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$Q�RYHUYLHZ�RI�WKH�%*���([SORUHU�.LW�LV�LOOXVWUDWHG�LQ�WKH�ILJXUH�EHORZ�

Memory

Radio

Device Connectivity & Debugging

-�/LQN
'HEXJJHU86%�0LFUR�%

&RQQHFWRU

����*+]
$QWHQQD

��0ELW
0;��5

Button and LED

()5��%*��
:LUHOHVV�6R&

%UHDNRXW�3DGV
�(;3�+HDGHU�SLQRXW�

Expandability

4ZLLF�
&RQQHFWRU

PLNUR%86�
6RFNHW

8VHU�%XWWRQ
	�/('

0LQL�6LPSOLFLW\
&RQQHFWRU

6HULDO�)ODVK

)LJXUH��������.LW�%ORFN�'LDJUDP

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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�����3RZHU�6XSSO\

7KH�NLW�LV�SRZHUHG�E\�WKH�GHEXJ�86%�FDEOH�DV�LOOXVWUDWHG�LQ�WKH�ILJXUH�EHORZ�

86%�0LFUR�%
/'2

�9�

,1 287

$XWRPDWLF
,VRODWLRQ

�9�

90&8

()5��%*��
:LUHOHVV�6R&

 

Peripherals

PeripheralsPe
rip

he
ra

ls

Peripherals

)LJXUH�������%*���([SORUHU�.LW�3RZHU�7RSRORJ\

7KH���YROW�SRZHU�QHW�RQ�WKH�86%�EXV�LV�UHJXODWHG�GRZQ�WR�����9�XVLQJ�DQ�/'2��ORZ�GURSRXW�UHJXODWRU���$Q�DXWRPDWLF�LVRODWLRQ�FLUFXLW
LVRODWHV�WKH�/'2�ZKHQ�WKH�86%�FDEOH�LV�QRW�SOXJJHG�LQ�

3RZHU�FDQ�EH� LQMHFWHG�H[WHUQDOO\�RQ� WKH�90&8�QHW� LI� WKH�86%�FDEOH� LV� UHPRYHG�DQG�QR�RWKHU�SRZHU�VRXUFHV�DUH�SUHVHQW�RQ� WKH�NLW�
)DLOXUH�WR�IROORZ�WKLV�JXLGHOLQH�FDQ�FDXVH�SRZHU�FRQIOLFWV�DQG�GDPDJH�WKH�/'2�

�����()5��%*���5HVHW

7KH�()5��%*���FDQ�EH�UHVHW�E\�D�IHZ�GLIIHUHQW�VRXUFHV�
� $�XVHU�SUHVVLQJ�WKH�5(6(7�EXWWRQ�
� 7KH�RQ�ERDUG�GHEXJJHU�SXOOLQJ�WKH��5(6(7�SLQ�ORZ�

�����3XVK�%XWWRQ�DQG�/('

7KH�NLW�KDV�RQH�XVHU�SXVK�EXWWRQ��PDUNHG�/('���WKDW�LV�FRQQHFWHG�WR�D�*3,2�RQ�WKH�()5��%*����7KH�EXWWRQ�LV�FRQQHFWHG�WR�SLQ�3&��
DQG� LW� LV�GHERXQFHG�E\�DQ�5&� ILOWHU�ZLWK�D� WLPH�FRQVWDQW�RI���PV��7KH� ORJLF�VWDWH�RI� WKH�EXWWRQ� LV�KLJK�ZKLOH� WKH�EXWWRQ� LV�QRW�EHLQJ
SUHVVHG��DQG�ORZ�ZKHQ�WKH�EXWWRQ�LV�SUHVVHG�

7KH�NLW�DOVR�IHDWXUHV�RQH�\HOORZ�/('��PDUNHG�/('���WKDW�LV�FRQWUROOHG�E\�D�*3,2�SLQ�RQ�WKH�()5��%*����7KH�/('�LV�FRQQHFWHG�WR�SLQ
3$���LQ�DQ�DFWLYH�KLJK�FRQILJXUDWLRQ�

()5��%*��

()5��B/('�

()5��B%87721�
8VHU�

%XWWRQ�	�/('

3&����*3,2�(0�:8��

3$����*3,2�

)LJXUH�������%XWWRQ�DQG�/('

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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�����2Q�ERDUG�'HEXJJHU

7KH�%*���([SORUHU�.LW�FRQWDLQV�D�PLFURFRQWUROOHU�VHSDUDWH� IURP�WKH�()5��%*���:LUHOHVV�*HFNR�WKDW�SURYLGHV� WKH�XVHU�ZLWK�DQ�RQ�
ERDUG�-�/LQN�GHEXJJHU� WKURXJK�WKH�86%�0LFUR�%�SRUW��7KLV�PLFURFRQWUROOHU� LV�UHIHUUHG�WR�DV� WKH��RQ�ERDUG�GHEXJJHU���DQG� LV�QRW�SUR�
JUDPPDEOH�E\�WKH�XVHU��:KHQ�WKH�86%�FDEOH� LV�UHPRYHG��WKH�RQ�ERDUG�GHEXJJHU�JRHV�LQWR�D�YHU\� ORZ�SRZHU�VKXWRII�PRGH��(0�6��
FRQVXPLQJ�DURXQG����Q$�W\SLFDOO\��()0��**���GDWD�VKHHW�QXPEHU��

,Q�DGGLWLRQ�WR�SURYLGLQJ�FRGH�GRZQORDG�DQG�GHEXJ�IHDWXUHV��WKH�RQ�ERDUG�GHEXJJHU�DOVR�SUHVHQWV�D�YLUWXDO�&20�SRUW�IRU�JHQHUDO�SXU�
SRVH� DSSOLFDWLRQ� VHULDO� GDWD� WUDQVIHU�� 7KH�3DFNHW� 7UDFH� ,QWHUIDFH� �37,�� LV� DOVR� VXSSRUWHG�ZKLFK� RIIHUV� LQYDOXDEOH� GHEXJ� LQIRUPDWLRQ
DERXW�WUDQVPLWWHG�DQG�UHFHLYHG�SDFNHWV�LQ�ZLUHOHVV�OLQNV�

7KH�ILJXUH�EHORZ�VKRZV�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�WDUJHW�()5��%*���GHYLFH�DQG�WKH�RQ�ERDUG�GHEXJJHU�

5HIHU�WR�FKDSWHU����'HEXJJLQJ�IRU�PRUH�GHWDLOV�RQ�GHEXJJLQJ�

()5��0*()5��%*��

3$����*3,2�6:&/.�

3$����*3,2�6:',2�

3$����*3,2�6:9�

3$����86$57��7;�

3$����86$57��5;�

3$����86$57��576�

3$����86$57��&76�

'%*B9&20B7;

'%*B9&20B5;

'%*B9&20B&76

'%*B9&20B576

'%*B6:&/.

'%*B6:',2

'%*B6:2

2Q�%RDUG
-�/LQN

'HEXJJHU

+RVW
3& 86%

'%*B37,B'$7$ 3&����)5&�'287�

3&����)5&�')5$0(�
'%*B37,B)5$0(

'%*B5(6(7
5(6(7Q

)LJXUH�������2Q�%RDUG�'HEXJJHU�&RQQHFWLRQV

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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�����&RQQHFWRUV

7KH�%*���([SORUHU�.LW�IHDWXUHV�D�86%�0LFUR�%�FRQQHFWRU�����EUHDNRXW�SDGV��D�PLNUR%86�FRQQHFWRU�IRU�FRQQHFWLQJ�PLNUR%86�DGG�RQ
ERDUGV��DQG�D�4ZLLF�FRQQHFWRU�IRU�FRQQHFWLQJ�4ZLLF�&RQQHFW�6\VWHP�KDUGZDUH��7KH�FRQQHFWRUV�DUH�SODFHG�RQ�WKH�WRS�VLGH�RI�WKH�ERDUG�
DQG�WKHLU�SODFHPHQW�DQG�SLQRXW�DUH�VKRZQ�LQ�WKH�ILJXUH�EHORZ��)RU�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�FRQQHFWRUV��VHH�WKH�IROORZLQJ�VXE�FKDS�
WHUV�

1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

6

7

8

9

10

3$�
567
3$�

%UHDNRXW�3DGV

PLNUR%86
&RQQHFWRU

86%�0LFUR�%
&RQQHFWRU

-� -�

-��� -���
*1'
�9

3&�

3'����0,.52(B4:,,&B,�&B6'$
3'����0,.52(B4:,,&B,�&B6&/

3%����0,.52(B8$57B7;
3%����0,.52(B8$57B5;

3%����0,.52(B,17
3%����0,.52(B3:0

*1'
90&8
3&����0,.52(B63,B026,
3&����0,.52(B63,B0,62
3&����0,.52(B63,B6&.
3&����0,.52(B63,B&6
3&����0,.52(B567
3%����0,.52(B$1$/2*

4ZLLF
&RQQHFWRU3���

3���

)LJXUH�������%*���([SORUHU�.LW�&RQQHFWRUV

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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�������%UHDNRXW�3DGV

7ZHQW\�EUHDNRXW�SDGV�DUH�SURYLGHG�DQG�DOORZ�FRQQHFWLRQ�RI�H[WHUQDO�SHULSKHUDOV��7KHUH�DUH����SDGV�RQ�WKH�OHIW�VLGH�RI�WKH�ERDUG��DQG
���SDGV�RQ�WKH�ULJKW��7KH�EUHDNRXW�SDGV�FRQWDLQ�D�QXPEHU�RI�,�2�SLQV�WKDW�FDQ�EH�XVHG�ZLWK�PRVW�RI�WKH�()5��%*���:LUHOHVV�*HFNR
V
IHDWXUHV��$GGLWLRQDOO\�� WKH�90&8� �PDLQ�ERDUG�SRZHU� UDLO��� �9�� �/'2� UHJXODWRU�RXWSXW��� DQG��9�SRZHU� UDLOV�DUH�DOVR�H[SRVHG�RQ� WKH
SDGV�

7KH�SLQ�URXWLQJ�RQ� WKH�:LUHOHVV�*HFNR� LV�YHU\� IOH[LEOH��VR�PRVW�SHULSKHUDOV�FDQ�EH�URXWHG� WR�DQ\�SLQ��+RZHYHU��SLQV�PD\�EH�VKDUHG
EHWZHHQ�WKH�EUHDNRXW�SDGV�DQG�RWKHU�IXQFWLRQV�RQ�WKH�%*���([SORUHU�.LW��7KH�WDEOH�EHORZ�LQFOXGHV�DQ�RYHUYLHZ�RI�WKH�EUHDNRXW�SDGV
DQG�IXQFWLRQDOLW\�WKDW�LV�VKDUHG�ZLWK�WKH�NLW�

7DEOH�������%UHDNRXW�3DGV�3LQRXW

3LQ &RQQHFWLRQ 6KDUHG�)HDWXUH

/HIW�6LGH�%UHDNRXW�3LQV

� 3&�� %XWWRQ

� 3$�� /('

� *1' *URXQG

� �9 %RDUG�86%�YROWDJH

� 3'�� 0LNUR%86�,�&B6'$��4ZLLF�,�&B6'$

� 3'�� 0LNUR%86�,�&B6&/��4ZLLF�,�&B6&/

� 3%�� 0LNUR%86�8$57B7;

� 3%�� 0LNUR%86�8$57B5;

� 3%�� 0LNUR%86�,17

�� 3%�� 0LNUR%86�3:0

5LJKW�6LGH�%UHDNRXW�3LQV

� 567 ()5��%*���UHVHW��DFWLYH�ORZ�

� 3$��

� *1' *URXQG

� 90&8 ()5��%*���YROWDJH�GRPDLQ

� 3&�� 0LNUR%86�63,B026,

� 3&�� 0LNUR%86�63,B0,62

� 3&�� 0LNUR%86�63,B6&.

� 3&�� 0LNUR%86�63,B&6

� 3&�� 0LNUR%86�567

�� 3%�� 0LNUR%86�$QDORJ

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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�������0LNUR%86�6RFNHW

7KH�%*���([SORUHU�.LW�IHDWXUHV�D�PLNUR%86��VRFNHW�FRPSDWLEOH�ZLWK�PLNUR%86�DGG�RQ�ERDUGV��0LNUR%86�DGG�RQ�ERDUGV�FDQ�H[SDQG
WKH�IXQFWLRQDOLW\�RI� WKH�NLW�ZLWK�SHULSKHUDOV�VXFK�DV�VHQVRUV�DQG�/&'V��$GG�RQ�ERDUGV�IROORZ�WKH�PLNUR%86�VRFNHW�SLQ�PDSSLQJ��DQG
FRPPXQLFDWHV�ZLWK�WKH�RQ�NLW�()5��%*���WKURXJK�8$57��63,�RU�,�&��6HYHUDO�*3,2V�DUH�H[SRVHG�RQ�WKH�PLNUR%86�VRFNHW��0LNUR%86
DGG�RQ�ERDUGV�FDQ�EH�SRZHUHG�E\�WKH��9�RU�90&8�SRZHU�UDLOV��ZKLFK�DUH�DYDLODEOH�RQ�WKH�PLNUR%86�VRFNHW�

7KH�SLQRXW�RI� WKH�()5��%*���RQ� WKH�NLW� LV�PDGH�VXFK� WKDW�DOO� UHTXLUHG�SHULSKHUDOV�DUH�DYDLODEOH�RQ� WKH�PLNUR%86�VRFNHW��7KH� ,�&
VLJQDOV�DUH��KRZHYHU��VKDUHG�ZLWK�WKH�4ZLLF�FRQQHFWRU��DQG�DOO�PLNUR%86�VLJQDOV�DUH�DOVR�URXWHG�WR�DGMDFHQW�EUHDNRXW�SDGV�

:KHQ�LQVHUWLQJ�D�PLNUR%86�DGG�RQ�ERDUG��UHIHU�WR�WKH�RULHQWDWLRQ�QRWFK�RQ�WKH�%*���([SORUHU�.LW��VKRZQ�LQ�WKH�ILJXUH�EHORZ��WR�HQVXUH
FRUUHFW�RULHQWDWLRQ��$GG�RQ�ERDUGV�KDYH�D�VLPLODU�QRWFK�WKDW�QHHGV�WR�EH�OLQHG�XS�ZLWK�WKH�RQH�VKRZQ�EHORZ�

PLNUR%86
�VRFNHW

�

2ULHQWDWLRQ�QRWFK

)LJXUH�������PLNUR%86�$GG�RQ�%RDUG�2ULHQWDWLRQ

7KH�WDEOH�EHORZ�JLYHV�DQ�RYHUYLHZ�RI�WKH�PLNUR%86�VRFNHW�SLQ�FRQQHFWLRQV�WR�WKH�()5��%*���

7DEOH�������PLNUR%86�6RFNHW�3LQRXW

PLNUR�
%86�3LQ
1DPH

PLNUR%86�3LQ
)XQFWLRQ

&RQQHFWLRQ 6KDUHG�)HDWXUH 6XJJHVWHG�3HULSKHUDO�0DSSLQJ

$1 $QDORJ 3%�� %5($.287B5,*+7�� ,$'&�

567 5HVHW 3&�� %5($.287B5,*+7�

&6 63,�&KLS�6HOHFW 3&�� %5($.287B5,*+7� 86$57[�&6

6&. 63,�&ORFN 3&�� %5($.287B5,*+7� 86$57[�&/.

0,62 63,�0DVWHU�,QSXW
6ODYH�2XWSXW

3&�� %5($.287B5,*+7� 86$57[�5;

026, 63,�0DVWHU�2XWSXW
6ODYH�,QSXW

3&�� %5($.287B5,*+7� 86$57[�7;

3:0 3:0�RXWSXW 3%�� %5($.287B/()7�� 7,0(5��&&[

,17 +DUGZDUH�,QWHUUXSW 3%�� %5($.287B/()7�

5; 8$57�5HFHLYH 3%�� %5($.287B/()7� 86$57[�5;

7; 8$57�7UDQVPLW 3%�� %5($.287B/()7� 86$57[�7;

6&/ ,�&�&ORFN 3'�� 4:,,&B,�&B6&/��%5($.287B/()7� ,�&[�6&/

6'$ ,�&�'DWD 3'�� 4:,,&B,�&B6'$��%5($.287B/()7� ,�&[�6'$

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
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PLNUR�
%86�3LQ
1DPH

PLNUR%86�3LQ
)XQFWLRQ

&RQQHFWLRQ 6KDUHG�)HDWXUH 6XJJHVWHG�3HULSKHUDO�0DSSLQJ

�9� 9&&����9�SRZHU 90&8 ()5��%*���YROWDJH�GRPDLQ

�9 9&&��9�SRZHU �9 %RDUG�86%�YROWDJH

*1' 5HIHUHQFH�*URXQG *1' *URXQG

�������4ZLLF�&RQQHFWRU

7KH�%*���([SORUHU�.LW�IHDWXUHV�D�4ZLLF��FRQQHFWRU�FRPSDWLEOH�ZLWK�4ZLLF�&RQQHFW�6\VWHP�KDUGZDUH��7KH�4ZLLF�FRQQHFWRU�SURYLGHV�DQ
HDV\�ZD\�WR�H[SDQG�WKH�IXQFWLRQDOLW\�RI� WKH�%*���([SORUHU�.LW�ZLWK�VHQVRUV��/&'V��DQG�RWKHU�SHULSKHUDOV�RYHU�WKH�,�&�LQWHUIDFH��7KH
4ZLLF�FRQQHFWRU�LV�D���SLQ�SRODUL]HG�-67�FRQQHFWRU��ZKLFK�HQVXUHV�WKH�FDEOH�LV�LQVHUWHG�WKH�ULJKW�ZD\�

4ZLLF�&RQQHFW�6\VWHP�KDUGZDUH�LV�GDLV\�FKDLQ�DEOH�DV�ORQJ�DV�HDFK�,�&�GHYLFH�LQ�WKH�FKDLQ�KDV�D�XQLTXH�,�&�DGGUHVV�

1RWH��7KH�4ZLLF�,�&�FRQQHFWLRQV�RQ�WKH�%*���([SORUHU�.LW�DUH�VKDUHG�ZLWK�WKH�PLNUR%86�,�&�VLJQDOV�
�

7KH�4ZLLF�FRQQHFWRU�DQG�LWV�FRQQHFWLRQV�WR�4ZLLF�FDEOHV�DQG�WKH�()5��%*���DUH�LOOXVWUDWHG�LQ�WKH�ILJXUH�EHORZ�

Qwiic cable
GND
VMCU
SDA - PD3
SCL - PD2

)LJXUH�������4ZLLF�&RQQHFWRU

7KH�WDEOH�EHORZ�JLYHV�DQ�RYHUYLHZ�RI�WKH�4ZLLF�FRQQHFWLRQV�WR�WKH�()5��%*���

7DEOH�������4ZLLF�&RQQHFWRU�3LQRXW

4ZLLF�3LQ &RQQHFWLRQ 6KDUHG�)HDWXUH 6XJJHVWHG�3HULSKHUDO�0DSSLQJ

*URXQG *1' *URXQG

���9 90&8 ()5��%*���YROWDJH�GRPDLQ

6'$ 3'�� 0,.52(B,�&B6'$�
%5($.287B/()7�

,�&[�6'$

6&/ 3'�� 0,.52(B,�&B6&/�
%5($.287B/()7�

,�&[�6&/

�������'HEXJ�86%�0LFUR�%�&RQQHFWRU

7KH�GHEXJ�86%�SRUW�FDQ�EH�XVHG�IRU�XSORDGLQJ�FRGH��GHEXJJLQJ��DQG�DV�D�9LUWXDO�&20�SRUW��0RUH�LQIRUPDWLRQ�LV�DYDLODEOH�LQ�VHFWLRQ
���'HEXJJLQJ�

8*�����%*���([SORUHU�.LW�8VHU
V�*XLGH
+DUGZDUH
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����'HEXJJLQJ

7KH�%*���([SORUHU�.LW�FRQWDLQV�DQ�RQ�ERDUG�6(**(5�-�/LQN�'HEXJJHU�WKDW�LQWHUIDFHV�WR�WKH�WDUJHW�()5��%*���XVLQJ�WKH�6HULDO�:LUH
'HEXJ��6:'�� LQWHUIDFH��7KH�GHEXJJHU�DOORZV� WKH�XVHU� WR�GRZQORDG�FRGH�DQG�GHEXJ�DSSOLFDWLRQV�UXQQLQJ� LQ� WKH� WDUJHW�()5��%*���
$GGLWLRQDOO\�� LW�DOVR�SURYLGHV�D�YLUWXDO�&20�SRUW� �9&20��WR� WKH�KRVW�FRPSXWHU� WKDW� LV�FRQQHFWHG�WR� WKH� WDUJHW�GHYLFH
V�VHULDO�SRUW�� IRU
JHQHUDO�SXUSRVH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�UXQQLQJ�DSSOLFDWLRQ�DQG�WKH�KRVW�FRPSXWHU��7KH�3DFNHW�7UDFH�,QWHUIDFH��37,��LV�DOVR�VXS�
SRUWHG�E\�WKH�RQ�ERDUG�GHEXJJHU��ZKLFK�RIIHUV�LQYDOXDEOH�GHEXJ�LQIRUPDWLRQ�DERXW�WUDQVPLWWHG�DQG�UHFHLYHG�SDFNHWV�LQ�ZLUHOHVV�OLQNV�
7KH�RQ�ERDUG�GHEXJJHU�LV�DFFHVVLEOH�WKURXJK�WKH�86%�0LFUR�%�FRQQHFWRU�

�����2Q�ERDUG�'HEXJJHU

7KH�RQ�ERDUG�GHEXJJHU�LV�D�6(**(5�-�/LQN�GHEXJJHU�UXQQLQJ�RQ�DQ�()0���*LDQW�*HFNR��7KH�GHEXJJHU�LV�GLUHFWO\�FRQQHFWHG�WR�WKH
GHEXJ�DQG�9&20�SLQV�RI�WKH�WDUJHW�()5��%*���

:KHQ�WKH�GHEXJ�86%�FDEOH�LV�LQVHUWHG��WKH�RQ�ERDUG�GHEXJJHU�LV�DXWRPDWLFDOO\�DFWLYH��DQG�WDNHV�FRQWURO�RI�WKH�GHEXJ�DQG�9&20�LQWHU�
IDFHV��7KLV�PHDQV�WKDW�GHEXJ�DQG�FRPPXQLFDWLRQ�ZLOO�QRW�ZRUN�ZLWK�DQ�H[WHUQDO�GHEXJJHU�FRQQHFWHG�DW�WKH�VDPH�WLPH��7KH�RQ�ERDUG
/'2�LV�DOVR�DFWLYDWHG��SURYLGLQJ�SRZHU�WR�WKH�ERDUG�

:KHQ�WKH�86%�FDEOH�LV�UHPRYHG��WKH�ERDUG�PLJKW�VWLOO�EH�UXQQLQJ�RQ�EDWWHU\�SRZHU��DV�GHVFULEHG�LQ�VHFWLRQ���,Q�WKLV�FDVH��WKH�RQ�ERDUG
GHEXJJHU�JRHV�LQWR�D�YHU\�ORZ�SRZHU�VKXWRII�PRGH��(0�6���FRQVXPLQJ�DERXW����Q$��7KLV�PHDQV�WKDW�EDWWHU\�OLIHWLPH�ZLOO�QRW�EH�DIIHF�
WHG�WRR�PXFK�E\�WKH�RQ�ERDUG�GHEXJJHU�SRZHU�FRQVXPSWLRQ��6LQFH�WKH�,�2�YROWDJH�UDLO�RI�WKH�GHEXJJHU�UHPDLQV�SRZHUHG�LQ�WKH�EDWWHU\
RSHUDWHG�PRGH��WKH�SLQV�FRQQHFWHG�WR�WKH�GHEXJ�DQG�9&20�LQWHUIDFHV�PDLQWDLQ�SURSHU�LVRODWLRQ�DQG�SUHYHQW�OHDNDJH�FXUUHQWV�

�����9LUWXDO�&20�3RUW

7KH�YLUWXDO�&20�SRUW� LV�D�FRQQHFWLRQ� WR�D�8$57�RI� WKH� WDUJHW�()5��%*���DQG�DOORZV�VHULDO�GDWD� WR�EH�VHQW�DQG� UHFHLYHG� IURP� WKH
GHYLFH��7KH�RQ�ERDUG�GHEXJJHU�SUHVHQWV�WKLV�DV�D�YLUWXDO�&20�SRUW�RQ�WKH�KRVW�FRPSXWHU�WKDW�VKRZV�XS�ZKHQ�WKH�86%�FDEOH�LV�LQVHU�
WHG�

'DWD�LV�WUDQVIHUUHG�EHWZHHQ�WKH�KRVW�FRPSXWHU�DQG�WKH�GHEXJJHU�WKURXJK�WKH�86%�FRQQHFWLRQ��ZKLFK�HPXODWHV�D�VHULDO�SRUW�XVLQJ�WKH
86%�&RPPXQLFDWLRQ�'HYLFH�&ODVV� �&'&���)URP�WKH�GHEXJJHU�� WKH�GDWD� LV�SDVVHG�RQ� WR� WKH� WDUJHW�GHYLFH� WKURXJK�D�SK\VLFDO�8$57
FRQQHFWLRQ�

7KH�VHULDO�IRUPDW�LV��������ESV����ELWV��QR�SDULW\��DQG���VWRS�ELW�E\�GHIDXOW��)RU�PRUH�LQIRUPDWLRQ�RQ

1RWH��&KDQJLQJ�WKH�EDXG�UDWH�IRU�WKH�&20�SRUW�RQ�WKH�3&�VLGH�GRHV�QRW�LQIOXHQFH�WKH�8$57�EDXG�UDWH�EHWZHHQ�WKH�GHEXJJHU�DQG�WKH
WDUJHW�GHYLFH�
�
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�����5)�6HFWLRQ

7KLV�VHFWLRQ�JLYHV�D�VKRUW�LQWURGXFWLRQ�WR�WKH�5)�VHFWLRQ�RI�WKH�%5'����$�ERDUG�

7KH�VFKHPDWLF�RI�WKH�5)�VHFWLRQ�LV�VKRZQ�LQ�WKH�ILJXUH�EHORZ�
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)LJXUH��������6FKHPDWLF�RI�WKH�5)�VHFWLRQ

�������'HVFULSWLRQ�RI�WKH�5)�0DWFKLQJ

7KH�LPSHGDQFH�RI�WKH�5)�SRUW�RI�WKH�()5��%*���LV�PDWFKHG�WR����2KP��WKH�5)�*�B,2�SLQ�LV�FRQQHFWHG�WR�D�IRXU�HOHPHQW�LPSHGDQFH
PDWFKLQJ�DQG�KDUPRQLF�ILOWHU�FLUFXLWU\��DQG�D�'&�EORFNLQJ�FDSDFLWRU�

1RWH��1RWH��GXH�WR�WKH�WKLFNHU�3&%�VWDFN�XS��WKH�UDGLDWHG�OHYHO�RI�WKH��WK�KDUPRQLF�KDV�EHHQ�LQFUHDVHG��7KHUHIRUH��FRPSDUHG�WR�WKH���
HOHPHQW�/�&�/�PDWFKLQJ�QHWZRUNV�SUHVHQWHG� LQ� WKH�$1������DSSOLFDWLRQ�QRWH�� WKH�PDWFKLQJ�DSSOLHG�RQ� WKH�%5'����$�ERDUG�KDV�DQ
DGGLWLRQDO�VPDOO�YDOXH�FDSDFLWRU�LQ�WKH�&��SRVLWLRQ��DQG�VPDOO�PRGLILFDWLRQ�RI�WKH�&��FDSFLWRU�ZDV�DOVR�UHTXLUHG��:LWK�WKHVH�FKDQJHV��WKH
VXSSUHVVLRQ�RI�WKH�UDGLDWHG��WK�KDUPRQLF�ZDV�LPSURYHG��DQG�VR�LWV�OHYHO�LV�XQGHU�WKH�UHOHYDQW�UHJXODWLRQ�OLPLW�
�

7KH�RQ�ERDUG�FHUDPLF�DQWHQQD�LV�DOVR�PDWFKHG�WR����2KP�E\�LWV�LPSHGDQFH�PDWFKLQJ�FRPSRQHQWV�DQG�FRQQHFWHG�WR�WKH�()5��%*���

�������5)�6HFWLRQ�3RZHU�6XSSO\

2Q�WKH�%5'����$�WKH�VXSSO\�IRU�WKH�UDGLR��5)9''��DQG�WKH�SRZHU�DPSOLILHU��3$9''��LV�FRQQHFWHG�WR�WKH�RQ�FKLS�'&�'&�FRQYHUWHU�
%\�GHIDXOW��WKH�'&�'&�FRQYHUWHU�SURYLGHV�����9�IRU�WKH�HQWLUH�5)�VHFWLRQ��IRU�GHWDLOV��VHH�WKH�VFKHPDWLF�RI�WKH�%5'����$��

�������5)�0DWFKLQJ�%LOO�RI�0DWHULDOV

7KH�%LOO�RI�0DWHULDOV�RI�WKH�%5'����$�5)�PDWFKLQJ�QHWZRUN�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

7DEOH�������%LOO�RI�0DWHULDOV�RI�WKH�%5'����$�5)�0DWFKLQJ�1HWZRUN

&RPSRQHQW�QDPH 9DOXH 0DQXIDFWXUHU 3DUW�1XPEHU

/� ����Q+ 0XUDWD /43��+4�1�%��

/� ��Q+ 0XUDWD /43��+4�1�%��

&&� ���S) 0XUDWD *-0����&�(���*%��'

&� ����S) 0XUDWD *50����&�+�5�:$��'

&� ����S) 0XUDWD *50����&�+�5�%$��'

&� 10 � �
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�������$QWHQQD

7KH�%5'����$�KDV�DQ�RQ�ERDUG�FHUDPLF�DQWHQQD�

7KH�ODQG�SDWWHUQ�IRU�WKH�DQWHQQD�RQ�WKH�3&%�OD\RXW�ZDV�GHVLJQHG�EDVHG�RQ�WKH�UHFRPPHQGDWLRQV�RI�WKH�DQWHQQD�GDWDVKHHW��'XH�WR�WKH
IDFW�WKDW�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�OD\RXW��SUDFWLFDOO\�WKH�ERDUG�VL]H��RI�WKH�%5'����$�DQG�WKH�DQWHQQD�HYDOXDWLRQ
ERDUG��WKH�DSSOLHG�DQWHQQD�PDWFKLQJ�QHWZRUN�GHYLDWHV�IURP�WKH�UHFRPPHQGDWLRQ�

7KH�YDOXHV�RI� WKH�DQWHQQD�PDWFKLQJ�QHWZRUN�FRPSRQHQWV�ZHUH�ILQH�WXQHG�WR�PDWFK�WKH�DQWHQQD� LPSHGDQFH�FORVH�WR����2KP�RQ�WKH
%5'����$�3&%��7KH�UHVXOWLQJ�DQWHQQD�LPSHGDQFH�DQG�UHIOHFWLRQ�DUH�VKRZQ�LQ�WKH�ILJXUH�EHORZ�

)LJXUH��������)LQH�7XQHG�$QWHQQD�,PSHGDQFH��%OXH�&XUYH��DQG�5HIOHFWLRQ��5HG�&XUYH�

�������$QWHQQD�0DWFKLQJ�%LOO�RI�0DWHULDOV

7KH�%LOO�RI�0DWHULDOV�RI�WKH�%5'����$�DQWHQQD�PDWFKLQJ�QHWZRUN�LV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

7DEOH�������%LOO�RI�0DWHULDOV�RI�WKH�%5'����$�$QWHQQD�0DWFKLQJ�1HWZRUN

&RPSRQHQW�QDPH 9DOXH 0DQXIDFWXUHU 3DUW�1XPEHU

$17� � -RKDQVRQ ����$7��'����

=� ���Q+ 0XUDWD /43��71��1-��'

=� ����S) 0XUDWD *50����&�+�5�%$��'
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�����(0&�5HJXODWLRQV�IRU�����*+]

�������(76,�(1���������(PLVVLRQ�/LPLWV�IRU�WKH�������������0+]�%DQG

%DVHG�RQ�(76,�(1���������WKH�DOORZHG�PD[LPXP�IXQGDPHQWDO�SRZHU�IRU�WKH�������������0+]�EDQG�LV����G%P�(,53��)RU�WKH�XQZDQ�
WHG�HPLVVLRQV�LQ�WKH���*+]�WR�������*+]�GRPDLQ�WKH�VSHFLILHG�OLPLW�LV�����G%P�(,53�

�������)&&�������(PLVVLRQ�/LPLWV�IRU�WKH�������������0+]�%DQG

)&&��������DOORZV�FRQGXFWHG�RXWSXW�SRZHU�XS�WR���:DWW�����G%P��LQ�WKH�������������0+]�EDQG��)RU�VSXULRXV�HPLVVLRQV�WKH�OLPLW�LV
����G%F�EDVHG�RQ�HLWKHU�FRQGXFWHG�RU�UDGLDWHG�PHDVXUHPHQW��LI�WKH�HPLVVLRQ�LV�QRW�LQ�D�UHVWULFWHG�EDQG��7KH�UHVWULFWHG�EDQGV�DUH�VSHFL�
ILHG� LQ� )&&� �������� ,Q� WKHVH� EDQGV� WKH� VSXULRXV� HPLVVLRQ� OHYHOV� PXVW� PHHW� WKH� OHYHOV� VHW� RXW� LQ� )&&� �������� ,Q� WKH� UDQJH� IURP
����0+]�WR�WKH�IUHTXHQF\�RI�WKH��WK�KDUPRQLF�LW�LV�GHILQHG�DV�����P9�P�DW���P�GLVWDQFH��HTXDOV�WR�������G%P�LQ�(,53��

,Q� FDVH� RI� RSHUDWLQJ� LQ� WKH� ������������0+]� EDQG� WKH� �QG�� �UG� DQG� �WK� KDUPRQLFV� FDQ� IDOO� LQWR� UHVWULFWHG� EDQGV� VR� IRU� WKRVH� WKH
������G%P�OLPLW�VKRXOG�EH�DSSOLHG��)RU�WKH��WK�KDUPRQLF�WKH�����G%F�OLPLW�VKRXOG�EH�DSSOLHG�

�������$SSOLHG�(PLVVLRQ�/LPLWV

7KH�RYHUDOO�DSSOLHG�OLPLWV�DUH�VKRZQ�LQ�WKH�WDEOH�EHORZ��)RU�WKH�KDUPRQLFV�WKDW�IDOO�LQWR�WKH�)&&�UHVWULFWHG�EDQGV��WKH�)&&��������OLPLW
LV�DSSOLHG��DQG�WKH�(76,�(1���������OLPLW�LV�DSSOLHG�IRU�WKH�UHVW�

7DEOH�������$SSOLHG�/LPLWV�IRU�6SXULRXV�(PLVVLRQV

+DUPRQLF )UHTXHQF\ /LPLW

�QG ����a�����0+] ������G%P

�UG ����a�������0+] ������G%P

�WK ����a�����0+] ����G%P

�WK �����a��������0+] ������G%P

�����5HOD[DWLRQ�ZLWK�0RGXODWHG�&DUULHU

'HSHQGLQJ� RQ� WKH� DSSOLHG�PRGXODWLRQ� VFKHPH�� DQG� WKH�6SHFWUXP�$QDO\]HU� VHWWLQJV� VSHFLILHG� E\� WKH� UHOHYDQW� (0&� UHJXODWLRQV�� WKH
PHDVXUHG�SRZHU� OHYHOV�DUH�XVXDOO\� ORZHU�FRPSDUHG� WR� WKH�UHVXOWV�ZLWK�XQPRGXODWHG�FDUULHU��7KHVH�GLIIHUHQFHV�KDYH�EHHQ�PHDVXUHG
DQG�XVHG�DV�UHOD[DWLRQ�IDFWRUV�RQ�WKH�UHVXOWV�RI�WKH�UDGLDWHG�PHDVXUHPHQW�SHUIRUPHG�ZLWK�XQPRGXODWHG�FDUULHU��7KLV�ZD\��WKH�UDGLDWHG
FRPSOLDQFH�ZLWK�PRGXODWHG�WUDQVPLVVLRQ�FDQ�EH�HYDOXDWHG�

,Q�WKLV�FDVH��ERWK�WKH�(76,�(1���������DQG�WKH�)&&��������UHJXODWLRQV�GHILQH�WKH�IROORZLQJ�6SHFWUXP�$QDO\]HU�VHWWLQJV�IRU�PHDVXULQJ
WKH�XQZDQWHG�HPLVVLRQV�DERYH���*+]�
� 'HWHFWRU��$YHUDJH
� 5%:����0+]

7KH� WDEOH� EHORZ� VKRZV� WKH� UHODWLYH� OHYHOV� RI� WKH�PHDVXUHG�PRGXODWHG� VLJQDOV� FRPSDUHG� WR� WKH� XQPRGXODWHG� OHYHOV�ZLWK� WKH� DERYH
6SHFWUXP�$QDO\]HU�VHWWLQJV�LQ�FDVH�RI�WKH�VXSSRUWHG�PRGXODWLRQ�VFKHPHV�

7DEOH�������0HDVXUHG�5HOD[DWLRQ�)DFWRUV�IRU�WKH�6XSSRUWHG�0RGXODWLRQ�6FKHPHV

$SSOLHG�0RGXODWLRQ
�3DFNHW�/HQJWK�

����E\WHV�

%/(�&RGHG�3+<�
����.E�V��35%6���>G%@

%/(�&RGHG�3+<�
����.E�V��35%6���>G%@

%/(��0�3+<����0E�V
�35%6���>G%@

%/(��0�3+<����0E�V
�35%6���>G%@

�QG�KDUPRQLF ���� ���� ���� ����

�UG�KDUPRQLF ���� ���� ���� �����

�WK�KDUPRQLF ���� ���� ���� �����

�WK�KDUPRQLF ���� ���� ���� �����
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$V�LW�FDQ�EH�REVHUYHG��WKH�%/(�����.E�V�FRGHG�PRGXODWLRQ�VFKHPH�KDV�WKH�ORZHVW�UHOD[DWLRQ�IDFWRUV��7KHVH�YDOXHV�ZLOO�EH�XVHG�DV�WKH
ZRUVW�FDVH�UHOD[DWLRQ�IDFWRUV�IRU�WKH�UDGLDWHG�PHDVXUHPHQWV�

�����5DGLDWHG�3RZHU�0HDVXUHPHQWV

7KH�RXWSXW�SRZHU�RI� WKH�()5��%*���ZDV�VHW� WR���G%P��7KH�ERDUG�ZDV�VXSSOLHG� WKURXJK� LWV�86%�FRQQHFWRU�E\�FRQQHFWLQJ� WR�D�3&
WKURXJK�D�86%�FDEOH�

'XULQJ� WKH�PHDVXUHPHQWV� WKH�ERDUG�ZDV� URWDWHG� LQ� WKUHH�FXWV��VHH� WKH� UHIHUHQFH�SODQH� LOOXVWUDWLRQ� LQ� WKH� ILJXUH�EHORZ��7KH� UDGLDWHG
SRZHUV�RI�WKH�IXQGDPHQWDO�DQG�WKH�KDUPRQLFV�ZHUH�PHDVXUHG�ZLWK�KRUL]RQWDO�DQG�YHUWLFDO�UHIHUHQFH�DQWHQQD�SRODUL]DWLRQV�

)LJXUH��������'87�5HIHUHQFH�3ODQHV

�������0D[LPXP�5DGLDWHG�3RZHU�0HDVXUHPHQW

7KH�WUDQVFHLYHU�ZDV�RSHUDWHG�LQ�XQPRGXODWHG�FDUULHU�WUDQVPLVVLRQ�PRGH��WKH�RXWSXW�SRZHU�RI�WKH�UDGLR�ZDV�VHW�WR���G%P��7KH�UHVXOWV
DUH�VKRZQ�LQ�WKH�WDEOH�EHORZ�

7KH�FRUUHFWLRQ� IDFWRUV�DUH�DSSOLHG�EDVHG�RQ� WKH�%/(�����.E�V�FRGHG�PRGXODWLRQ��VKRZHG� LQ�VHFWLRQ�����5HOD[DWLRQ�ZLWK�0RGXODWHG
&DUULHU��)RU�WKH�UHVW�RI�WKH�VXSSRUWHG�PRGXODWLRQ�VFKHPHV�WKH�FRUUHFWLRQ�IDFWRUV�DUH�ODUJHU��WKXV�WKH�UHODWHG�FDOFXODWHG�PDUJLQV�ZRXOG
EH�KLJKHU�FRPSDUHG�WR�WKH�RQHV�VKRZQ�LQ�WKH�WDEOH�EHORZ��7KXV�WKH�EHORZ�PDUJLQV�FDQ�EH�FRQVLGHUHG�DV�ZRUVW�FDVH�PDUJLQV�

7DEOH�������0D[LPXPV�RI�WKH�0HDVXUHG�5DGLDWHG�3RZHUV�RI�%5'����$

)UHTXHQF\
������0+]�

0HDVXUHG�8Q�
PRGXODWHG�(,53

>G%P@
2ULHQWDWLRQ

%/(�����.E�V�&RGHG�0RGXODWLRQ
/LPLW�LQ�(,53

>G%P@&RUUHFWLRQ�)DF�
WRU�>G%@

&DOFXODWHG
0RGXODWHG�(,53

>G%P@

0RGXODWHG�0DU�
JLQ�>G%@

)XQG ��� <=�9 1$����LV�XVHG� ��� ���� ����

�QG ����� <=�9 ���� ����� ���� �����

�UG ����� <=�9 ���� ����� ��� �����

�WK ����� ;=�+ ���� ����� ���� �����

�WK ����� ;<�9 ���� ����� ���� �����

$V�LW�LW�LV�VKRZQ�LQ�WKH�WDEOH��ZLWK���G%P�RXWSXW�SRZHU��WKH�UDGLDWHG�SRZHU�RI�WKH�IXQGDPHQWDO�LV�KLJKHU�WKDQ���G%P�GXH�WR�WKH�DQWHQQD
JDLQ��7KH��UG�KDUPRQLF�LV�DERYH�WKH�OLPLW�LQ�FDVH�RI�WKH�XQPRGXODWHG�FDUULHU�WUDQVPLVVLRQ��%XW�ZLWK�WKH�UHOD[DWLRQ�RI�WKH�VXSSRUWHG�PRG�
XODWLRQ�VFKHPHV��WKH�PDUJLQ�LV�DW�OHDVW�����G%�
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�������$QWHQQD�3DWWHUQ�0HDVXUHPHQW

7KH�PHDVXUHG�W\SLFDO�DQWHQQD�SDWWHUQV�DUH�VKRZQ�LQ�WKH�ILJXUHV�EHORZ�
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)LJXUH��������$QWHQQD�3DWWHUQ���;<
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)LJXUH��������$QWHQQD�3DWWHUQ���;=
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ϰϱΣ

ϵϬΣ

ϭϯϱΣ

ϭϴϬΣ

ϮϮϱΣ

ϮϳϬΣ
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ͲϱϬ

ͲϰϬ

ͲϯϬ

ͲϮϬ

ͲϭϬ

Ϭ

EŽƌŵĂůŝǌĞĚ�ZĂĚŝĂƚŝŽŶ�WĂƚƚĞƌŶ�΀Ě�΁͕�z��ĐƵƚ

,ŽƌŝǌŽŶƚĂů

sĞƌƚŝĐĂů

)LJXUH��������$QWHQQD�3DWWHUQ���<=

�����(0&�&RPSOLDQFH�5HFRPPHQGDWLRQV

�������5HFRPPHQGDWLRQV�IRU�����*+]�(76,�(1���������&RPSOLDQFH

$V�LW�ZDV�VKRZQ�LQ�WKH�SUHYLRXV�FKDSWHU��ZLWK�WKH�()5��%*���RXWSXW�SRZHU�VHW�WR���G%P��WKH�UDGLDWHG�SRZHU�RI�WKH�IXQGDPHQWDO�RI�WKH
%5'����$�FRPSOLHV�ZLWK�WKH����G%P�OLPLW�RI�WKH�(76,�(1����������7KH�KDUPRQLF�HPLVVLRQV�DUH�XQGHU�WKH�DSSOLHG�OLPLWV�ZLWK�PDUJLQ�

�������5HFRPPHQGDWLRQV�IRU�����*+]�)&&��������&RPSOLDQFH
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