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1 Overview

1 Overview

ESP32 is a single 2.4 GHz Wi-Fi-and-Bluetooth combo chip designed with the TSMC ultra-low-power 40 nm
technology. It is designed to achieve the best power and RF performance, showing robustness, versatility and
reliability in a wide variety of applications and power scenarios.

The ESP32 series of chips includes ESP32-DOWD-V3, ESP32-DOWDQ6-V3, ESP32-DOWD, ESP32-DOWDQ6,
ESP32-D2WD, ESP32-SOWD, and ESP32-U4WDH, among which, ESP32-DOWD-V3, ESP32-DOWDQ6-V3,
and ESP32-U4WDH are based on ECO V3 wafer.

For details on part numbers and ordering information, please refer to Section 7.

For details on ECO V3 instructions, please refer to 00000 000 00 0000 OO00.

1.1 Featured Solutions

1.1.1 Ultra-Low-Power Solution

ESP32 is designed for mobile, wearable electronics, and Internet-of-Things (IoT) applications. It features all the
state-of-the-art characteristics of low-power chips, including fine-grained clock gating, multiple power modes,
and dynamic power scaling. For instance, in a low-power 10T sensor hub application scenario, ESP32 is woken
up periodically and only when a specified condition is detected. Low-duty cycle is used to minimize the amount
of energy that the chip expends. The output of the power amplifier is also adjustable, thus contributing to an
optimal trade-off between communication range, data rate and power consumption.

Note:
For more information, refer to Section 3.7 000 000 000000001 000000000

1.1.2 Complete Integration Solution

ESP32 is a highly-integrated solution for Wi-Fi-and-Bluetooth IoT applications, with around 20 external
components. ESP32 integrates an antenna switch, RF balun, power amplifier, low-noise receive amplifier, filters,
and power management modules. As such, the entire solution occupies minimal Printed Circuit Board (PCB)
area.

ESP32 uses CMOS for single-chip fully-integrated radio and baseband, while also integrating advanced
calibration circuitries that allow the solution to remove external circuit imperfections or adjust to changes in
external conditions. As such, the mass production of ESP32 solutions does not require expensive and
specialized Wi-Fi testing equipment.

1.2 Wi-Fi Key Features

802.11 b/g/n

802.11 n (2.4 GHz), up to 150 Mbps

o WMM

TX/RX A-MPDU, RX A-MSDU

Immediate Block ACK

Espressif Systems 8 ESP32 Series Datasheet v3.5
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1 Overview

Defragmentation

Automatic Beacon monitoring (hardware TSF)

4 x virtual Wi-Fi interfaces

Simultaneous support for Infrastructure Station, SoftAP, and Promiscuous modes
Note that when ESP32 is in Station mode, performing a scan, the SoftAP channel will be changed.

Antenna diversity

Note:
For more information, please refer to Section 3.5 I

1.3 BT Key Features
e Compliant with Bluetooth v4.2 BR/EDR and BLE specifications
e Class-1, class-2 and class-3 transmitter without external power amplifier
e Enhanced Power Control
® +12 dBm transmitting power
* NZIF receiver with -94 dBm BLE sensitivity
e Adaptive Frequency Hopping (AFH)
¢ Standard HCI based on SDIO/SPI/UART
e High-speed UART HCI, up to 4 Mbps
¢ Bluetooth 4.2 BR/EDR BLE dual mode controller
e Synchronous Connection-Oriented/Extended (SCO/eSCO)
e CVSD and SBC for audio codec
¢ Bluetooth Piconet and Scatternet
¢ Multi-connections in Classic BT and BLE

e Simultaneous advertising and scanning

1.4 MCU and Advanced Features

1.4.1 CPU and Memory

e Xtensa® single-/dual-core 32-bit LX6 microprocessor(s), up to 600 MIPS (200 MIPS for
ESP32-SOWD/ESP32-U4WDH, 400 MIPS for ESP32-D2WD)

448 KB ROM

520 KB SRAM

16 KB SRAM in RTC

QSPI supports multiple flash/SRAM chips

Espressif Systems 9 ESP32 Series Datasheet v3.5
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1 Overview

1.4.2 Clocks and Timers

Internal 8 MHz oscillator with calibration

Internal RC oscillator with calibration

External 2 MHz ~ 60 MHz crystal oscillator (40 MHz only for Wi-Fi/BT functionality)

External 32 kHz crystal oscillator for RTC with calibration

Two timer groups, including 2 x 64-bit timers and 1 x main watchdog in each group

One RTC timer

RTC watchdog

1.4.3 Advanced Peripheral Interfaces

34 x programmable GPIOs

12-bit SAR ADC up to 18 channels

2 x 8-bit DAC

10 x touch sensors

4 x SP

2 x 128

2 x [2C

3 x UART

1 host (SD/eMMC/SDIO)

1 slave (SDIO/SPI)

Ethernet MAC interface with dedicated DMA and IEEE 1588 support
Two-Wire Automotive Interface (TWAI®, compatible with ISO11898-1)
IR (TX/RX)

Motor PWM

LED PWM up to 16 channels

Hall sensor

1.4.4 Security

Secure boot
Flash encryption
1024-bit OTP, up to 768-bit for customers
Cryptographic hardware acceleration:
- AES
- Hash (SHA-2)
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- RSA
- ECC

— Random Number Generator (RNG)

1.5 Applications (A Non-exhaustive List)

Generic Low-power loT Sensor Hub - Agriculture robotics

Generic Low-power loT Data Loggers e Audio Applications

Cameras for Video Streaming
Over-the-top (OTT) Devices
Speech Recognition
Image Recognition
Mesh Network
Home Automation

- Light control

- Smart plugs

— Smart door locks
Smart Building

— Smart lighting

— Energy monitoring
Industrial Automation

- Industrial wireless control

- Industrial robotics
Smart Agriculture

— Smart greenhouses

— Smart irrigation

Espressif Systems

Internet music players

Live streaming devices

Internet radio players

Audio headsets

Health Care Applications
— Health monitoring

— Baby monitors

Wi-Fi-enabled Toys
- Remote control toys
— Proximity sensing toys

— Educational toys

Wearable Electronics

- Smart watches

— Smart bracelets

Retail & Catering Applications
- POS machines

- Service robots
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1 Overview

1.6 Block Diagram

Embedded Flash Bluetooth

link Bluetooth RF
| baseband receive
controller e/
SPI 5 c
~ /N / Clock = 3
tor 2 8
§ 12C Wi genera A
A i-Fi
12S Wi-Fi MAC baseband RF . N N
~ transmit
SDIO L J L O\ J
Core and memory .
UART Cryptographic hardware
’ 2 (or 1) x Xtensa® 32- acceleration
TWAI® bit LX6 Microprocessors
. SHA | | RSA |
ETH
~ ROM SRAM AES RNG
IR N 7 N v
PWM RTC
Touch sensor )
ULP Recovery
DAC PMU coprocessor memory

ADC

Figure 1: Functional Block Diagram

Note:
Products in the ESP32 series differ from each other in terms of their support for embedded flash and the number of CPUs
they have. For details, please refer to Section 7 000 O0OO00 000 0100000 1000000100,
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2 Pin Definitions

2 Pin Definitions

2.1 Pin Layout
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Figure 2: ESP32 Pin Layout (QFN 6*6, Top View)
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UP QVMM $)*1 @16 MPX JG UIF QPXFS TVQQMZ GPS &41 JT CFMPX 7 'PS |
'JHV&#1 8300. 1FSJQIFSBM 4D IIRNBUJBJ00. %BUBTIFFU

JPUFT PO QPXFS TVQQMZ

t 5l1FF PQFSBUJOH WPMUBHF PG &41 SBOHFT GSPN 7 UP 7 8IFOVTJOH E

SFDPNNFOEFE WPMUBHF PG UIF QPXFSTVQQMZ JT 7 BOEJUT SFDPNNF(
NPSF

BIFO7%%@4%*0 7IJTVTFEBT UIFQPXFSTVQQMZ GPS FYUFSOBM GMBTI
SFTJTUPS TIPVME CFBEEFEUP 7%%@4%*0 'PS UIF DISDVIBBERIIHO QMF
ADIFNBUJBE1 8307&3 %BUBTIFFU

8IFOUIFUISFFEJHIJUBM QPXFS TVQQMJFT BSFVTFE UP ESIWF QFSJQIFSB
XJUIUIF QFSJQIFSBMT TQFDJGJDBUJPOT

4USBQQJOH 1JOT

5IFSFBSF GJWF TUSBQQJOH QJOT

t

.5%*

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W

4VCNJU %PDVNFOUBUJPO '"FFECBDL




1JO %FGJOJUJPOT

t (1*0
t (1*0
t .5%0
t (1*0
4APGUXBSF DBO SFBE UIF WBMVFT PG UIFTF GJWF CJUT GSPN SFHJTUFS w(1*0¢

%VSIJOHUIFDIJQ TTZTUFN SFTFU SFMFBTF QPXFS PO SFTFU 35%$ XBUDIEPH
UIFTUSBQQJOH QJOT TBNQMF UIF WPMUBHF MFWFM BT TUSBQQJOH CJUT PG v
QPXFSFEEPXOPSTIVUEPXO 5IFTUSBQQJOH CJUTDPOGJHVSF UIF EFWJDF T
T%%@4%*0BOE PUIFSJOJUJBM TZTUFN TFUUJOHT

&BDI TUSBQQJOH QJO JTDPOOFDUFE UP JUT JOUFSOBM QVMM VQ QVMM EP X(
TUSBQQJOH QJO JT VODPOOFDUFE PSUIF DPOOFDUFE FYUFSOBM DJSDVJU JT
QVMM VQ QVMM EPXO XJMM EFUFSNJOF UIF EFGBVMU JOQVU MFWFM PG UIF T

5P DIBOHFUIFTUSBQQJOH CJUWBMVFT VTFSTDBO BQQMZ UIFFYUFSOBM QV
.$6 T (1*0OT UPDPOUSPM UIF WPMUBHF MFWFM PG UIFTF QJOT XIFO QPXFSJOH

"GUFS SFTFU SFMFBTF UIFTUSBQQJOH QJOT XPSLBT OPSNBM GVODUJPO QJ

3FGFS UP &88"CSVBFEFUBJMFE CPPU NPEF DPOGJHVSBUJPO CZTUSBQQJOH QJOT

SBCMF 4USBQQJOH 1JOT

7TPMUBHF PG *OUFSOBM -%0 7%% @4%*0
1J0 %FGB 7 7
.5%* 1VMM EPXO

#PPUJOH .PEF
1JO | %FGB 41* #PPU %PXOMPBE #PP U
(1*0| 1VMM|VQ

(1*0| 1VMM EPXO %PO U DBSF
&OBCMJOH %JTBCMJOH %FCVHHJOH -PH 1SJOU PWFS 6 59% %V S
1JO | %FGB 6 59% "DUJWF 6 59% 4JMFOU
.5%0, 1VMM|VQ

5JNJOH PG 4%*0 4AMBWF
'& 4BNQN '& 4BNQN 3& 4BNQI| 3& 4BNQMJIOH
1J0 %FGB| '& OVUQ| 3&0VUQ '&0VUQ| 3&0VUQVU
.5%0 1VMM|VQ
(1*0| 1VMM|VQ

/IPUF

t'& GBMMJOH FEHF 3& SJTJOH FEHF

t 'JSNXBSF DBO DPOGJHVSF SFHJTUFS CJUT UP DIBOHF UIF TFUUJOHT PG i7TPMUB
PG 4%*0 4MBWFw BGUFS CPPUJOH

t'PS&41 DIJQTUIBUDPOUBJOBOFNCFEEFEGMBTI VTFSTOFFEUP OPUFUIF MPF
% 8% DPOUBJOT BO FNCFEEFE GMBTI UIBU PQFSBUFT BU 7 UIFSFGPISF UIF .t
6 8%) DPOUBJOT BO FNCFEEFE GMBTI UIBU PQFSBUFT BU 7 UIFSFGPSF UIF .5¢

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
4VCNJU %PDVNFOUBUJPO 'FFECBDL




1JO %FGJOJUJPOT

51lFF IMMVTUSBUJPO CFMPX TIPXTUIFTFUVQ BOEIPME UJNFT GPS UIFTUSBQQ
HPFTIJHI %FUBJMTBCPVUUIF QBSBNFUFSTBSF MJTUFE JO 5BCMF

'JHVSF 4FUVQ BOE )PME 5JNFT GPS UIF4USBQQJOH 1J0O

SBCMF 1BSBNFUFS %FTDSJQUJPOT PG 4FUVQ BOE )PME 5JNFT GPS |

1BSBNFU %FTDSJQUJPO .JO 601

Y 4FUVQ UIJNF CFGPSF $)*1@16 HPFT GSPN MPX UP NJHI

U JPMEUJNFBGUFS $)*1@16 HPFT IJHI NT
&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W

4VCNJU %PDVNFOUBUJPO '"FFECBDL




'VODUJPOBM %FTDSJQUJPO

'VODUJPOBM %FTDSJQUJPO

5/1JTDIBQUFS EFTDSJCFTUIF GVODUJPOTJOUFHSBUFE JO &41

$16 BOE .FNPSZ

$16
&41 DPOUBJOTPOFPS UXP MPXOQWXFNIDSCRBPDFTTPS T XJUIUIF

t TUBHF QJQFMJOFUP TVQQPSUUIFDMPDL GSFRVFODZ PG VQUP
&41 % 8% BOE &41 6 8%)

t CJU*OTUSVDUJPO 4FU QSPWJEFT IJHIDPEF EFOTJUZ

t 4VQQPSU GPS '"MPBUJOH 1PJOU 60JU

t4VQQPSU GPS %41 JOTUSVDUJPOT TVDIBTB CJUNVMUJIJQMIFS

t 4VQQPSU GPS JOUFSSVQU WFDUPST GSPNBCPVU JOUFSSVQU
5|lF TIOHMF EVBM $16 JOUFSGBDFT JODMVEF

t 9UFOTB 3". 30. * OUFSGBDF GPS JOTUSVDUJPOT BOE EBUB

GPMMP >

DI

B cJu

TPVSDF

t 9UFOTB -PDBM .FNPSZ *OUFSGBDF GPS GBTU QFSJQIFSBM SFHIJTUFS BDDF

t & YUFSOBM BOE JOUFSOBM JOUFSSVQU TPVSDFT

t +5"( GPS EFCVHHJOH

*OUFSOBM .FNPSZ
&41 TJIOUFSOBM NFNPSZJODMVEFT
t , #PG 30. GPS CPPUJOHBOE DPSF GVODUJPOT

t ,2#PG PO DIJQ 43". GPS EBUBBOE JOTUSVDUJPOT

t ,#PG 43".JO 35% XIJDIJTDBMMFE 35% '"45 .FNPSZBOE DBOCFVTFE GPS |

CZUIFNBJO $16 EVSJOH 35%$#PPU GSPN UIF %FFQ TMFFQ NPEF

t ,#PG 43".J0 35% XIJDIJTDBMMFE 35%$4-08 .FNPSZBOEDBOCFB
EVSIJOHUIF %FFQ TMFFQ NPEF

DDFTTFE

t ,CJUPGF'VTF CJUTBSFVTFEGPS UIFTZTUFN ."$BEESFTTBOEDIJQ I
CJUTBSFSFTFSWFEGPSDVTUPNFSBQQMJDBUJPOT JODMVEJOH GMBT

t &NCFEEFE GMBTI

/IPUF
1SPEVDUT JO UIF &41 TFSJFTEJGGFS GSPN FBDIPUIFS JOUFSNTPG UIFJ
EFUBJMT QMFBTF SEG6ESB UWPN{HDUB®E OSEFSJOH *OGPSNBUJPO

S TVQQPE

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W

4VCNJU %PDVNFOUBUJPO '"FFECBDL
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&YUFSOBM 'MBTI BOE 43".

&41 TVQQPSUTNVMUIJQMF FYUFSOBM 241*GMBTI BOE 43". DIJQT .PSF EFUB.
&41 5FDIOJDBM 3FGFSHQDMBMTVBWQQPSUT IBSEXBSFFODSZQUJPO EFDSZQ
QSPUFDUEFWFMPQFST QSPHSBNTBOE EBUB JO GMBTI

&41 DBOBDDFTTUIFFYUFSOBM 241*GMBTIBOE 43". UISPVHIIJHI TQFFE DBEL

t 6QUP . #PGFYUFSOBM GMBTI DBO CF NBQQFE JOUP $16 JOTUSVDUJPO N
TQBDF TINVMUBOFPVTMZ

08IFOFYUFSOBM GMBTIJT NBQQFE JOUP $16 JOTUSVDUJPO NFNPSZ TQE
NBQQFE BU B UJNF /PUFUIBUJG NPSFUIBO .# , #BSFNBQQFE DBL
SFEVDFEEVFUP TQFDVMBUJWF SFBET CZ UIF $16

08IFOFYUFSOBM GMBTIJT NBQQFE JOUP SFBE POMZ EBUB NFNPSZ TQBI
UJIJNF cJu CJUBOE CJU SFBETBSFTVQQPSUFE

t &YUFSOBM 43". DBO CF NBQQFE JOUP $16 EBUB NFNPSZTQBDF 43".VQUP
.# DBO CF NBQQFE BU B UJNF CcJu CJUBOE CJU SFBET BOE XSJUFT B

/IPUF
"GUFS &41 JTJOJUJBMJI[FE GIJSNXBSFDBODVTUPNJ[FUIFNBQQJOHPGFYUFSOBM

.FNPSZ .BQ

SIFTUSVDUVSF PG BEESFTT NBQQJ®H BT NPRXOBIXE'QHBIRIFSBM NBQQJOH PG
JO 5BCMF

'JHVSF "EESFTT .BQQJOH 4USVDUVSF

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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SBCMF .FNPSZBOE 1FSJQIFSBM .BQQJOH
$BUFHPS] 5BSHFU 4UBSU "EE{ &OE "EESF]| 4J[F
*OUFSOBM 30| Y @ Y @' #
*OUFSOBM 30| Y " @ Y @' #
*OUFSOBM 43f. Y @ Y @' #
i Y '@ Y @
&NCFEEFE*OUFSOBM 43 #
.FNPSZ Y e v_R@
*OUFSOBM 43{. Y ""@& Y "w@ #
35$ 45 .FNPSZ~— O v'e o #
Y $@ Y $@ '
35$4-08 .FNPSZY @ Y @' #
Y ' @ Y @t #
&YUFSOBM&YUFSOBM 'MBT] =
.FNPSZ Y %o v 2o S
&YUFSOBM3"| Y ' @ Y # @' #
%1PSU3FHITUFS " @ Y @ ' #
"&4 "DDFMFSBUFS' @ Y @ ' #
34" "DDFMFSBURS"' @ Y @ ' #
4)" "DDFMFSBUPS" @ Y@ #
4FDVSF #PPU| Y " @ Y @ ' #
$BDIF ..6 5BCMFY " @ Y @ ' #
1*% $POUSPMMFS' @' Y @' H#
6"35 Y@ Y @ ' #
41% Y@ Y @ ' #
41* Y@ Y @ ' #
(1*0 Y@ Y @ ' #
35% Y @ Y@ ' #
*0 .69 Y@ Y @ ' #
4%*0 4MBWF | Y " @# Y re# | #
6%." Y @$ Y ' @s$' | #
1FSJQIFSBM4 Y@ Y @' #
6"35 Y@ Y @ ' #
*$ Y '@ Y '@ ' #
6%." Y@ Y @ ' #
4%*0 4AMBWF | Y " @ Y @ ' #
3.5 Y@ Y @ ' #
1$/5 Y@ Y @ ' #
4%*0 4AMBWF | Y " @ Y@@' #
&% 18. Y@ Y @ ' #
F'VIF $POUSPMMFS@" Y @ #
'MBTI &0DSZQUYPO @# Y re# | #
18. Y @& Y @&t | #
5% ( Y@ Y @' #
5% ( Y@ Yy @ ' #
41% Y@ Y @ ' #
41* Y@ Y @ ' #
&TQSFTTJIG 4ZTUFNT 841

4VCNJU %PDVNFOUBUJPO '"FFECBDL

4FSJFT %BUBTIFFU W
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$BUFHPS] 5BSHFU 4UBSU"EE{ &OE "EESF]| 4J[F
4:4%$0/ Y "' @ Y '@ '"" #
*$ ) yre | #
4%..% Y "' @ Y@ " #
&."$ Y "' @ Y '"r@"'" #
1FSJQ|FSB%V48' Y @% Yo es” #
* 4 Y "' @% Y " @%'" #
6"35 Y @& Y "' @& #
18. Y "' @' Y '""@'"" #
18. Y "' @ Y "@ ' #
3/ Y "' @ Yy @ ' #

SINFSTBOE 8BUDIEPHT

CJUSINFST

5[FSFBSFGPVS HFOFSBM QVSQPTF UJNFSTFNCFEEFE JOUIFDIJQ 5IFZBSFE
PO CJUQSFTDBMFST BOE CJUuBVUP SFMPBE DBQBCMF VQ EPXO UJNFST
SIFUJNFST GFBUVSF

t" CJUDMPDL QSFTDBMFS GSPN UP
t" CJU UJINFS
t $POGIJHVSBCMF VQ EPXO UJNFS JODSFNFOUJOH PS EFDSFNFOUJOH
t )BMUBOE SFTVNF PG UJNF CBTFDPVOUEFS
t "VUP SFMPBE BU BMBSNJOH
t 4PGUXBSF DPOUSPMMFE JOTUBOU SFMPBE

t -FWFM BOE FEHF JOUFSSVQU HFOFSBUJPO

8BUDIEPH 5JNFST

51F DIJQIBTUISFF XBUDIEPHUJNFST POFJO FBDIPG UIFUXP UJNFS NPEVMF’
.8%5 BOE POFJOUIF 358 NPEVMF DBMMFE UIF 35$ 8BUDIEPH 5JNFS PS 38%5
JOUFOEFEUP SFDPWFS GSPNBO VOGPSFTFFO GBVMU DBVTJOH UIFBQQMJDB!
XBUDIEPH UJNFS IBT GPVS TUBHFT &BDITUBHF NBZUSJHHFS POF PG UISFF P
JUT QSPHSBNNFE UJNF QFSJPE VOMFTT UIF XBUDIEPHJT GFEPS EJTBCMFE !
SFTFU BOETZTUFN SFTFU OOMZ UIF 38%5 DBO USJHHFS UIFTZTUFN SFTFU E
JODMVEJOH UIF 358 JUTFMG "UJNFPVUWBMVFDBO CFTFUGPS FBDITUBHF J

%VSIJOH GMBTI CPPU UIF 38%5 BOE UIF GJSTU .8%5 TUBSUBVUPNBUJDBMMZ J(
QSPCMFENT

51F XBUDIEPHT IBWF UIFGPMMPXJOH GFBUVSFT
t ' PYSTUBHFT FBDIPG XI1JDIDBO CFDPOGJHVSFEPS EJTBCMFE TFQBSBUF

t " QSPHSBNNBCMF UJNF QFSJPE GPS FBDI TUBHF

&TQSFTTJIG 4ZTUFENT &41

4VCNJU %PDVNFOUBUJPO '"FFECBDL

4FSJFT %BUBTIFFU W




'VODUJPOBM %FTDSJQUJPO

t OOFPGUISFFPSGPVSQPTTJCMFBDUJPOT JOUFSSVQU $16 SFTFU DPSF
FBDI TUBHF

t CIJUFYQJSZDPVOUFS
t 8SJUF QSPUFDUJPO UIBU QSFWFOUT UIF 38%5 BOE .8%5 DPOGJHVSBUJPO

t 41* GMBTI CPPU QSPUFDUJPO
*GUIFCPPUQSPDFTT GSPNBO 41*GMBTI EPFT OPUDPNQMFUF XJUIJO B Q
XIMM SFCPPUUIF FOUJSFTZTUFEN

AZTUFN $MPDLT

$16 $SMPDL

6QPO SFTFU BO FYUFSOBM DSZTUBM DMPDL TPVSDFJT TFMFDUFE BT UIF EFG
TPVSDFBMTP DPOOFDUT UP B 1--UP HFOFSBUF B IJHI GSFRVFODZ DMPDL UZ¢

*OBEEJUJPO &41 IBTBOJOUFSOBM .)[PTDIJMMBUPS 5IFBQQMJDBUJPO DE
bsztuBM DMPDL TPVSDF UIF1--DMPDLPS UIFJOUFSOBM .)[PTDIJMMBUPS ¢
DMPDL EJSFDUMZ PSBGUFS EJWJTJPO EFQFOEJOH PO UIFBQQMJIJDBUJPO

35$ $SMPDL
5/|F 35$ DMPDL IBT GIWF QPTTJCMF TPVSDFT
t FYUFSOBM MPX TQFFE L) DSZTUBM DMPDL
t FYUFSOBM DSZTUBM DMPDL EJWJEFE CZ
t JOUFSOBM 3$ PTDIJMMBUPS UZQJDBMMZ BCPVU L) BOEBEKVTUBCMF
t JOUFSOBM .)[PTDIJMMBUPS
t JOUFSOBM L)IDMPDL EFSIJWFE GSPNUIFJOUFSOBM .)[PTDIJMMBUP S

8IFOUIFDIJQJTJOUIF OPSNBM QPXFS NPEF BOE OFFET GBTUFS $16 BDDFTTJ
FYUFSOBM IJHI TQFFEDSZTUBM DMPDL EJWJEFECZ PSUIFJOUFSOBM .)[P"
MPX QPXFS NPEF UIFBQQMJDBUJPO DIPPTFTUIF FYUFSOBM MPX TQFFE L)
UIF JOUFSOBM L)IDMPDL

"VEJP 1-- $SMPDL

5/lFBVEJP DMPDLJT HFOFSBUFE CZ UIFVMUSB MPX OPJTF GSBDUJPOBM [/ 1--
BOE $MPDL&JIQ UBKFDIOJDBM 3FGFSFODF .BOVBM

3BEJP
5/F SBEJP NPEVMF DPOTJTUT PG UIF GPMMPXJOH CMPDLT
t () SFDFJWFS
t ()[USBOTNJUUFS

t CIBTBOE SFHVMBUPST

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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t CBMVOBOEUSBOTNJU SFDFIWF TXJUDI

t DMPDLHFOFSBUPS

()[ 3SFDFJWFS

51F () SFDFJWFS EFNPEVMBUFTUIF ()[3'TJHOBM UP RVBESBUVSF CBTFC
UIF EJHJUBM EPNBJO XJUIUXP IJHI SFTPMVUJPO I1JHI TQFFE "%$T 5P BEBQU
GJMUFST "VUPNBUJD (BJO $POUSPM "($ %$PGGTFUDBODFMBUJPO DJSDVJ
DIJQ

()[ 5SBOTNJUUFS

51F ()IUSBOTNJUUFS NPEVMBUFT UIF RVBESBUVSF CBTFCBOE TIHOBMT UP
BOUFOOB XJUIBIJHI QPXFSFE $PNQMFNFOUBSZ .FUBM OYJEF 4FNJDPOEVDUF
EJHIJUBM DBMJCSBUJPO GVSUIFSINQSPWFT UIF MJOFBSJUZ PG UIF QPXFS BN
EFMIJWFSJOH VQ UP E#N PG QPXFS GPS BO CUSBOTNJTTJPO BOE E¢
USBOTNJTTJPO

"EEJUJPOBM DBMJCSBUJPOTBSFJOUFHSBUFE UP DBODFM BOZ SBEJP JNQFS(
t $BSSJFS MFBLBHF
t*2QIBTF NBUDIJOH
t #BTFCBOE OPOMJOFBSJUJFT
t 3'OPOMJOFBSJUJFT
t "OUFOOB NBUDIJOH

51FFTFCVIMU JODBMJCSBUJPO SPVUJOFT SFEVDF UIF BNPVOU PG UJNF SFRVJ
FRVIQNFOU VOOFDFTTBSZ

$MPDL (FOFSBUPS

5/l§F DMPDLHFOFSBUPS QSPEVDFT RVBESBUVSFDMPDL TIHOBMT PG (OIGPS
DPNQPOFOUT PG UIFDMPDLHFOFSBUPS BSFJOUFHSBUFE JOUP UIFDIJQ JOD
SFHVMBUPST BOE EJWJEFST

5([FDMPDL HFOFSBUPS IBT CVJMU JODBMJCSBUJPOBOE TFMG UFTU DJSDVJU
PQUJNJ[FE PO DIJQ XJUI QBUFOUFE DBMJCSBUJPO BMHPSJUINT XIJDI FOTVSHF
UIFUSBOTNJUUEFS

8J 'J
&41 JIJNQMFENFOUTBS5%$1 *1 BOE GVMM CHOB8J'J."$QSPUPDPM *U TVQC

45" BOE 4PGU"1 PQFSBUJPOT VOEFS UIF %JTUSJCVUFE $POUSPM 'VODUJPO %
NJOJNBM IPTU JOUFSBDUJPO UP NJOJNJ[FUIFBDUJWF EVUZ QFSJPE

8J 'J3BEJP BOE #BTFCBOE

51F &41 8J 'J3BEJP BOE #BTFCBOE TVQQPSU UIF GPMMPXJOH GFBUVSFT

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
4VCNJU %PDVNFOUBUJPO 'FFECBDL




'VODUJPOBM %FTDSJQUJPO

t CHDO

t O .%4 JO CPUI .)JIBOE JICBOEXJEUI
t O .%$4 39

t o THVBSE JOUFSWBM

t VQUP .CQT PG EBUB SBUF

t 3FDFIJWJOH 45#% §
t 6QUP E#N PG USBOTNJUUJOH QPXFS
t "EKVTUBCMF USBOTNJUUJOH QPXFS

t "OUFOOB EJWFSTJUZ
&41 TVQQPSUTBOUFOOBEJWFSTJUZ XJUIBOFYUFSOBM 3'TXJUDI OOFF
BOETFMFDUT UIFCFTUBOUFOOBUP NJOJNJ[FUIFFGGFDUT PG DIBOOFM (

8J 'J."$
5|F &41 8J 'J."$BQQMJFT MPX MFWFM QSPUPDPM GVODUJPOT BVUPNBUJDBI
t S$WJSUVBM8J 'JJOUFSGBDFT
t 4IJNVMUBOFPVT *OGSBTUSVDUVSF #44 4UBUJPO NPEF 4PGU"1 NPEF 1SPN.
t 354 QSPUFDUJPO $54 QSPUFDUJPO *NNFEJBUF #MPDL "$,
t FGSBHNFOUBUJPO
t 59 39" .1%6 39" .4%6
t 5901
t 8..
t $$.1 $#% ."$ DPVOUFS NPEF 5,*1 .*$ 3% 8"1* 4.4 8&1 3% BOE $3%

t "VUPNBUJD CFBDPO NPOJUPSJOH IBSEXBSF 54"

#MVFUPPUI

51F DIJQJOUFHSBUFT B #MVFUPPUI MJOL DPOUSPMMFS BOE #MVFUPPUI CBTF
BOE PUIFS MPX MFWFM MJOL SPVUJOFT TVDIBT NPEVMBUJPO EFNPEVMBUJP
GSFRVFODZ IPQQJOH FUD

#MVFUPPUI 3SBEJP BOE #BTFCBOE
5|[F #MVFUPPUI 3BEJP BOE #BTFCBOE TVQQPSU UIF GPMMPXJOH GFBUVSFT
t SMBTT DMBTT BOEDMBTT USBOTNJUPVUQVUQPXFST BOEBEZOBNJI
t %214, BOE %14, NPEVMBUJPO
t )JJHI QFSGPSNBODF JO /;* SFDFIWFS TFOTJUJIJWJIUZ XJUIPWES E#N PG E:
t $SMBTT PQFSBUJPO XJUIPVU FYUFSOBM 1"
t * OUFSOBM 43". BMMPXT GVMM TQFFE EBUB USBOTGFS NJYFE WPJDF BOE

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
4VCNJU %PDVNFOUBUJPO 'FFECBDL




'VODUJPOBM %FTDSJQUJPO

t -PHIJD GPS GPSXBSE FSSPS DPSSFDUJPO IFBEFSFSSPSDPOUSPM BDDFT
FODSZQUJPO CJU TUSFBN HFOFSBUJPO XIJUFOJOHBOEUSBOTNJU QVMT]I

t"$- 430 F4$0BOE ")

t" MBXMBXBOE $74% EJHJUBM BVEJP $0%&$JO 1%$. JOUFSGBDF
t 4#$ BVEIJP $0%&$

t IPXFS NBOBHFNFOU GPS MPX QPXFSBQQMJDBUJPOT

t 4.1 XJUI CJU "&4

#MVFUPPUI *OUFSGBDF
t 1ISPWJEFT 6"35)$* JOUFSGBDF VQUP .CQT
t 1ISPWJEFT 4%*0 41*)$* JOUFSGBDF

t 1SPWJEFT1$%$. *4 BVEJP JOUFSGBDF

#MVFUPPUI 4UBDL

51F #MVFUPPUI TUBDL PG UIFDIJQJTDPNQMIBOU XJUIUIF#MVFUPPUI W #3
TQFDJGJDBUJPOT

#MVFUPPUI -JOL $POUSPMMES

5IFMJOLDPOUSPMMFS PQFSBUFT JO UISFF NBKPS TUBUFT TUBOECZ DPOOF!
BOE PUIFS PQFSBUJPOT TVDIBTJORVJSZ QBHF BOE TFDVSF TINQMF QBJSJ
4DBUUFSOFU #FMPXBSFUIF GFBUVSFT

t $SMBTTJD #MVFUPPUI
0o %FWIDF %JTDPWFSZ JORVJSZ BOE JORVJSZTDBO
0$POOFDUJPO FTUBCMJTINFOU QBHF BOE QBHF TDBO
o.VMUJ DPOOFDUJPOT
o0"TZODISPOPVT EBUB SFDFQUJPO BOEUSBOTNJTTJPO
04ZODISPOPVT MJOLT 4$0 F4%0
o.BTUFS 4MBWF 4XJUDI
0"EBQUJIJWF 'SFRVFODZ )PQQJOH BOE $IBOOFMBTTFTTNFOU
0#SPBEDBTU FODSZQUJPO
o0"VUIFOUJDBUJPO BOE FODSZQUJPO
04FDVSF4IJNQMF 1BJSJOH
0.VMUJ QPJOU BOE TDBUUFSOFU NBOBHFNFOU
040JGG NPEF
0$POOFDUJPOMFTT 4MBWF #SPBEDBTU USBOTNJUUFS BOE SFDFJWFS

0&0OIBODFE QPXFS DPOUSPM

&TQSFTTJG 4ZTUFENT &41 4FSJFT %BUBTIFFU W
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