 0 =
i.. Data Monitor DEV AFE CEG 0005 o lo o o o 11 o |1 EXTILIM [l FOSINOPL @] FOSHORT [ |
DEV PHASE CFG |1400 0 |1 (o |o 0o (0 |0 |0 DEV_STAT3
DEV CONFIGL 0002 1] ] 0 Q 0 0 1 0 oMIZaL i OMIZ2H i FlzL3 . Pz i
DEV CONTROL1 |0000 o lo jo Jo o Jo Jo Jo s
QuickActions el oooo o 1o o lo 5 1o 1o |o = omzzL 8l owza @ Fzuot @
;vlas:: Exclltte;faults DEV CONTROL3 0003 0 |0 |0 |o LI [ L o S omzaL @ owmziH @ FiZH4 i
Mask Faul ins 000¢ { [ [ { 1 |
Force ORS Enabled ZE: in 333; 3 3 3 3 3 3 3 i omziL @  Fze @ FizH2 ! =
DEV STAT2 0000 0o o [0 |o o [o [o |o omizaH [l Fizi2 @l FizH3 o]
DEV STAT4 0000 0 |o |o |o o o Jo Jo Vi ST
DEV STATS 00FF o |o [o o o Y FEXTMONH B GECY [ i
DEV STATE 3FFF 11 1 s 11 11
DEV STATT 0042 0o lo [o |e 10 |1 o Fextwon. B roawoce B oraur [ |
DEV CLCRC 003F 0o jo Jo |o 1 10 1 |1 sPiErRR [0 ABISTF 8] s B
DEV CRC 0000 o o o o o Jo Jo |o restov [ ieiste B
CRCCALC 00FF o o o Jo 12 afa P
DEV EE CTRL1 | 0000 o o [0 |e ) 0 roooc B Fvccov
DEV CRC CTRL1 |0000 o lo jo Jo o o o Jo DEV STATT
DEV EE CTRL4 0000 o {o [o fo 0o o Jo Jo rarecAL [
DEV UNLE CTRL1 |0000 o o jo |a LI S L Auto Update "
l Read l Write ReadAll ] [ Write All ] [ ZERO.GRID ] [ SENEGRID, ] Enable -
Seleriel Selerie) [pEseLEcTGRID | [ LosDGRID | KN i ] v
|—Fault Reported: FAULTRES , refer to section 'Seeing a Fault Triggered at Startup? in user's guide %3 TEXAS INSTRUMENTS
Figure 8. Memory Map
ADDRESS REG 2 1sb15/:b14/sb13): b2/ b10lsh9 sl bassb7:lib6ul:bS slibaslib3slh2aliblslbo ADDRESS REG  b15 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 bS b4 b3 b2 bl b0
DEV OVOVL o o |o o o o o DEV OvUv1 0000 0o o o Jo o [o o Jo
DEV OVOV2 o o |o o lo |o DEV OVUV2 0000 0o o jo Jo o [o o Jo
DEV OVUV3 o |0 o 0o |0 o DEV OVUV3 0000 0 0 0 Jo 0 0o 0 0
P — o o |o o lo |o DEV OVUV4 0000 0o o jo Jo o [o o Jo
= G o o |o o o |o DEV OVUVS 0000 0o o jo Jo o [o o Jo
DEV OVOV6 o o |o o o |o DEV OVUVE 0000 o o jo Jo o [o o Jo
DEVITLOORICRG o o o o o lo DEV TLOOP CFG |0000 o o Jo |o o [o o Jo
T 3 o o o o o o o DEV AFE CFG 0000 0o o o Jo o lo o Jo
T e 5 o o o o o o DEV PHASE CFG 0000 0o o o Jo o [o Jo Jo
N 0 e o [0 |o o lo Jo DEV CONFIG1 |0 0 |1 Jo Jo fo fo fo |1 Jo J1fo fo fo |11
7 G o o o o lo lo DEV CONTROL1 |00 o o o Jo o jo Jo Jo
7 ) o o o o o lo DEV CONTROL2 0000 o o jo Jo o jo o Jo
T G o o o o o |o DEV CONTROL3 |C000 o o Jo |o o [o o Jo
T eron o o o o lo |o DEV STAT1 8000 o o jo Jo o lo Jo Jo
o GO o o o o lo lo DEV STAT2 0000 o o o Jo o lo Jo Jo
o ST o o o o o o DEV STAT3 0000 o o jo Jo o lo Jo Jo
7 e o o lo o o lo DEV STAT4 0800 | 1 0 o Jo o jo o Jo
T G o o lo o lo lo DEV STATS 0000 o o jo Jo o [o Jo Jo
o G o o lo o lo lo DEV STAT6 0000 o o o Jo o lo o Jo
D Gr o lo lo o lo lo DEV STAT? 0000 0o o jo Jo o [o Jo Jo
S GYEE o lo lo o lo lo DEV CLCRC 0000 o o o Jo o [o Jo Jo
S e o lo lo o lo lo DEV CRC 0000 o o o Jo o lo Jo Jo
e o lo lo o lo lo CRCCALC 0000 o o jo Jo o [o Jo Jo
—— e o o lo o To o DEV EE CTRL1 0000 o o jo Jo o lo Jo Jo
o (e (s o o lo o To o DEV CRC CTRL1 |0000 0 o o Jo o lo Jo Jo
——— o lo lo o To o DEV EE CTRL4 |0000 o o jo Jo o lo Jo Jo
— ol o lo lo o lo o DEV UNLK CTRLI 0000 o jo jo Jo o lo lo Jo

Figure 9. Bit Selection

Figure 10. Hex Selection (REG)
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2.3.4.1  Search Box and Register Descriptions on UTILITIES Tab

The bottom of the GUI includes a useful tool to search the contents of each register. For example, to find
the register that sets the exciter amplifier mode to 7 Vrys, type 7V in the Search Registers text field and
click on the Search button. Next, a list of all registers that include any description containing the keyword
7V displays below the search box.

Click on the corresponding register value inside the memory map to view the register description on the
UTILITIES tab on the right-hand side of the GUI. If DEV_PHASE_REG is selected, the UTILITIES tab
displays that bits 11-10 set the exciter mode (EXTMODE). The value for 7 Vg, is 01. Refer to Figure 11.

In the same UTILITIES tab, the bottom-section of the tab includes a numeric base converter with hex,
decimal, and binary modes.

. 1
[ . e

| File View Help
=@ Update Mode Manual ~ | Device State:  RESET (N/A) =
S PG‘?“;mﬁEVM‘ DEV OvUV3 0000 o o [o fo o o fo o o || UTILITES | Fault Status
in Con gl{fﬂ\ﬂﬂ DEV OVUV4 0000 0 0 0 0 0o |0 0 |0 Information
£ Device Settings
i General DEV OVUVS 0oao 0 |0 |o |oO 0 [0 |0 |0 Phase Delay Enable N
| 0 - Manual Phase delay is Disabled.
Exciter Amplifier DEV OVUVE 0000 0 0 0 0 o o 0o |0
1-Manual Phase Delay is Enabled and set by
0000 0 0 0 0 o o |0 |0
- Analog Front End DEV TLOCP CEG PHASEDEMOD[5:0]
Tracking Loop DEV RFE CFG 0000 0 0 10 |0 0 0 0 0 Manual Phase delay PDEN takes priority over Auto
H Diagnostic Masks » DEV PHASE CFG Phase delay APEN
i+ Memory Map DEV CONFIGL 2325 0 o |1 |1 0 1 o |1 12 APEN
- Data Wonitar DEV CONTROL1 | 0000 0 o o o o o o |o RAW Oh
DEV CONTROLZ 0000 0 |0 |o |oO 0 o o |0 Automatic Phase Control Enable.
DEV CONTROL3 | 0000 0o jo o |o o 0 o 0 0-Disabled 1-Enabled
DEV STAT1 0000 0 o |o |oO 0 o o |0 11-10 EXTMODE W
DEV STATZ 0000 0 0 0 0 o o |0 |0 RW 1h
Exciter Mode Select:
0000 0 0 0 0 0 o jo jo
QuckAcions R SR 00, 11 - Exciter Disabled, FAULT = H FEXTHODE =
DEV STAT4 0000 0 0 0 0 0 o |0 |0 1
[E] Mask Exciter Faults DEV STATS 0000 0 0 0 0 o o |0 |0 01 -4vrms Mode 10 - 7Vrms Mode
[C] Mask Fault Fins DEV STAT6 0000 0 o |o |oO o o o |0
9-6 EXTOUT
[F] Force ORS Enabled DEV STATT 0000 o |o |o |o o (o |0 |0 RW Oh
DEV CLCRC 0000 0 ] ] 0 o |0 0 |0 Exciter Offset Voltage Adjust (FootRoom):
0000 - 2.0V 1000 -1.2v
0000 o |o |o |o 0o o o |0
R G5 = 0001-19v 100111V =
CRCCALC 0000 o o [o |0 o o o Jo 0010-18v  1010- 10V
DEV EE CTRL1 0000 0 0 0 0 0 o jo jo 0011-17V 1011 -0.8V
DEV CRC CTRL1 |0000 o |0 |o |o o o 0 0 glgsg mgg%
Baiceliniack DEV EE CTRL4 |0000 o o [o |0 o o o0 |o 0110-14V 1110 0.6V
DEV UNLE CTRL1 0000 0o |o |o (o 0 o |0 |0 0111-13V  1111-05V
[ zERoGrRD | [ saEGRD_| SOGLISEDENO
Read Write RIW OR
I Selected ] I Selected ] I LR ] ’ e ] [DESELECT GR\D] [ LOAD GRID ] Manual Phase Delay Adjustment:
Value [us] = PHASEDEMOD[4:0]* 0.4 us L
PHASEDEMODI(3] is a sign bit.
Search Registers 0-Value = 1*Value 1-Value =-1*Value
v Search
Register Name Register Address | Base Converter
DEV_PHASE_CF& 0x08 Decimal 255
Hex-Decimal FF
Binary RAARRARRRRARRRNEI
| Hardware Disconnected : PGA41X Not Available @ TEXAS INSTRUMENTS ;||
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Data Monitor

The Data Monitor window (see Figure 12) plots the output angle or velocity information and provides
access to a Demo mode that shows the angle and velocity in an instrument cluster display. The fields and
buttons on this window are described as follows:

Data Capture Source — This field selects between SPI register read, USB, or UART burst reading.

NOTE: The UART mode requires additional hardware setup which is not included in the
EVM package. For evaluation purposes, the UART mode is not required.

Data Monitor — Use this field to select either the angle or velocity to plot.
Resolution — Use this field to select the resolution to export the data as.
Record Length — Use this field to select the number of data samples to plot on the graph.

Loop — If checked, when the graph fills up, selecting this checkbox clears the current graph and begin a
new graph.

RUN — This button starts reading the angle or velocity data.
Clear Plot — This button clears the plot.

Export Data — This button exports the data to a .txt file in comma separated value (CSV) format.

FEIE S SSae 2020 2 2 2Taee S W W 0O . ey
View Help

= @ Device State:  NORMAL -
=- PGA41x-Q1 EVM e lIT\LITlES} Fault Status ‘
Pin Configuration 0 x 00FF FLOOP_CLAMP ERTOV g e
7 De\ucce Setllmgs ___— FRCRC . EXTOV . FOSINGPH .
eneral
Exciter Amplifier ==== rcecre [l  Foore [l SPISTAT L]
e e W e W e B
Tracking Loop
; Diagnostic Masks EEEEEEERE = ER R EXTILIM @ FOSINOPL [l FOSHORT |
EEtmsmn
+.. Data Monitor
e —— o W oo B 3 W o
EREm— e
QuickActions omzs. 8l owziH @l FizHs [0
[C] Mask Exciter Faults ==== omziL [ FizLs @ FiZH2 ]
F < Fault Pi
- oo B s B 0 B
i = | pevi_stara -
FEXTMONH [l Frsoz 8
0 100 200 300 400 — s Fooov 8
Z FEXTMODE
X -Axis Samples SERR . IOFAULT .
Y-Ads: Angle [degrees] Recard Length - [1080 2] [Samples] seisTe 6l srauT B
Device Unlock FesTov @ este @
[#] Loop
roooc @ Ficcov @
Data Capture Source: SPI Register Read (Slow) - RUN
DEV_STAT?
FaFECAL [
Data Monitor - Angle - Clear Plot
Auto Update
Resolution: 10 [oit Updzla [ Enable
E Clear Faults Update Period 1| [s] =
Demo
- ||« I y

—Fault Reported: FAULTRES,, refer to section 'Secing a Fault Triggered at Startup? in user's guide

] M TEXAS INSTRUMENTS

Figure 12. Data Monitor

NOTE: The GUI was designed to support three modes of reading data from the PGA411-Q1
device. The collected samples could have some non-linearity when using the GUI to
read the angle registers. If a delay occurs in the waveform on the Data Monitor
window when reading the angle value, the delay is because of SPI. The EVM can
support faster data capture by omitting the USB-to-SPI circuit (using MSP430) and
connecting the controller directly to the digital pins available on the board. For

evaluation purposes, TI recommends using SPI.
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Demo — Use this button to access the high resolution instrument cluster Display for instantaneous angle
and velocity display. Click on the ESC button on the keyboard to exit this mode. Refer to Figure 13.

PGA411-Q1 Resolver Sensor Interface

VELOCITY
0 rpm

J!) TEXAS INSTRUMENTS

Figure 13. DEMO Screen

NOTE: The velocity resolution is limited to 500 rpm.

To properly read the velocity, calibrate the system by clicking the Calibrate button. For
detailed information, refer to Troubleshooting Guide for PGA411-Q1 (SLAAG87).

If the fault sign appears in the demo mode (in the form of a warning sign), refer to
Section 2.3.6 to clear the faults.

NOTE: Unlocking the EEPROM device functionality found under the general tab is not currently
available in the current version of the PGA411-Q1 EVM GUI. This functionality will be added
in a future version.
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2.3.6

Fault Status

The Fault Status tab (see Figure 14) displays the status of the PGA411-Q1 fault bits. Click the Update
button to refresh the display the current fault status. This tab can be configured to automatically update by
selecting the Enable checkbox in the Auto Update section and setting the update period in 1-s increments.

The PGA411-Q1 device detects a fault in the system when any bit or group of bits displays a 1 and the
color of the text field changes to red. Placing the mouse cursor on top of the status bit displays a text box

with information on the fault, as shown in Figure 14.

Setup and Operation

UTILITIES [ Faul Status

DEV_STATY

FLooP_cLanp [ ExTUv [ FOCOSOPH
FRcrc [ ExTov [@] FOSINOPH

rcecrc @] FLooPE @ SPISTAT

Frecrc @] FocosorL @  FGOPEN

extium @ FosnorL [@ FOSHORT
DEV_STAT3

ouzaL @l owzzn @ P23 B Fzee 8
omzzL @ owmzaH @ FizLt o

upd:

OMIZ3L i_Sensor input sig_nal I72 low reference integrity check indicator }

owziL @ Fzee @ FizH2 [0
omzan [ Fzz @ Fze: @9

DEVT_STAT4
FEXTMONH [l Frsoz @

Fvooov @
FEXTMONL [ rexwone B omauit ]
sPIERR [0 apisTE srauLT 8l

FesTov [ LBISTF

L
Fvopoc @ Fvccov [

DEV_STATT
FaFecaL 8l

Auto Update

[upaste | .
Clear Faults Update Period: | 1 [s]

@ TExAS INSTRUMENTS

Figure 14. Fault Status

NOTE: Make sure the FAULTRES pin is HIGH to view the faults (see Section 2.3.1).

If the auto update option is enabled, only the SFAULT may appear because faults are

cleared when read. The SFAULT gives the state of the fault pin.

SLAU658—March 2016

Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

PGA411-Q1 EVM User's Guide


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU658

13 TEXAS

INSTRUMENTS
EVM Evaluation Examples www.ti.com
3 EVM Evaluation Examples
3.1 EVM Checks for Proper Operation
3.1.1 Fault Triggered at Startup
The resolver setup may trigger faults because of specific requirements on voltage or current. To
understand the primary cause, ignore the faults and continue with the initial evaluation.
If a fault appears when the GUI is first executed after properly connecting the device EVM as
recommended in Section 2.2.2, the PGA411-Q1 device can be set to ignore the faults. Setting the device
to ignore these faults can occur in two different ways:
» Using the PGA411-Q1 block diagram
Set the FAULTRES pin to low by unchecking the box in the block diagram as shown in Figure 15.
» Using the Pin Configuration tab
Set the FAULTRES bit low by clicking the OUT-LOW button as shown in Figure 16. This setting allows
for further evaluation of the resolver EVM.
NOTE: Toggling the FAULTRES pin with a fault condition still present causes the PGA411-Q1
device to go into normal operation, which may cause damage to the PGA411-Q1 device.
This is most likely to occur with high current short circuits on the exciter amplifier.
Ignoring the faults is only recommended for initial evaluation.
1d USB Firmware: 26553 Angle: 89.6484375
PGA413-Q1 Device:  Revision: v10.1 ReadAngle
B i
10BITS S %X .5
12BITS
F
=1 | _—— I Fyiernal Derilla
Figure 15. FAULTRES Change in Block Diagram
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3.1.2

Device State: NORMAL  ~

Auto Update

‘ Update | [] Enable

NRST vAD VA1
I O

[INPUTHIZ | [INPUTHIZ | | INPUTHIZ |

[louriow | [ouriow | [ouTLow ]

[ouTHIGH | [QUTHIGH | [OUTHIGH |

AMODE OMODE BMODE
o W &
[InPUTHIZ | [mMPUTHIZ | | INPUTHIZ |

[ouriow | [ourlow | [ouTLow ]

[ourHiGH | [QUTHIGH | [OUTHIGH |

INHB | Fautres 1 eciseL
I | | L
[mpuraz | | [meureiz] | [nPuThz |

[outLow | | [lourLow | | [LourLow |

| ouT-HIGH | L\ou‘r—H\cH | | | ouTHIGH |

Update Period

ORD13:
ORD12:

ORDM

ORD10:

ORD9
ORD2
ORD7
ORDE&
ORDS
ORD4
ORD3
ORD2
ORD1
ORDO

1

- |

EENEEENENEEEEE

[s]

o [l
outa: [l

outs: [@]

ourz: |l

Changing Exciter Signal Pre-Amplifier Gain

Figure 16. FAULTRES Change in Pin Configuration Tab

Changing the exciter amplifier gain can occur using the PGA411-Q1 block diagram as explained in
Section 2.3.1; however, this section focuses on same procedure using the Memory Map tab which is more
descriptive of how a controller interfaces with the PGA411-Q1 device for this type of operation.

In the preamplifier block, the amplification level of the exciter signal can be adjusted while the common

mode voltage is defined by the voltage at the COMAFE pin (typically 2.5 V). The preamplifier gain is
selectable though the EXTOUT_GL[15:12] bits in the DEV_OVUV1 register and affects both the

preamplifier ORS output and power amplifier output. For more information, refer to the PGA411-Q1 data
sheet, SLASE76.

In the GUI, select the Memory Map tab. This section is the primary form of control for the

Step 1.

device registers. For the bit definitions, see the PGA411-Q1 data sheet. The Information box
on the right-side of the window also displays the bit definitions.

Step 2.

Step 3.

Change the state of the device to DIAGNOSTICS mode. Refer to Figure 19 and
Section 2.3.2.

Probe pins COMAFE to check the 2.5-V pin voltage and use a differential probe on the OE1

and OEZ2 pins. Figure 17 shows these test-point locations on the board.

OE1 —OEL1 is the positive output of the exciter amplifier.

OE2 —OE2 is the negative output of the exciter amplifier.
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Figure 17. Test Points for Exciter Outputs and Common Mode Voltage
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Step 4. Connect the scope probe to OE1 and compare this waveform to the one shown in Figure 18.
In this waveform, the peak-to-peak voltage of the differential voltage output of the exciter is

11.12 Vpp.
Fil= Edit Vertical HorizfAcg TIrig Display Cursors  Measure  Masks  Math  MyScope  Utilities  Help
Tk R ampe MM eSS (Butons )

r (AR | | T | | | | ]
: : 1 matn1 position
- S L o [evina
3 /A\ : : /\ I . ) :rﬂt 1 Math1 scale
o _rf\&l.. - .:.5/3-\._"_....:../%“.1......._:r‘ﬁ.\_'
SRREEE £\ IEETERS: £ € ERERY 41 4
L ! i . K | B . [ I b
B Py [ Y R £

I § i 1] f 1 f |
L I Y R 1 o [ %
1 f oo f T o i [ [y

[} b { b 1y
' T T S R
‘"::::|:.‘:'::}::":i:::'.’i::::_{‘::::i:':-:::I::‘}::I::::’:I::::'-.
L [ [ It il by A 1
AU | ERE B f :
o b N \ f 1
- P ! ... 2 —]
N VT Vol f g
L \j\ .r‘j \,'\ . f'.l . ) J} . 1 j i
S5 Y EEEEEEREE N [N N SRR I B 4
[ P Y T i o ]
i \w} \W . T \\mﬂ . b 1

M1 40 0ps B2ZEMS: 1.Bnzhat
& Ch3 r 48Y

Figure 18. OE1-OE2 Differential Output from the Exciter

Step 5. Click on the DEV_OVUV1 address inside the register map as shown in Figure 19. Text
should appear in the Information box on the UTILITIES tab. This box displays information
regarding the bits in the DEV_OVUV1 address.

=) h
|| Device State: DIAGNOSTICS -|
—_—— — — — — -_—---—-—-—-—-——-— ]
 ADDRESS ] 13 012, b11 b10 b3 : : UTILITIES | Fault Status
|»__DEV_oVUV1 FC0. 1 [0 |0 1 4 |% |3 |34 [0 o0 |0 0 Information
DEV_OVUVZ2 soco [0 (e Jo [o fa |0 & o 1 |1 |o |0 [0 (o |& |0 z
DEV_OVUV3 FCFF (4 1 F [ 1 1 o 0 1 1 + [ 1 1 1 1 Dev_OVUV1
DEV_OVUV4 lorec o o Jo |0 foi f& |3 4 1 |1 |r |0 joijo fo o
DEV_OVUVS 1co0 (o [0 [0 |4 (1 |4 |6 @ jo (o [o o o [0 |0 (o i
DEV_OVUVE [028F |0 |0 |o |0 o jo JE i 1 o |0 |0 |3 3 | |3 Exciter Output (Pre-Amplifier) Gain Select
DEV_ TLOOP. CFG (0504 |0 0 (0 (0 @ |4 @ (14 0 0 (0 (0 @ |1 0 (0 0000-115  0111-155
= i e e e ot - [ v e 0001-12  1001-186
DEV_AFE_CFG [0OOF [0 |0 0 |0 U0 8 40 j0 |0 ¢ |0 @ jF [ [ 0010-1.25 1010-1.65
DEV_PHASE_CFG (9400 |1 |0 |0 1 [0 |14 & (0 [0 |0 |0 [0 [0 [0 |6 |0 0011-1.3 1011 -17 E
DEV_COMFIG1 0002 [0 (0 |0 |00 o0 (0 |8 {0 0 (0 |0 (0 [ (D % (0 0100-1.35 1100-1.75
g il L S B - 0 R ERGE o el e
DEV_CONTROLY 0000 |0 0 [0 0 0 © @ 0 0 |0 |0 |0 0 0 0 |0 0110-145  1110-1.85
DEV_CONTROL2 0000 |0 |0 0 |0 |0 |0 O |0 0 |0 |0 |0 [0 [0 |0 |0 [000=157  1111-19

Figure 19. DEV_OVUV Register
Bits Relevant to Exciter Amplifier Gain

Step 6. Click the b14 and b13 bits to change the value inside the cell. To change the exciter
preamplifier gain from 1.5 V/V to 1.85 V/V, update the value of bits b15 through b12 to 1110
and write this register to the PGA411-Q1 device using the Write Selected button as explained
in Section 2.3.4.1. New bit values appear as shown in Figure 20.
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Figure 20. Exciter Amplifier Gain Change Using Memory Map

Step 7. As shown in Figure 21, the amplitude of the waveform increased to approximately 13 V which
corresponds with the new programmed gain of the exciter amplifier.
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Figure 21. OE1-OE2 Differential Output from the Exciter With Updated Gain

NOTE: This example provides a step-by-step guide on how to change key parameters on the
PGA411-Q1 device using the memory map functionality.

For support questions, go to TlI's E2E™ online community, e2e.ti.com.

4 Schematics, Bill of Materials, and Layout
This section provides a detailed description of the schematic, bill of materials (BOM), and layout.
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41 Schematics

475V -5.25V
"t P\J vogsw 80 vee avee 18 vee vio OMODE
PWR_IN +c1 LCQ moo ohm Lcs VEXT_IN N R4 -
D1 10uF DNP | ~10pF 0 TuF ~10pF 0 WF 403 1.2k o6
Green FAULT ; Yellow R1 PREOUT_POS
h 0
GND  GND GND  PGND QGND  QGND R3 2
19 1.2k |
GND R9 RI0 L L L L
° - GND DGND DGND DGND DGND i1
veesw J0.0k
GND PGND DGND QGND L2 avee
YL
souH e oxs  R12 OPA2313IDR
R13
20v 100k PREOUT NEG
0
= = PGND  PGND COMAFE
U PGND 3
> Ja_OEx
“DNP Position 12 = N
TLV7163318PDPQR avee veesw QGND
39
avee avee
avee
VDD 58 | yop
cit Ve = st N
0ApF  VEXT L8 Jvec ors 8_ORS ¥ £ rto Y Ri8 rr -
24 .
VIO VEXT B R21 K] R20 5
= T o osiN b43_OSIN I B 00k ) o ‘
GND vio 30, c12 H T 13 ;
21 o2 zt @: R26 ' 99 U0 | one 70pF R25 :g
R78 _ 1Z3 iz = T W—e - ____ -
NRST_1 >—wm—NRST 12 | REseT 25 COMAFE % 29 300k . = i) R 30.0k i
10K COMAFE ==c15 —C16 - =
1000pF 72007 1000pF 300k g s z2 P00k CI7T R303 C18
VAO 31 42 174 Z| - - - L 1000pF | 20.0k]1000pF N
a0 R 3o} VAO 124 (42124 iz E ; 20.0k] 1 N
VA1 VA1 1z2 122 b ? ¢ 7 =
5 DNP DNP =
£ IE1 34 | g ocos p36__0COS [; I
= 3
IE2 IE2 ~
Ao p-30AOUT
NCS jOrIAY oUTE éoum
NoS —NCS NCS outs L oute To Emulate Board
SCLK SDI SCLK XouT 54 0 ETZ 8 vee
501 9—S0F soi outz Koutz , PIN TestPoints. *** DNP - Placeholders for VIAs Only *** CC__g@1pes
spo XN SDo GPIOO/2C(SDA) D>———— @ veo—<K GPiotzC(SCL) 33V P66
XIN °
oL Sy EXTCIRIN e RO p15__PRD Krro s 1e o PREQUTFOS PIN1_OUTA o PIN25NC25 o\ o PIN49ORDS o0 1V gy
ORDO 7. = COMAFE 9 | 9 0 —OUTE pnp OE2_ n\p -ORD7_pnp 21 N
Pl S—FAULT 16 | oy oneT DGND  _IZ1 IN1f 2 172 1N ECLKSEL o PGND_ o ORD6 oo LZIN_g@1pes
ORD2 123 N 13 4 124 IN veesw, AMODE, ORDS 22N _gr1pgg
ORD3 ity oND BAD 1Z2 IN
. o o 12N g
AviopE y—AMODE_ 28 | jyope oo PECO7DAAN QGND BMODE o OMODEL, o ORDA oo o P70
OMODE OMODE ORDS vsw AoUT ORD3 2 N__g@rpr1
BMoDE Sp—BMODE__5 .} gyiopeo ORDS 5N SND BN OE1
BMODET 7] pvones i OE1__1 VEXT BMODEL, o VA0 o ORD2 oo oy
R36 ORD8 e oo PGND o\ VAT ORD1 oo OE2___@Tp73
VEXTS oRoe 0 0C0S T8V ORS IE2 ORDO
L VEXTS 10 vexts ORD10 2 N £ pne R0 _pnp PREOUT P!
= £ oxDH 1 OSIN 9 0 NRST VEXTS = VoD P74
= DGND |05y INHE 13 [ R 7 COMAFET1 2 TEST CON —/EXTS pnp -El__pone —B0__pnp PREOUT N
GND > aTRES P, 3 4 TEST QR COMAFE, & EXTCLKp P75
14 o} FAULTRES L NRST ocos vee
FAULTRES, 1>>—~w»~—1' o 1 pBKG |27 [PECO7DAAN NRST_pnp -0COS pnp —CC__pnp
ECLKSEL 3 QéND B8 —onp 22 —one 10 —one
ECLKSEL py——==025n 3 o ECLKSEL 21 FAULTRBEP 1z1 ONP XIN e
TEST CON 11 | rgqr peNe 1 i Qvee oy XUT_o\p
2 o 1 OUTA o o
acnp 3 : o FAULT pyp QGND_py o PIN640UTZ oo
3 o 5 ouTZ NS 1z2
OE2 NC25 25 BCND [0 T 1® ® s BNB ONB
—<E2_pNp 2 ine N = e SCLK_pyp 4o
Jo I (= D ORD >4 SOl Do OSIN o
EXTCLKIN OE1' pyp NC23 = 4 RD SDO o0 or01
PGA4TIPAP PGND QGND DGO R SDO__ gy —ORD13 pyp
RDE DGND ORD12
. - -DCND g —ORD12 pyp
DbRF RDS OE1 ORD1
RD10 Al = <EL_pne —ORDU pnp
ORDI1 ECLKSEL  DGND NC23 oy ORD10 oy o
= L PRD P4 AMODE ON
DGND oGND SNoDE PIN24 VEXT o PIN48 ORDI o\
VA T |9 o BMODE

T5x2 Header

Figure 22. EVM Schematic
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Figure 23. Schematic—Digital Interface
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4.2 Bill of Materials

Philips panhead

Table 3. BOM
. . - Alternate Part Alternate
Designator Quantity Value Description Package Reference | Part Number Manufacturer Number e
IPCB1 1 Printed Circuit Board HVL126 Any - -
c1,c2 C3 3 10pF CAP, TA, 10 WF, 25 V, £10%, 0.3 Q, SMD | 6032-28 TPSC106K025R0300 AVX
0,
4, C5, C7, C9, C11 5 0.1pF g&% CERM, 0.1 WF, 50 V, £10%, X7R, 0603 C0603C104K5RACTU Kemet
c6 1 10pF CAP, TA, 10 WF, 50 V, £10%, 0.3 Q, SMD | 7343-43 T495X106K050ATE300 Kemet
cs 1 1uF CAP, CERM, 1 JF, 25 V, £10%, X5R, 0805 | 0805 08053D105KAT2A AVX
CAP, CERM, 470 pF, 50 V, +5%,
c12, C13 2 470pF COGINPO. 0603 0603 06035A471IAT2A AVX
CAP, CERM, 1000 pF, 50 V, +10%,
C15, C16, C17, C18 4 1000pF COGINPO. 0603 0603 06035A102KAT2A AVX
CAP, CERM, 0.01 piF, 25 V, 5%,
c19, c21 2 0.01yF COGINPO. 0603 0603 C0603H103J3GACTU Kemet
C24,C25 2 15pF g&z CERM, 15 pF, 50 V, £5%, COG/NPO, | 43 C0603C150I5GACTU Kemet
c26 1 2200pF g&z CERM, 2200 pF, 25 V, £10%, X7R, | o503 GRM188R71E222KA0LD MuRata
CAP, CERM, 220 pF, 50 V, +5%,
c27,C28 2 220pF COGINPO, 0603 0603 GRM1885C1H221JA01D MuRata
0,
c29 1 0.47uF ggg’ CERM, 0.47 WF, 16 V, +10%, X7R, | ng03 CO603C474KARACTU Kemet
0,
€30, C31, C33 3 0.1pF g&% CERM, 0.1 WF, 16 V, £10%, X7R, 0603 C0603C104K4RACTU Kemet
c32 1 1uF CAP, CERM, 1 {F, 16 V, £10%, X7R, 0805 | 0805 C2012X7R1C105K TDK
0,
c34 1 2.24F g&% CERM, 2.2 uF, 10V, +10%, XTR, 0805 C0805C225K8RACTU Kemet
c35 1 220F CAP, AL, 22 UF, 10 V, £20%, 1.35 Q, SMD | SMT Radial B EEE-FK1A220R Panasonic
c36 1 0.01yF S&Z’ CERM, 0.01 WF, 16 V, +10%, X7R, | ng03 GRM188R71C103KA01D MuRata
c37,C38 2 30pF g&z CERM, 30 pF, 50 V, #5%, COG/NPO, | 4643 GRM1885C1H300JA01D MuRata
D1 1 30V Diode, Schottky, 30 V, 1 A, SMA SMA B130L-13-F Diodes Inc.
D3, D12 2 Green LED, Green, SMD LED, LP M67K-D2G1-25-Z OSRAM
2.3x1.4x1.5mm
D4 1 Super Red LED, Super Red, SMD 2.2x1.3x1.4mm VLMS20J2L1-GS08 Vishay-Semiconductor
D5, D6, D9, D11 4 Yellow LED, Yellow, SMD LED, LY L29K-J1K2-26-Z OSRAM
1.3x0.65x0.8mm
D7 1 60V Diode, Schottky, 60V, 2A, SMB SMB MBRS260T3G ON Semiconductor
D8 1 20V Diode, Zener, 20V, 500 mW, SOD-123 SOD-123 MMSZz4707-V Vishay-Semiconductor
D10 1 5.6V Diode, Zener, 5.6 V, 5 W, SMB SvB SMBJ5339B-TP Micro Commercial
Components
F1 1 Fuse, 1.5 A, 125 V, SMD SloBlo452 045201.5 Littelfuse
H1, H2, H3, H4 4 Machine Screw, Round, #4-40 x 1/4, Nylon, | o, NY PMS 440 0025 PH B&F Fastener Supply ; ;
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Table 3. BOM (continued)

. . - Alternate Part Alternate
Designator Quantity Value Description Package Reference | Part Number Manufacturer Nomiler e —
H5, H6, H7, H8 4 Standoff, Hex, 0.5"L #4-40 Nylon Standoff 1902C Keystone - -

. . Header, 2x1, .
J1 1 Header, 100mil, 2x1, Tin, TH 100mil, TH 5-146278-2 TE Connectivity
. . Header, 3x1, -
J2 1 Header, 100mil, 3x1, Tin, TH 100mil, TH 5-146278-3 TE Connectivity
13,35 2 Header, 100mil, 3x2, Tin, TH gfz""d%: 100mil, 5-146254-3 TE Connectivity
34,36, 37 3 Terminal Block, 64, 3.5mm Pitch, 2-P0s | 7 0xg.2x6.5mm ED555/2DS on-Shore Technology
J8, J10, J12 3 Header, 100mil, 7x2, Tin, TH Header, 7x2, PECO7DAAN Sullins Connector Solutions
100mil, Tin
J9 1 Connector, SMA Jack, Vertical, Gold, SMD | SMA 142-0711-201 Emerson Network Power
Ji1 1 Header, 100mil, 15x2, Gold, TH 15 x 2 Header MTSW-115-22-G-D-315 Samtec
TH, 6-Leads, Body
Ji3 1 Header, 100mil, 6x1, Tin, TH 608x100mil, Pitch PECO6SAAN Sullins Connector Solutions
100mil
Ji4 1 Header, 100mil, 5x2, Tin, TH Header, 5x2, PECOSDAAN Sullins Connector Solutions
100mil, Tin
Connector, Receptacle, Mini-USB Type B, . -
J15 1 RIA, Top Mount SMT USB Mini Type B 1734035-2 TE Connectivity
J17, 318, J19 3 gtsarr:]‘r’srd Banana Jack, Uninsulated, Keystone_575-4 575-4 Keystone
L1 1 1000 Q (F)ggge Bead, 1000 Q at 100 MHz, 0.3 A, | g5 BK2125HS102-T Taiyo Yuden
Inductor, Shielded Drum Core, Ferrite, I
L2 1 56pH 56uH, 2A, 0.101 O, SMD 10x5x10mm 7447714560 Waurth Elektronik eiSos
L3 1 50 Q Ferrite Bead, 50 Q at 100MHz, 6A, 1206 1206 HI1206 T500R-10 Laird-Signal Integrity Products
Thermal Transfer Printable Labels, 0.650" PCB Label 0.650"H
LBLL 1 W x 0.200" H - 10,000 per roll X 0.200"W THT-14-423-10 Brady - -
Q1 1 30V MOSFET, N/P-CH, 30 V, 2.5 A, SSOT-6 SSOT-6 FDC6333C Fairchild Semiconductor None
R1, R13, R36, R76 4 0 RES, 0, 5%, 0.1 W, 0603 0603 RC0603JR-070RL Yageo America
R2, R11, R12 3 10.0k RES, 10.0 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0710KL Yageo America
R3, R4, R5, R6, R7, R8, R45 7 1.2k RES, 1.2 k, 5%, 0.1 W, 0603 0603 RC0603JR-071K2L Yageo America
R9, R10 2 0 RES, 0, 5%, 0.333 W, 0805 0805 CRCWO08050000Z0EAHP Vishay-Dale
R15, R33, R61, R65, R69 5 40.2k RES, 40.2 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0740K2L Yageo America
R16, R17 2 49.9k RES, 49.9 k, 1%, 0.1 W, 0603 0603 RCO0603FR-0749K9L Yageo America
Ry PO ReL RS, R26, 30,0k RES, 30.0 k, 1%, 0.1 W, 0603 0603 RCOBO3FR-0730KL Yageo America
R29, R30 2 20.0k RES, 20.0 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD0720KL Yageo America
R37, R38 2 10k RES, 10 k, 5%, 0.1 W, 0603 0603 RC0603JR-0710KL Yageo America
R44, R51, R52, R54, R55 5 4.7k RES, 4.7 k, 5%, 0.063 W, 0402 0402 CRCWO04024K70JNED Vishay-Dale
R46, R47 2 33 RES, 33, 5%, 0.063 W, 0402 0402 CRCWO040233R0JNED Vishay-Dale
R48 1 1.5k RES, 1.5 k, 5%, 0.063 W, 0402 0402 CRCWO04021K50IJNED Vishay-Dale
R49 1 100k RES, 100 k, 5%, 0.063 W, 0402 0402 CRCWO0402100KINED Vishay-Dale
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Table 3. BOM (continued)

. . - Alternate Part Alternate
Designator Quantity Value Description Package Reference | Part Number Manufacturer Nomiler e —
R50 1 33k RES, 33 k, 5%, 0.063 W, 0402 0402 CRCWO040233K0JNED Vishay-Dale
R53 1 1.2Meg RES, 1.2 M, 5%, 0.1 W, 0603 0603 CRCWO06031M20JNEA Vishay-Dale
R56, R58, R60, R62, R64, R66, .

R68. R70. R72. R74 10 200k RES, 200 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD07200KL Yageo America

E% R59, R63, R67, R71, RT3, 7 300k RES, 300 k, 0.1%, 0.1 W, 0603 0603 RG1608P-304-B-T5 Susumu Co Ltd

R78, R79 2 1.0k RES, 1.0 k, 5%, 0.1 W, 0603 0603 RC0603JR-071KL Yageo America

R80 1 0 RES, 0, 5%, 0.25 W, 1206 1206 RC1206JR-070RL Yageo America

. . Switch, 4P2T, -

S1 1 Switch, Slide, 4PDT,TH 15x18x9.4 mm 1825264-1 TE Connectivity

S2, 83, S4 3 Switch, Tactile, SPST-NO, 0.1A, 16V, SMT | 4.93x4.19x6.2 mm 7914G-1-000E Bourns

SH-J2, SH-J3, SH-J5, SH-J5 4 1x2 Shunt, 100mil, Gold plated, Black Shunt 969102-0000-DA 3M SNT-100-BK-G Samtec

TP65, TP66, TP67, TP85, TP86 5 Red Test Point, Miniature, Red, TH $:gt;‘f')'i';'t"’““’e 5000 Keystone

TP68, TP69, TP70, TP71, TP72, . . Blue Miniature

TP73. TP74. TPT5 8 Blue Test Point, Miniature, Blue, TH Testpoint 5117 Keystone

TP76, TP77, TP78, TP79, TP80, . - Black Miniature

TP81, TP82. TP83. TP84 9 Black Test Point, Miniature, Black, TH Testpoint 5001 Keystone
1-MHz, Micro-Power, Low-Noise, RRIO,1.8-

U1 1 V CMOS OPERATIONAL AMPLIFIER DO008A OPA2313IDR Texas Instruments OPA2313ID Texas Instruments
Precision Value Line Series, DOO08SA

U2 1 Dual 150mA, Low Iq LDO regulator, DPQO006A TLV7163318PDPQR Texas Instruments TLV7163318PDP | 16,4 Instruments
DPQOO006A

U3 1 PGA411PAP, PAP0064M PAP0064M PGA411PAP Texas Instruments None
8-BIT DUAL-SUPPLY BUS TRANSCEIVER
with CONFIGURABLE VOLTAGE

U4, U5, U6, U7, U8 5 TRANSLATION AND 3-STATE OUTPUT, DGV0024A SN74LVC8T245DGVR Texas Instruments Texas Instruments
DGV0024A

U9 1 Mixed Signal MicroController, PNOOS80A PNOO80OA MSP430F5529IPN Texas Instruments None
500mA, Low Quiescent Current, Ultra-Low

u10 1 Noise, High PSRR Low-Dropout Linear DRBO008A TPS73533DRB Texas Instruments None
Regulator, DRBOO08SA

Y1 1 Crystal, 20.000MHz, 8pF, SMD 3.2x0.75x2.5mm NX3225GA-20MHZ-STD-CRA-1 NDK

Y2 1 Crystal, 24.000MHz, 20pF, SMD Crystal, ECS-240-20-5PX-TR ECS Inc

e ! ! 11.4x4.3x3.8mm :
0,

C10 0 0.01pF (?:02 CERM, 0.01 uF, 50 V, £5%, X7R, 0805 08055C103JAT2A AVX

C14, C20, C22, C23 0 51pF g&g CERM, 51 pF, 50 V, £5%, COG/NPO, | 43 GRM1885C1H510JA01D MuRata

D2 0 5.1v Diode, Zener, 5.1 V, 500 mW, SOD-123 SOD-123 MMSZ5231B-7-F Diodes Inc.

FID, FID2, FID3, FID4, FID5, FID6 | 0 mﬂﬁita' mark. There is nothing to buy or |\, N/A N/A

R14 0 0 RES, 0, 5%, 0.333 W, 0805 0805 CRCWO08050000Z0EAHP Vishay-Dale

R22, R23, R31, R32 0 100 RES, 100, 1%, 0.25 W, TH 1/4W Resistor CMF50100R00FHEB Vishay-Dale

R24, R34 0 4.99k RES, 4.99 k, 0.1%, 0.1 W, 0603 0603 RT0603BRD074K99L Yageo America

R35 0 50 RES, 50, 1%, 0.1 W, 0603 0603 CRCWO060350R0FKEA Vishay-Dale
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Table 3. BOM (continued)

. . - Alternate Part Alternate
Designator Quantity Value Description Package Reference | Part Number Manufacturer Ny o
0, i -
R39, R40, R41, R42, R43 0 33 ;is' 33, 5%, 0.0625 W, Resistor Array Resistor Array - 8x1 | EXB-2HV330JV Panasonic
R77 0 0 RES, 0, 5%, 0.1 W, 0603 0603 RC0603JR-070RL Yageo America
TP1, TP2, TP3, TP4, TP5, TP6,
TP7, TP8, TP9, TP10, TP11, TP12,
TP13, TP14, TP15, TP16, TP17,
TP18, TP19, TP20, TP21, TP22,
TP23, TP24, TP25, TP26, TP27,
TP28, TP29, TP30, TP31, TP32, Black Miniature
TP33, TP34, TP35, TP36, TP37, 0 Black Test Point, Miniature, Black, TH 5001 Keystone

TP38, TP39, TP40, TP41, TP42,
TP43, TP44, TP45, TP46, TP47,
TP48, TP49, TP50, TP51, TP52,
TP53, TP54, TP55, TP56, TP57,
TP58, TP59, TP60, TP61, TP62,
TP63, TP64

Testpoint

26 PGA411-Q1 EVM User's Guide

Copyright © 2016, Texas Instruments Incorporated

SLAU658—-March 2016
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU658

Jy TEXAS
INSTRUMENTS

www.ti.com

Schematics, Bill of Materials, and Layout

4.3 Layout and Component Placement
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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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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