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5BCMF �� 1JO %FTDSJQUJPO

/BNF /P� 5ZQF 'VODUJPO

"OBMPH

7%%" � 1 "OBMPH QPXFS TVQQMZ 	��� 7 ∼ ��� 7


-/"@*/ � *�0 3' JOQVU BOE PVUQVU

7%%�1� � 1 "OBMPH QPXFS TVQQMZ 	��� 7 ∼ ��� 7


7%%�1� � 1 "OBMPH QPXFS TVQQMZ 	��� 7 ∼ ��� 7


7%%�1�@35$

4&/403@71 � * (1*0�� "%$�@$)� 35$@(1*0�

4&/403@$"11 � * (1*0�� "%$�@$)� 35$@(1*0�

4&/403@$"1/ � * (1*0�� "%$�@$)� 35$@(1*0�

4&/403@7/ � * (1*0�� "%$�@$)� 35$@(1*0�

$)*1@16 � *
)JHI� 0O� FOBCMFT UIF DIJQ

-PX� 0GG� UIF DIJQ QPXFST PGG

/PUF� %P OPU MFBWF UIF $)*1@16 QJO GMPBUJOH�

7%&5@� �� * (1*0�� "%$�@$)� 35$@(1*0�

7%&5@� �� * (1*0�� "%$�@$)� 35$@(1*0�

��,@91 �� *�0 (1*0�� "%$�@$)� 35$@(1*0� 506$)� ��,@91 	������ L)[ DSZTUBM PTDJMMBUPS JOQVU


��,@9/ �� *�0 (1*0�� "%$�@$)� 35$@(1*0� 506$)� ��,@9/ 	������ L)[ DSZTUBM PTDJMMBUPS PVUQVU


(1*0�� �� *�0 (1*0�� "%$�@$)� 35$@(1*0� %"$@� &."$@39%�

(1*0�� �� *�0 (1*0�� "%$�@$)� 35$@(1*0� %"$@� &."$@39%�

(1*0�� �� *�0 (1*0�� "%$�@$)� 35$@(1*0�� 506$)� &."$@39@%7

.5.4 �� *�0 (1*0�� "%$�@$)� 35$@(1*0�� 506$)� &."$@59%� )41*$-, )4�@$-, 4%@$-, .5.4

.5%* �� *�0 (1*0�� "%$�@$)� 35$@(1*0�� 506$)� &."$@59%� )41*2 )4�@%"5"� 4%@%"5"� .5%*

7%%�1�@35$ �� 1 *OQVU QPXFS TVQQMZ GPS 35$ *0 	��� 7 ∼ ��� 7


.5$, �� *�0 (1*0�� "%$�@$)� 35$@(1*0�� 506$)� &."$@39@&3 )41*% )4�@%"5"� 4%@%"5"� .5$,

.5%0 �� *�0 (1*0�� "%$�@$)� 35$@(1*0�� 506$)� &."$@39%� )41*$4� )4�@$.% 4%@$.% .5%0
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(1*0� �� *�0 (1*0� "%$�@$)� 35$@(1*0�� 506$)� )41*81 )4�@%"5"� 4%@%"5"�

(1*0� �� *�0 (1*0� "%$�@$)� 35$@(1*0�� 506$)� &."$@59@$-, $-,@065�

(1*0� �� *�0 (1*0� "%$�@$)� 35$@(1*0�� 506$)� &."$@59@&3 )41*)% )4�@%"5"� 4%@%"5"�

7%%@4%*0

(1*0�� �� *�0 (1*0�� )4�@%"5"� 6�39% &."$@$-,@065

7%%@4%*0 �� 1 0VUQVU QPXFS TVQQMZ� ��� 7 PS UIF TBNF WPMUBHF BT 7%%�1�@35$

(1*0�� �� *�0 (1*0�� )4�@%"5"� 6�59% &."$@$-,@065@���

4%@%"5"@� �� *�0 (1*0� )4�@%"5"� 6�39% 4%@%"5"� 41*)%

4%@%"5"@� �� *�0 (1*0�� )4�@%"5"� 6�59% 4%@%"5"� 41*81

4%@$.% �� *�0 (1*0�� )4�@$.% 6�354 4%@$.% 41*$4�

4%@$-, �� *�0 (1*0� )4�@$-, 6�$54 4%@$-, 41*$-,

4%@%"5"@� �� *�0 (1*0� )4�@%"5"� 6�354 4%@%"5"� 41*2

4%@%"5"@� �� *�0 (1*0� )4�@%"5"� 6�$54 4%@%"5"� 41*%

7%%�1�@$16

(1*0� �� *�0 (1*0� )4�@%"5"� 741*$4� &."$@39@$-,

(1*0�� �� *�0 (1*0�� )4�@%"5"� 741*$-,

(1*0�� �� *�0 (1*0�� )4�@4530#& 741*%

7%%�1�@$16 �� 1 *OQVU QPXFS TVQQMZ GPS $16 *0 	��� 7 ∼ ��� 7


(1*0�� �� *�0 (1*0�� 6�$54 741*2 &."$@59%�

(1*0�� �� *�0 (1*0�� 6�354 741*81 &."$@59%�

6�39% �� *�0 (1*0� 6�39% $-,@065�

6�59% �� *�0 (1*0� 6�59% $-,@065� &."$@39%�

(1*0�� �� *�0 (1*0�� 741*)% &."$@59@&/

"OBMPH

7%%" �� 1 "OBMPH QPXFS TVQQMZ 	��� 7 ∼ ��� 7


95"-@/ �� 0 &YUFSOBM DSZTUBM PVUQVU

95"-@1 �� * &YUFSOBM DSZTUBM JOQVU

7%%" �� 1 "OBMPH QPXFS TVQQMZ 	��� 7 ∼ ��� 7
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/BNF /P� 5ZQF 'VODUJPO

$"1� �� * $POOFDUT UP B �� O' TFSJFT DBQBDJUPS UP HSPVOE

(/% �� 1 (SPVOE

/PUF�

t 5IF QJO�QJO NBQQJOH CFUXFFO &41���%�8%�&41���6�8%) BOE UIF FNCFEEFE GMBTI JT BT GPMMPXT� (1*0�� � $4� (1*0�� � *0��%0 4%@$.% � *0��)0-%� 4%@$-, �

$-, 4%@%"5"@� � *0��81� 4%@%"5"@� � *0��%*� 5IF QJOT VTFE GPS FNCFEEFE GMBTI BSF OPU SFDPNNFOEFE GPS PUIFS VTFT�

t *O NPTU DBTFT UIF EBUB QPSU DPOOFDUJPO CFUXFFO &41�� TFSJFT PG DIJQT PUIFS UIBO &41���%�8%�&41���6�8%) BOE FYUFSOBM GMBTI JT BT GPMMPXT� 4%@%"5"��41*2 � *0��%0

4%@%"5"��41*% � *0��%* 4%@%"5"��41*)% � *0��)0-%� 4%@%"5"��41*81 � *0��81��

t 'PS B RVJDL SFGFSFODF HVJEF UP VTJOH UIF *0@.69 &UIFSOFU ."$ BOE (*10 .BUSJY QJOT PG &41�� QMFBTF SFGFS UP "QQFOEJY &41�� 1JO -JTUT�
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� 1JO %FGJOJUJPOT

��� 1PXFS 4DIFNF
&41���T EJHJUBM QJOT BSF EJWJEFE JOUP UISFF EJGGFSFOU QPXFS EPNBJOT�

t 7%%�1�@35$

t 7%%�1�@$16

t 7%%@4%*0

7%%�1�@35$ JT BMTP UIF JOQVU QPXFS TVQQMZ GPS 35$ BOE $16�

7%%�1�@$16 JT BMTP UIF JOQVU QPXFS TVQQMZ GPS $16�

7%%@4%*0 DPOOFDUT UP UIF PVUQVU PG BO JOUFSOBM -%0 XIPTF JOQVU JT 7%%�1�@35$� 8IFO 7%%@4%*0 JT

DPOOFDUFE UP UIF TBNF 1$# OFU UPHFUIFS XJUI 7%%�1�@35$ UIF JOUFSOBM -%0 JT EJTBCMFE BVUPNBUJDBMMZ� 5IF

QPXFS TDIFNF EJBHSBN JT TIPXO CFMPX�

SDIO

Domain

RTC

Domain

CPU

Domain

LDOLDO LDO1.8 V 1.1 V1.1 V

VDD3P3_RTC VDD3P3_CPU

VDD_SDIO

3.3 V/1.8 V

R = 6 Ω

'JHVSF �� &41�� 1PXFS 4DIFNF

5IF JOUFSOBM -%0 DBO CF DPOGJHVSFE BT IBWJOH ��� 7 PS UIF TBNF WPMUBHF BT 7%%�1�@35$� *U DBO CF QPXFSFE PGG

WJB TPGUXBSF UP NJOJNJ[F UIF DVSSFOU PG GMBTI�43". EVSJOH UIF %FFQ�TMFFQ NPEF�

/PUFT PO $)*1@16�

t 5IF JMMVTUSBUJPO CFMPX TIPXT UIF &41�� QPXFS�VQ BOE SFTFU UJNJOH� %FUBJMT BCPVU UIF QBSBNFUFST BSF MJTUFE

JO 5BCMF ��

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���
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� 1JO %FGJOJUJPOT

VDD

CHIP_PU

t0 t1

VIL_nRST

VDD3P3_RTC Min

'JHVSF �� &41�� 1PXFS�VQ BOE 3FTFU 5JNJOH

5BCMF �� %FTDSJQUJPO PG &41�� 1PXFS�VQ BOE 3FTFU 5JNJOH 1BSBNFUFST

1BSBNFUFST %FTDSJQUJPO .JO� 6OJU

U0
5JNF CFUXFFO UIF ��� 7 SBJMT CFJOH CSPVHIU VQ BOE $)*1@16 CFJOH

BDUJWBUFE
�� µT

U1
%VSBUJPO PG $)*1@16 TJHOBM MFWFM � 7IL@nRST 	SFGFS UP JUT WBMVF JO

5BCMF �� %$ $IBSBDUFSJTUJDT
 UP SFTFU UIF DIJQ
�� µT

t *O TDFOBSJPT XIFSF &41�� JT QPXFSFE PO BOE PGG SFQFBUFEMZ CZ TXJUDIJOH UIF QPXFS SBJMT XIJMF UIFSF JT B

MBSHF DBQBDJUPS PO UIF 7%%�� SBJM BOE $)*1@16 BOE 7%%�� BSF DPOOFDUFE TJNQMZ TXJUDIJOH PGG UIF

$)*1@16 QPXFS SBJM BOE JNNFEJBUFMZ TXJUDIJOH JU CBDL PO NBZ DBVTF BO JODPNQMFUF QPXFS EJTDIBSHF DZDMF

BOE GBJMVSF UP SFTFU UIF DIJQ BEFRVBUFMZ�

"O BEEJUJPOBM EJTDIBSHF DJSDVJU NBZ CF SFRVJSFE UP BDDFMFSBUF UIF EJTDIBSHF PG UIF MBSHF DBQBDJUPS PO SBJM

7%%�� XIJDI XJMM FOTVSF QSPQFS QPXFS�PO�SFTFU XIFO UIF &41�� JT QPXFSFE VQ BHBJO�

t 8IFO B CBUUFSZ JT VTFE BT UIF QPXFS TVQQMZ GPS UIF &41�� TFSJFT PG DIJQT BOE NPEVMFT B TVQQMZ WPMUBHF

TVQFSWJTPS JT SFDPNNFOEFE TP UIBU B CPPU GBJMVSF EVF UP MPX WPMUBHF JT BWPJEFE� 6TFST BSF SFDPNNFOEFE

UP QVMM $)*1@16 MPX JG UIF QPXFS TVQQMZ GPS &41�� JT CFMPX ��� 7�

/PUFT PO QPXFS TVQQMZ�

t 5IF PQFSBUJOH WPMUBHF PG &41�� SBOHFT GSPN ��� 7 UP ��� 7� 8IFO VTJOH B TJOHMF�QPXFS TVQQMZ UIF

SFDPNNFOEFE WPMUBHF PG UIF QPXFS TVQQMZ JT ��� 7 BOE JUT SFDPNNFOEFE PVUQVU DVSSFOU JT ��� N" PS

NPSF�

t 8IFO 7%%@4%*0 ��� 7 JT VTFE BT UIF QPXFS TVQQMZ GPS FYUFSOBM GMBTI�143". B � LΩ HSPVOEJOH SFTJTUPS

TIPVME CF BEEFE UP 7%%@4%*0� 'PS UIF DJSDVJU EFTJHO QMFBTF SFGFS UP 'JHVSF &41���8307&3

4DIFNBUJDT JO &41���8307&3 %BUBTIFFU�

t 8IFO UIF UISFF EJHJUBM QPXFS TVQQMJFT BSF VTFE UP ESJWF QFSJQIFSBMT F�H� ��� 7 GMBTI UIFZ TIPVME DPNQMZ

XJUI UIF QFSJQIFSBMT� TQFDJGJDBUJPOT�

��� 4USBQQJOH 1JOT
5IFSF BSF GJWF TUSBQQJOH QJOT�

t .5%*

t (1*0�

t (1*0�

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���
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� 1JO %FGJOJUJPOT

t .5%0

t (1*0�

4PGUXBSF DBO SFBE UIF WBMVFT PG UIFTF GJWF CJUT GSPN SFHJTUFS w(1*0@453"11*/(w�

%VSJOH UIF DIJQ�T TZTUFN SFTFU SFMFBTF 	QPXFS�PO�SFTFU 35$ XBUDIEPH SFTFU BOE CSPXOPVU SFTFU
 UIF MBUDIFT PG

UIF TUSBQQJOH QJOT TBNQMF UIF WPMUBHF MFWFM BT TUSBQQJOH CJUT PG w�w PS w�w BOE IPME UIFTF CJUT VOUJM UIF DIJQ JT

QPXFSFE EPXO PS TIVU EPXO� 5IF TUSBQQJOH CJUT DPOGJHVSF UIF EFWJDF�T CPPU NPEF UIF PQFSBUJOH WPMUBHF PG

7%%@4%*0 BOE PUIFS JOJUJBM TZTUFN TFUUJOHT�

&BDI TUSBQQJOH QJO JT DPOOFDUFE UP JUT JOUFSOBM QVMM�VQ�QVMM�EPXO EVSJOH UIF DIJQ SFTFU� $POTFRVFOUMZ JG B

TUSBQQJOH QJO JT VODPOOFDUFE PS UIF DPOOFDUFE FYUFSOBM DJSDVJU JT IJHI�JNQFEBODF UIF JOUFSOBM XFBL

QVMM�VQ�QVMM�EPXO XJMM EFUFSNJOF UIF EFGBVMU JOQVU MFWFM PG UIF TUSBQQJOH QJOT�

5P DIBOHF UIF TUSBQQJOH CJU WBMVFT VTFST DBO BQQMZ UIF FYUFSOBM QVMM�EPXO�QVMM�VQ SFTJTUBODFT PS VTF UIF IPTU

.$6�T (1*0T UP DPOUSPM UIF WPMUBHF MFWFM PG UIFTF QJOT XIFO QPXFSJOH PO UIF DIJQ�

"GUFS SFTFU SFMFBTF UIF TUSBQQJOH QJOT XPSL BT OPSNBM�GVODUJPO QJOT�

3FGFS UP 5BCMF � GPS B EFUBJMFE CPPU�NPEF DPOGJHVSBUJPO CZ TUSBQQJOH QJOT�

5BCMF �� 4USBQQJOH 1JOT

7PMUBHF PG *OUFSOBM -%0 	7%%@4%*0


1JO %FGBVMU ��� 7 ��� 7

.5%* 1VMM�EPXO � �

#PPUJOH .PEF

1JO %FGBVMU 41* #PPU %PXOMPBE #PPU

(1*0� 1VMM�VQ � �

(1*0� 1VMM�EPXO %PO�U�DBSF �

&OBCMJOH�%JTBCMJOH %FCVHHJOH -PH 1SJOU PWFS 6�59% %VSJOH #PPUJOH

1JO %FGBVMU 6�59% "DUJWF 6�59% 4JMFOU

.5%0 1VMM�VQ � �

5JNJOH PG 4%*0 4MBWF

1JO %FGBVMU
'& 4BNQMJOH

'& 0VUQVU

'& 4BNQMJOH

3& 0VUQVU

3& 4BNQMJOH

'& 0VUQVU

3& 4BNQMJOH

3& 0VUQVU

.5%0 1VMM�VQ � � � �

(1*0� 1VMM�VQ � � � �

/PUF�

t '&� GBMMJOH�FEHF 3&� SJTJOH�FEHF�

t 'JSNXBSF DBO DPOGJHVSF SFHJTUFS CJUT UP DIBOHF UIF TFUUJOHT PG i7PMUBHF PG *OUFSOBM -%0 	7%%@4%*0
w BOE i5JNJOH

PG 4%*0 4MBWFw BGUFS CPPUJOH�

t 'PS &41�� DIJQT UIBU DPOUBJO BO FNCFEEFE GMBTI VTFST OFFE UP OPUF UIF MPHJD MFWFM PG .5%*� 'PS FYBNQMF &41���

%�8% DPOUBJOT BO FNCFEEFE GMBTI UIBU PQFSBUFT BU ��� 7 UIFSFGPSF UIF .5%* TIPVME CF QVMMFE IJHI� &41���

6�8%) DPOUBJOT BO FNCFEEFE GMBTI UIBU PQFSBUFT BU ��� 7 UIFSFGPSF UIF .5%* TIPVME CF MPX�

5IF JMMVTUSBUJPO CFMPX TIPXT UIF TFUVQ BOE IPME UJNFT GPS UIF TUSBQQJOH QJO CFGPSF BOE BGUFS UIF $)*1@16 TJHOBM

HPFT IJHI� %FUBJMT BCPVU UIF QBSBNFUFST BSF MJTUFE JO 5BCMF ��

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���
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� 1JO %FGJOJUJPOT

CHIP_PU

t1t0

Strapping pin

VIL_nRST

VIH

'JHVSF �� 4FUVQ BOE )PME 5JNFT GPS UIF 4USBQQJOH 1JO

5BCMF �� 1BSBNFUFS %FTDSJQUJPOT PG 4FUVQ BOE )PME 5JNFT GPS UIF 4USBQQJOH 1JO

1BSBNFUFST %FTDSJQUJPO .JO� 6OJU

U0 4FUVQ UJNF CFGPSF $)*1@16 HPFT GSPN MPX UP IJHI � NT

U1 )PME UJNF BGUFS $)*1@16 HPFT IJHI � NT

&TQSFTTJG 4ZTUFNT ��
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� 'VODUJPOBM %FTDSJQUJPO

5IJT DIBQUFS EFTDSJCFT UIF GVODUJPOT JOUFHSBUFE JO &41���

��� $16 BOE .FNPSZ

����� $16

&41�� DPOUBJOT POF PS UXP MPX�QPXFS 9UFOTB� ���CJU -9� NJDSPQSPDFTTPS	T
 XJUI UIF GPMMPXJOH GFBUVSFT�

t ��TUBHF QJQFMJOF UP TVQQPSU UIF DMPDL GSFRVFODZ PG VQ UP ��� .)[ 	��� .)[ GPS &41���4�8%

&41���%�8% BOE &41���6�8%)


t ������CJU *OTUSVDUJPO 4FU QSPWJEFT IJHI DPEF�EFOTJUZ

t 4VQQPSU GPS 'MPBUJOH 1PJOU 6OJU

t 4VQQPSU GPS %41 JOTUSVDUJPOT TVDI BT B ���CJU NVMUJQMJFS B ���CJU EJWJEFS BOE B ���CJU ."$

t 4VQQPSU GPS �� JOUFSSVQU WFDUPST GSPN BCPVU �� JOUFSSVQU TPVSDFT

5IF TJOHMF��EVBM�$16 JOUFSGBDFT JODMVEF�

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

t 9UFOTB -PDBM .FNPSZ *OUFSGBDF GPS GBTU QFSJQIFSBM SFHJTUFS BDDFTT

t &YUFSOBM BOE JOUFSOBM JOUFSSVQU TPVSDFT

t +5"( GPS EFCVHHJOH

����� *OUFSOBM .FNPSZ

&41���T JOUFSOBM NFNPSZ JODMVEFT�

t ��� ,# PG 30. GPS CPPUJOH BOE DPSF GVODUJPOT

t ��� ,# PG PO�DIJQ 43". GPS EBUB BOE JOTUSVDUJPOT

t � ,# PG 43". JO 35$ XIJDI JT DBMMFE 35$ '"45 .FNPSZ BOE DBO CF VTFE GPS EBUB TUPSBHF� JU JT BDDFTTFE

CZ UIF NBJO $16 EVSJOH 35$ #PPU GSPN UIF %FFQ�TMFFQ NPEF�

t � ,# PG 43". JO 35$ XIJDI JT DBMMFE 35$ 4-08 .FNPSZ BOE DBO CF BDDFTTFE CZ UIF DP�QSPDFTTPS

EVSJOH UIF %FFQ�TMFFQ NPEF�

t � ,CJU PG F'VTF� ��� CJUT BSF VTFE GPS UIF TZTUFN 	."$ BEESFTT BOE DIJQ DPOGJHVSBUJPO
 BOE UIF SFNBJOJOH

��� CJUT BSF SFTFSWFE GPS DVTUPNFS BQQMJDBUJPOT JODMVEJOH GMBTI�FODSZQUJPO BOE DIJQ�*%�

t &NCFEEFE GMBTI

/PUF�

1SPEVDUT JO UIF &41�� TFSJFT EJGGFS GSPN FBDI PUIFS JO UFSNT PG UIFJS TVQQPSU GPS FNCFEEFE GMBTI BOE UIF TJ[F PG JU� 'PS

EFUBJMT QMFBTF SFGFS UP 4FDUJPO � 1BSU /VNCFS BOE 0SEFSJOH *OGPSNBUJPO�

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

&41�� TVQQPSUT NVMUJQMF FYUFSOBM 241* GMBTI BOE 43". DIJQT� .PSF EFUBJMT DBO CF GPVOE JO $IBQUFS 41* JO UIF

&41�� 5FDIOJDBM 3FGFSFODF .BOVBM� &41�� BMTP TVQQPSUT IBSEXBSF FODSZQUJPO�EFDSZQUJPO CBTFE PO "&4 UP

QSPUFDU EFWFMPQFST� QSPHSBNT BOE EBUB JO GMBTI�

&41�� DBO BDDFTT UIF FYUFSOBM 241* GMBTI BOE 43". UISPVHI IJHI�TQFFE DBDIFT�

t 6Q UP �� .# PG FYUFSOBM GMBTI DBO CF NBQQFE JOUP $16 JOTUSVDUJPO NFNPSZ TQBDF BOE SFBE�POMZ NFNPSZ

TQBDF TJNVMUBOFPVTMZ�

o 8IFO FYUFSOBM GMBTI JT NBQQFE JOUP $16 JOTUSVDUJPO NFNPSZ TQBDF VQ UP �� .# � ��� ,# DBO CF

NBQQFE BU B UJNF� /PUF UIBU JG NPSF UIBO � .# � ��� ,# BSF NBQQFE DBDIF QFSGPSNBODF XJMM CF

SFEVDFE EVF UP TQFDVMBUJWF SFBET CZ UIF $16�

o 8IFO FYUFSOBM GMBTI JT NBQQFE JOUP SFBE�POMZ EBUB NFNPSZ TQBDF VQ UP � .# DBO CF NBQQFE BU B

UJNF� ��CJU ���CJU BOE ���CJU SFBET BSF TVQQPSUFE�

t &YUFSOBM 43". DBO CF NBQQFE JOUP $16 EBUB NFNPSZ TQBDF� 43". VQ UP � .# JT TVQQPSUFE BOE VQ UP �

.# DBO CF NBQQFE BU B UJNF� ��CJU ���CJU BOE ���CJU SFBET BOE XSJUFT BSF TVQQPSUFE�

/PUF�

"GUFS &41�� JT JOJUJBMJ[FE GJSNXBSF DBO DVTUPNJ[F UIF NBQQJOH PG FYUFSOBM 43". PS GMBTI JOUP UIF $16 BEESFTT TQBDF�

����� .FNPSZ .BQ

5IF TUSVDUVSF PG BEESFTT NBQQJOH JT TIPXO JO 'JHVSF �� 5IF NFNPSZ BOE QFSJQIFSBM NBQQJOH PG &41�� JT TIPXO

JO 5BCMF ��

'JHVSF �� "EESFTT .BQQJOH 4USVDUVSF

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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5BCMF �� .FNPSZ BOE 1FSJQIFSBM .BQQJOH

$BUFHPSZ 5BSHFU 4UBSU "EESFTT &OE "EESFTT 4J[F

&NCFEEFE

.FNPSZ

*OUFSOBM 30. � �Y����@���� �Y����@'''' ��� ,#

*OUFSOBM 30. � �Y�''�@���� �Y�''�@'''' �� ,#

*OUFSOBM 43". � �Y����@���� �Y����@'''' ��� ,#

*OUFSOBM 43". �
�Y�''&@���� �Y�'''@''''

��� ,#
�Y���"@���� �Y���#@''''

*OUFSOBM 43". � �Y�''"@&��� �Y�''%@'''' ��� ,#

35$ '"45 .FNPSZ
�Y�''�@���� �Y�''�@�'''

� ,#
�Y���$@���� �Y���$@�'''

35$ 4-08 .FNPSZ �Y����@���� �Y����@�''' � ,#

&YUFSOBM

.FNPSZ

&YUFSOBM 'MBTI
�Y�'��@���� �Y�'�'@'''' � .#

�Y���$@���� �Y��#'@'''' �� .#���� ,#

&YUFSOBM 3". �Y�'��@���� �Y�'#'@'''' � .#

1FSJQIFSBM

%1PSU 3FHJTUFS �Y�''�@���� �Y�''�@�''' � ,#

"&4 "DDFMFSBUPS �Y�''�@���� �Y�''�@�''' � ,#

34" "DDFMFSBUPS �Y�''�@���� �Y�''�@�''' � ,#

4)" "DDFMFSBUPS �Y�''�@���� �Y�''�@�''' � ,#

4FDVSF #PPU �Y�''�@���� �Y�''�@�''' � ,#

$BDIF ..6 5BCMF �Y�''�@���� �Y�''�@�''' �� ,#

1*% $POUSPMMFS �Y�''�@'��� �Y�''�@'''' � ,#

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�''�@#''' � ,#

6%."� �Y�''�@$��� �Y�''�@$''' � ,#

*�4� �Y�''�@'��� �Y�''�@'''' � ,#

6"35� �Y�''�@���� �Y�''�@�''' � ,#

*�$� �Y�''�@���� �Y�''�@�''' � ,#

6%."� �Y�''�@���� �Y�''�@�''' � ,#

4%*0 4MBWF �Y�''�@���� �Y�''�@�''' � ,#

3.5 �Y�''�@���� �Y�''�@�''' � ,#

1$/5 �Y�''�@���� �Y�''�@�''' � ,#

4%*0 4MBWF �Y�''�@���� �Y�''�@�''' � ,#

-&% 18. �Y�''�@���� �Y�''�@�''' � ,#

F'VTF $POUSPMMFS �Y�''�@"��� �Y�''�@"''' � ,#

'MBTI &ODSZQUJPO �Y�''�@#��� �Y�''�@#''' � ,#

18.� �Y�''�@&��� �Y�''�@&''' � ,#

5*.(� �Y�''�@'��� �Y�''�@'''' � ,#

5*.(� �Y�''�@���� �Y�''�@�''' � ,#

41*� �Y�''�@���� �Y�''�@�''' � ,#

41*� �Y�''�@���� �Y�''�@�''' � ,#
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$BUFHPSZ 5BSHFU 4UBSU "EESFTT &OE "EESFTT 4J[F

1FSJQIFSBM

4:4$0/ �Y�''�@���� �Y�''�@�''' � ,#

*�$� �Y�''�@���� �Y�''�@�''' � ,#

4%..$ �Y�''�@���� �Y�''�@�''' � ,#

&."$ �Y�''�@���� �Y�''�@"''' � ,#

58"* �Y�''�@#��� �Y�''�@#''' � ,#

18.� �Y�''�@$��� �Y�''�@$''' � ,#

*�4� �Y�''�@%��� �Y�''�@%''' � ,#

6"35� �Y�''�@&��� �Y�''�@&''' � ,#

18.� �Y�''�@'��� �Y�''�@'''' � ,#

18.� �Y�''�@���� �Y�''�@�''' � ,#

3/( �Y�''�@���� �Y�''�@�''' � ,#

��� 5JNFST BOE 8BUDIEPHT

����� ���CJU 5JNFST

5IFSF BSF GPVS HFOFSBM�QVSQPTF UJNFST FNCFEEFE JO UIF DIJQ� 5IFZ BSF BMM ���CJU HFOFSJD UJNFST XIJDI BSF CBTFE

PO ���CJU QSFTDBMFST BOE ���CJU BVUP�SFMPBE�DBQBCMF VQ�EPXO�UJNFST�

5IF UJNFST GFBUVSF�

t " ���CJU DMPDL QSFTDBMFS GSPN � UP �����

t " ���CJU UJNFS

t $POGJHVSBCMF VQ�EPXO UJNFS� JODSFNFOUJOH PS EFDSFNFOUJOH

t )BMU BOE SFTVNF PG UJNF�CBTF DPVOUFS

t "VUP�SFMPBE BU BMBSNJOH

t 4PGUXBSF�DPOUSPMMFE JOTUBOU SFMPBE

t -FWFM BOE FEHF JOUFSSVQU HFOFSBUJPO

����� 8BUDIEPH 5JNFST

5IF DIJQ IBT UISFF XBUDIEPH UJNFST� POF JO FBDI PG UIF UXP UJNFS NPEVMFT 	DBMMFE UIF .BJO 8BUDIEPH 5JNFS PS

.8%5
 BOE POF JO UIF 35$ NPEVMF 	DBMMFE UIF 35$ 8BUDIEPH 5JNFS PS 38%5
� 5IFTF XBUDIEPH UJNFST BSF

JOUFOEFE UP SFDPWFS GSPN BO VOGPSFTFFO GBVMU DBVTJOH UIF BQQMJDBUJPO QSPHSBN UP BCBOEPO JUT OPSNBM TFRVFODF� "

XBUDIEPH UJNFS IBT GPVS TUBHFT� &BDI TUBHF NBZ USJHHFS POF PG UISFF PS GPVS QPTTJCMF BDUJPOT VQPO UIF FYQJSZ PG

JUT QSPHSBNNFE UJNF QFSJPE VOMFTT UIF XBUDIEPH JT GFE PS EJTBCMFE� 5IF BDUJPOT BSF� JOUFSSVQU $16 SFTFU DPSF

SFTFU BOE TZTUFN SFTFU� 0OMZ UIF 38%5 DBO USJHHFS UIF TZTUFN SFTFU BOE JT BCMF UP SFTFU UIF FOUJSF DIJQ

JODMVEJOH UIF 35$ JUTFMG� " UJNFPVU WBMVF DBO CF TFU GPS FBDI TUBHF JOEJWJEVBMMZ�

%VSJOH GMBTI CPPU UIF 38%5 BOE UIF GJSTU .8%5 TUBSU BVUPNBUJDBMMZ JO PSEFS UP EFUFDU BOE SFDPWFS GSPN CPPUJOH

QSPCMFNT�

5IF XBUDIEPHT IBWF UIF GPMMPXJOH GFBUVSFT�

t 'PVS TUBHFT FBDI PG XIJDI DBO CF DPOGJHVSFE PS EJTBCMFE TFQBSBUFMZ

t " QSPHSBNNBCMF UJNF QFSJPE GPS FBDI TUBHF

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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t 0OF PG UISFF PS GPVS QPTTJCMF BDUJPOT 	JOUFSSVQU $16 SFTFU DPSF SFTFU BOE TZTUFN SFTFU
 VQPO UIF FYQJSZ PG

FBDI TUBHF

t ���CJU FYQJSZ DPVOUFS

t 8SJUF QSPUFDUJPO UIBU QSFWFOUT UIF 38%5 BOE .8%5 DPOGJHVSBUJPO GSPN CFJOH JOBEWFSUFOUMZ BMUFSFE

t 41* GMBTI CPPU QSPUFDUJPO

*G UIF CPPU QSPDFTT GSPN BO 41* GMBTI EPFT OPU DPNQMFUF XJUIJO B QSFEFUFSNJOFE UJNF QFSJPE UIF XBUDIEPH

XJMM SFCPPU UIF FOUJSF TZTUFN�

��� 4ZTUFN $MPDLT

����� $16 $MPDL

6QPO SFTFU BO FYUFSOBM DSZTUBM DMPDL TPVSDF JT TFMFDUFE BT UIF EFGBVMU $16 DMPDL� 5IF FYUFSOBM DSZTUBM DMPDL

TPVSDF BMTP DPOOFDUT UP B 1-- UP HFOFSBUF B IJHI�GSFRVFODZ DMPDL 	UZQJDBMMZ ��� .)[
�

*O BEEJUJPO &41�� IBT BO JOUFSOBM � .)[ PTDJMMBUPS� 5IF BQQMJDBUJPO DBO TFMFDU UIF DMPDL TPVSDF GSPN UIF FYUFSOBM

DSZTUBM DMPDL TPVSDF UIF 1-- DMPDL PS UIF JOUFSOBM � .)[ PTDJMMBUPS� 5IF TFMFDUFE DMPDL TPVSDF ESJWFT UIF $16

DMPDL EJSFDUMZ PS BGUFS EJWJTJPO EFQFOEJOH PO UIF BQQMJDBUJPO�

����� 35$ $MPDL

5IF 35$ DMPDL IBT GJWF QPTTJCMF TPVSDFT�

t FYUFSOBM MPX�TQFFE 	�� L)[
 DSZTUBM DMPDL

t FYUFSOBM DSZTUBM DMPDL EJWJEFE CZ �

t JOUFSOBM 3$ PTDJMMBUPS 	UZQJDBMMZ BCPVU ��� L)[ BOE BEKVTUBCMF


t JOUFSOBM � .)[ PTDJMMBUPS

t JOUFSOBM ����� L)[ DMPDL 	EFSJWFE GSPN UIF JOUFSOBM � .)[ PTDJMMBUPS EJWJEFE CZ ���


8IFO UIF DIJQ JT JO UIF OPSNBM QPXFS NPEF BOE OFFET GBTUFS $16 BDDFTTJOH UIF BQQMJDBUJPO DBO DIPPTF UIF

FYUFSOBM IJHI�TQFFE DSZTUBM DMPDL EJWJEFE CZ � PS UIF JOUFSOBM � .)[ PTDJMMBUPS� 8IFO UIF DIJQ PQFSBUFT JO UIF

MPX�QPXFS NPEF UIF BQQMJDBUJPO DIPPTFT UIF FYUFSOBM MPX�TQFFE 	�� L)[
 DSZTUBM DMPDL UIF JOUFSOBM 3$ DMPDL PS

UIF JOUFSOBM ����� L)[ DMPDL�

����� "VEJP 1-- $MPDL

5IF BVEJP DMPDL JT HFOFSBUFE CZ UIF VMUSB�MPX�OPJTF GSBDUJPOBM�/ 1--� .PSF EFUBJMT DBO CF GPVOE JO $IBQUFS 3FTFU

BOE $MPDL JO UIF &41�� 5FDIOJDBM 3FGFSFODF .BOVBM�

��� 3BEJP
5IF SBEJP NPEVMF DPOTJTUT PG UIF GPMMPXJOH CMPDLT�

t ��� ()[ SFDFJWFS

t ��� ()[ USBOTNJUUFS

t CJBT BOE SFHVMBUPST

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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t CBMVO BOE USBOTNJU�SFDFJWF TXJUDI

t DMPDL HFOFSBUPS

����� ��� ()[ 3FDFJWFS

5IF ��� ()[ SFDFJWFS EFNPEVMBUFT UIF ��� ()[ 3' TJHOBM UP RVBESBUVSF CBTFCBOE TJHOBMT BOE DPOWFSUT UIFN UP

UIF EJHJUBM EPNBJO XJUI UXP IJHI�SFTPMVUJPO IJHI�TQFFE "%$T� 5P BEBQU UP WBSZJOH TJHOBM DIBOOFM DPOEJUJPOT 3'

GJMUFST "VUPNBUJD (BJO $POUSPM 	"($
 %$ PGGTFU DBODFMBUJPO DJSDVJUT BOE CBTFCBOE GJMUFST BSF JOUFHSBUFE JO UIF

DIJQ�

����� ��� ()[ 5SBOTNJUUFS

5IF ��� ()[ USBOTNJUUFS NPEVMBUFT UIF RVBESBUVSF CBTFCBOE TJHOBMT UP UIF ��� ()[ 3' TJHOBM BOE ESJWFT UIF

BOUFOOB XJUI B IJHI�QPXFSFE $PNQMFNFOUBSZ .FUBM 0YJEF 4FNJDPOEVDUPS 	$.04
 QPXFS BNQMJGJFS� 5IF VTF PG

EJHJUBM DBMJCSBUJPO GVSUIFS JNQSPWFT UIF MJOFBSJUZ PG UIF QPXFS BNQMJGJFS FOBCMJOH TUBUF�PG�UIF�BSU QFSGPSNBODF JO

EFMJWFSJOH VQ UP ����� E#N PG QPXFS GPS BO ������C USBOTNJTTJPO BOE ��� E#N GPS BO ������O

USBOTNJTTJPO�

"EEJUJPOBM DBMJCSBUJPOT BSF JOUFHSBUFE UP DBODFM BOZ SBEJP JNQFSGFDUJPOT TVDI BT�

t $BSSJFS MFBLBHF

t *�2 QIBTF NBUDIJOH

t #BTFCBOE OPOMJOFBSJUJFT

t 3' OPOMJOFBSJUJFT

t "OUFOOB NBUDIJOH

5IFTF CVJMU�JO DBMJCSBUJPO SPVUJOFT SFEVDF UIF BNPVOU PG UJNF SFRVJSFE GPS QSPEVDU UFTUJOH BOE SFOEFS UIF UFTUJOH

FRVJQNFOU VOOFDFTTBSZ�

����� $MPDL (FOFSBUPS

5IF DMPDL HFOFSBUPS QSPEVDFT RVBESBUVSF DMPDL TJHOBMT PG ��� ()[ GPS CPUI UIF SFDFJWFS BOE UIF USBOTNJUUFS� "MM

DPNQPOFOUT PG UIF DMPDL HFOFSBUPS BSF JOUFHSBUFE JOUP UIF DIJQ JODMVEJOH BMM JOEVDUPST WBSBDUPST GJMUFST

SFHVMBUPST BOE EJWJEFST�

5IF DMPDL HFOFSBUPS IBT CVJMU�JO DBMJCSBUJPO BOE TFMG�UFTU DJSDVJUT� 2VBESBUVSF DMPDL QIBTFT BOE QIBTF OPJTF BSF

PQUJNJ[FE PO�DIJQ XJUI QBUFOUFE DBMJCSBUJPO BMHPSJUINT XIJDI FOTVSF UIF CFTU QFSGPSNBODF PG UIF SFDFJWFS BOE

UIF USBOTNJUUFS�

��� 8J�'J
&41�� JNQMFNFOUT B 5$1�*1 BOE GVMM ������ C�H�O 8J�'J ."$ QSPUPDPM� *U TVQQPSUT UIF #BTJD 4FSWJDF 4FU 	#44


45" BOE 4PGU"1 PQFSBUJPOT VOEFS UIF %JTUSJCVUFE $POUSPM 'VODUJPO 	%$'
� 1PXFS NBOBHFNFOU JT IBOEMFE XJUI

NJOJNBM IPTU JOUFSBDUJPO UP NJOJNJ[F UIF BDUJWF�EVUZ QFSJPE�

����� 8J�'J 3BEJP BOE #BTFCBOE

5IF &41�� 8J�'J 3BEJP BOE #BTFCBOE TVQQPSU UIF GPMMPXJOH GFBUVSFT�

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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t ������C�H�O

t ������O .$4��� JO CPUI �� .)[ BOE �� .)[ CBOEXJEUI

t ������O .$4�� 	39


t ������O ��� µT HVBSE�JOUFSWBM

t VQ UP ��� .CQT PG EBUB SBUF

t 3FDFJWJOH 45#$ ���

t 6Q UP ���� E#N PG USBOTNJUUJOH QPXFS

t "EKVTUBCMF USBOTNJUUJOH QPXFS

t "OUFOOB EJWFSTJUZ

&41�� TVQQPSUT BOUFOOB EJWFSTJUZ XJUI BO FYUFSOBM 3' TXJUDI� 0OF PS NPSF (1*0T DPOUSPM UIF 3' TXJUDI

BOE TFMFDUT UIF CFTU BOUFOOB UP NJOJNJ[F UIF FGGFDUT PG DIBOOFM GBEJOH�

����� 8J�'J ."$

5IF &41�� 8J�'J ."$ BQQMJFT MPX�MFWFM QSPUPDPM GVODUJPOT BVUPNBUJDBMMZ� 5IFZ BSF BT GPMMPXT�

t � � WJSUVBM 8J�'J JOUFSGBDFT

t 4JNVMUBOFPVT *OGSBTUSVDUVSF #44 4UBUJPO NPEF�4PGU"1 NPEF�1SPNJTDVPVT NPEF

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
5IF DIJQ JOUFHSBUFT B #MVFUPPUI MJOL DPOUSPMMFS BOE #MVFUPPUI CBTFCBOE XIJDI DBSSZ PVU UIF CBTFCBOE QSPUPDPMT

BOE PUIFS MPX�MFWFM MJOL SPVUJOFT TVDI BT NPEVMBUJPO�EFNPEVMBUJPO QBDLFU QSPDFTTJOH CJU TUSFBN QSPDFTTJOH

GSFRVFODZ IPQQJOH FUD�

����� #MVFUPPUI 3BEJP BOE #BTFCBOE

5IF #MVFUPPUI 3BEJP BOE #BTFCBOE TVQQPSU UIF GPMMPXJOH GFBUVSFT�

t $MBTT�� DMBTT�� BOE DMBTT�� USBOTNJU PVUQVU QPXFST BOE B EZOBNJD DPOUSPM SBOHF PG VQ UP �� E#

t π�� %214, BOE � %14, NPEVMBUJPO

t )JHI QFSGPSNBODF JO /;*' SFDFJWFS TFOTJUJWJUZ XJUI PWFS �� E#N PG EZOBNJD SBOHF

t $MBTT�� PQFSBUJPO XJUIPVU FYUFSOBM 1"

t *OUFSOBM 43". BMMPXT GVMM�TQFFE EBUB�USBOTGFS NJYFE WPJDF BOE EBUB BOE GVMM QJDPOFU PQFSBUJPO

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���
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� 'VODUJPOBM %FTDSJQUJPO

t -PHJD GPS GPSXBSE FSSPS DPSSFDUJPO IFBEFS FSSPS DPOUSPM BDDFTT DPEF DPSSFMBUJPO $3$ EFNPEVMBUJPO

FODSZQUJPO CJU TUSFBN HFOFSBUJPO XIJUFOJOH BOE USBOTNJU QVMTF TIBQJOH

t "$- 4$0 F4$0 BOE "')

t "�MBX µ�MBX BOE $74% EJHJUBM BVEJP $0%&$ JO 1$. JOUFSGBDF

t 4#$ BVEJP $0%&$

t 1PXFS NBOBHFNFOU GPS MPX�QPXFS BQQMJDBUJPOT

t 4.1 XJUI ����CJU "&4

����� #MVFUPPUI *OUFSGBDF

t 1SPWJEFT 6"35 )$* JOUFSGBDF VQ UP � .CQT

t 1SPWJEFT 4%*0 � 41* )$* JOUFSGBDF

t 1SPWJEFT 1$. � *¨4 BVEJP JOUFSGBDF

����� #MVFUPPUI 4UBDL

5IF #MVFUPPUI TUBDL PG UIF DIJQ JT DPNQMJBOU XJUI UIF #MVFUPPUI W��� #3�&%3 BOE #MVFUPPUI -&

TQFDJGJDBUJPOT�

����� #MVFUPPUI -JOL $POUSPMMFS

5IF MJOL DPOUSPMMFS PQFSBUFT JO UISFF NBKPS TUBUFT� TUBOECZ DPOOFDUJPO BOE TOJGG� *U FOBCMFT NVMUJQMF DPOOFDUJPOT

BOE PUIFS PQFSBUJPOT TVDI BT JORVJSZ QBHF BOE TFDVSF TJNQMF�QBJSJOH BOE UIFSFGPSF FOBCMFT 1JDPOFU BOE

4DBUUFSOFU� #FMPX BSF UIF GFBUVSFT�

t $MBTTJD #MVFUPPUI

o %FWJDF %JTDPWFSZ 	JORVJSZ BOE JORVJSZ TDBO


o $POOFDUJPO FTUBCMJTINFOU 	QBHF BOE QBHF TDBO


o .VMUJ�DPOOFDUJPOT

o "TZODISPOPVT EBUB SFDFQUJPO BOE USBOTNJTTJPO

o 4ZODISPOPVT MJOLT 	4$0�F4$0


o .BTUFS�4MBWF 4XJUDI

o "EBQUJWF 'SFRVFODZ )PQQJOH BOE $IBOOFM BTTFTTNFOU

o #SPBEDBTU FODSZQUJPO

o "VUIFOUJDBUJPO BOE FODSZQUJPO

o 4FDVSF 4JNQMF�1BJSJOH

o .VMUJ�QPJOU BOE TDBUUFSOFU NBOBHFNFOU

o 4OJGG NPEF

o $POOFDUJPOMFTT 4MBWF #SPBEDBTU 	USBOTNJUUFS BOE SFDFJWFS


o &OIBODFE QPXFS DPOUSPM

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���
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� 'VODUJPOBM %FTDSJQUJPO

o 1JOH

t #MVFUPPUI -PX &OFSHZ

o "EWFSUJTJOH

o 4DBOOJOH

o 4JNVMUBOFPVT BEWFSUJTJOH BOE TDBOOJOH

o .VMUJQMF DPOOFDUJPOT

o "TZODISPOPVT EBUB SFDFQUJPO BOE USBOTNJTTJPO

o "EBQUJWF 'SFRVFODZ )PQQJOH BOE $IBOOFM BTTFTTNFOU

o $POOFDUJPO QBSBNFUFS VQEBUF

o %BUB -FOHUI &YUFOTJPO

o -JOL -BZFS &ODSZQUJPO

o -& 1JOH

��� 35$ BOE -PX�1PXFS .BOBHFNFOU
8JUI UIF VTF PG BEWBODFE QPXFS�NBOBHFNFOU UFDIOPMPHJFT &41�� DBO TXJUDI CFUXFFO EJGGFSFOU QPXFS

NPEFT�

t 1PXFS NPEFT

o "DUJWF NPEF� 5IF DIJQ SBEJP JT QPXFSFE PO� 5IF DIJQ DBO SFDFJWF USBOTNJU PS MJTUFO�

o .PEFN�TMFFQ NPEF� 5IF $16 JT PQFSBUJPOBM BOE UIF DMPDL JT DPOGJHVSBCMF� 5IF 8J�'J�#MVFUPPUI

CBTFCBOE BOE SBEJP BSF EJTBCMFE�

o -JHIU�TMFFQ NPEF� 5IF $16 JT QBVTFE� 5IF 35$ NFNPSZ BOE 35$ QFSJQIFSBMT BT XFMM BT UIF 6-1

DP�QSPDFTTPS BSF SVOOJOH� "OZ XBLF�VQ FWFOUT 	."$ IPTU 35$ UJNFS PS FYUFSOBM JOUFSSVQUT
 XJMM XBLF

VQ UIF DIJQ�

o %FFQ�TMFFQ NPEF� 0OMZ UIF 35$ NFNPSZ BOE 35$ QFSJQIFSBMT BSF QPXFSFE PO� 8J�'J BOE #MVFUPPUI

DPOOFDUJPO EBUB BSF TUPSFE JO UIF 35$ NFNPSZ� 5IF 6-1 DP�QSPDFTTPS JT GVODUJPOBM�

o )JCFSOBUJPO NPEF� 5IF JOUFSOBM ��.)[ PTDJMMBUPS BOE 6-1 DP�QSPDFTTPS BSF EJTBCMFE� 5IF 35$

SFDPWFSZ NFNPSZ JT QPXFSFE EPXO� 0OMZ POF 35$ UJNFS PO UIF TMPX DMPDL BOE DFSUBJO 35$ (1*0T BSF

BDUJWF� 5IF 35$ UJNFS PS UIF 35$ (1*0T DBO XBLF VQ UIF DIJQ GSPN UIF )JCFSOBUJPO NPEF�

5BCMF �� 1PXFS $POTVNQUJPO CZ 1PXFS .PEFT

1PXFS NPEF %FTDSJQUJPO 1PXFS DPOTVNQUJPO

"DUJWF 	3' XPSLJOH


8J�'J 5Y QBDLFU
1MFBTF SFGFS UP

5BCMF �� GPS EFUBJMT�
8J�'J�#5 5Y QBDLFU

8J�'J�#5 3Y BOE MJTUFOJOH

.PEFN�TMFFQ
5IF $16 JT

QPXFSFE PO�

��� .)[
� %VBM�DPSF DIJQ	T
 �� N" ~ �� N"

4JOHMF�DPSF DIJQ	T
 /�"

��� .)[
� %VBM�DPSF DIJQ	T
 �� N" ~ �� N"

4JOHMF�DPSF DIJQ	T
 �� N" ~ �� N"

&TQSFTTJG 4ZTUFNT ��
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� 'VODUJPOBM %FTDSJQUJPO

1PXFS NPEF %FTDSJQUJPO 1PXFS DPOTVNQUJPO

/PSNBM TQFFE� �� .)[
%VBM�DPSF DIJQ	T
 �� N" ~ �� N"

4JOHMF�DPSF DIJQ	T
 �� N" ~ �� N"

-JHIU�TMFFQ � ��� N"

%FFQ�TMFFQ

5IF 6-1 DP�QSPDFTTPS JT QPXFSFE PO� ��� µ"

6-1 TFOTPS�NPOJUPSFE QBUUFSO ��� µ" !�� EVUZ

35$ UJNFS � 35$ NFNPSZ �� µ"

)JCFSOBUJPO 35$ UJNFS POMZ � µ"

1PXFS PGG $)*1@16 JT TFU UP MPX MFWFM UIF DIJQ JT QPXFSFE PGG� � µ"

/PUF�

t � "NPOH UIF &41�� TFSJFT PG 4P$T &41���%�8%�7� &41���%�8%2��7� &41���%�8% BOE &41���%�8%2�

IBWF B NBYJNVN $16 GSFRVFODZ PG ��� .)[ &41���%�8% &41���4�8% BOE &41���6�8%) IBWF B NBYJNVN

$16 GSFRVFODZ PG ��� .)[�

t 8IFO 8J�'J JT FOBCMFE UIF DIJQ TXJUDIFT CFUXFFO "DUJWF BOE .PEFN�TMFFQ NPEFT� 5IFSFGPSF QPXFS DPOTVNQUJPO

DIBOHFT BDDPSEJOHMZ�

t *O .PEFN�TMFFQ NPEF UIF $16 GSFRVFODZ DIBOHFT BVUPNBUJDBMMZ� 5IF GSFRVFODZ EFQFOET PO UIF $16 MPBE BOE

UIF QFSJQIFSBMT VTFE�

t %VSJOH %FFQ�TMFFQ XIFO UIF 6-1 DP�QSPDFTTPS JT QPXFSFE PO QFSJQIFSBMT TVDI BT (1*0 BOE *¨$ BSF BCMF UP

PQFSBUF�

t 8IFO UIF TZTUFN XPSLT JO UIF 6-1 TFOTPS�NPOJUPSFE QBUUFSO UIF 6-1 DP�QSPDFTTPS XPSLT XJUI UIF 6-1 TFOTPS

QFSJPEJDBMMZ BOE UIF "%$ XPSLT XJUI B EVUZ DZDMF PG �� TP UIF QPXFS DPOTVNQUJPO JT ��� µ"�

&TQSFTTJG 4ZTUFNT ��
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� 1FSJQIFSBMT BOE 4FOTPST

� 1FSJQIFSBMT BOE 4FOTPST

��� %FTDSJQUJPOT PG 1FSJQIFSBMT BOE 4FOTPST

����� (FOFSBM 1VSQPTF *OQVU � 0VUQVU *OUFSGBDF 	(1*0


&41�� IBT �� (1*0 QJOT XIJDI DBO CF BTTJHOFE WBSJPVT GVODUJPOT CZ QSPHSBNNJOH UIF BQQSPQSJBUF SFHJTUFST�

5IFSF BSF TFWFSBM LJOET PG (1*0T� EJHJUBM�POMZ BOBMPH�FOBCMFE DBQBDJUJWF�UPVDI�FOBCMFE FUD� "OBMPH�FOBCMFE

(1*0T BOE $BQBDJUJWF�UPVDI�FOBCMFE (1*0T DBO CF DPOGJHVSFE BT EJHJUBM (1*0T�

.PTU PG UIF EJHJUBM (1*0T DBO CF DPOGJHVSFE BT JOUFSOBM QVMM�VQ PS QVMM�EPXO PS TFU UP IJHI JNQFEBODF� 8IFO

DPOGJHVSFE BT BO JOQVU UIF JOQVU WBMVF DBO CF SFBE UISPVHI UIF SFHJTUFS� 5IF JOQVU DBO BMTP CF TFU UP FEHF�USJHHFS

PS MFWFM�USJHHFS UP HFOFSBUF $16 JOUFSSVQUT� .PTU PG UIF EJHJUBM *0 QJOT BSF CJ�EJSFDUJPOBM OPO�JOWFSUJOH BOE USJTUBUF

JODMVEJOH JOQVU BOE PVUQVU CVGGFST XJUI USJTUBUF DPOUSPM� 5IFTF QJOT DBO CF NVMUJQMFYFE XJUI PUIFS GVODUJPOT TVDI

BT UIF 4%*0 6"35 41* FUD� 	.PSF EFUBJMT DBO CF GPVOE JO UIF "QQFOEJY 5BCMF *0@.69�
 'PS MPX�QPXFS

PQFSBUJPOT UIF (1*0T DBO CF TFU UP IPME UIFJS TUBUFT�

����� "OBMPH�UP�%JHJUBM $POWFSUFS 	"%$


&41�� JOUFHSBUFT ���CJU 4"3 "%$T BOE TVQQPSUT NFBTVSFNFOUT PO �� DIBOOFMT 	BOBMPH�FOBCMFE QJOT
� 5IF

6-1�DPQSPDFTTPS JO &41�� JT BMTP EFTJHOFE UP NFBTVSF WPMUBHF XIJMF PQFSBUJOH JO UIF TMFFQ NPEF XIJDI

FOBCMFT MPX�QPXFS DPOTVNQUJPO� 5IF $16 DBO CF XPLFO VQ CZ B UISFTIPME TFUUJOH BOE�PS WJB PUIFS

USJHHFST�

8JUI BQQSPQSJBUF TFUUJOHT UIF "%$T DBO CF DPOGJHVSFE UP NFBTVSF WPMUBHF PO �� QJOT NBYJNVN�

5BCMF � EFTDSJCFT UIF "%$ DIBSBDUFSJTUJDT�

5BCMF �� "%$ $IBSBDUFSJTUJDT

1BSBNFUFS %FTDSJQUJPO .JO .BY 6OJU

%/- 	%JGGFSFOUJBM OPOMJOFBSJUZ

35$ DPOUSPMMFS� "%$ DPOOFDUFE UP BO

o� � -4#
FYUFSOBM ��� O' DBQBDJUPS� %$ TJHOBM JOQVU�

*/- 	*OUFHSBM OPOMJOFBSJUZ

BNCJFOU UFNQFSBUVSF BU �� «$�

o�� �� -4#
8J�'J�#5 PGG

4BNQMJOH SBUF
35$ DPOUSPMMFS o ��� LTQT

%*( DPOUSPMMFS o � .TQT

/PUFT�

t 8IFO BUUFO�� BOE UIF NFBTVSFNFOU SFTVMU JT BCPWF ���� 	WPMUBHF BU BQQSPY� ���� N7
 UIF "%$ BDDVSBDZ

XJMM CF XPSTF UIBO EFTDSJCFE JO UIF UBCMF BCPWF�

t 5P HFU CFUUFS %/- SFTVMUT VTFST DBO UBLF NVMUJQMF TBNQMJOH UFTUT XJUI B GJMUFS PS DBMDVMBUF UIF BWFSBHF WBMVF�

t 5IF JOQVU WPMUBHF SBOHF PG (1*0 QJOT XJUIJO 7%%�1�@35$ EPNBJO TIPVME TUSJDUMZ GPMMPX UIF %$

DIBSBDUFSJTUJDT QSPWJEFE JO 5BCMF ��� 0UIFSXJTF NFBTVSFNFOU FSSPST NBZ CF JOUSPEVDFE BOE DIJQ

QFSGPSNBODF NBZ CF BGGFDUFE�

#Z EFGBVMU UIFSF BSF £�� EJGGFSFODFT JO NFBTVSFE SFTVMUT CFUXFFO DIJQT� &41�*%' QSPWJEFT DPVQMF PG DBMJCSBUJPO

NFUIPET GPS "%$�� 3FTVMUT BGUFS DBMJCSBUJPO VTJOH F'VTF 7SFG WBMVF BSF TIPXO JO 5BCMF �� 'PS IJHIFS BDDVSBDZ

VTFST NBZ BQQMZ PUIFS DBMJCSBUJPO NFUIPET QSPWJEFE JO &41�*%' PS JNQMFNFOU UIFJS PXO�

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���

https://docs.espressif.com/projects/esp-idf/en/latest/api-reference/peripherals/adc.html#adc-calibration
https://docs.espressif.com/projects/esp-idf/en/latest/api-reference/peripherals/adc.html#adc-calibration
https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6%20


� 1FSJQIFSBMT BOE 4FOTPST

5BCMF �� "%$ $BMJCSBUJPO 3FTVMUT

1BSBNFUFS %FTDSJQUJPO .JO .BY 6OJU

5PUBM FSSPS

"UUFO�� FGGFDUJWF NFBTVSFNFOU SBOHF PG ��� ∼ ��� N7 o�� �� N7

"UUFO�� FGGFDUJWF NFBTVSFNFOU SBOHF PG ��� ∼ ���� N7 o�� �� N7

"UUFO�� FGGFDUJWF NFBTVSFNFOU SBOHF PG ��� ∼ ���� N7 o�� �� N7

"UUFO�� FGGFDUJWF NFBTVSFNFOU SBOHF PG ��� ∼ ���� N7 o�� �� N7

����� )BMM 4FOTPS

&41�� JOUFHSBUFT B )BMM TFOTPS CBTFE PO BO /�DBSSJFS SFTJTUPS� 8IFO UIF DIJQ JT JO UIF NBHOFUJD GJFME UIF )BMM

TFOTPS EFWFMPQT B TNBMM WPMUBHF MBUFSBMMZ PO UIF SFTJTUPS XIJDI DBO CF EJSFDUMZ NFBTVSFE CZ UIF "%$�

����� %JHJUBM�UP�"OBMPH $POWFSUFS 	%"$


5XP ��CJU %"$ DIBOOFMT DBO CF VTFE UP DPOWFSU UXP EJHJUBM TJHOBMT JOUP UXP BOBMPH WPMUBHF TJHOBM PVUQVUT� 5IF

EFTJHO TUSVDUVSF JT DPNQPTFE PG JOUFHSBUFE SFTJTUPS TUSJOHT BOE B CVGGFS� 5IJT EVBM %"$ TVQQPSUT QPXFS TVQQMZ BT

JOQVU WPMUBHF SFGFSFODF� 5IF UXP %"$ DIBOOFMT DBO BMTP TVQQPSU JOEFQFOEFOU DPOWFSTJPOT�

����� 5PVDI 4FOTPS

&41�� IBT �� DBQBDJUJWF�TFOTJOH (1*0T XIJDI EFUFDU WBSJBUJPOT JOEVDFE CZ UPVDIJOH PS BQQSPBDIJOH UIF (1*0T

XJUI B GJOHFS PS PUIFS PCKFDUT� 5IF MPX�OPJTF OBUVSF PG UIF EFTJHO BOE UIF IJHI TFOTJUJWJUZ PG UIF DJSDVJU BMMPX

SFMBUJWFMZ TNBMM QBET UP CF VTFE� "SSBZT PG QBET DBO BMTP CF VTFE TP UIBU B MBSHFS BSFB PS NPSF QPJOUT DBO CF

EFUFDUFE� 5IF �� DBQBDJUJWF�TFOTJOH (1*0T BSF MJTUFE JO 5BCMF ��

5BCMF �� $BQBDJUJWF�4FOTJOH (1*0T "WBJMBCMF PO &41��

$BQBDJUJWF�TFOTJOH TJHOBM OBNF 1JO OBNF

5� (1*0�

5� (1*0�

5� (1*0�

5� .5%0

5� .5$,

5� .5%*

5� .5.4

5� (1*0��

5� ��,@9/

5� ��,@91

����� 6MUSB�-PX�1PXFS $P�QSPDFTTPS

5IF 6-1 QSPDFTTPS BOE 35$ NFNPSZ SFNBJO QPXFSFE PO EVSJOH UIF %FFQ�TMFFQ NPEF� )FODF UIF EFWFMPQFS

DBO TUPSF B QSPHSBN GPS UIF 6-1 QSPDFTTPS JO UIF 35$ TMPX NFNPSZ UP BDDFTT UIF QFSJQIFSBM EFWJDFT JOUFSOBM

UJNFST BOE JOUFSOBM TFOTPST EVSJOH UIF %FFQ�TMFFQ NPEF� 5IJT JT VTFGVM GPS EFTJHOJOH BQQMJDBUJPOT XIFSF UIF $16

OFFET UP CF XPLFO VQ CZ BO FYUFSOBM FWFOU PS B UJNFS PS B DPNCJOBUJPO PG UIF UXP XIJMF NBJOUBJOJOH NJOJNBM

QPXFS DPOTVNQUJPO�

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL
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� 1FSJQIFSBMT BOE 4FOTPST

����� &UIFSOFU ."$ *OUFSGBDF

"O *&&&������������DPNQMJBOU .FEJB "DDFTT $POUSPMMFS 	."$
 JT QSPWJEFE GPS &UIFSOFU -"/ DPNNVOJDBUJPOT�

&41�� SFRVJSFT BO FYUFSOBM QIZTJDBM JOUFSGBDF EFWJDF 	1):
 UP DPOOFDU UP UIF QIZTJDBM -"/ CVT 	UXJTUFE�QBJS GJCFS

FUD�
� 5IF 1): JT DPOOFDUFE UP &41�� UISPVHI �� TJHOBMT PG .** PS OJOF TJHOBMT PG 3.**� 5IF GPMMPXJOH GFBUVSFT BSF

TVQQPSUFE PO UIF &UIFSOFU ."$ 	&."$
 JOUFSGBDF�

t �� .CQT BOE ��� .CQT SBUFT

t %FEJDBUFE %." DPOUSPMMFS BMMPXJOH IJHI�TQFFE USBOTGFS CFUXFFO UIF EFEJDBUFE 43". BOE &UIFSOFU ."$

t 5BHHFE ."$ GSBNF 	7-"/ TVQQPSU


t )BMG�EVQMFY 	$4."�$%
 BOE GVMM�EVQMFY PQFSBUJPO

t ."$ DPOUSPM TVCMBZFS 	DPOUSPM GSBNFT


t ���CJU $3$ HFOFSBUJPO BOE SFNPWBM

t 4FWFSBM BEESFTT�GJMUFSJOH NPEFT GPS QIZTJDBM BOE NVMUJDBTU BEESFTT 	NVMUJDBTU BOE HSPVQ BEESFTTFT


t ���CJU TUBUVT DPEF GPS FBDI USBOTNJUUFE PS SFDFJWFE GSBNF

t *OUFSOBM '*'0T UP CVGGFS USBOTNJU BOE SFDFJWF GSBNFT� 5IF USBOTNJU '*'0 BOE UIF SFDFJWF '*'0 BSF CPUI ���

XPSET 	���CJU


t )BSEXBSF 151 	1SFDJTJPO 5JNF 1SPUPDPM
 JO BDDPSEBODF XJUI *&&& ���� ���� 	151 7�


t �� .)[��� .)[ DMPDL PVUQVU

����� 4%�4%*0�..$ )PTU $POUSPMMFS

"O 4%�4%*0�..$ IPTU DPOUSPMMFS JT BWBJMBCMF PO &41�� XIJDI TVQQPSUT UIF GPMMPXJOH GFBUVSFT�

t 4FDVSF %JHJUBM NFNPSZ 	4% NFN 7FSTJPO ��� BOE 7FSTJPO ����


t 4FDVSF %JHJUBM *�0 	4%*0 7FSTJPO ���


t $POTVNFS &MFDUSPOJDT "EWBODFE 5SBOTQPSU "SDIJUFDUVSF 	$&�"5" 7FSTJPO ���


t .VMUJNFEJB $BSET 	..$ 7FSTJPO ���� F..$ 7FSTJPO ��� BOE 7FSTJPO ����


5IF DPOUSPMMFS BMMPXT VQ UP �� .)[ DMPDL PVUQVU JO UISFF EJGGFSFOU EBUB�CVT NPEFT� ��CJU ��CJU BOE ��CJU� *U

TVQQPSUT UXP 4%�4%*0�..$���� DBSET JO B ��CJU EBUB�CVT NPEF� *U BMTP TVQQPSUT POF 4% DBSE PQFSBUJOH BU ���

7�

����� 4%*0�41* 4MBWF $POUSPMMFS

&41�� JOUFHSBUFT BO 4% EFWJDF JOUFSGBDF UIBU DPOGPSNT UP UIF JOEVTUSZ�TUBOEBSE 4%*0 $BSE 4QFDJGJDBUJPO 7FSTJPO

��� BOE BMMPXT B IPTU DPOUSPMMFS UP BDDFTT UIF 4P$ VTJOH UIF 4%*0 CVT JOUFSGBDF BOE QSPUPDPM� &41�� BDUT BT

UIF TMBWF PO UIF 4%*0 CVT� 5IF IPTU DBO BDDFTT UIF 4%*0�JOUFSGBDF SFHJTUFST EJSFDUMZ BOE DBO BDDFTT TIBSFE

NFNPSZ WJB B %." FOHJOF UIVT NBYJNJ[JOH QFSGPSNBODF XJUIPVU FOHBHJOH UIF QSPDFTTPS DPSFT�

5IF 4%*0�41* TMBWF DPOUSPMMFS TVQQPSUT UIF GPMMPXJOH GFBUVSFT�

t 41* ��CJU 4%*0 BOE ��CJU 4%*0 USBOTGFS NPEFT PWFS UIF GVMM DMPDL SBOHF GSPN � UP �� .)[

t $POGJHVSBCMF TBNQMJOH BOE ESJWJOH DMPDL FEHF

t 4QFDJBM SFHJTUFST GPS EJSFDU BDDFTT CZ IPTU
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t *OUFSSVQUT UP IPTU GPS JOJUJBUJOH EBUB USBOTGFS

t "VUPNBUJD MPBEJOH PG 4%*0 CVT EBUB BOE BVUPNBUJD EJTDBSEJOH PG QBEEJOH EBUB

t #MPDL TJ[F PG VQ UP ��� CZUFT

t *OUFSSVQU WFDUPST CFUXFFO UIF IPTU BOE UIF TMBWF BMMPXJOH CPUI UP JOUFSSVQU FBDI PUIFS

t 4VQQPSUT %." GPS EBUB USBOTGFS

������ 6OJWFSTBM "TZODISPOPVT 3FDFJWFS 5SBOTNJUUFS 	6"35


&41�� IBT UISFF 6"35 JOUFSGBDFT J�F� 6"35� 6"35� BOE 6"35� XIJDI QSPWJEF BTZODISPOPVT

DPNNVOJDBUJPO 	34��� BOE 34���
 BOE *S%" TVQQPSU DPNNVOJDBUJOH BU B TQFFE PG VQ UP � .CQT� 6"35

QSPWJEFT IBSEXBSF NBOBHFNFOU PG UIF $54 BOE 354 TJHOBMT BOE TPGUXBSF GMPX DPOUSPM 	90/ BOE 90''
� "MM PG

UIF JOUFSGBDFT DBO CF BDDFTTFE CZ UIF %." DPOUSPMMFS PS EJSFDUMZ CZ UIF $16�

������ *¤$ *OUFSGBDF

&41�� IBT UXP *¨$ CVT JOUFSGBDFT XIJDI DBO TFSWF BT *¨$ NBTUFS PS TMBWF EFQFOEJOH PO UIF VTFS�T DPOGJHVSBUJPO�

5IF *¨$ JOUFSGBDFT TVQQPSU�

t 4UBOEBSE NPEF 	��� ,CJU�T


t 'BTU NPEF 	��� ,CJU�T


t 6Q UP � .)[ ZFU DPOTUSBJOFE CZ 4%" QVMM�VQ TUSFOHUI

t ��CJU����CJU BEESFTTJOH NPEF

t %VBM BEESFTTJOH NPEF

6TFST DBO QSPHSBN DPNNBOE SFHJTUFST UP DPOUSPM *¨$ JOUFSGBDFT TP UIBU UIFZ IBWF NPSF GMFYJCJMJUZ�

������ *¤4 *OUFSGBDF

5XP TUBOEBSE *¨4 JOUFSGBDFT BSF BWBJMBCMF JO &41��� 5IFZ DBO CF PQFSBUFE JO NBTUFS PS TMBWF NPEF JO GVMM EVQMFY

BOE IBMG�EVQMFY DPNNVOJDBUJPO NPEFT BOE DBO CF DPOGJHVSFE UP PQFSBUF XJUI BO ������������������CJU

SFTPMVUJPO BT JOQVU PS PVUQVU DIBOOFMT� #$, DMPDL GSFRVFODZ GSPN �� L)[ VQ UP �� .)[ JT TVQQPSUFE� 8IFO

POF PS CPUI PG UIF *¨4 JOUFSGBDFT BSF DPOGJHVSFE JO UIF NBTUFS NPEF UIF NBTUFS DMPDL DBO CF PVUQVU UP UIF

FYUFSOBM %"$�$0%&$�

#PUI PG UIF *¨4 JOUFSGBDFT IBWF EFEJDBUFE %." DPOUSPMMFST� 1%. BOE #5 1$. JOUFSGBDFT BSF TVQQPSUFE�

������ *OGSBSFE 3FNPUF $POUSPMMFS

5IF JOGSBSFE SFNPUF DPOUSPMMFS TVQQPSUT FJHIU DIBOOFMT PG JOGSBSFE SFNPUF USBOTNJTTJPO BOE SFDFJWJOH� #Z

QSPHSBNNJOH UIF QVMTF XBWFGPSN JU TVQQPSUT WBSJPVT JOGSBSFE QSPUPDPMT� &JHIU DIBOOFMT TIBSF B ��� Y ���CJU

CMPDL PG NFNPSZ UP TUPSF UIF USBOTNJUUJOH PS SFDFJWJOH XBWFGPSN�

������ 1VMTF $PVOUFS

5IF QVMTF DPVOUFS DBQUVSFT QVMTF BOE DPVOUT QVMTF FEHFT UISPVHI TFWFO NPEFT� *U IBT FJHIU DIBOOFMT FBDI PG

XIJDI DBQUVSFT GPVS TJHOBMT BU B UJNF� 5IF GPVS JOQVU TJHOBMT JODMVEF UXP QVMTF TJHOBMT BOE UXP DPOUSPM TJHOBMT�

8IFO UIF DPVOUFS SFBDIFT B EFGJOFE UISFTIPME BO JOUFSSVQU JT HFOFSBUFE�
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������ 1VMTF 8JEUI .PEVMBUJPO 	18.


5IF 1VMTF 8JEUI .PEVMBUJPO 	18.
 DPOUSPMMFS DBO CF VTFE GPS ESJWJOH EJHJUBM NPUPST BOE TNBSU MJHIUT� 5IF

DPOUSPMMFS DPOTJTUT PG 18. UJNFST UIF 18. PQFSBUPS BOE B EFEJDBUFE DBQUVSF TVC�NPEVMF� &BDI UJNFS QSPWJEFT

UJNJOH JO TZODISPOPVT PS JOEFQFOEFOU GPSN BOE FBDI 18. PQFSBUPS HFOFSBUFT B XBWFGPSN GPS POF 18.

DIBOOFM� 5IF EFEJDBUFE DBQUVSF TVC�NPEVMF DBO BDDVSBUFMZ DBQUVSF FWFOUT XJUI FYUFSOBM UJNJOH�

������ -&% 18.

5IF -&% 18. DPOUSPMMFS DBO HFOFSBUF �� JOEFQFOEFOU DIBOOFMT PG EJHJUBM XBWFGPSNT XJUI DPOGJHVSBCMF QFSJPET

BOE EVUJFT�

5IF �� DIBOOFMT PG EJHJUBM XBWFGPSNT PQFSBUF XJUI BO "1# DMPDL PG �� .)[� &JHIU PG UIFTF DIBOOFMT IBWF UIF

PQUJPO PG VTJOH UIF � .)[ PTDJMMBUPS DMPDL� &BDI DIBOOFM DBO TFMFDU B ���CJU UJNFS XJUI DPOGJHVSBCMF DPVOUJOH

SBOHF XIJMF JUT BDDVSBDZ PG EVUZ DBO CF VQ UP �� CJUT XJUIJO B � NT QFSJPE�

5IF TPGUXBSF DBO DIBOHF UIF EVUZ JNNFEJBUFMZ� .PSFPWFS FBDI DIBOOFM BVUPNBUJDBMMZ TVQQPSUT TUFQ�CZ�TUFQ

EVUZ JODSFBTF PS EFDSFBTF XIJDI JT VTFGVM GPS UIF -&% 3(# DPMPS�HSBEJFOU HFOFSBUPS�

������ 4FSJBM 1FSJQIFSBM *OUFSGBDF 	41*


&41�� GFBUVSFT UISFF 41*T 	41* )41* BOE 741*
 JO TMBWF BOE NBTUFS NPEFT JO ��MJOF GVMM�EVQMFY BOE ������MJOF

IBMG�EVQMFY DPNNVOJDBUJPO NPEFT� 5IFTF 41*T BMTP TVQQPSU UIF GPMMPXJOH HFOFSBM�QVSQPTF 41* GFBUVSFT�

t 'PVS NPEFT PG 41* USBOTGFS GPSNBU XIJDI EFQFOE PO UIF QPMBSJUZ 	$10-
 BOE UIF QIBTF 	$1)"
 PG UIF 41*

DMPDL

t 6Q UP �� .)[ 	5IF BDUVBM TQFFE JU DBO SFBDI EFQFOET PO UIF TFMFDUFE QBET 1$# USBDJOH QFSJQIFSBM

DIBSBDUFSJTUJDT FUD�


t VQ UP ���CZUF '*'0

"MM 41*T DBO BMTP CF DPOOFDUFE UP UIF FYUFSOBM GMBTI�43". BOE -$%� &BDI 41* DBO CF TFSWFE CZ %."

DPOUSPMMFST�

������ 58"* $POUSPMMFS

&41�� GBNJMZ IBT B 58"*� DPOUSPMMFS XJUI UIF GPMMPXJOH GFBUVSFT�

t DPNQBUJCMF XJUI *40������� QSPUPDPM

t TUBOEBSE GSBNF GPSNBU 	���CJU *%
 BOE FYUFOEFE GSBNF GPSNBU 	���CJU *%


t CJU SBUFT GSPN � ,CJU�T UP � .CJU�T

t NVMUJQMF NPEFT PG PQFSBUJPO� /PSNBM -JTUFO 0OMZ BOE 4FMG�5FTU

t ���CZUF SFDFJWF '*'0

t TQFDJBM USBOTNJTTJPOT� TJOHMF�TIPU USBOTNJTTJPOT BOE TFMG SFDFQUJPO

t BDDFQUBODF GJMUFS 	TJOHMF BOE EVBM GJMUFS NPEFT


t FSSPS EFUFDUJPO BOE IBOEMJOH� FSSPS DPVOUFST DPOGJHVSBCMF FSSPS JOUFSSVQU UISFTIPME FSSPS DPEF DBQUVSF

BSCJUSBUJPO MPTU DBQUVSF
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������ "DDFMFSBUPS

&41�� JT FRVJQQFE XJUI IBSEXBSF BDDFMFSBUPST PG HFOFSBM BMHPSJUINT TVDI BT "&4 	'*14 16# ���
 4)" 	'*14

16# �����
 34" BOE &$$ XIJDI TVQQPSU JOEFQFOEFOU BSJUINFUJD TVDI BT #JH *OUFHFS .VMUJQMJDBUJPO BOE #JH

*OUFHFS .PEVMBS .VMUJQMJDBUJPO� 5IF NBYJNVN PQFSBUJPO MFOHUI GPS 34" &$$ #JH *OUFHFS .VMUJQMZ BOE #JH *OUFHFS

.PEVMBS .VMUJQMJDBUJPO JT ���� CJUT�

5IF IBSEXBSF BDDFMFSBUPST HSFBUMZ JNQSPWF PQFSBUJPO TQFFE BOE SFEVDF TPGUXBSF DPNQMFYJUZ� 5IFZ BMTP TVQQPSU

DPEF FODSZQUJPO BOE EZOBNJD EFDSZQUJPO XIJDI FOTVSFT UIBU DPEF JO UIF GMBTI XJMM OPU CF IBDLFE�

��� 1FSJQIFSBM 1JO $POGJHVSBUJPOT

5BCMF ��� 1FSJQIFSBM 1JO $POGJHVSBUJPOT

*OUFSGBDF 4JHOBM 1JO 'VODUJPO

"%$

"%$�@$)� 4&/403@71

5XP ���CJU 4"3 "%$T

"%$�@$)� 4&/403@$"11

"%$�@$)� 4&/403@$"1/

"%$�@$)� 4&/403@7/

"%$�@$)� ��,@91

"%$�@$)� ��,@9/

"%$�@$)� 7%&5@�

"%$�@$)� 7%&5@�

"%$�@$)� (1*0�

"%$�@$)� (1*0�

"%$�@$)� (1*0�

"%$�@$)� .5%0

"%$�@$)� .5$,

"%$�@$)� .5%*

"%$�@$)� .5.4

"%$�@$)� (1*0��

"%$�@$)� (1*0��

"%$�@$)� (1*0��

%"$
%"$@� (1*0��

5XP ��CJU %"$T
%"$@� (1*0��

5PVDI 4FOTPS

506$)� (1*0�

$BQBDJUJWF UPVDI TFOTPST

506$)� (1*0�

506$)� (1*0�

506$)� .5%0

506$)� .5$,

506$)� .5%*

506$)� .5.4

506$)� (1*0��

506$)� ��,@9/

506$)� ��,@91

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���

https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6%20


� 1FSJQIFSBMT BOE 4FOTPST

*OUFSGBDF 4JHOBM 1JO 'VODUJPO

+5"(

.5%* .5%*

+5"( GPS TPGUXBSF EFCVHHJOH
.5$, .5$,

.5.4 .5.4

.5%0 .5%0

4%�4%*0�..$ )PTU

$POUSPMMFS

)4�@$-, .5.4

4VQQPSUT 4% NFNPSZ DBSE 7���� TUBOEBSE

)4�@$.% .5%0

)4�@%"5"� (1*0�

)4�@%"5"� (1*0�

)4�@%"5"� .5%*

)4�@%"5"� .5$,

.PUPS 18.

18.�@065�~�

"OZ (1*0 1JOT

5ISFF DIBOOFMT PG ���CJU UJNFST HFOFSBUF

18. XBWFGPSNT� &BDI DIBOOFM IBT B QBJS

PG PVUQVU TJHOBMT UISFF GBVMU EFUFDUJPO

TJHOBMT UISFF FWFOU�DBQUVSF TJHOBMT BOE

UISFF TZOD TJHOBMT�

18.�@065@*/�~�

18.�@'-5@*/�~�

18.�@'-5@*/�~�

18.�@$"1@*/�~�

18.�@$"1@*/�~�

18.�@4:/$@*/�~�

18.�@4:/$@*/�~�

4%*0�41* 4MBWF

$POUSPMMFS

4%@$-, .5.4

4%*0 JOUFSGBDF UIBU DPOGPSNT UP UIF

JOEVTUSZ TUBOEBSE 4%*0 ��� DBSE

TQFDJGJDBUJPO

4%@$.% .5%0

4%@%"5"� (1*0�

4%@%"5"� (1*0�

4%@%"5"� .5%*

4%@%"5"� .5$,

6"35

6�39%@JO

"OZ (1*0 1JOT
5ISFF 6"35 EFWJDFT XJUI IBSEXBSF

GMPX�DPOUSPM BOE %."

6�$54@JO

6�%43@JO

6�59%@PVU

6�354@PVU

6�%53@PVU

6�39%@JO

6�$54@JO

6�59%@PVU

6�354@PVU

6�39%@JO

6�$54@JO

6�59%@PVU

6�354@PVU

*�$

*�$&95�@4$-@JO

"OZ (1*0 1JOT 5XP *�$ EFWJDFT JO TMBWF PS NBTUFS NPEF

*�$&95�@4%"@JO

*�$&95�@4$-@JO

*�$&95�@4%"@JO

*�$&95�@4$-@PVU

*�$&95�@4%"@PVU

*�$&95�@4$-@PVU
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*OUFSGBDF 4JHOBM 1JO 'VODUJPO

*�$&95�@4%"@PVU

-&% 18.
MFED@IT@TJH@PVU�~�

"OZ (1*0 1JOT
�� JOEFQFOEFOU DIBOOFMT !�� .)[

DMPDL�35$ $-,� %VUZ BDDVSBDZ� �� CJUT�MFED@MT@TJH@PVU�~�

*�4

*�4�*@%"5"@JO�~��

"OZ (1*0 1JOT

4UFSFP JOQVU BOE PVUQVU GSPN�UP UIF BVEJP

DPEFD� QBSBMMFM -$% EBUB PVUQVU� QBSBMMFM

DBNFSB EBUB JOQVU

*�4�0@#$,@JO

*�4�0@84@JO

*�4�*@#$,@JO

*�4�*@84@JO

*�4�*@)@4:/$

*�4�*@7@4:/$

*�4�*@)@&/"#-&

*�4�0@#$,@PVU

*�4�0@84@PVU

*�4�*@#$,@PVU

*�4�*@84@PVU

*�4�0@%"5"@PVU�~��

*�4�*@%"5"@JO�~��

*�4�0@#$,@JO

*�4�0@84@JO

*�4�*@#$,@JO

*�4�*@84@JO

*�4�*@)@4:/$

*�4�*@7@4:/$

*�4�*@)@&/"#-&

*�4�0@#$,@PVU

*�4�0@84@PVU

*�4�*@#$,@PVU

*�4�*@84@PVU

*�4�0@%"5"@PVU�~��

*OGSBSFE 3FNPUF

$POUSPMMFS

3.5@4*(@*/�~�
"OZ (1*0 1JOT

&JHIU DIBOOFMT GPS BO *3 USBOTNJUUFS BOE

SFDFJWFS PG WBSJPVT XBWFGPSNT3.5@4*(@065�~�

(FOFSBM 1VSQPTF

41*

)41*2@JO�@PVU

"OZ (1*0 1JOT

4UBOEBSE 41* DPOTJTUT PG DMPDL

DIJQ�TFMFDU .04* BOE .*40� 5IFTF 41*T

DBO CF DPOOFDUFE UP -$% BOE PUIFS

FYUFSOBM EFWJDFT� 5IFZ TVQQPSU UIF

GPMMPXJOH GFBUVSFT�

t #PUI NBTUFS BOE TMBWF NPEFT�

t 'PVS TVC�NPEFT PG UIF 41* USBOTGFS

GPSNBU�

t $POGJHVSBCMF 41* GSFRVFODZ�

t 6Q UP �� CZUFT PG '*'0 BOE %."�

)41*%@JO�@PVU

)41*$-,@JO�@PVU

)41*@$4�@JO�@PVU

)41*@$4�@PVU

)41*@$4�@PVU

741*2@JO�@PVU

741*%@JO�@PVU

741*$-,@JO�@PVU

741*@$4�@JO�@PVU

741*@$4�@PVU

741*@$4�@PVU
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*OUFSGBDF 4JHOBM 1JO 'VODUJPO

1BSBMMFM 241*

41*)% 4%@%"5"@�

4VQQPSUT 4UBOEBSE 41* %VBM 41* BOE

2VBE 41* UIBU DBO CF DPOOFDUFE UP UIF

FYUFSOBM GMBTI BOE 43".

41*81 4%@%"5"@�

41*$4� 4%@$.%

41*$-, 4%@$-,

41*2 4%@%"5"@�

41*% 4%@%"5"@�

)41*$-, .5.4

)41*$4� .5%0

)41*2 .5%*

)41*% .5$,

)41*)% (1*0�

)41*81 (1*0�

741*$-, (1*0��

741*$4� (1*0�

741*2 (1*0��

741*% (1*0��

741*)% (1*0��

741*81 (1*0��

&."$

&."$@59@$-, (1*0�

&UIFSOFU ."$ XJUI .**�3.** JOUFSGBDF

&."$@39@$-, (1*0�

&."$@59@&/ (1*0��

&."$@59%� (1*0��

&."$@59%� (1*0��

&."$@59%� .5.4

&."$@59%� .5%*

&."$@39@&3 .5$,

&."$@39@%7 (1*0��

&."$@39%� (1*0��

&."$@39%� (1*0��

&."$@39%� 6�59%

&."$@39%� .5%0

&."$@$-,@065 (1*0��

&."$@$-,@065@��� (1*0��

&."$@59@&3 (1*0�

&."$@.%$@PVU "OZ (1*0 1JOT

&."$@.%*@JO "OZ (1*0 1JOT

&."$@.%0@PVU "OZ (1*0 1JOT

&."$@$34@PVU "OZ (1*0 1JOT

&."$@$0-@PVU "OZ (1*0 1JOT
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*OUFSGBDF 4JHOBM 1JO 'VODUJPO

1VMTF $PVOUFS

QDOU@TJH@DI�@JO�

"OZ (1*0 1JOT

0QFSBUJOH JO TFWFO EJGGFSFOU NPEFT UIF

QVMTF DPVOUFS DBQUVSFT QVMTF BOE DPVOUT

QVMTF FEHFT�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@TJH@DI�@JO�

QDOU@DUSM@DI�@JO�

QDOU@DUSM@DI�@JO�

58"*

UXBJ@SY

"OZ (1*0 1JOT $PNQBUJCMF XJUI *40������� QSPUPDPM
UXBJ@UY

UXBJ@CVT@PGG@PO

UXBJ@DMLPVU
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� &MFDUSJDBM $IBSBDUFSJTUJDT
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ESP32 - D WD Q6

Package
Q6=QFN 6*6
N/A=QFN 5*5

Connection
WD=Wi-Fi b/g/n + BT/BLE dual mode

Core
D=Dual core
S�8=Single core

0

Embedded flash
0=No embedded flash
2=2 MB flash
4=4 MB flash

V3

Wafer version 3

H

+LJK�WHPSHUDWXUH

'JHVSF ��� &41�� 1BSU /VNCFS

5IF UBCMF CFMPX QSPWJEFT UIF PSEFSJOH JOGPSNBUJPO PG UIF &41�� TFSJFT PG DIJQT�

5BCMF ��� &41�� 0SEFSJOH *OGPSNBUJPO

0SEFSJOH DPEF $PSF &NCFEEFE GMBTI 1BDLBHF

&41���%�8%�7� %VBM DPSF /P FNCFEEFE GMBTI 2'/ ���
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&41���6�8%) 4JOHMF DPSF � .# FNCFEEFE GMBTI 	�� .)[
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��� .VTU�3FBE %PDVNFOUT
$MJDL PO UIF GPMMPXJOH MJOLT UP BDDFTT EPDVNFOUT SFMBUFE UP &41���

t &41�� &$0 7� 6TFS (VJEF

5IJT EPDVNFOU EFTDSJCFT EJGGFSFODFT CFUXFFO 7� BOE QSFWJPVT &41�� TJMJDPO XBGFS SFWJTJPOT�

t &$0 BOE 8PSLBSPVOET GPS #VHT JO &41��

5IJT EPDVNFOU EFUBJMT IBSEXBSF FSSBUB BOE XPSLBSPVOET JO UIF &41���

t &41�*%' 1SPHSBNNJOH (VJEF

*U IPTUT FYUFOTJWF EPDVNFOUBUJPO GPS &41�*%' SBOHJOH GSPN IBSEXBSF HVJEFT UP "1* SFGFSFODF�

t &41�� 5FDIOJDBM 3FGFSFODF .BOVBM

5IF NBOVBM QSPWJEFT EFUBJMFE JOGPSNBUJPO PO IPX UP VTF UIF &41�� NFNPSZ BOE QFSJQIFSBMT�

t &41�� )BSEXBSF 3FTPVSDFT

5IF [JQ GJMFT JODMVEF TDIFNBUJDT 1$# MBZPVU (FSCFS BOE #0. MJTU�

t &41�� )BSEXBSF %FTJHO (VJEFMJOFT

5IF HVJEFMJOFT QSPWJEF SFDPNNFOEFE EFTJHO QSBDUJDFT XIFO EFWFMPQJOH TUBOEBMPOF PS BEE�PO TZTUFNT

CBTFE PO UIF &41�� TFSJFT PG QSPEVDUT JODMVEJOH UIF &41�� DIJQ UIF &41�� NPEVMFT BOE EFWFMPQNFOU

CPBSET�

t &41�� "5 *OTUSVDUJPO 4FU BOE &YBNQMFT

5IJT EPDVNFOU JOUSPEVDFT UIF &41�� "5 DPNNBOET FYQMBJOT IPX UP VTF UIFN BOE QSPWJEFT FYBNQMFT PG

TFWFSBM DPNNPO "5 DPNNBOET�

t &TQSFTTJG 1SPEVDUT 0SEFSJOH *OGPSNBUJPO

��� .VTU�)BWF 3FTPVSDFT
)FSF BSF UIF &41���SFMBUFE NVTU�IBWF SFTPVSDFT�

t &41�� ##4

5IJT JT BO &OHJOFFS�UP�&OHJOFFS 	&�&
 $PNNVOJUZ GPS &41�� XIFSF ZPV DBO QPTU RVFTUJPOT TIBSF

LOPXMFEHF FYQMPSF JEFBT BOE TPMWF QSPCMFNT UPHFUIFS XJUI GFMMPX FOHJOFFST�

t &41�� (JU)VC

&41�� EFWFMPQNFOU QSPKFDUT BSF GSFFMZ EJTUSJCVUFE VOEFS &TQSFTTJG�T .*5 MJDFOTF PO (JU)VC� 5IJT DIBOOFM PG

DPNNVOJDBUJPO IBT CFFO FTUBCMJTIFE UP IFMQ EFWFMPQFST HFU TUBSUFE XJUI &41�� BOE FODPVSBHF UIFN UP

TIBSF UIFJS LOPXMFEHF PG &41���SFMBUFE IBSEXBSF BOE TPGUXBSF�

t &41�� 5PPMT

5IJT JT B XFCQBHF XIFSF VTFST DBO EPXOMPBE &41�� 'MBTI %PXOMPBE 5PPMT BOE UIF [JQ GJMF w&41��

$FSUJGJDBUJPO BOE 5FTUw�

t &41�*%'

5IJT XFCQBHF MJOLT VTFST UP UIF PGGJDJBM *P5 EFWFMPQNFOU GSBNFXPSL GPS &41���

t &41�� 3FTPVSDFT
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/P� %FTDSJQUJPO

�
*O 5BCMF *0@.69 UIF CPYFT IJHIMJHIUFE JO ZFMMPX JOEJDBUF UIF (1*0 QJOT UIBU BSF JOQVU�POMZ�

1MFBTF TFF UIF GPMMPXJOH OPUF GPS GVSUIFS EFUBJMT�

�

(1*0 QJOT ����� BSF JOQVU�POMZ� 5IFTF QJOT EP OPU GFBUVSF BO PVUQVU ESJWFS PS JOUFSOBM QVMM�

VQ�QVMM�EPXO DJSDVJUSZ� 5IF QJO OBNFT BSF� 4&/403@71 	(1*0��
 4&/403@$"11 	(1*0��


4&/403@$"1/ 	(1*0��
 4&/403@7/ 	(1*0��
 7%&5@� 	(1*0��
 7%&5@� 	(1*0��
�

�

5IF QJOT BSF HSPVQFE JOUP GPVS QPXFS EPNBJOT� 7%%" 	BOBMPH QPXFS TVQQMZ
 7%%�1�@35$

	35$ QPXFS TVQQMZ
 7%%�1�@$16 	QPXFS TVQQMZ PG EJHJUBM *0T BOE $16 DPSFT
 7%%@4%*0

	QPXFS TVQQMZ PG 4%*0 *0T
� 7%%@4%*0 JT UIF PVUQVU PG UIF JOUFSOBM 4%*0�-%0� 5IF WPMUBHF PG

4%*0�-%0 DBO CF DPOGJHVSFE BU ��� 7 PS CF UIF TBNF BT UIBU PG 7%%�1�@35$� 5IF TUSBQQJOH

QJO BOE F'VTF CJUT EFUFSNJOF UIF EFGBVMU WPMUBHF PG UIF 4%*0�-%0� 4PGUXBSF DBO DIBOHF UIF

WPMUBHF PG UIF 4%*0�-%0 CZ DPOGJHVSJOH SFHJTUFS CJUT� 'PS EFUBJMT QMFBTF TFF UIF DPMVNO i1PXFS

%PNBJOw JO 5BCMF *0@.69�

�

5IF GVODUJPOBM QJOT JO UIF 7%%�1�@35$ EPNBJO BSF UIPTF XJUI BOBMPH GVODUJPOT JODMVEJOH UIF

�� L)[ DSZTUBM PTDJMMBUPS "%$ %"$ BOE UIF DBQBDJUJWF UPVDI TFOTPS� 1MFBTF TFF DPMVNOT

i"OBMPH 'VODUJPO �~�w JO 5BCMF *0@.69�

�
5IFTF 7%%�1�@35$ QJOT TVQQPSU UIF 35$ GVODUJPO BOE DBO XPSL EVSJOH %FFQ�TMFFQ� 'PS

FYBNQMF BO 35$�(1*0 DBO CF VTFE GPS XBLJOH VQ UIF DIJQ GSPN %FFQ�TMFFQ�

�

5IF (1*0 QJOT TVQQPSU VQ UP TJY EJHJUBM GVODUJPOT BT TIPXO JO DPMVNOT i'VODUJPO �~�w *O 5BCMF

*0@.69� 5IF GVODUJPO TFMFDUJPO SFHJTUFST XJMM CF TFU BT i/��w XIFSF / JT UIF GVODUJPO OVNCFS�

#FMPX BSF TPNF EFGJOJUJPOT�

t 4%@� JT GPS TJHOBMT PG UIF 4%*0 TMBWF�

t )4�@� JT GPS 1PSU � TJHOBMT PG UIF 4%*0 IPTU�

t )4�@� JT GPS 1PSU � TJHOBMT PG UIF 4%*0 IPTU�

t .5� JT GPS TJHOBMT PG UIF +5"(�

t 6�� JT GPS TJHOBMT PG UIF 6"35� NPEVMF�

t 6�� JT GPS TJHOBMT PG UIF 6"35� NPEVMF�

t 6�� JT GPS TJHOBMT PG UIF 6"35� NPEVMF�

t 41*� JT GPS TJHOBMT PG UIF 41*�� NPEVMF�

t )41*� JT GPS TJHOBMT PG UIF 41*� NPEVMF�

t 741*� JT GPS TJHOBMT PG UIF 41*� NPEVMF�
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&BDI DPMVNO BCPVU EJHJUBM i'VODUJPOw JT BDDPNQBOJFE CZ B DPMVNO BCPVU i5ZQFw� 1MFBTF TFF

UIF GPMMPXJOH FYQMBOBUJPOT GPS UIF NFBOJOHT PG iUZQFw XJUI SFTQFDU UP FBDI iGVODUJPOw UIFZ BSF

BTTPDJBUFE XJUI� 'PS FBDI i'VODUJPO�/w iUZQFw TJHOJGJFT�

t *� JOQVU POMZ� *G B GVODUJPO PUIFS UIBO i'VODUJPO�/w JT BTTJHOFE UIF JOQVU TJHOBM PG

i'VODUJPO�/w JT TUJMM GSPN UIJT QJO�

t *�� JOQVU POMZ� *G B GVODUJPO PUIFS UIBO i'VODUJPO�/w JT BTTJHOFE UIF JOQVU TJHOBM PG

i'VODUJPO�/w JT BMXBZT i�w�

t *�� JOQVU POMZ� *G B GVODUJPO PUIFS UIBO i'VODUJPO�/w JT BTTJHOFE UIF JOQVU TJHOBM PG

i'VODUJPO�/w JT BMXBZT i�w�

t 0� PVUQVU POMZ�

t 5� IJHI�JNQFEBODF�

t *�0�5� DPNCJOBUJPOT PG JOQVU PVUQVU BOE IJHI�JNQFEBODF BDDPSEJOH UP UIF GVODUJPO TJH�

OBM�

t *��0�5� DPNCJOBUJPOT PG JOQVU PVUQVU BOE IJHI�JNQFEBODF BDDPSEJOH UP UIF GVODUJPO

TJHOBM� *G B GVODUJPO JT OPU TFMFDUFE UIF JOQVU TJHOBM PG UIF GVODUJPO JT i�w�

'PS FYBNQMF QJO �� DBO GVODUJPO BT )4�@$.% PS 4%@$.% XIFSF )4�@$.% JT PG BO i*��0�5w

UZQF� *G QJO �� JT TFMFDUFE BT )4�@$.% UIJT QJO�T JOQVU BOE PVUQVU BSF DPOUSPMMFE CZ UIF 4%*0

IPTU� *G QJO �� JT OPU TFMFDUFE BT )4�@$.% UIF JOQVU TJHOBM PG UIF 4%*0 IPTU JT BMXBZT i�w�

�

&BDI EJHJUBM PVUQVU QJO JT BTTPDJBUFE XJUI JUT DPOGJHVSBCMF ESJWF TUSFOHUI� $PMVNO i%SJWF

4USFOHUIw JO 5BCMF *0@.69 MJTUT UIF EFGBVMU WBMVFT� 5IF ESJWF TUSFOHUI PG UIF EJHJUBM PVUQVU

QJOT DBO CF DPOGJHVSFE JOUP POF PG UIF GPMMPXJOH GPVS PQUJPOT�

t �� ~� N"

t �� ~�� N"

t �� ~�� N"

t �� ~�� N"

5IF EFGBVMU WBMVF JT ��

5IF ESJWF TUSFOHUI PG UIF JOUFSOBM QVMM�VQ 	XQV
 BOE QVMM�EPXO 	XQE
 JT ~�� µ"�

�

$PMVNO i"U 3FTFUw JO 5BCMF *0@.69 MJTUT UIF TUBUVT PG FBDI QJO EVSJOH SFTFU JODMVEJOH JOQVU�

FOBCMF 	JF��
 JOUFSOBM QVMM�VQ 	XQV
 BOE JOUFSOBM QVMM�EPXO 	XQE
� %VSJOH SFTFU BMM QJOT BSF

PVUQVU�EJTBCMFE�

��

$PMVNO i"GUFS 3FTFUw JO 5BCMF *0@.69 MJTUT UIF TUBUVT PG FBDI QJO JNNFEJBUFMZ BGUFS SFTFU

JODMVEJOH JOQVU�FOBCMF 	JF��
 JOUFSOBM QVMM�VQ 	XQV
 BOE JOUFSOBM QVMM�EPXO 	XQE
� "GUFS SFTFU

FBDI QJO JT TFU UP i'VODUJPO �w� 5IF PVUQVU�FOBCMF JT DPOUSPMMFE CZ EJHJUBM 'VODUJPO ��

��

5BCMF &UIFSOFU@."$ JT BCPVU UIF TJHOBM NBQQJOH JOTJEF &UIFSOFU ."$� 5IF &UIFSOFU ."$

TVQQPSUT .** BOE 3.** JOUFSGBDFT BOE TVQQPSUT CPUI UIF JOUFSOBM 1-- DMPDL BOE UIF FYUFSOBM

DMPDL TPVSDF� 'PS UIF .** JOUFSGBDF UIF &UIFSOFU ."$ JT XJUI�XJUIPVU UIF 59@&33 TJHOBM� .%$

.%*0 $34 BOE $0- BSF TMPX TJHOBMT BOE DBO CF NBQQFE POUP BOZ (1*0 QJO UISPVHI UIF

(1*0�.BUSJY�

��

5BCMF (1*0 .BUSJY JT GPS UIF (1*0�.BUSJY� 5IF TJHOBMT PG UIF PO�DIJQ GVODUJPOBM NPEVMFT DBO

CF NBQQFE POUP BOZ (1*0 QJO� 4PNF TJHOBMT DBO CF NBQQFE POUP B QJO CZ CPUI *0�.69

BOE (1*0�.BUSJY BT TIPXO JO UIF DPMVNO UBHHFE BT i4BNF JOQVU TJHOBM GSPN *0@.69 DPSFw

JO 5BCMF (1*0 .BUSJY�

&TQSFTTJG 4ZTUFNT ��
4VCNJU %PDVNFOUBUJPO 'FFECBDL

&41�� 4FSJFT %BUBTIFFU 7���

https://www.espressif.com/en/company/contact/documentation_feedback?docId=4033&sections=&version=3.6%20


"QQFOEJY "

/P� %FTDSJQUJPO

��

�*O 5BCMF (1*0@.BUSJY�UIF DPMVNO i%FGBVMU 7BMVF JG VOBTTJHOFEw SFDPSET UIF EFGBVMU WBMVF PG

UIF BO JOQVU TJHOBM JG OP (1*0 JT BTTJHOFE UP JU� 5IF BDUVBM WBMVF JT EFUFSNJOFE CZ SFHJTUFS

(1*0@'6/$N@*/@*/7@4&- BOE (1*0@'6/$N@*/@4&-� 	5IF WBMVF PG N SBOHFT GSPN � UP

����


"��� (1*0@.BUSJY

5BCMF ��� (1*0@.BUSJY

4JHOBM

/P� *OQVU TJHOBMT

%FGBVMU

WBMVF JG

VOBTTJHOFE�

4BNF JOQVU

TJHOBM GSPN

*0@.69 DPSF 0VUQVU TJHOBMT

0VUQVU FOBCMF PG

PVUQVU TJHOBMT

� 41*$-,@JO � ZFT 41*$-,@PVU 41*$-,@PF

� 41*2@JO � ZFT 41*2@PVU 41*2@PF

� 41*%@JO � ZFT 41*%@PVU 41*%@PF

� 41*)%@JO � ZFT 41*)%@PVU 41*)%@PF

� 41*81@JO � ZFT 41*81@PVU 41*81@PF

� 41*$4�@JO � ZFT 41*$4�@PVU 41*$4�@PF

� 41*$4�@JO � OP 41*$4�@PVU 41*$4�@PF

� 41*$4�@JO � OP 41*$4�@PVU 41*$4�@PF

� )41*$-,@JO � ZFT )41*$-,@PVU )41*$-,@PF

� )41*2@JO � ZFT )41*2@PVU )41*2@PF

�� )41*%@JO � ZFT )41*%@PVU )41*%@PF

�� )41*$4�@JO � ZFT )41*$4�@PVU )41*$4�@PF

�� )41*)%@JO � ZFT )41*)%@PVU )41*)%@PF

�� )41*81@JO � ZFT )41*81@PVU )41*81@PF

�� 6�39%@JO � ZFT 6�59%@PVU ��E�

�� 6�$54@JO � ZFT 6�354@PVU ��E�

�� 6�%43@JO � OP 6�%53@PVU ��E�

�� 6�39%@JO � ZFT 6�59%@PVU ��E�

�� 6�$54@JO � ZFT 6�354@PVU ��E�

�� *�4�0@#$,@JO � OP *�4�0@#$,@PVU ��E�

�� *�4�0@#$,@JO � OP *�4�0@#$,@PVU ��E�

�� *�4�0@84@JO � OP *�4�0@84@PVU ��E�

�� *�4�0@84@JO � OP *�4�0@84@PVU ��E�

�� *�4�*@#$,@JO � OP *�4�*@#$,@PVU ��E�

�� *�4�*@84@JO � OP *�4�*@84@PVU ��E�

�� *�$&95�@4$-@JO � OP *�$&95�@4$-@PVU ��E�

�� *�$&95�@4%"@JO � OP *�$&95�@4%"@PVU ��E�

�� QXN�@TZOD�@JO � OP TEJP@UPIPTU@JOU@PVU ��E�

�� QXN�@TZOD�@JO � OP QXN�@PVU�B ��E�

�� QXN�@TZOD�@JO � OP QXN�@PVU�C ��E�

�� QXN�@G�@JO � OP QXN�@PVU�B ��E�
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/P� *OQVU TJHOBMT

%FGBVMU

WBMVF JG

VOBTTJHOFE�

4BNF JOQVU

TJHOBM GSPN

*0@.69 DPSF 0VUQVU TJHOBMT

0VUQVU FOBCMF PG

PVUQVU TJHOBMT

�� QXN�@G�@JO � OP QXN�@PVU�C ��E�

�� QXN�@G�@JO � OP QXN�@PVU�B ��E�

�� � � OP QXN�@PVU�C ��E�

�� QDOU@TJH@DI�@JO� � OP � ��E�
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�� QDOU@DUSM@DI�@JO� � OP � ��E�

�� QDOU@TJH@DI�@JO� � OP � ��E�

�� QDOU@TJH@DI�@JO� � OP � ��E�

�� QDOU@DUSM@DI�@JO� � OP � ��E�

�� QDOU@DUSM@DI�@JO� � OP � ��E�

�� QDOU@TJH@DI�@JO� � OP � ��E�

�� QDOU@TJH@DI�@JO� � OP � ��E�
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IO_MUX

Pin No. Power 
Supply Pin Analog Pin Digital Pin Power Domain Analog 

Function1
Analog 
Function2

Analog 
Function3

RTC 
Function1

RTC 
Function2 Function1 Type Function2 Type Function3 Type Function4 Type Function5 Type Function6 Type Drive Strength 

(2’d2: 20 mA) At Reset After Reset

1 VDDA VDDA supply in
2 LNA_IN VDD3P3
3 VDD3P3 VDD3P3 supply in
4 VDD3P3 VDD3P3 supply in
5 SENSOR_VP VDD3P3_RTC ADC_H ADC1_CH0 RTC_GPIO0 GPIO36 I GPIO36 I oe=0, ie=0 oe=0, ie=0
6 SENSOR_CAPP VDD3P3_RTC ADC_H ADC1_CH1 RTC_GPIO1 GPIO37 I GPIO37 I oe=0, ie=0 oe=0, ie=0
7 SENSOR_CAPN VDD3P3_RTC ADC_H ADC1_CH2 RTC_GPIO2 GPIO38 I GPIO38 I oe=0, ie=0 oe=0, ie=0
8 SENSOR_VN VDD3P3_RTC ADC_H ADC1_CH3 RTC_GPIO3 GPIO39 I GPIO39 I oe=0, ie=0 oe=0, ie=0
9 CHIP_PU VDD3P3_RTC
10 VDET_1 VDD3P3_RTC ADC1_CH6 RTC_GPIO4 GPIO34 I GPIO34 I oe=0, ie=0 oe=0, ie=0
11 VDET_2 VDD3P3_RTC ADC1_CH7 RTC_GPIO5 GPIO35 I GPIO35 I oe=0, ie=0 oe=0, ie=0
12 32K_XP VDD3P3_RTC XTAL_32K_P ADC1_CH4 TOUCH9 RTC_GPIO9 GPIO32 I/O/T GPIO32 I/O/T 2'd2 oe=0, ie=0 oe=0, ie=0

13 32K_XN VDD3P3_RTC XTAL_32K_N ADC1_CH5 TOUCH8 RTC_GPIO8 GPIO33 I/O/T GPIO33 I/O/T 2'd2 oe=0, ie=0 oe=0, ie=0
14 GPIO25 VDD3P3_RTC DAC_1 ADC2_CH8 RTC_GPIO6 GPIO25 I/O/T GPIO25 I/O/T EMAC_RXD0 I 2'd2 oe=0, ie=0 oe=0, ie=0
15 GPIO26 VDD3P3_RTC DAC_2 ADC2_CH9 RTC_GPIO7 GPIO26 I/O/T GPIO26 I/O/T EMAC_RXD1 I 2'd2 oe=0, ie=0 oe=0, ie=0
16 GPIO27 VDD3P3_RTC ADC2_CH7 TOUCH7 RTC_GPIO17 GPIO27 I/O/T GPIO27 I/O/T EMAC_RX_DV I 2'd2 oe=0, ie=0 oe=0, ie=0
17 MTMS VDD3P3_RTC ADC2_CH6 TOUCH6 RTC_GPIO16 MTMS I0 HSPICLK I/O/T GPIO14 I/O/T HS2_CLK O SD_CLK I0 EMAC_TXD2 O 2'd2 oe=0, ie=0 oe=0, ie=1, wpu
18 MTDI VDD3P3_RTC ADC2_CH5 TOUCH5 RTC_GPIO15 MTDI I1 HSPIQ I/O/T GPIO12 I/O/T HS2_DATA2 I1/O/T SD_DATA2 I1/O/T EMAC_TXD3 O 2'd2 oe=0, ie=1, wpd oe=0, ie=1, wpd
19 VDD3P3_RTC VDD3P3_RTC supply in
20 MTCK VDD3P3_RTC ADC2_CH4 TOUCH4 RTC_GPIO14 MTCK I1 HSPID I/O/T GPIO13 I/O/T HS2_DATA3 I1/O/T SD_DATA3 I1/O/T EMAC_RX_ER I 2'd2 oe=0, ie=0 oe=0, ie=1, wpd
21 MTDO VDD3P3_RTC ADC2_CH3 TOUCH3 RTC_GPIO13 I2C_SDA MTDO O/T HSPICS0 I/O/T GPIO15 I/O/T HS2_CMD I1/O/T SD_CMD I1/O/T EMAC_RXD3 I 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
22 GPIO2 VDD3P3_RTC ADC2_CH2 TOUCH2 RTC_GPIO12 I2C_SCL GPIO2 I/O/T HSPIWP I/O/T GPIO2 I/O/T HS2_DATA0 I1/O/T SD_DATA0 I1/O/T 2'd2 oe=0, ie=1, wpd oe=0, ie=1, wpd
23 GPIO0 VDD3P3_RTC ADC2_CH1 TOUCH1 RTC_GPIO11 I2C_SDA GPIO0 I/O/T CLK_OUT1 O GPIO0 I/O/T EMAC_TX_CLK I 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
24 GPIO4 VDD3P3_RTC ADC2_CH0 TOUCH0 RTC_GPIO10 I2C_SCL GPIO4 I/O/T HSPIHD I/O/T GPIO4 I/O/T HS2_DATA1 I1/O/T SD_DATA1 I1/O/T EMAC_TX_ER O 2'd2 oe=0, ie=1, wpd oe=0, ie=1, wpd

25 GPIO16 VDD_SDIO GPIO16 I/O/T GPIO16 I/O/T HS1_DATA4 I1/O/T U2RXD I1 EMAC_CLK_OUT O 2'd2 oe=0, ie=0 oe=0, ie=1
26 VDD_SDIO VDD_SDIO supply out/in
27 GPIO17 VDD_SDIO GPIO17 I/O/T GPIO17 I/O/T HS1_DATA5 I1/O/T U2TXD O EMAC_CLK_OUT_180 O 2'd2 oe=0, ie=0 oe=0, ie=1
28 SD_DATA_2 VDD_SDIO SD_DATA2 I1/O/T SPIHD I/O/T GPIO9 I/O/T HS1_DATA2 I1/O/T U1RXD I1 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
29 SD_DATA_3 VDD_SDIO SD_DATA3 I0/O/T SPIWP I/O/T GPIO10 I/O/T HS1_DATA3 I1/O/T U1TXD O 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
30 SD_CMD VDD_SDIO SD_CMD I1/O/T SPICS0 I/O/T GPIO11 I/O/T HS1_CMD I1/O/T U1RTS O 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
31 SD_CLK VDD_SDIO SD_CLK I0 SPICLK I/O/T GPIO6 I/O/T HS1_CLK O U1CTS I1 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
32 SD_DATA_0 VDD_SDIO SD_DATA0 I1/O/T SPIQ I/O/T GPIO7 I/O/T HS1_DATA0 I1/O/T U2RTS O 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
33 SD_DATA_1 VDD_SDIO SD_DATA1 I1/O/T SPID I/O/T GPIO8 I/O/T HS1_DATA1 I1/O/T U2CTS I1 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
34 GPIO5 VDD3P3_CPU GPIO5 I/O/T VSPICS0 I/O/T GPIO5 I/O/T HS1_DATA6 I1/O/T EMAC_RX_CLK I 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
35 GPIO18 VDD3P3_CPU GPIO18 I/O/T VSPICLK I/O/T GPIO18 I/O/T HS1_DATA7 I1/O/T 2'd2 oe=0, ie=0 oe=0, ie=1
36 GPIO23 VDD3P3_CPU GPIO23 I/O/T VSPID I/O/T GPIO23 I/O/T HS1_STROBE I0 2'd2 oe=0, ie=0 oe=0, ie=1

37 VDD3P3_CPU VDD3P3_CPU supply in
38 GPIO19 VDD3P3_CPU GPIO19 I/O/T VSPIQ I/O/T GPIO19 I/O/T U0CTS I1 EMAC_TXD0 O 2'd2 oe=0, ie=0 oe=0, ie=1
39 GPIO22 VDD3P3_CPU GPIO22 I/O/T VSPIWP I/O/T GPIO22 I/O/T U0RTS O EMAC_TXD1 O 2'd2 oe=0, ie=0 oe=0, ie=1
40 U0RXD VDD3P3_CPU U0RXD I1 CLK_OUT2 O GPIO3 I/O/T 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
41 U0TXD VDD3P3_CPU U0TXD O CLK_OUT3 O GPIO1 I/O/T EMAC_RXD2 I 2'd2 oe=0, ie=1, wpu oe=0, ie=1, wpu
42 GPIO21 VDD3P3_CPU GPIO21 I/O/T VSPIHD I/O/T GPIO21 I/O/T EMAC_TX_EN O 2'd2 oe=0, ie=0 oe=0, ie=1
43 VDDA VDDA supply in
44 XTAL_N VDDA
45 XTAL_P VDDA
46 VDDA VDDA supply in
47 CAP2 VDDA
48 CAP1 VDDA

Total 
Number 8 14 26

Notes: 
• wpu: weak pull-up;

• wpd: weak pull-down;

• ie: input enable;

• oe: output enable;

• Please see Table: Notes on ESP32 Pin Lists for more information.ҁ᧗݇ᘍᤒғᓕᚕႴܔ᧔ก̶҂
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%BUF 7FSTJPO 3FMFBTF OPUFT

���������� 7���

6QEBUFE 'JHVSF �� 'VODUJPOBM #MPDL %JBHSBN

6QEBUFE 5BCMF ��� 3FMJBCJMJUZ 2VBMJmDBUJPOT

6QEBUFE 'JHVSF �� &41�� 1PXFS 4DIFNF

6QEBUFE 5BCMF ��� 3FDPNNFOEFE 0QFSBUJOH $POEJUJPOT

6QEBUFE UIF OPUFT CFMPX 5BCMF �� 1PXFS 4DIFNF

1SPWJEFE NPSF JOGPSNBUJPO BCPVU 58"*� JO 5BCMF � 5BCMF �� 5BCMF ��� BOE 4FD�

UJPO ���

���������� 7���

6QEBUFE UIF EFTDSJQUJPO GPS $"1� GSPN � O' UP ��� O'

"EEFE 58"*� JO 4FDUJPO ������ "EWBODFE 1FSJQIFSBM *OUFSGBDFT

6QEBUFE 'JHVSF �� 'VODUJPOBM #MPDL %JBHSBN

6QEBUFE UIF SFTFU WBMVFT GPS .5$, .5.4 (1*0�� JO "QQFOEJY *0@.69

���������� 7���

"EEFE POF DIJQ WBSJBOU� &41���6�8%)

6QEBUFE TPNF GJHVSFT JO 5BCMF � �� �� �� �� ��

"EEFE B OPUF VOEFS 5BCMF ��

������� 7���
"EEFE UXP DIJQ WBSJBOUT� &41���%�8%�7� BOE &41���%�8%2��7��

"EEFE B OPUF VOEFS 5BCMF ��

������� 7��� 6QEBUFE 'JHVSF �� &41�� 1PXFS�VQ BOE 3FTFU 5JNJOH�

������� 7���

"EEFE QJO�QJO NBQQJOH CFUXFFO &41���%�8% BOE UIF FNCFEEFE GMBTI VOEFS

5BCMF � 1JO %FTDSJQUJPO�

6QEBUFE 'JHVSF �� &41�� 1BSU /VNCFS�

������� 7���
"EEFE JOGPSNBUJPO BCPVU UIF TFUVQ BOE IPME UJNFT GPS UIF TUSBQQJOH QJOT JO 4FDUJPO

���� 4USBQQJOH 1JOT�

������� 7���

"QQMJFE OFX GPSNBUUJOH UP 5BCMF �� 1JO %FTDSJQUJPO�

'JYFE UZQPT XJUI SFTQFDU UP UIF "%$� DIBOOFM NBQQJOHT JO 5BCMF ��� 1FSJQIFSBM

1JO $POGJHVSBUJPOT�

������� 7���

$IBOHFE UIF 3' QPXFS DPOUSPM SBOHF JO 5BCMF �� 5BCMF �� BOE 5BCMF �� GSPN o��

~ ��� UP o�� ~ �� E#N�

4NBMM UFYU DIBOHFT�

������� 7���
6QEBUFE 4FDUJPO ����

6QEBUFE QJO TUBUVTFT BU SFTFU BOE BGUFS SFTFU JO 5BCMF *0@.69�

������� 7��� 6QEBUFE 2'/ QBDLBHF ESBXJOHT JO $IBQUFS �� 1BDLBHF *OGPSNBUJPO�

������� 7���

t "EEFE w$VNVMBUJWF *0 PVUQVU DVSSFOUw FOUSZ UP 5BCMF ��� "CTPMVUF .BYJNVN

3BUJOHT�

t "EEFE NPSF QBSBNFUFST UP 5BCMF ��� %$ $IBSBDUFSJTUJDT�

t $IBOHFE UIF QPXFS EPNBJO OBNFT JO 5BCMF *0@.69 UP CF DPOTJTUFOU XJUI

UIF QJO OBNFT�
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%BUF 7FSTJPO 3FMFBTF OPUFT

������� 7���

t %FMFUFE JOGPSNBUJPO PO 1BDLFU 5SBGGJD "SCJUSBUJPO 	15"
�

t "EEFE 'JHVSF �� &41�� 1PXFS�VQ BOE 3FTFU 5JNJOH JO 4FDUJPO ���� 1PXFS

4DIFNF�

t "EEFE UIF QPXFS DPOTVNQUJPO PG EVBM�DPSF 4P$T JO 5BCMF �� 1PXFS $PO�

TVNQUJPO CZ 1PXFS .PEFT�

t 6QEBUFE TFDUJPO ������ "OBMPH�UP�%JHJUBM $POWFSUFS 	"%$
�

������� 7���
"EEFE UIF QPXFS DPOTVNQUJPO BU $16 GSFRVFODZ PG ��� .)[ JO 5BCMF �� 1PXFS

$POTVNQUJPO CZ 1PXFS .PEFT�

������� 7���

t $IBOHFE UIF WPMUBHF SBOHF PG 7%%�1�@35$ GSPN �������7 UP �������7 JO

5BCMF �� 1JO %FTDSJQUJPO�

t 6QEBUFE 4FDUJPO ���� 1PXFS 4DIFNF�

t 6QEBUFE 4FDUJPO ������ &YUFSOBM 'MBTI BOE 43".�

t 6QEBUFE 5BCMF �� 1PXFS $POTVNQUJPO CZ 1PXFS .PEFT�

t %FMFUFE DPOUFOU BCPVU UFNQFSBUVSF TFOTPS�

$IBOHFT UP FMFDUSJDBM DIBSBDUFSJTUJDT�

t 6QEBUFE 5BCMF ��� "CTPMVUF .BYJNVN 3BUJOHT�

t "EEFE 5BCMF ��� 3FDPNNFOEFE 0QFSBUJOH $POEJUJPOT�
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SBDZw w� %14, NPEVMBUJPO BDDVSBDZw BOE w*O�CBOE TQVSJPVT FNJTTJPOTw JO

5BCMF ��� 5SBOTNJUUFS $IBSBDUFSJTUJDT o &OIBODFE %BUB 3BUF�

t 6QEBUFE UIF WBMVFT PG w(BJO DPOUSPM TUFQw w"EKBDFOU DIBOOFM USBOTNJU

QPXFSw JO 5BCMF ��� 5SBOTNJUUFS $IBSBDUFSJTUJDT � #-&�

������� 7���

t %FMFUFE TPGUXBSF�TQFDJGJD GFBUVSFT�

t %FMFUFE JOGPSNBUJPO PO -/" QSF�BNQMJGJFS�

t 4QFDJGJFE UIF $16 TQFFE BOE GMBTI TQFFE PG &41���%�8%�

t "EEFE OPUFT UP 4FDUJPO ���� 1PXFS 4DIFNF�

������� 7��� "EEFE B OPUF PO UIF TFRVFODF PG QJO OVNCFS JO $IBQUFS ��

������� 7���

t 6QEBUFE UIF EFTDSJQUJPO PG UIF QJO $)*1@16 JO 5BCMF ��

t "EEFE B OPUF UP 4FDUJPO ���� 1PXFS 4DIFNF�

t 6QEBUFE UIF EFTDSJQUJPO PG UIF DIJQ�T TZTUFN SFTFU JO 4FDUJPO ���� 4USBQQJOH

1JOT�

t "EEFE B EFTDSJQUJPO PG BOUFOOB EJWFSTJUZ BOE TFMFDUJPO UP 4FDUJPO ������

t %FMFUFE w"TTPDJBUJPO TMFFQ QBUUFSOw JO 5BCMF � BOE BEEFE OPUFT UP "DUJWF

TMFFQ BOE .PEFN�TMFFQ�

������� 7���
t "EEFE 5BCMF ��� JO 4FDUJPO ��

t $PSSFDUFE B UZQP JO 'JHVSF ��
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%BUF 7FSTJPO 3FMFBTF OPUFT

������� 7���

t $IBOHFE UIF USBOTNJUUJOH QPXFS UP ��� E#N� UIF TFOTJUJWJUZ PG /;*' SFDFJWFS

UP ��� E#N JO 4FDUJPO ����

t "EEFE B OPUF UP 5BCMF � 1JO %FTDSJQUJPO�

t "EEFE ��� .)[ DMPDL GSFRVFODZ JO TFDUJPO ������

t $IBOHFE UIF USBOTNJUUJOH QPXFS GSPN �� E#N UP ���� E#N JO 4FDUJPO ������

t $IBOHFE UIF EZOBNJD DPOUSPM SBOHF PG DMBTT�� DMBTT�� BOE DMBTT�� USBOTNJU

PVUQVU QPXFST UP wVQ UP �� E#Nw� BOE DIBOHFE UIF EZOBNJD SBOHF PG /;*'

SFDFJWFS TFOTJUJWJUZ UP wPWFS �� E#w JO 4FDUJPO ������

t 6QEBUFE 5BCMF �� 1PXFS $POTVNQUJPO CZ 1PXFS .PEFT BOE BEEFE UXP

OPUFT UP JU�

t 6QEBUFE TFDUJPOT ����� ������

t 6QEBUFE 5BCMF ��� "CTPMVUF .BYJNVN 3BUJOHT�

t 6QEBUFE 5BCMF ��� 3' 1PXFS $POTVNQUJPO 4QFDJGJDBUJPOT BOE DIBOHFE UIF

EVUZ DZDMF PO XIJDI UIF USBOTNJUUFST� NFBTVSFNFOUT BSF CBTFE CZ ����

t 6QEBUFE 5BCMF ��� 8J�'J 3BEJP $IBSBDUFSJTUJDT BOE BEEFE B OPUF PO i0VUQVU

JNQFEBODFw UP JU�

t 6QEBUFE QBSBNFUFS w4FOTJUJWJUZw JO 5BCMF �� �� ���

t 6QEBUFE QBSBNFUFST w3' USBOTNJU QPXFSw BOE w3' QPXFS DPOUSPM SBOHFw

BOE BEEFE QBSBNFUFS w(BJO DPOUSPM TUFQw JO 5BCMF �� �� ���

t %FMFUFE $IBQUFST� w5PVDI 4FOTPSw BOE w$PEF &YBNQMFTw�

t "EEFE B MJOL UP DFSUJGJDBUJPO EPXOMPBE�

������� 7���

$PSSFDUFE UXP UZQPT�
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t $IBOHFE UIF OVNCFS PG (1*0 QJOT UP �� JO 4FDUJPO ������

������� 7���

t $IBOHFE UIF QPXFS TVQQMZ SBOHF JO 4FDUJPO� ����� $16 BOE .FNPSZ�

t 6QEBUFE UIF OPUF JO 4FDUJPO ���� 1PXFS 4DIFNF�

t 6QEBUFE 5BCMF ��� "CTPMVUF .BYJNVN 3BUJOHT�

t $IBOHFE UIF ESJWF TUSFOHUI WBMVFT PG UIF EJHJUBM PVUQVU QJOT JO /PUF � JO

5BCMF ��� /PUFT PO &41�� 1JO -JTUT�

t "EEFE UIF PQUJPO UP TVCTDSJCF GPS OPUJGJDBUJPOT PG EPDVNFOUBUJPO DIBOHFT�

������� 7���

t "EEFE B OPUF UP UIF GSFRVFODZ PG UIF FYUFSOBM DSZTUBM PTDJMMBUPS JO 4FDUJPO

������ $MPDLT BOE 5JNFST�

t "EEFE B OPUF UP 4FDUJPO ���� 4USBQQJOH 1JOT�

t 6QEBUFE 4FDUJPO ���� 35$ BOE -PX�1PXFS .BOBHFNFOU�

t $IBOHFE UIF NBYJNVN ESJWJOH DBQBCJMJUZ GSPN �� N" UP �� N" JO 5BCMF ���

"CTPMVMUF .BYJNVN 3BUJOHT�

t $IBOHFE UIF JOQVU JNQFEBODF WBMVF PG ��Ω JO 5BCMF ��� 8J�'J 3BEJP $IBS�

BDUFSJTUJDT UP PVUQVU JNQFEBODF WBMVF PG ���K�� Ω�

t "EEFE B OPUF UP /P�� JO 5BCMF ��� /PUFT PO &41�� 1JO -JTUT�

t %FMFUFE (1*0�� JO 5BCMF *0@.69�

������� 7���

t "EEFE "QQFOEJY� &41�� 1JO -JTUT�

t 6QEBUFE 5BCMF� 8J�'J 3BEJP $IBSBDUFSJTUJDT�

t 6QEBUFE 'JHVSF� &41�� 1JO -BZPVU 	GPS 2'/ ���
�
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%JTDMBJNFS BOE $PQZSJHIU /PUJDF
*OGPSNBUJPO JO UIJT EPDVNFOU JODMVEJOH 63- SFGFSFODFT JT TVCKFDU UP DIBOHF XJUIPVU OPUJDF�

"-- 5)*3% 1"35:�4 */'03."5*0/ */ 5)*4 %0$6.&/5 *4 1307*%&% "4 *4 8*5) /0
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/0 8"33"/5: *4 1307*%&% 50 5)*4 %0$6.&/5 '03 *54 .&3$)"/5"#*-*5: /0/�
*/'3*/(&.&/5 '*5/&44 '03 "/: 1"35*$6-"3 163104& /03 %0&4 "/: 8"33"/5:
05)&38*4& "3*4*/( 065 0' "/: 130104"- 41&$*'*$"5*0/ 03 4".1-&�

"MM MJBCJMJUZ JODMVEJOH MJBCJMJUZ GPS JOGSJOHFNFOU PG BOZ QSPQSJFUBSZ SJHIUT SFMBUJOH UP VTF PG JOGPSNBUJPO
JO UIJT EPDVNFOU JT EJTDMBJNFE� /P MJDFOTFT FYQSFTT PS JNQMJFE CZ FTUPQQFM PS PUIFSXJTF UP BOZ
JOUFMMFDUVBM QSPQFSUZ SJHIUT BSF HSBOUFE IFSFJO�

5IF 8J�'J "MMJBODF .FNCFS MPHP JT B USBEFNBSL PG UIF 8J�'J "MMJBODF� 5IF #MVFUPPUI MPHP JT B
SFHJTUFSFE USBEFNBSL PG #MVFUPPUI 4*(�

"MM USBEF OBNFT USBEFNBSLT BOE SFHJTUFSFE USBEFNBSLT NFOUJPOFE JO UIJT EPDVNFOU BSF QSPQFSUZ
PG UIFJS SFTQFDUJWF PXOFST BOE BSF IFSFCZ BDLOPXMFEHFE�

$PQZSJHIU ª ���� &TQSFTTJG 4ZTUFNT 	4IBOHIBJ
 $P� -UE� "MM SJHIUT SFTFSWFE�
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