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IWR1642 Single-Chip 76- to 81-GHz mmWave Sensor

1 Device Overview

1.1 Features

FMCW Transceiver

— Integrated PLL, Transmitter, Receiver,
Baseband, and A2D

— 76- to 81-GHz Coverage With 4-GHz
Continuous Bandwidth

— Four Receive Channels

— Two Transmit Channels

— Ultra-Accurate Chirp (Timing) Engine Based on
Fractional-N PLL
— TX Power: 12.5 dBm
— RX Noise Figure:
— 14 dB (76 to 77 GHz)
— 15dB (77 to 81 GHz)
— Phase Noise at 1 MHz:
— —95 dBc/Hz (76 to 77 GHz)
— —93 dBc/Hz (77 to 81 GHz)
Built-in Calibration and Self-Test (Monitoring)
— ARM® Cortex®-R4F-Based Radio Control
System
— Built-in Firmware (ROM)
— Self-calibrating System Across Frequency and
Temperature
C674x DSP for FMCW Signal Processing
On-Chip Memory: 1.5MB
Cortex-R4F Microcontroller for Object Tracking,
Classification, and Interface Control

— Supports Autonomous Mode (Loading User
Application from QSPI Flash Memory)

Internal Memories With ECC
Integrated Peripherals

1.2 Applications

Industrial Sensor for Measuring Range, Velocity,
and Angle

Tank Level Probing Radar
Displacement Sensing
Field Transmitters

Traffic Monitoring

— Up to 6 ADC Channels
— Up to 2 SPI Channels
— Upto 2 UARTs

— CAN Interface

- I’C

— GPIOs

— 2-Lane LVDS Interface for Raw ADC Data and
Debug Instrumentation

IWR1642 Advanced Features

— Embedded Self-monitoring With No Host
Processor Involvement

— Complex Baseband Architecture

— Embedded Interference Detection Capability
Power Management

— Built-in LDO Network for Enhanced PSRR
— 1/Os Support Dual Voltage 3.3 V/1.8 V
Clock Source

— Supports External Oscillator at 40 MHz

— Supports Externally Driven Clock (Square/Sine)
at 40 MHz

— Supports 40 MHz Crystal Connection with Load
Capacitors

Easy Hardware Design

— 0.65-mm Pitch, 161-Pin 10.4 mm x 10.4 mm
Flip Chip BGA Package for Easy Assembly and
Low-Cost PCB Design

— Small Solution Size
Operating Conditions
— Junction Temp Range: —40°C to 105°C

Proximity Sensing

Security and Surveillance

Factory Automation Safety Guards
People Counting

Motion Detection

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Figure 1-1. Autonomous Sensor For Industrial Applications

Description

The IWR1642 device is an integrated single-chip mmWave sensor based on FMCW radar technology
capable of operation in the 76- to 81-GHz band with up to 4 GHz continuous chirp. The device is built with
TI's low-power 45-nm RFCMOS process, and this solution enables unprecedented levels of integration in
an extremely small form factor. The IWR1642 is an ideal solution for low-power, self-monitored, ultra-
accurate radar systems in industrial applications such as building automation, factory automation, drones,
material handling, traffic monitoring, and surveillance.

The IWR1642 device is a self-contained, single-chip solution that simplifies the implementation of
mmWave sensors in the band of 76 to 81 GHz. IWR1642 includes a monolithic implementation of a 2TX,
4RX system with built-in PLL and A2D converters. The IWR1642 also integrates a DSP subsystem, which
contains Tl's high-performance C674x DSP for the radar signal processing. The device includes an ARM
R4F-based processor subsystem, which is responsible for front-end configuration, control, and calibration.
Simple programming model changes can enable a wide variety of sensor implementation with the
possibility of dynamic reconfiguration for implementing a multimode sensor. Additionally, the device is
provided as a complete platform solution including reference hardware design, software drivers, sample
configurations, API guide, training, and user documentation.

Device Information("

PART NUMBER PACKAGE BODY SIZE

IWR1642AQAGABL (Tray)

IWR1642AQAGABLR (Tape & Reel)

FCBGA (161) 10.4 mm x 10.4 mm

()

For more information, see Section 10, Mechanical Packaging and Orderable Information.
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1.4 Functional Block Diagram

| Serial Flash
T I QSPI interface
RX1—+4— LNA IF @ ] Cortex-R4F
@ 200-MHz spI Optional External
MCU interface
I ™ (User programmable)
Rxz | 03 e oo |
Digital Front SPI/12C PMIC control
Prog Data
I End Boot
s RAM RAM | oob DCAN Optional -
—+— LNA IF AD! o « " ional communication
RX3 C | (Decimation | (256KB*) | (192KB*) ingﬁace
filter chain)
RX4 LNA IF ADC I z
T1 I s Debug
= UARTS For debug
E Master subsystem
@ (Customer programmed) Tost JTAG for debug/
T | development
TX1 PA .
— ™| Mailbox -_  —/
LVDS ngh-speed ADC output
interface (for recording)
| PA ¥4 Synth Ramp ) )
™>2 (20 GHz) Generator High-speed input for
— | comos
@600 MHz
ADC
Buffer
6 |
RF Control/ L1P L1D L2
7 BIST (32KB) | (32kB) | (256KB)
= Osc VMON T | |
g ——— ) emp Radar Data Memory
(L3)
DSP subsystem 768KB*
RF/Analog subsystem (Customer programmed)
* Up to 512KB of Radar Data Memory can be switched to the Master R4F if required
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2 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from August 31, 2017 to April 30, 2018 Page
* Updated/Changed TX Power from "12 dBm" 10 "12.5 dBM" ....iueiiuiiiiiiiiiii e 1
» Updated/Changed RX Noise Figure from "15 dB (76 to 77 GHz)" t0 "14 dB (76 t0 77 GHz)" ...ccviiiiiiiiiiiiinnns 1
» Updated/Changed RX Noise Figure from "16 dB (77 to 81 GHz)" to "15dB (77 t0 81 GHz)" ....cvviviiiiiiiiiiiinnns 1
* Updated/Changed Phase Noise at 1 MHz from " —93 dBc/Hz (76 to 77 GHz)" to " —95 dBc/Hz (76 to 77 GHz)"....... 1
* Updated/Changed Phase Noise at 1 MHz from "-91 dBc/Hz (77 to 81 GHz)" to "-93 dBc/Hz (77 to 81 GHz)" ........ 1
» Updated/Changed Features from "...Object Detection and Interface Control" to "...Object Tracking, Classification,

=T 0 N 1) (=T 7= T T 0] {0 1
» Updated/Changed Features from "Supports Crystal Connection..." to "Supports 40 MHz Crystal Connection..."....... 1
* Added "People Counting" and "Motion Detection” to AppliCationS .....uueveeiiiieiiiiiiiiirr e 1
» Updated/Changed caption from "Autonomous Radar Sensor..." to "Automotive Sensor..." .....cvvevveirrieerianrninennns 2
* Added Tray PART NUMBER to Device INformation .........ccociieiiiiiiiiiiiiiii s 2
* Updated/Changed Device Information from "X11642QGABL (Reel)" to "IWR1642AQAGABLR (Reel)"..........cceuev. 2
* Updated RX and TX connections in Functional BIoCk Diagram .........cuveuiiiiiiiiiiiiiiiiniirisns s 3
* Added RF Control/BIST block to Functional BIOCK DiaQram .........c.uuieeiiiiiiiiiisiiaissiiienssiansssinssansannsses 3
*  Removed "Cascade (20-GHz sync)" from Device Features CompariSONn ......vveiieriaeriiierisnnriiirrnaesanraneaes 7
» Updated/Changed pin B15 t0 GPIO_41in Pint Di@Qram «......cuueeeiiiie it et ran e e ae e eaneaes 10
+  Corrected A10 pin t0 "VOUT _T4APLL ... .uueii s ea e 10
* Updated/Changed pin N14 from "RESERVED" to "DMM_SYNC" in Pin Diagram ........c.cceveeiiiiiiiiinsniinneinesns 10
* Updated/Changed Pin Attributes (ABLO161 Package) to match the AWR1642 device .......ccvviviiiiiiiiniiiinninnnns 14
» Updated/Changed all instances of "CAN_FD_tx" to "Reserved" in Pin Attributes (ABL0161 Package)................. 15
* Updated/Changed all instances of "CAN_FD_rx" to "Reserved" in Pin Attributes (ABLO161 Package)................. 15
* Added two register tables after Pin AttrDUIES ....ueueeeii i 21
* Updated/Changed PAD IO Control REGISTErS ...uuuueitieiiiie it st rs s s s s s s n s s e s r s e ras 21
* Cleaned up CLKP and CLKM signals in Signal Descriptions - AN@lOg ....uvveiieiiiiriiiiiiiiiiiiieninsaesnnsaneaas 27
+  Removed R14 from Power supply VIOIN ... .e et e e e e 27
*  Added pin R15 t0 POWEr SUPPIY VS L uuiiiiiiiiiii i r s s r s s e e s s s s s s n e e rannnas 28
* Removed duplicate Pin Multiplexing table .......couviuiiiiii i 29
+ Updated/Changed all CAN_FD 10 RESEIVEA .. .uuuiiuiiiiiieie ittt et e e e et s s s e s e e e e s e e nenes 29
* Cleaned up VIN_13RF1 and VIN_13F2 in Absolute Maximum Ratings ......cvveiriiiiiiiiiiiriiiiirnennneseeaas 33
» Updated/Changed CLKP, CLKM row in Absolute Maximum ratings from "Input ports for reference crystal" to
"Input ports for reference crystal, or external osCillator INPUL" ......uieiieiiii e 33
*  Added table Note 10 ESD RatiNgS «uueeuueeiiueiiiiiiii s i et r st s s s s s r s ra s s e s s n e neaa 33
* Updated/Changed Power-On Hours (POH) ....uiuuiiiiieiiiiiiii e s s s s e e e e e 33
* Added VIN_18VCO row to Recommended Operating ConditioNS .......cuuieiiiiiiiiii e eeeeaas 34
» Updated/Changed V,_in Recommended Operating ConditioNS. ... ..vvuiiuiieiiiiiiiii i resneaas 34
* Updated/Changed Voy MIN from "85% VIOIN" 10 "VIOIN — 450" ... e et re s e e e eaas 34
« Updated/Changed VoL MAX from "350" 10 "450" ...uuiiutieiiniieitiiiieraerit s sra s ra e sanrns 34
* Added NRESET row to Recommended Operating ConditioNS .. ...vueiiisiiiiiisiiini i ssissnnsnnnsnaes 34
* Updated/Changed Ripple Specifications FREQUENCY from "4200" 10 "4400" .....ccuviuriiiiiiinnniniirrenaenaeas 35
» Updated Average Power Consumption at POwer Terminals ........oevoeiiueieiiiiirier e raerae e e raneaaesnenns 35
» Updated/Changed RF Specification 1o match AWRTE .....uieiiiiiiiiii i e s e aes 36
* Updated/Changed IMRR TYP from 40 dB t0 21 dB ...uuiueieiiiiiiiiiis et rr s s s s ss s s s e s s s nenes 36
» Updated/Changed Power Supply Sequencing and Reset Timing iMage «..ocviveeiiieiiiiiiiirriarsrae e rnesnneeanas 38
» Updated/Changed Clock Specifications text from "(that is, a 40-MHz crystal) " to "(that is, a 40-MHz crystal or
external 0SCillator 10 CLKP) " ... 39
» Updated/Changed Crystal Implementation image from "40 and 50 MHz" t0 "40 MHz".......ccccoiiiiiiiiiiiiiiiieaens 39
» Updated/Changed fp Parallel resonance crystal frequency from " 40, 50" 10 "40"......ccvieiiiiiiiiiiiiiie e eeeas 39
+ Added External Clock Mode Specifications.......ocveiiiiiiiiiii i 40
* Removed External Clock Electrical Characteristics table .......cvviiiiiiiiiiii e 40
» Updated/Changed External Clock Mode Specifications table to match AWRT6......ccviiiiiiiiiiiiiiiiiireeiieeaes 40
* Updated SPI Slave Mode Switching Parameters .......ouvieiieiiiiiiiiiiinis s s es 46
» Updated SPI Slave Mode Timing REQUITEMENTS .. ...ttt et et e s e s e s e s e e e e s e eanenes 46
» Updated/Changed all MIN values in Timing Requirements for QSPI Input (Read) Timings ......ccvvevvviiniiiinnnnnsns 55
+ Added "People Counting" and "Gesturing" to Detailed Description OVEIVIEW .......evuvveiiiierrineiieineninieiens 61
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» Updated/Changed Host Interrupt bullet in HOSt INterface ....cvvueiiiiiiiiiii i e e e 65
* Removed Security Modules from Master Subsystem, Cortex-R4F Memory Map ........ccovvieiiiiiiiiiiiiiiiiiinninenns 66
* Removed "...and ENOB of ~9 bits" from ADC Channels (Service) for User Application .........cveevieviuiniinininnnnasn, 69
» Updated/Changed text from "ADC channel mapped to B12" to "GPADC channel 6".........cccoviiiiiiiiiiiiiiaennens 69
» Updated/Changed GP-ADC Parameter table to match AWRTE .....ceiniiiiiiii i e ee e e eaanes 69
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3 Device Comparison

Table 3-1. Device Features Comparison

or Production Data (PD)

FUNCTION IWR1443 IWR1642
Number of receivers 4 4
Number of transmitters 3 2
On-chip memory 576KB 1.5MB
Max I/F (Intermediate Frequency) (MHz) 15 5
Max real sampling rate (Msps) 375 12.5
Max complex sampling rate (Msps) 18.75 6.25
Processor
MCU (R4F) Yes Yes
DSP (C674x) — Yes
Peripherals
Serial Peripheral Interface (SPI) ports 1 2
Quad Serial Peripheral Interface (QSPI) Yes Yes
Inter-Integrated Circuit (1°C) interface 1 1
Controller Area Network (DCAN) interface Yes Yes
Trace — Yes
PWM — Yes
Hardware In Loop (HIL/DMM) = Yes
GPADC Yes Yes
LVDS/Debug Yes Yes
CSlI2 Yes —
Hardware accelerator Yes =
1-V bypass mode Yes Yes
JTAG Yes Yes
Product Preview (PP),
Product status Advance Information (Al), Al PD®

(1) ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development. Characteristic data and
other specifications are subject to change without notice.
(2) PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of the Texas

Instruments standard warranty. Production processing does not necessarily include testing of all parameters.
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3.1 Related Products

For information about other devices in this family of products or related products see the links that follow.

mmWave Sensors TI's mmWave sensors rapidly and accurately sense range, angle and velocity with
less power using the smallest footprint mmWave sensor portfolio for industrial applications.

mmWave IWR The Texas Instruments IWR1xxx family of mmWave Sensors are highly integrated and
built on RFCMOS technology operating in 76- to 81-GHz frequency band. The devices have
a closed-loop PLL for precise and linear chirp synthesis, includes a built-in radio processor
(BIST) for RF calibration and safety monitoring. The devices have a very small-form factor,
low power consumption, and are highly accurate. Industrial applications from long range to
ultra short range can be realized using these devices.

Companion Products for IWR1642 Review products that are frequently purchased or used in
conjunction with this product.

Reference Designs for IWNR1642 The IWR1642 Tl Designs Reference Design Library is a robust
reference design library spanning analog, embedded processor and connectivity. Created by
Tl experts to help you jump-start your system design, all Tl Designs include schematic or
block diagrams, BOMs, and design files to speed your time to market. Search and download
designs at ti.com/tidesigns.

Device Comparison Copyright © 2017-2018, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: IWR1642


http://www.ti.com/product/iwr1642?qgpn=iwr1642
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWRS212B&partnum=IWR1642
http://www.ti.com/product/iwr1642?qgpn=iwr1642
http://www.ti.com/lsds/ti/sensing-products/mmwave-sensors/mmwave-sensors-overview.page
http://www.ti.com/lsds/ti/sensing-products/mmwave-sensors/iwr/iwr-overview.page
http://www.ti.com/product/iwr1642#relProds
http://www.ti.com/product/IWR1642/toolssoftware#TIDesigns
http://www.ti.com/general/docs/refdesignsearchresults.tsp?DCMP=tidesigns-en&HQS=tidesigns-vanityurl-en

13 TEXAS
INSTRUMENTS IWR1642

SWRS212B —MAY 2017—-REVISED APRIL 2018

4 Terminal Configuration and Functions

4.1 Pin Diagram

Figure 4-1 shows the pin locations for the 161-pin FCBGA package. Figure 4-2, Figure 4-3, Figure 4-4,
and Figure 4-5 show the same pins, but split into four quadrants.
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Figure 4-1. Pin Diagram
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Figure 4-2. Top Left Quadrant
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Figure 4-3. Top Right Quadrant
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Figure 4-4. Bottom Left Quadrant
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Figure 4-5. Bottom Right Quadrant
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Table 4-1. Pin Attributes (ABL0161 Package)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A[;')':{‘é';;"[ - MODE [5] TYPE [6] Bg#kTREEE']ET PULL UP/ ?S?WN
H13 GPIO_0 GPIO_13 OXFFFFEAQ4 0 10 Output Disabled | Pull Down
GPIO_0 1 10
PMIC_CLKOUT 2 o
cPWM1b 10 0
ePWM2a 11 0
NE GPIO_1 GPIO_16 OxFFFFEA08 0 10 Output Disabled | Pull Down
GPIO_1 1 10
SYNC_OUT 2 0
DMM_MUX_IN 12 |
SPIB_cs_n_1 13 10
SPIB_cs_n_2 14 10
ePWM1SYNCI 15 |
K13 GPIO_2 GPIO_26 OXFFFFEAG4 0 10 Output Disabled | Pull Down
GPIO_2 1 10
0SC_CLKOUT 2 o
MSS_uartb_tx 7 (0]
BSS_uart_tx 8 6}
SYNC_OUT 9 0
PMIC_CLKOUT 10 0
R4 GPIO_31 TRAGE_DATA_0 OXFFFFEA7GC 0 0 Output Disabled | Pull Down
GPIO_31 1 10
DMMO 2 |
MSS_uarta_tx 4 10
P5 GPIO_32 TRACE_DATA_1 OxFFFFEAS0 0 o Output Disabled | Pull Down
GPIO 32 1 10
DMM1 2 |
R5 GPIO_33 TRACE_DATA_2 OxFFFFEAS4 0 o Output Disabled | Pull Down
GPIO 33 1 10
DMM2 2 |
P6 GPIO_34 TRACE_DATA_3 OxFFFFEASS 0 o Output Disabled | Pull Down
GPIO_34 1 10
DMM3 2 |
ePWM3SYNCO 4 o
R7 GPIO_35 TRACE_DATA 4 OXFFFFEASC 0 0 Output Disabled | Pull Down
GPIO_35 1 10
DMM4 2 |
cPWM2SYNCO 4 0
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Table 4-1. Pin Attributes (ABL0161 Package) (continued)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A[f[')':g;;"[ ; MODE [5] TYPE [6] B‘S"T'kTREE;']ET PULL DP [[’;])WN
P7 GPIO_36 TRACE_DATA_5 OxFFFFEA90 0 o) Output Disabled | Pull Down
GPIO_36 1 10
DMM5 2 |
MSS_uartb_tx 5 O
R8 GPIO_37 TRACE_DATA_6 O0xFFFFEA94 0 o Output Disabled Pull Down
GPIO_37 1 10
DMM6 2 |
BSS_uart_tx 5 (0]
P8 GPIO_38 TRACE_DATA_7 OXFFFFEA98 0 o Output Disabled | Pull Down
GPIO_38 1 10
DMM7 2 |
DSS_uart_tx 5 (0]
D14 GPIO_39 TRACE_DATA_8 OXFFFFEASC 0 o) Output Disabled  Pull Down
GPIO_39 1 10
DMM8 2 |
Reserved 4 10
ePWM1SYNCI 5 |
B14 GPIO_40 TRACE_DATA_9 OXFFFFEAAQ 0 o Output Disabled | Pull Down
GPIO_40 1 10
DMM9 2 |
Reserved 4 10
ePWM1SYNCO 5 o)
B15 GPIO_41 TRACE_DATA_10 OxFFFFEAA4 0 o Output Disabled Pull Down
GPIO_41 1 10
DMM10 2 |
ePWM3a 4 (0]
c9 GPIO_42 TRACE_DATA_11 OXFFFFEAA8 0 o Output Disabled | Pull Down
GPIO_42 1 10
DMM11 2 |
ePWM3b 4 o
c8 GPIO_43 TRACE_DATA_12 OXFFFFEAAC 0 o) Output Disabled | Pull Down
GPIO_43 1 10
DMM12 2 |
ePWM1a 4 o}
CAN_tx 5 10
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Table 4-1. Pin Attributes (ABL0161 Package) (continued)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A;ggé’;;"[ ; MODE [5] TYPE [6] B‘S"T'kTREE;']ET PULL DP [[’;])WN

B9 GPIO_44 TRACE_DATA_13 OXFFFFEABO 0 0 Output Disabled  Pull Down
GPIO_44 1 10
DMM13 2 |
ePWM1b 4 0
CAN_rx 5 |

B8 GPIO_45 TRACE_DATA_14 OXFFFFEAB4 0 0 Output Disabled  Pull Down
GPIO_45 1 10
DMM14 2 |
ePWM2a 4 (¢]

A9 GPIO_46 TRACE_DATA_15 OXFFFFEABS 0 0 Output Disabled  Pull Down
GPIO_46 1 10
DMM15 2 |
ePWM2b 4 0

N15 GPIO_47 TRACE_CLK OXFFFFEABC |0 0 Output Disabled  Pull Down
GPIO_47 1 10
DMM_CLK 2 |

N14 DMM_SYNG TRACE_CTL OXFFFFEACO 0 0 Output Disabled  Pull Down
RESERVED 1 10
DMM_SYNC 2 |

N8 MCU_CLKOUT GPIO_25 OXFFFFEA60 0 10 Output Disabled  Pull Down
MCU_CLKOUT 1 o
ePWM1a 12 0

N7 nERROR_IN NERROR_IN OXFFFFEA44 0 | Input

N6 nERROR_OUT nERROR_OUT OXFFFFEA4C 0 0 Hi-Z (Open Drain)

P9 PMIC_CLKOUT SOP[2] OXFFFFEAGS During Power Up | Output Disabled  Pull Down
GPIO_27 0 10
PMIC_CLKOUT 1 o
ePWM1b 11 0
ePWM2a GPIO_8 12 0

R13 QSPI0] OXFFFFEA2C 0 10 Output Disabled  Pull Down
QSPI0] 1 10
SPIB_miso 2 10

N12 QSPI[1] GPIO_9 OXFFFFEA30 0 10 Output Disabled  Pull Down
QSPI[1] 1 10
SPIB_mosi 2 10
SPIB_cs_n_2 8 10

R14 QsPI2] GPIO_10 OXFFFFEA34 0 10 Output Disabled  Pull Down
QSPI[2] 1 |
Reserved 8 (0]
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Table 4-1. Pin Attributes (ABL0161 Package) (continued)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A[f[')':g;;"[ ; MODE [5] TYPE [6] B‘S"T'kTREE;']ET PULL DP [[’;])WN
P12 QSPI[3] GPIO_11 OxFFFFEA38 0 10 Output Disabled Pull Down
QSPI[3] 1 10
Reserved 8 |
R12 QSPI_clk GPIO_7 0xFFFFEA3C 0 10 Output Disabled Pull Down
QSPI_clk 1 10
SPIB_clk 2 10
DSS_uart_tx 6 0]
P11 QSPl_cs_n GPIO_6 0xFFFFEA40 0 10 Output Disabled Pull Up
QSPIl_cs_n 1 10
SPIB_cs_n 2 10
N4 rs232_rx GPIO_15 OxFFFFEA74 0 10 Input Enabled Pull Up
rs232_rx 1 |
MSS_uarta_rx 2 |
BSS_uart_tx 6 10
MSS_uartb_rx 7 10
Reserved 8 |
12C_scl 9 10
ePWM2a 10 (0]
ePWM2b 11 o}
ePWM3a 12 (0]
N5 rs232_tx GPIO_14 OxFFFFEA78 0 10 Output Enabled
rs232_tx 1 O
MSS_uarta_tx 5 10
MSS_uartb_tx 6 10
BSS_uart_tx 7 10
Reserved 10 O
12C_sda 1 10
ePWM1ia 12 O
ePWM1b 13 (0]
NDMM_EN 14 |
ePWM2a 15 o}
E13 SPIA_clk GPIO_3 OxFFFFEA14 0 10 Output Disabled Pull Up
SPIA_clk 1 10
CAN_rx 6 |
DSS_uart_tx 7 (0]
C13 SPIA_cs_n SPIA_cs_n OxFFFFEA18 0 10 Output Disabled Pull Up
SPIA cs_n 1 10
CAN_tx 6 (0]
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Table 4-1. Pin Attributes (ABL0161 Package) (continued)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A[f[')':g;;"[ ; TYPE [6] B‘S"T'kTREE;']ET ‘ PULL DP [[’;])WN
E14 SPIA_miso GPIO_20 OxFFFFEA10 0 10 Output Disabled Pull Up
SPIA_miso 1 10
Reserved 2 (0]
D13 SPIA_mosi GPIO_19 0xFFFFEAQOC 0 10 Output Disabled Pull Up
SPIA_mosi 1 10
Reserved 2 |
DSS_uart_tx 8 o}
F14 SPIB_clk GPIO_5 OxFFFFEA24 0 10 Output Disabled Pull Up
SPIB_clk1 1 10
MSS_uarta_rx 2 |
MSS_uartb_tx 6 (0]
BSS_uart_tx 7 (0]
Reserved 8 |
H14 SPIB_cs_n GPIO_4 O0xFFFFEA28 0 10 Output Disabled Pull Up
SPIB_cs_n 1 10
MSS_uarta_tx 2 o}
MSS_uartb_tx 6 (0]
BSS_uart_tx 7 10
QSPI_clk_ext 8 |
Reserved 9 (0]
G14 SPIB_miso GPIO_22 OxFFFFEA20 0 10 Output Disabled Pull Up
SPIB_miso 1 10
12C_scl 2 10
DSS_uart_tx 6 (0]
F13 SPIB_mosi GPIO_21 OxFFFFEA1C 0 10 Output Disabled Pull Up
SPIB_mosi 1 10
12C_sda 2 10
P13 SPI_HOST_INTR GPIO_12 OxFFFFEAOO 0 10 Output Disabled Pull Down
SPI_HOST_INTR 1 (0]
SPIB_cs_n_1 6 10
P4 SYNC_in GPIO_28 O0xFFFFEABC 0 10 Output Disabled Pull Down
SYNC_IN 1 |
MSS_uartb_rx 6 10
DMM_MUX_IN 7 |
SYNC_OUT 9 (0]
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Table 4-1. Pin Attributes (ABL0161 Package) (continued)

BALL NUMBER [1] BALL NAME [2] SIGNAL NAME [3] A[f[','é‘égg"[ ; MODE [5] TYPE [6] B‘S“T'kTREES']ET PULL DP [[’;])WN
G13 SYNC_OUT SOP[1] 0xFFFFEA70 During Power Up |1 Output Disabled Pull Down
GPIO_29 0 10
SYNC_OUT 1 o)
DMM_MUX_IN 9 |
SPIB_cs_n_1 10 10
SPIB_cs_n_2 11 10
P10 TCK GPIO_17 O0xFFFFEA50 0 10 Input Enabled Pull Down
TCK 1 |
MSS_uartb_tx 2 (¢]
Reserved 8 0]
R11 TDI GPIO_23 OxFFFFEAS58 0 10 Input Enabled Pull Up
TDI 1 |
MSS_uarta_rx 2 |
N13 TDO SOPI[0] O0xFFFFEA5C During Power Up |1 Output Enabled
GPIO_24 0 10
TDO 1 (0]
MSS_uarta_tx 2 (0]
MSS_uartb_tx 6 (0]
BSS_uart_tx 7 (0]
NDMM_EN 9 |
N10 T™S GPIO_18 OxFFFFEA54 0 10 Input Enabled Pull Down
T™S 1 |
BSS_uart_tx 2 (0]
Reserved 6 |
N9 Warm_Reset Warm_Reset OxFFFFEA48 0 10 glz I)nput (Open
rain

The following list describes the table column headers:

1. BALL NUMBER: Ball numbers on the bottom side associated with each signal on the bottom.

BALL NAME: Mechanical name from package device (name is taken from muxmode 0).

SIGNAL NAME: Names of signals multiplexed on each ball (also notice that the name of the ball is the signal name in muxmode 0).
PINCNTL ADDRESS: MSS Address for PinMux Control

MODE: Multiplexing mode number: value written to PinMux Cntl register to select specific Signal name for this Ball number. Mode column has
bit range value.

TYPE: Signal type and direction:
— |=Input
— O = Output

IS

o
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— 10 = Input or Output
7. BALL RESET STATE: The state of the terminal at power-on reset

8. PULL UP/DOWN TYPE: indicates the presence of an internal pullup or pulldown resistor. Pullup and pulldown resistors can be enabled or
disabled via software.

— Pull Up: Internal pullup
— Pull Down: Internal pulldown
— An empty box means No pull.

9. Pin Mux Control Value maps to lower 4 bits of register.
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IO MUX registers are available in the MSS memory map and the respective mapping to device pins is as follows:

Table 4-2. PAD IO Control Registers

Default Pin/Ball Name Package Ball /Pin (Address) Pin Mux Config Register
SPI_HOST_INTR P13 0xFFFFEA00
GPIO_0 H13 O0xFFFFEA04
GPIO_1 J13 0xFFFFEA08
SPIA_MOSI D13 OxFFFFEAOC
SPIA_MISO E14 O0xFFFFEA10
SPIA_CLK E13 OxFFFFEA14
SPIA_CS_N C13 OxFFFFEA18
SPIB_MOSI F13 OxFFFFEA1C
SPIB_MISO G14 0xFFFFEA20
SPIB_CLK F14 OxFFFFEA24
SPIB_CS_N H14 O0xFFFFEA28
QSPI[0] R13 OxFFFFEA2C
QSPI[1] N12 0xFFFFEA30
QSPI[2] R14 OxFFFFEA34
QSPI[3] P12 0xFFFFEA38
QSPI_CLK R12 OxFFFFEA3C
QSPI_CSN_N P11 0xFFFFEA40
NERROR_IN N7 OxFFFFEA44
WARM_RESET N9 O0xFFFFEA48
NERROR_OUT N6 OxFFFFEA4C
TCK P10 0xFFFFEA50
T™MS N10 O0xFFFFEA54
TDI R11 0xFFFFEA58
TDO N13 OxFFFFEA5C
MCU_CLKOUT N8 0xFFFFEA6B0
GPIO_2 K13 OxFFFFEA64
PMIC_CLKOUT P9 0xFFFFEA6G8
SYNC_IN P4 OxFFFFEA6C
SYNC_OUT G13 0xFFFFEA70
RS232_RX N4 OxFFFFEA74
RS232_TX N5 O0xFFFFEA78
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Table 4-2. PAD 10 Control Registers (continued)

Default Pin/Ball Name Package Ball /Pin (Address) Pin Mux Config Register
GPIO_31 R4 OxFFFFEA7C
GPIO_32 P5 0xFFFFEA80
GPIO_33 R5 OxFFFFEA84
GPIO_34 P6 0xFFFFEA88
GPIO_35 R7 OxFFFFEA8C
GPIO_36 P7 0xFFFFEA90
GPIO_37 R8 O0xFFFFEA94
GPIO_38 P8 O0xFFFFEA98
GPIO_39 D14 OxFFFFEA9C
GPIO_40 B14 O0xFFFFEAAQ
GPIO_41 B15 O0xFFFFEAA4
GPIO_42 C9 OxFFFFEAAS8
GPIO_43 C8 OxFFFFEAAC
GPIO_44 B9 O0xFFFFEABO
GPIO_45 B8 OxFFFFEAB4
GPIO_46 A9 OxFFFFEABS8
GPIO_47 N15 OxFFFFEABC

DMM_SYNC N14 OxFFFFEACO
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The register layout is as follows:

Table 4-3. PAD IO Register Bit Descriptions

RESET
BIT |FIELD TYPE (POWER ON DESCRIPTION
DEFAULT)
31-11 |NU RW 0 Reserved
10 |[SC RW 0 10 slew rate control:
0 = Higher slew rate
1 = Lower slew rate
9 PUPDSEL RW 0 Pullup/PullDown Selection
0 = Pull Down
1 = Pull Up (This field is valid only if Pull Inhibit is set as '0")
8 PI RW 0 Pull Inhibit/Pull Disable
0 = Enable
1 = Disable
OE_OVERRIDE RW 1 Output Override
6 OE_OVERRIDE_CTR | RW 1 Output Override Control:
L (A "1" here overrides any o/p manipulation of this 10 by any of the peripheral
block hardware it is associated with for example a SPI Chip select)
5 IE_OVERRIDE RW 0 Input Override
4 IE_OVERRIDE_CTR |RW 0 Input Override Control:
L (A '1" here overrides any i/p value on this 10 with a desired value)
3-0 | FUNC_SEL RW 1 Function select for Pin Multiplexing (Refer to the Pin Mux Sheet)
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4.3 Signal Descriptions

Table 4-4. Signal Descriptions - Digital

SIGNAL NAME PIN TYPE DESCRIPTION BALL NO.
BSS_UART_TX 0 Debug UART Transmit [Radar Block] F14, HK‘ A!K,\]S: {;‘;O’ N13,
CAN_RX | CAN (DCAN) Receive Signal B9, E13
CAN_TX 10 CAN (DCAN) Transmit Signal C13,C8
DMMO | Debug Interface (Hardware In Loop) - Data Line R4
DMM1 | Debug Interface (Hardware In Loop) - Data Line P5
DMM2 | Debug Interface (Hardware In Loop) - Data Line R5
DMMS3 | Debug Interface (Hardware In Loop) - Data Line P6
DMM4 | Debug Interface (Hardware In Loop) - Data Line R7
DMM5 | Debug Interface (Hardware In Loop) - Data Line P7
DMM®6 | Debug Interface (Hardware In Loop) - Data Line R8
DMM7 | Debug Interface (Hardware In Loop) - Data Line P8
DMM8 | Debug Interface (Hardware In Loop) - Data Line D14
DMM9 | Debug Interface (Hardware In Loop) - Data Line B14
DMM10 | Debug Interface (Hardware In Loop) - Data Line B15
DMM11 | Debug Interface (Hardware In Loop) - Data Line C9
DMM12 | Debug Interface (Hardware In Loop) - Data Line C8
DMM13 | Debug Interface (Hardware In Loop) - Data Line B9
DMM14 | Debug Interface (Hardware In Loop) - Data Line B8
DMM15 | Debug Interface (Hardware In Loop) - Data Line A9
DMM_CLK | Debug Interface (Hardware In Loop) - Clock N15
DMM_MUX_IN | B:ﬂbMug I(qt\sga}ﬁgtéﬁgg\;vare In Loop) Mux Select between DMM1 and G13, J13, P4
DMM_SYNC | Debug Interface (Hardware In Loop) - Sync N14
DSS_UART_TX O Debug UART Transmit [DSP] D13, E13, G14, P8, R12
EPWM1A O PWM Module 1 - Output A C8, N5, N8
EPWM1B O PWM Module 1 - Output B B9, H13, N5, P9
EPWM1SYNCI | D14, J13
EPWM1SYNCO O B14
EPWM2A 6] PWM Module 2- Output A B8, H13, N4, N5, P9
EPWM2B 6] PWM Module 2 - Output B A9, N4
EPWM2SYNCO O R7
EPWM3A 6] PWM Module 3 - Output A B15, N4
EPWM3B 6] PWM Module 3 - Output B C9
EPWM3SYNCO O P6
GPIO_0 10 General-purpose /0 H13
GPIO_1 10 General-purpose /0 J13
GPIO_2 10 General-purpose /0 K13
GPIO_3 10 General-purpose /0 E13
GPIO_4 10 General-purpose /0 H14
GPIO_5 10 General-purpose /0 F14
GPIO_6 10 General-purpose /0 P11
GPIO_7 10 General-purpose /0 R12
GPIO_8 10 General-purpose /0 R13
GPIO_9 10 General-purpose /0 N12
GPIO_10 10 General-purpose /0 R14
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Table 4-4. Signal Descriptions - Digital (continued)

SIGNAL NAME PIN TYPE DESCRIPTION BALL NO.
GPIO_11 10 General-purpose /0 P12
GPIO_12 10 General-purpose /0 P13
GPIO_13 10 General-purpose /0 H13
GPIO_14 10 General-purpose /0 N5
GPIO_15 10 General-purpose /0 N4
GPIO_16 10 General-purpose /0 J13
GPIO_17 10 General-purpose /0 P10
GPIO_18 10 General-purpose /0 N10
GPIO_19 10 General-purpose /0 D13
GPIO_20 10 General-purpose /0 E14
GPIO_21 10 General-purpose /0 F13
GPIO_22 10 General-purpose /0 G14
GPIO_23 10 General-purpose /0 R11
GPIO_24 10 General-purpose /0 N13
GPIO_25 10 General-purpose /0 N8
GPIO_26 10 General-purpose /0 K13
GPIO_27 10 General-purpose /0 P9
GPIO_28 10 General-purpose /0 P4
GPIO_29 10 General-purpose /0 G13
GPIO_30 10 General-purpose /0 C13
GPIO_31 10 General-purpose /0 R4
GPIO_32 10 General-purpose /0 P5
GPIO_33 10 General-purpose /0 R5
GPIO_34 10 General-purpose /0 P6
GPIO_35 10 General-purpose /0 R7
GPIO_36 10 General-purpose /0 P7
GPIO_37 10 General-purpose /0 R8
GPIO_38 10 General-purpose /0 P8
GPIO_39 10 General-purpose /0 D14
GPIO_40 10 General-purpose /0 B14
GPIO_41 10 General-purpose /0 B15
GPIO_42 10 General-purpose /0 C9
GPIO_43 10 General-purpose /0 C8
GPIO_44 10 General-purpose /0 B9
GPIO_45 10 General-purpose /0 B8
GPIO_46 10 General-purpose /0 A9
GPIO_47 10 General-purpose /0 N15
12C_SCL 10 I12C Clock G14, N4
I2C_SDA 10 I12C Data F13, N5
LVDS_TXP[0] 0] . . J14
LVDS_TXM[O] o Differential data Out — Lane 0 15
LVDS_TXP[1] o] . . K14
LVDS_TXM[] o Differential data Out — Lane 1 K15
LVDS_CLKP o L14

Differential clock Out
LVDS_CLKM o] L15
LVDS_FRCLKP o] . . M14
Differential Frame Clock
LVDS_FRCLKM o] M15
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Table 4-4. Signal Descriptions - Digital (continued)

SIGNAL NAME PIN TYPE DESCRIPTION BALL NO.
MCU_CLKOUT (0] Programmable clock given out to external MCU or the processor N8
MSS_UARTA_ RX | Master Subsystem - UART A Receive F14, N4, R11
MSS_UARTA_TX (0] Master Subsystem - UART A Transmit H14, N13, N5, R4
MSS_UARTB_RX 10 Master Subsystem - UART B Receive N4, P4
MSS _UARTB_TX (@] Master Subsystem - UART B Transmit P14 H1‘;31'?)1 ?57N13! NS
NDMM_EN | Debug Interface (Hardware In Loop) Enable - Active Low Signal N13, N5

Failsafe input to the device. Nerror output from any other device can
NERROR_IN | be concentrated in the error signaling monitor module inside the N7

device and appropriate action can be taken by Firmware

Open drain fail safe output signal. Connected to
NERROR_OUT (0] PMIC/Processor/MCU to indicate that some severe criticality fault N6

has happened. Recovery would be through reset.
PMIC_CLKOUT (@] Output Clock from IWR1642 device for PMIC H13, K13, P9
QSPI[0] 10 QSPI Data Line #0 (Used with Serial Data Flash) R13
QSPI[1] 10 QSPI Data Line #1 (Used with Serial Data Flash) N12
QSPI[2] | QSPI Data Line #2 (Used with Serial Data Flash) R14
QSPI[3] 10 QSPI Data Line #3 (Used with Serial Data Flash) P12
QSPI_CLK 10 QSPI Clock (Used with Serial Data Flash) R12
QSPI_CLK_EXT | QSPI Clock (Used with Serial Data Flash) H14
QSPI_CS_N 10 QSPI Chip Select (Used with Serial Data Flash) P11
RS232_RX | Debug UART (Operates as Bus Master) - Receive Signal N4
RS232_TX (0] Debug UART (Operates as Bus Master) - Transmit Signal N5
SOPI[0] | Sense On Power - Line#0 N13
SOP[1] | Sense On Power - Line#1 G13
SOP[2] | Sense On Power - Line#2 P9
SPIA_CLK 10 SPI Channel A - Clock E13
SPIA_CS_N 10 SPI Channel A - Chip Select C13
SPIA_MISO 10 SPI Channel A - Master In Slave Out E14
SPIA_MOSI 10 SPI Channel A - Master Out Slave In D13
SPIB_CLK 10 SPI Channel B - Clock F14, R12
SPIB_CS_N 10 SPI Channel B Chip Select (Instance ID 0) H14, P11
SPIB_CS_N_1 10 SPI Channel B Chip Select (Instance ID 1) G183, J13, P13
SPIB_CS_N_2 10 SPI Channel B Chip Select (Instance ID 2) G13, J13, N12
SPIB_MISO 10 SPI Channel B - Master In Slave Out G14, R13
SPIB_MOSI 10 SPI Channel B - Master Out Slave In F13, N12
SPI_HOST_INTR (0] Out of Band Interrupt to an external host communicating over SPI P13
SYNC_IN | Low frequency Synchronization signal input P4
SYNC_OUT (0] Low Frequency Synchronization Signal output G183, J13, K13, P4
TCK | JTAG Test Clock P10
TDI | JTAG Test Data Input R11
TDO (0] JTAG Test Data Output N13
T™S | JTAG Test Mode Signal N10
TRACE_CLK (0] Debug Trace Output - Clock N15
TRACE_CTL (0] Debug Trace Output - Control N14
TRACE_DATA 0 (@) Debug Trace Output - Data Line R4
TRACE_DATA 1 (@) Debug Trace Output - Data Line P5
TRACE_DATA 2 (@) Debug Trace Output - Data Line R5
TRACE_DATA 3 (@) Debug Trace Output - Data Line P6
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Table 4-4. Signal Descriptions - Digital (continued)

SIGNAL NAME PIN TYPE DESCRIPTION BALL NO.
TRACE_DATA 4 (@] Debug Trace Output - Data Line R7
TRACE_DATA 5 (@] Debug Trace Output - Data Line P7
TRACE_DATA 6 (@] Debug Trace Output - Data Line R8
TRACE_DATA 7 (0] Debug Trace Output - Data Line P8
TRACE_DATA 8 (0] Debug Trace Output - Data Line D14
TRACE_DATA 9 (0] Debug Trace Output - Data Line B14
TRACE_DATA 10 (0] Debug Trace Output - Data Line B15
TRACE_DATA 11 (0] Debug Trace Output - Data Line C9
TRACE_DATA_12 (0] Debug Trace Output - Data Line Cc8
TRACE_DATA 13 (0] Debug Trace Output - Data Line B9
TRACE_DATA_14 (0] Debug Trace Output - Data Line B8
TRACE_DATA 15 (0] Debug Trace Output - Data Line A9

Open drain fail safe warm reset signal. Can be driven from PMIC for
WARM_RESET 10 diagnostic or can be used as status signal that the device is going N9
through reset.
Table 4-5. Signal Descriptions - Analog
INTERFACE SIGNAL NAME Tl\:{IIL\lE DESCRIPTION BALL NO.
. X1 (0] Single ended transmitter1 o/p B4
Transmitters - -
TX2 (0] Single ended transmitter2 o/p B6
RX1 | Single ended receiver1 i/p M2

. RX2 | Single ended receiver2 i/p K2

Receivers - - -
RX3 | Single ended receiver3 i/p H2
RX4 | Single ended receiver4 i/p F2
Reset NRESET | Power on reset for chip. Active low R3
In XTAL mode: Differential port for reference crystal
CLKP | In External clock mode: Single ended input C15
Refgrence reference clock port
Oscillator - -
CLKM | In XTAL mode: Differential port for reference crystal D15
In External clock mode: Connect this port to ground
Reference clock output from clocking sub system
Reference clock 0SC_CLKOUT 0 after cleanup PLL (1.8V output voltage swing). Al4
Bandgap voltage VBGAP (0] Device's Band Gap Reference Output B10
VDDIN Power | 1.2V digital power supply H15, N11, P15, R6
VIN_SRAM Power | 1.2V power rail for internal SRAM G15
VNWA Power | 1.2V power rail for SRAM array back bias P14
VIOIN Power 1/O Supply (3.3Voor 1.8V): All CMOS I/Os would R10, F15
Power supply operate on this supply
VIOIN_18 Power | 1.8V supply for CMOS 10 R9
VIN_18CLK Power | 1.8V supply for clock module B11
VIOIN_18DIFF Power | 1.8V supply for LVDS port E15
VPP Power | Voltage supply for fuse chain L13
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Table 4-5. Signal Descriptions - Analog (continued)

INTERFACE SIGNAL NAME T?(IF';IE DESCRIPTION BALL NO.
1.3V Analog and RF supply,VIN_13RF1 and
VIN_13RF1 Power VIN_13RF2 could be shorted on the board G5, H5, J5
VIN_13RF2 Power | 1.3V Analog and RF supply C2,D2
VIN_18BB Power | 1.8V Analog base band power supply K5, F5
VIN_18VCO Power | 1.8V RF VCO supply B12
L5, L6, L8, L10,
K7, K8, K9, K10,
K11, J6, J7, J8,
VSS Ground | Digital ground J10, H7, H9, H11,
Power supply G6, G7, G8, G10,
F9, F11, E5, ES,
E8, E10, E11, R15
A1, A3, A5, A7,
A15, B1, B3, B5,
B7, C1, C3, C4,
C5, C6, C7, E1,
VSSA Ground | Analog ground E2, E3, F3, G1,

G2, G3, H3, J1, J2,
J3, K3, L1, L2, L3,
M3, N1, N2, N3,
R1

VOUT_14APLL (0] Internal LDO output A10
Internal LDO
output/inputs VOUT_14SYNTH (0] Internal LDO output A13
VOUT_PA (0] Internal LDO output A2, B2
Analog Test1 / ADC1 (o] ADC Channel 1 P1
Test and Debug g 1
output for pre- Analog Test2 / ADC2 10 ADC Channel 2(" P2
production phase. | Analog Test3 / ADC3 10 ADC Channel 3(" P3
Can be pinned out Rh
on production Analog Test4 / ADC4 10 ADC Channel 4 R2
gatr)dware for field | ANAMUX / ADC5 10 ADC Channel 5 B13
eoug VSENSE / ADC6 (o] ADC Channel 6 C14

(1) For details, see Section 6.4.1.
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4.4 Pin Multiplexing

Table 4-6. Pin Multiplexing

MUXMODE[15:During Power Up] SETTINGS

BALL
ADDRESS NUMBER  During 0 1 2 4 5 6 7 8 9 10 11 12 13 14 15
Power Up
OxFFFFEAQ0 P13 GPIO_12 | SPI_HOST SPIB_cs_n
_INTR R
OxFFFFEA04 H13 GPIO_13 |GPIO_0 PMIC_CLK ePWM1b | ePWM2a
out
O0xFFFFEA08 J13 GPIO_16 GPIO_1 SYNC_OU DMM_MUX |SPIB_cs_n | SPIB_cs_n ePWM1SY
T _IN A 2 NCI
OxFFFFEAOC D13 GPIO_19 | SPIA_mosi Reserved DSS_uart_t
X
OxFFFFEA10 E14 GPIO_20 |SPIA_miso Reserved
OxFFFFEA14 E13 GPIO_3  SPIA clk CAN_rx  DSS_uart_t
X
OxFFFFEA18 c13 GPIO_30 |SPIA cs_n CAN_tx
OxFFFFEA1C F13 GPIO_21 |SPIB_mosi |12C_sda
OxFFFFEA20 G14 GPIO_22  SPIB_miso |12C_scl DSS_uart_t
X
OxFFFFEA24 F14 GPIO_5 SPIB_clk |MSS_uarta MSS_uartb BSS_uart_t Reserved
_rx _tx X
OxFFFFEA28 H14 GPIO_4  |SPIB_cs_n MSS_uarta MSS_uartb |BSS_uart_t |QSPI_clk_e Reserved
_tx _tx X xt
OxFFFFEA2C R13 GPIO_8 |QSPI[0]  SPIB_miso
OxFFFFEA30 N12 GPIO_9 |QSPI[1]  SPIB_mosi SPIB_cs_n
2
OxFFFFEA34 R14 GPIO_10 |QSPI[2] Reserved
OxFFFFEA38 P12 GPIO_11 |QSPI[3] Reserved
OxFFFFEA3C R12 GPIO_7 |QSPI_ck SPIB_clk DSS_uart_t
X
OXxFFFFEA40 P11 GPIO_6 |QSPI_cs_n SPIB_cs_n
OxFFFFEA44 N7 nERROR_I
N
OxFFFFEA48 N9 Warm_Res
et
OxFFFFEA4C N6 nERROR_
ouTt
OxFFFFEA50 P10 GPIO_17 | TCK MSS_uartb Reserved
_tx
OxFFFFEA54 N10 GPIO_18 |TMS BSS_uart_t Reserved
X
OxFFFFEAS8 R11 GPIO_23 DI MSS_uarta
_rx
OxFFFFEA5C N13 SOP[0] GPIO_24 TDO MSS_uarta MSS_uartb BSS_uart_t NDMM_EN
_tx _x X
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Table 4-6. Pin Multiplexing (continued)

MUXMODE[15:During Power Up] SETTINGS
BALL
ADDRESS NUMBER  During (i 1 2 4 5 6 7 8 9 10 1 12 13 14 15
Power Up
OxFFFFEA60 N8 GPIO_25 'MCU_CLK ePWM1a
ouTt
OxFFFFEA64 K13 GPIO_26 |GPIO_2  OSC_CLK MSS_uartb | BSS_uart_t SYNC_OU PMIC_CLK
out _tx X T ouT
OxFFFFEA68 P9 SOP[2] GPIO_27  PMIC_CLK ePWM1b  ePWM2a
ouTt
OxFFFFEABC P4 GPIO_28 |SYNC_IN MSS_uartb  DMM_MUX SYNC_OU
_x _IN T
OxFFFFEA70 G13 SOP[1]  |GPIO_29 |SYNC_OU DMM_MUX | SPIB_cs_n SPIB_cs_n
7 _IN 1 2
OxFFFFEA74 N4 GPIO_15  rs232_rx MSS_uarta BSS_uart_t MSS_uartb |Reserved |12C_scl ePWM2a |ePWM2b |ePWM3a
_Ix X _rx
OxFFFFEA78 N5 GPIO_14 [rs232_tx MSS_uarta MSS_uartb | BSS_uart_t Reserved |12C_sda ePWMia |ePWM1b | NDMM_EN |ePWM2a
_tx _tx X
OxFFFFEA7C R4 TRACE_D GPIO_31 | DMMO MSS_uarta
ATA O _tx
OxFFFFEA80 P5 TRACE_D GPIO_32 |DMM1
ATA_1
OxFFFFEA84 R5 TRACE_D GPIO_33 DMM2
ATA 2
OxFFFFEA88 P6 TRACE_D GPIO_34 DMM3 ePWM3SY
ATA 3 NCO
OXFFFFEASC R7 TRACE_D GPIO_35 DMM4 ePWM2SY
ATA 4 NCO
OXFFFFEAQ0 P7 TRACE_D GPIO_36 DMMS5 MSS_uarto
ATA 5 _x
OxFFFFEA94 R8 TRACE_D GPIO_37 DMM6 BSS_uart_t
ATA 6 X
OxFFFFEA98 P8 TRACE_D GPIO_38 DMM7 DSS_uart_t
ATA_7 X
OxFFFFEA9C D14 TRACE_D GPIO_39 DMM8 Reserved | ePWM1SY
ATA_8 NCI
OxFFFFEAAQ B14 TRACE_D GPIO_40 DMM9 Reserved | ePWM1SY
ATA 9 NCO
OXFFFFEAA4 B15 TRACE_D |GPIO_41 DMM10  ePWM3a
ATA_10
OXFFFFEAA8 c9 TRACE_D |GPIO_42 DMM1i1  ePWM3b
ATA_11
OxFFFFEAAC c8 TRACE_D GPIO_43 DMM12  ePWMia |CAN_tx
ATA_12
OxFFFFEABO B9 TRACE_D GPIO_44 DMM13  ePWM1ib |CAN_rx
ATA_13
OxFFFFEAB4 B8 TRACE_D GPIO_45 |DMM14  ePWM2a
ATA_14
OxFFFFEAB8 A9 TRACE D GPIO_46 |DMM15 | ePWM2b
ATA_15
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Table 4-6. Pin Multiplexing (continued)

MUXMODE[15:During Power Up] SETTINGS
BALL
ADDRESS NUMBER  During 0 1 2 4 5 6 7 8 9 10 11 12 13 14 15
Power Up
O0xFFFFEABC N15 TRACE_CL GPIO_47 DMM_CLK
K
OXFFFFEACO N14 TRACE_CT RESERVE DMM_SYN
L D Cc
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5 Specifications

5.1 Absolute Maximum Ratings"®
Tjunction temperature range (unless otherwise noted)

PARAMETERS MIN MAX UNIT
VDDIN 1.2 V digital power supply -0.5 1.4 \
VIN_SRAM 1.2 V power rail for internal SRAM -0.5 1.4 \
VNWA 1.2 V power rail for SRAM array back bias -0.5 1.4 \
VIOIN 1/0 supply (3.3 V or 1.8 V): All CMOS I/Os would operate on this —05 38 Vv
supply.
VIOIN_18 1.8 V supply for CMOS 10 -0.5 \
VIN_18CLK 1.8 V supply for clock module -0.5 \
VIOIN_18DIFF 1.8 V supply for port
VIOIN_18DIFF 1.8 V supply for LVDS port -0.5 2 \
VIN_13RF1 1.3 V Analog and RF supply, VIN_13RF1 and VIN_13RF2 could
-0.5 1.45 \
VIN_13RF2 be shorted on the board.
VIN_13RF1 1-V Internal LDO bypass mode. Device supports mode where
external Power Management block can supply 1 V on 05 14 v
VIN 13RF2 VIN_13RF1 and VIN_13RF2 rails. In this configuration, the ’ ’
- internal LDO of the device would be kept bypassed.
VIN_18BB 1.8-V Analog baseband power supply -0.5 2 \Y
VIN_18VCO supply 1.8-V RF VCO supply -0.5 2 \
Dual-voltage LVCMOS inputs, 3.3 V or 1.8 V (Steady State) -0.3v VIOIN + 0.3
Input and output - v
voltage range Dual-voltage LVCMOS inputs, operated at 3.3 V/1.8 V VIOIN + 20% up to
(Transient Overshoot/Undershoot) or external oscillator input 20% of signal period
CLKP, CLKM Input ports for reference crystal or external oscillator input -0.5 2 \
Input or Output Voltages 0.3 V above or below their respective
Clamp current power rails. Limit clamp current that flows through the internal -20 20 mA
diode protection cells of the 1/O.
Ty Operating junction temperature range —40 105 °C
Tsta Storage temperature range after soldered onto PC board -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to Vgg, unless otherwise noted.

5.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM) (") +1000
V(Esp) Electrostatic discharge - \Y
Charged-device model (CDM) +250

(1) ANSI/ESDA/JEDEC JS0991 specification.

5.3 Power-On Hours (POH)®"

JUNCTION OPERATING
TEMPERATURE (T) coRDITION NOMINAL CVDD VOLTAGE (V) POWER-ON HOURS [POH] (HOURS)
90% at 85°C T,
80,000
10% at 105°C T; 50% duty cycle 1.2
100% at 85°C T; 100,000

(1) This information is provided solely for your convenience and does not extend or modify the warranty provided under Tl's standard terms
and conditions for Tl semiconductor products.
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5.4 Recommended Operating Conditions
Tjunction temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

VDDIN 1.2 V digital power supply 1.14 1.2 1.32 Vv
VIN_SRAM 1.2 V power rail for internal SRAM 1.14 1.2 1.32 Vv
VNWA 1.2 V power rail for SRAM array back bias 1.14 1.2 1.32 Vv
VIOIN 1/0 supply (3.3 V or 1.8 V): _ 3.15 3.3 3.45 v

All CMOS 1/0Os would operate on this supply. 1.71 1.8 1.89
VIOIN_18 1.8 V supply for CMOS 10 1.71 1.8 1.9 Vv
VIN_18CLK 1.8 V supply for clock module 1.71 1.8 1.9 Vv
VIOIN_18DIFF 1.8 V supply for LVDS port 1.71 1.8 1.9 Vv
VINASRFT | be sharied on the poard o 123 13 136 v
VIN_13RF2 1.23 1.3 1.36 \
VIN 13RF1 Device supports mode where external Power Managemgnt
(1—V_Internal LDO blpck can supply 1V on VIN_13RF1 and VIN__13RF2 rails. In 0.95 1 1.05 vV
bypass mode) tkh|s configuration, the internal LDO of the device would be

ept bypassed.

VIN_13RF2
(1-V Internal LDO 0.95 1 1.05 \
bypass mode)
VIN18BB 1.8-V Analog baseband power supply 1.71 1.8 1.9 Vv
VIN_18VCO 1.8V RF VCO supply 1.71 1.8 1.9 \Y
Vi Voltage Input High (1.8 V mode) 1.17 y

Voltage Input High (3.3 V mode) 2.25
Vi, Voltage Input Low (1.8 V mode) 0.3*VIOIN y

Voltage Input Low (3.3 V mode) 0.62
VoH High-level output threshold (Ioy = 6 mA) VIOIN - 450 mV
VoL Low-level output threshold (Io. = 6 mA) 450 mV

VL (1.8V Mode) 0.2
NRESET Vi (1.8V Mode) 0.96 y
SOP[2:0] VL (3.3V Mode) 0.3

Viy (3.3V Mode) 1.57

5.5 Power Supply Specifications

Table 5-1 describes the four rails from an external power supply block of the IWR1642 device.

Table 5-1. Power Supply Rails Characteristics

Amplifier stages, ADC, LVDS

SUPPLY DEVICE BLOCKS POWERED FROM THE SUPPLY RELEVANT IOS IN THE DEVICE
. . Input: VIN_18VCO, VIN18CLK, VIN_18BB,
18V Synthesizer and APLL VCOs, crystal oscillator, IF VIOIN_18DIFF, VIOIN_ 1810

LDO Output: VOUT_14SYNTH, VOUT_14APLL

1.3V (or 1 Vininternal

Power Amplifier, Low Noise Amplifier, Mixers and LO

Input: VIN_13RF2, VIN_13RF1

LDO bypass mode) Distribution LDO Output: VOUT_PA

3.3V (or1.8Vfor1.8V -

/O mode) Digital I/Os Input VIOIN

1.2V Core Digital and SRAMs Input: VDDIN, VIN_SRAM
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Table 5-2 lists tolerable ripple specifications for 1.3-V (1.0-V) and 1.8-V supply rails.

Table 5-2. Ripple Specifications

RF RAIL VCO/IF RAIL
FREQUENCY (kHz) 10V (INTER(I;C:MI;I))O BYPASS) 1.3 V (Wems) 1.8 V (WVrus)
137.5 7.76 648.73 83.41
275 5.83 76.48 21.27
550 3.44 22.74 11.43
1100 2.53 4.05 6.73
2200 11.29 82.44 13.39
4400 13.65 93.35 19.70
6600 22.91 117.78 29.63

5.6 Power Consumption Summary

Table 5-3 and summarize the power consumption at the power terminals.

Table 5-3. Maximum Current Ratings at Power Terminals

PARAMETER SUPPLY NAME DESCRIPTION MIN TYP MAX | UNIT
Total current drawn by
VDDIN, VIN_SRAM, VNWA all nodes driven by 1000
1.2V rail
Total current drawn by
VIN_13RF1, VIN_13RF2 all nodes driven by 2000
1.3V rail
Current consumption mA
VIOIN_18, VIN_18CLK, Total current drawn by
VIOIN_18DIFF, VIN_18BB, all nodes driven by 850
VIN_18VCO 1.8V rail
Total current drawn by
VIOIN all nodes driven by 50
3.3V rail

Table 5-4. Average Power Consumption at Power Terminals

PARAMETER CONDITION DESCRIPTION MIN TYP MAX| UNIT

1TX, 4RX Use Case: Low power mode, 1.3
3.2 MSps complex transceiver,
25% Duty 25-ms frame time, 128 chirps,

Cycle 2TX, 4RX 128 samples/chirp, 8-us 1.38
interchirp time (25% duty

1Li§)(—)VbintemaI cycle), DSP active
ass
mode P 1TX, 4RX Use Case: Low power mode, 1.77

3.2 MSps complex transceiver,
50% Duty 25-ms frame time, 256 chirps,
Cycle 2TX, 4RX 128 samples/chirp, 8-us 1.92
interchirp time (50% duty
Average power cycle), DSP active

consumption 1TX, 4RX Use Case: Low power mode, 1.4
3.2 MSps complex transceiver,
25% Duty 25-ms frame time, 128 chirps,

Cycle 2TX, 4RX 128 samples/chirp, 8-us 1.48
interchirp time (25% duty

1L SOV integlnz(ajl cycle), DSP active
enable
mode 1TX, 4RX Use Case: Low power mode, 1.94

3.2 MSps complex transceiver,
50% Duty 25-ms frame time, 256 chirps,
Cycle 2TX, 4RX 128 samples/chirp, 8-us 214
interchirp time (50% duty
cycle), DSP active
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5.7 RF Specification

over recommended operating conditions (unless otherwise noted)

PARAMETER MIN TYP MAX | UNIT
o 76 to 77 GHz 14
Noise figure (Complex 1x mode) dB
77 to 81 GHz 15
1-dB compression point -8 dBm
Maximum gain 48 dB
Gain range 24 dB
Gain step size 2 dB
Image Rejection Ratio (IMRR) 21 dB
IF bandwidth (" 5| MHz
A2D sampling rate (real) 12.5| Msps
Receiver A2D sampling rate (complex) 6.25| Msps
A2D resolution 12 Bits
Return loss (S11) <-10 dB
Gain mismatch variation (over temperature) +0.5 dB
Phase mismatch variation (over temperature) 3 °
RX gain = 30dB
In-band IIP2 IF = 1.5, 2 MHz at 20 dBm
—12 dBFS
RX gain = 24dB
Out-of-band 11P2 IF = 10 kHz at -10dBm, 35 dBm
1.9 MHz at -30 dBm
Idle Channel Spurs -90 dBFS
. Output power 12.5 dBm
Transmitter - -
Amplitude noise -145 dBc/Hz
Frequency range 76 81| GHz
Clock Ramp rate 100 | MHz/us
subsystem ) 76 to 77 GHz -95
Phase noise at 1-MHz offset dBc/Hz
77 to 81 GHz -93

(1) The analog IF stages include high-pass filtering, with two independently configurable first-order high-pass corner frequencies. The set of

available HPF corners is summarized as follows:

Available HPF Corner Frequencies (kHz)
HPF1 HPF2
175, 235, 350, 700 350, 700, 1400, 2800

The filtering performed by the baseband chain is targeted to provide:
» Less than +0.5 dB pass-band ripple/droop, and

» Better than 60 dB anti-aliasing attenuation for any frequency that can alias back into the pass-band.
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Figure 5-1 shows variations of noise figure and in-band P1dB parameters with respect to receiver gain
programmed.

15.6
A\
15.3
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15 \

— NF (db)

— 1B P1db (dBm)

— N
o 147
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Z 144
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-36

IB P1dB (dBm)

-40

-44

-48
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Figure 5-1. Noise Figure, In-band P1dB vs Receiver Gain

5.8 CPU Specifications

over recommended operating conditions (unless otherwise noted)

RX Gain (dB)

PARAMETER MIN TYP MAX | UNIT
Clock Speed 600 MHz
DSP
Subsystem | L1 Code Memory 32 KB
(C674 L1 Data Memory 32 KB
Family)
L2 Memory 256 KB
Master Clock Speed 200 MHz
Controller :
Subsystem Tightly Coupled Memory - A (Program) 256 KB
(R4F Family) | Tightly Coupled Memory - B (Data) 192 KB
Shared
Memory Shared L3 Memory 768 KB
5.9 Thermal Resistance Characteristics for FCBGA Package [ABL0161]"
THERMAL METRICS® °c/w® 4
RO,c Junction-to-case 4.92
RO, Junction-to-board 6.57
ROy Junction-to-free air 22.3
ROuA Junction-to-moving air N/AM
Psiyt Junction-to-package top 4.92
Psijg Junction-to-board 6.4

N/A = not applicable

For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.

(1)
@)

(3) °C/W = degrees Celsius per watt.
(4) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC [RO ] value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment as well as application. For more information, see these
EIA/JEDEC standards:
« JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
+ JESDb51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
» JESDS51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

+ JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements

A junction temperature of 105°C is assumed.
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5.10 Timing and Switching Characteristics

5.10.1 Power Supply Sequencing and Reset Timing

The IWR1642 device expects all external voltage rails to be stable before reset is deasserted. Figure 5-2
describes the device wake-up sequence.

' PMIC_CLKOUT
sorzp, |

| SYNC_OUT(SOP |
[1]), TDO
(SOP[0])

Power down
sequence

001 (Functional) >< CAN BE CHANGED

I~

|
|
(VIOIN) |

I

I

I

: (VIOIN_18DIFF) / Includes ramping of VIOIN_18 |
| (VDDIN) | / I
I

I

I

I

I

I

\
N—
\
\
| N

3mS 3mS

wresen 47

MCU_CLK_ouT® I

(VIN_¥) | /l Includes ramping of all other supplies VIN_18BB, VIN_18CLK, VIN_13RF*, VION_18DIFF

I
External I
Signals

(1) MCU_CLK_OUT in autonomous mode, where IWR1642 application is booted from the serial flash, MCU_CLK_OUT is not enabled
by default by the device bootloader.

EFC_READY | H

PORZ 1P8V | Controls HHV of 10 ‘
PORZ_TOP/ GEN_TOP J |Reset Control to Top Digital and Analog \
FUSE_SHIFT_EN [ [~400 cycles \

< > ‘

1

|
T
| XTAL STATUS 1 if XTAL FOUND/ ‘0’ if EXTERNAL CI‘_K is FORCED

XTAL_DET_STAT

|

|

|

|

| 1

| |

| !

| XTAL_EN/ SLICER_EN | | Reference Clock Stabilization time ‘
P ~5mS -

| SLICER_REF_CLK | 1l i

| | " |
| | |
| |

|

|

|

|

|

|
|
|
I
(CLKP+CLKM thru’ SLICER) |
|
CPU CLK | CPU CLK is REF CLK if STATUS is 1
- | ELSE INT RCOSC_CLK if STATUS is 0 |
|
I
|
|
|

|
T
| 11F I‘?EF CLK is NOT PRESENT

LIMP_MODE_STATUS

PORZ_CPU/
PORZ_DIG/
GEN_ANA

Reset Control to Digital Processor and Analog/RF

Internal Signals
Mentioned for reference only
I_*Names are representative

‘ Wake Up Done

Figure 5-2. Device Wake-up Sequence
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5.10.2 Input Clocks and Oscillators

5.10.2.1 Clock Specifications
The IWR1642 requires external clock source (that is, a 40-MHz crystal or external oscillator to CLKP) for

initial boot and as a reference for an internal APLL hosted in the device.
An external crystal is connected to the device pins. Figure 5-3 shows the crystal implementation.

. L
E— »XTALP
C—— [ 40MHz
b-——- PXTALM
A

Figure 5-3. Crystal Implementation

NOTE
The load capacitors, C;; and Cy, in Figure 5-3, should be chosen such that Equation 1 is
satisfied. C, in the equation is the load specified by the crystal manufacturer. All discrete
components used to implement the oscillator circuit should be placed as close as possible to

the associated oscillator CLKP and CLKM pins.

Table 5-5 lists the electrical characteristics of the clock crystal.

Table 5-5. Crystal Electrical Characteristics (Oscillator Mode)

NAME DESCRIPTION MIN TYP MAX UNIT
fp Parallel resonance crystal frequency 40 MHz
CL Crystal load capacitance 5 8 12 pF
ESR Crystal ESR 50 Q
Temperature range | Expected temperature range of operation —40 105 °C
::c;(:?gﬁggy Crystal frequency tolerance (" @@ -50 50 ppm
Drive level 50 200 uw

(1) The crystal manufacturer's specification must satisfy this requirement.

(2) Includes initial tolerance of the crystal, drift over temperature, aging and frequency pulling due to incorrect load capacitance.

(3) Crystal tolerance affects radar sensor accuracy.
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In the case where an external clock is used as the clock resource, the signal is fed to the CLKP pin only;
CLKM is grounded. The phase noise requirement is very important when a 40-MHz clock is fed externally.
Table 5-6 lists the electrical characteristics of the external clock signal.

Table 5-6. External Clock Mode Specifications

SPECIFICATION

PARAMETER UNIT
MIN TYP MAX
Frequency 40 MHz
AC-Amplitude 700 1200 mV (pp)
DC-V; 0.00 0.20 Vv
DC-Vi, 1.6 1.95 Vv
External AC—JQE;regIZ?nké wave or DC- | Phase Noise at 1 kHz 132 dBe/Hz
coupled square wave Phase Noise at 10 kHz -143 dBc/Hz
Phase NOiS?SBeéeﬁrZE;d to 40MHz Phase Noise at 100 kHz -152 dBc/Hz
Phase Noise at 1 MHz -153 dBc/Hz
Duty Cycle 35 65 %
Freq Tolerance -50 50 ppm
Freq Tolerance -50 50 ppm
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5.10.3 Multibuffered / Standard Serial Peripheral Interface (MibSPI)

5.10.3.1 Peripheral Description

The MibSPI/SPI is a high-speed synchronous serial input/output port that allows a serial bit stream of
programmed length (2 to 16 bits) to be shifted into and out of the device at a programmed bit-transfer rate.
The MibSPI/SPI is normally used for communication between the microcontroller and external peripherals
or another microcontroller.

Standard and MibSPI modules have the following features:
+ 16-bit shift register

» Receive buffer register

» 8-bit baud clock generator

+ SPICLK can be internally-generated (master mode) or received from an external clock source
(slave mode)

+ Each word transferred can have a unique format.
+ SPI 1/Os not used in the communication can be used as digital input/output signals
5.10.3.2 MibSPI Transmit and Receive RAM Organization

The Multibuffer RAM is comprised of 256 buffers. Each entry in the Multibuffer RAM consists of 4 parts: a
16-bit transmit field, a 16-bit receive field, a 16-bit control field and a 16-bit status field. The Multibuffer
RAM can be partitioned into multiple transfer group with variable number of buffers each.

Table 5-8 to Table 5-11 assume the operating conditions stated in Table 5-7.

Table 5-7. SPI Timing Conditions

‘ MIN TYP MAX UNIT
Input Conditions
tr Input rise time 1 3 ns
tr Input fall time 1 3 ns
Output Conditions
CLoap Output load capacitance 2 15 pF
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Table 5-8. SPI Master Mode Switching Parameters (CLOCK PHASE) 0, SPICLK = output,

SPISIMO = output, and SPISOMI = input)"
NO. PARAMETER MIN TYP MAX| UNIT
1 te(sPC)M Cycle time, SPICLK) 25 2561,vCLK) ns
) tw(SPCH)M Pulse duration, SPICLK high (clock polarity = 0) 0.5t,spoym — 4 0.5tyspcym + 4
ns
twisPcLM Pulse duration, SPICLK low (clock polarity = 1) 0.5t,spcym — 4 0.5tyspcym + 4
) tw(sPcLM Pulse duration, SPICLK low (clock polarity = 0) 0.5t,spcym — 4 0.5tyspcym + 4
ns
tW(SPCH)M Pulse duration, SPICLK hlgh (clock polarity =1) 0-5tc(SPC)M -4 O-5tc(SPC)M +4
) t4(SPCH-SIMO)M Delay time, SPISIMO valid before SPICLK low, (clock polarity = 0) 0.5t;spcym — 3
ns
t4(sPcL-SIMO)M Delay time, SPISIMO valid before SPICLK high, (clock polarity = 1) 0.5tgspcym — 3
54 ty(sPCL-SIMO)M Valid time, SPISIMO data valid after SPICLK low, (clock polarity = 0) 0.5tyspcym — 10.5
ns
ty(SPCH-SIMOM Valid time, SPISIMO data valid after SPICLK high, (clock polarity = 1) 0.5tyspcym — 10.5
. . . . CSHOLD = 0 (C2TDELAY+2)*tqvcik (C2TDELAY+2) *
Setup time CS active until SPICLK high )~ 75 teverk) +7
clock polarity = 0 * N
( p y = 0) CSHOLD = 1 (C2TDELAY +?;) (CQTDELAY+3)7
5) tevoLk) = 7.5 tovoLk) +
6 tcoTpELAY ns
(C2TDELAY+2)*tovcik (C2TDELAY+2) *
. ) ) CSHOLD =0
Setup time CS active until SPICLK low )~ 75 teverk) +7
clock polarity = 1 * N
( p y=1) CSHOLD = 1 (C2TDELAY +3) (C2TDELAY+3)
tevek) — 7.5 teverk) + 7
0.5"gspoym + 0.5"tospoym +
Hold time, SPICLK low until CS inactive (clock polarity = 0) (T2CDELAY + 1) (T2CDELAY +1) *
*toverk) = 7 tovoLk) + 7.5
70 tr2cDELAY S( ) d N ) ns
0.5"¢speym + 0.5 spcym +
Hold time, SPICLK high until CS inactive (clock polarity = 1) (T2CDELAY + 1) (T2CDELAY + 1) *
*tC(VCLK) -7 tevork) + 7.9

(1) The MASTER bit (SPIGCRXx.0) is set and the CLOCK PHASE bit (SPIFMTx.16) is cleared (where x= 0 or 1).
(2) tymss_vcLk) = master subsystem clock time = 1/ fuss vcLk)- For more details, see the Technical Reference Manual.
(8) When the SPI is in Master mode, the following must be true For PS values from 1 to 255: tyspcym 2 (PS +1)tgmss_veLk) = 25ns, where PS is the prescale value set in the SPIFMTx.[15:8]
register bits. For PS values of 0: tyspcym = 2teuss_veoLk) = 25ns.
) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).
(5) C2TDELAY and T2CDELAY is programmed in the SPIDELAY register
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Table 5-9. SPI Master Mode Input Timing Requirements (CLOCK PHASE = 0, SPICLK = output,
SPISIMO = output, and SPISOMI = input)("

NO. MIN TYP MAX UNIT
t Setup time, SPISOMI before SPICLK low 5
SU(SOMI-SFCL)M (clock polarity = 0)
8@ ns
t Setup time, SPISOMI before SPICLK high 5
SU(SOMI-SPCH)M (clock polarity = 1)
t Hold time, SPISOMI data valid after SPICLK low 3
@ h(SPCL-SOM)M (clock polarity = 0)
ns
t Hold time, SPISOMI data valid after SPICLK high 3
h(SPCH-SOM)M (clock polarity = 1)

(1) The MASTER bit (SPIGCR1.0) is set and the CLOCK PHASE bit (SPIFMTx.16) is cleared.
(2) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).

« 1 >
!

|
| |

SPICLK /| \ /
(clock polarity = 0) f

!
!
|

SPICLK 1

(clock polarity = 1 —Nx ‘
‘ |
SPISIMO X Master Out Data Is Valid ‘j}< ><
| | !
|

[
l— g—>
I ‘%gy‘

SPISOMI Master In Data
Must Be Valid

Figure 5-4. SPI Master Mode External Timing (CLOCK PHASE = 0)
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I
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\
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Figure 5-5. SPI Master Mode Chip Select Timing (CLOCK PHASE = 0)
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Table 5-10. SPI Master Mode Switching Parameters (CLOCK PHASE =1, SPICLK = output,

SPISIMO = output, and SPISOMI = input)"?
NO. PARAMETER MIN TYP MAX UNIT
1 tesPoM Cycle time, SPICLK) 25 256t vcLk) ns
o) tw(SPCH)M Pulse duration, SPICLK high (clock polarity = 0) 0.5t,spcym — 4 0.5tyspcym + 4
ns
tw(spcLM Pulse duration, SPICLK low (clock polarity = 1) 0.5t,spcym — 4 0.5tyspeym + 4
3@ tw(ispPcLM Pulse duration, SPICLK low (clock polarity = 0) 0.5t,spcym — 4 0.5tyspcym + 4
ns
tW(SPCH)M Pulse duration, SPICLK hlgh (clock polarity =1) 0-5tC(SPC)M -4 O-Stc(SPC)M +4
4@ tyspcH-simom | Delay time, SPISIMO valid before SPICLK low, (clock polarity = 0) 0.5t,spcym — 3
ns
ta(sPCL-SIMOM Delay time, SPISIMO valid before SPICLK high, (clock polarity = 1) 0.5t,spcym — 3
5@ ty(sPcL-sIMO)M Valid time, SPISIMO data valid after SPICLK low, (clock polarity = 0) 0.5tyspcym — 10.5
ns
tyspcH-simoym | Valid time, SPISIMO data valid after SPICLK high, (clock polarity = 1) 0.5tyspcym — 10.5
0.5"gspoym + 0.5"g(spoym +
CSHOLD =0 (C2TDELAY + (C2TDELAY+2) *
Setup time CS active until SPICLK high 2)*tevoLk) — 7 tevoLk) + 7.5
(clock polarity = 0) O-S*tc(SPC)M + 0-5*tC(SPC)M +
CSHOLD = 1 (C2TDELAY + (C2TDELAY+2) *
2)*"tevoLk) — 7 tovoLk) + 7.5
60 tcaTDELAY SVOLK) S(VeLQ ns
0.5"¢speym + 0.5™¢spcym +
CSHOLD =0 (C2TDELAY+2)*ty (C2TDELAY+2) *
Setup time CS active until SPICLK low voLK) — 7 teverk) + 7.5
(clock polarity = 1) 0.5*¢spoym + 0.5*tsspeym +
CSHOLD = 1 (C2TDELAY+3)*ty (C2TDELAY+3) *
veLk) — 7 tovoLk) + 7.5
Hold time, SPICLK low until CS inactive (clock polarity = 0) (TzﬁDELAY + 5) (TQC?,[ELAY + 17)
26) trooDELAY ¢(VCLK) ¢(VCLK) + ns
Hold time, SPICLK high until CS inactive (clock polarity = 1) (T2GDELAY + 1) (T2CDELAY + 1)
*toveLk) = 7.5 tovolk) + 7

(1) The MASTER bit (SPIGCRx.0) is set and the CLOCK PHASE bit (SPIFMTx.16) is set ( where x = 0 or 1 ).

(2) tgmss velk) =
(3) When the

master subsystem clock time = 1/ fyuss_vcLk)- For more details, see the Technical Reference Manual.

Pl is in Master mode, the following must be true For PS values from 1 to 255: tyspcym

register bits. For PS values of 0: tyspcym = 2teuss_veoLk) = 25 ns.

) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).
(5) C2TDELAY and T2CDELAY is programmed in the SPIDELAY register

z (PS +1)tuss_vork) = 25 ns, where PS is the prescale value set in the SPIFMTx.[15:8]
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