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EKF Document Ed. Contents/Changes Author Date

Text # 2460
cg1uge.wpd

1 1. Edition User Manual CG1-RADIO
English Language Document
Preliminary edition, to be completed
later on

jj 25 May 2001

1RPHQFODWXUH
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)HDWXUH�6XPPDU\

Printed
Circuit Board

Dimensions 3U Eurocard (100x160mm2), front panel width 20.3mm (4HP),
mechanics constructed with respect to EMC requirements,
ejector lever

CPU Microprocessor Intel i960RP/RD, 3.3V, 33/66MHz, clocked by system bus (local
oscillator provided when operated as stand-alone)

Memory 4MBytes FPM/EDO DRAM, 32-bit, 4MBytes FLASH ROM (SMT)
28F160S5 (Intel, Sharp), 32-bit

Utilities Watchdog and 5V/3.3V voltage-supervisor MAX705, serial
EEPROM 4KByte I2C, optional: ACCESS.bus interface

Firmware Mon960 Monitor/Debugger

Serial
Interfaces
SP1
(internally)
and SP2
(externally
and
internally)

Protocol Asynchronous, serial protocol: 1 startbit; 7 or 8 databits; 1 or 2
stopbits; optional even/odd parity; standard bitrates up to 115,2
kbps, default parameters for GPS operation SP1=4800Baud
(GPS NMEA-0183), SP2=9600Baud (DGPS RTCM SC-104)

Serial Interface
Controller

2 x 16C550 asynchronous communication element, e.g. Texas
Instruments TL16C550C or equivalent

Physical
Interface SP2

RS-232E/V.28, PC compatible D-SUB connector male 9-pin, to
be used either as DGPS input or as universal serial COM port,
ESD protection 10kV, pin 9 configurable either as RS-232 RI
input or +12V power supply output to external DGPS receiver
(PolySwitch resettable fuse 100mA)

Drivers Serial drivers (COM port emulation) available for Windows NT4.0
and Windows 2000, others forthcoming

GPS Receiver
Module

Exchangeable  modular 12-channel receiver, chip set Conexant
(Rockwell) Zodiac, SMB jack for 1575,42MHz (L1 Band) GPS
antenna active or passive, RF signal level at 130dBW ... -
163dBW, antenna supply 0V, +5V, +12V selectable with jumper
JANT (PolySwitch resettable fuse 100mA)

Data Retention
Warmstart

Keep-Alive power condition for enhanced TTFF upon power-up
(Time To First Fix), SRAM and RTC data non-volatile buffered by
Lithium cell 190mAh (>4500h)

Software NMEA protocol based application programs

CompactPCI®

Bus
Connector J1 32-bit, 33MHz (133MB/s) DMA bus master

5V interface

Power
Supply

Connector J1 +5V ±5% 0.5A  max.
+3.3V ±0,3V 0.7A (i960RP) 0.9A (i960RD) max.
+12V ±5% 0.1A  max.
-12V ±5% 0.1A  max.

Temperature
Humidity

Operating operating temperature 0-70°C
humidity 5-90% non condensing
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6KRUW�'HVFULSWLRQ

%RWK�� WKH� JOREDO� WLPH� �87&�� DQG� WKH
JHRJUDSKLF� SRVLWLRQ�� SURYLGHV� WKH

&RPSDFW3&,��EDVHG�*36�UHFHLYHU�ERDUG�&*��
5$',2�PDQXIDFWXUHG�E\�(.)�

0RVW� LQGXVWULDO� FRPSXWHU� V\VWHPV� QHHG
V\QFKURQL]DWLRQ�WR�D�SUHFLVH�WLPH�VWDQGDUG�
$� VROXWLRQ� WR� WKLV� SUREOHP� ZRXOG� EH� DQ\
UDGLR� FRQWUROOHG� FORFN��8QIRUWXQDWHO\��PRVW
FRXQWULHV� KDYH� WKHLU� RZQ� ORFDO� WUDQVPLWWHU
VWDQGDUGV� �LI� DQ\���+HQFH�� IRU�XQLYHUVDO� XVH
�H�J�� LI� V\VWHPV� DUH�PRELOH� RU� GHVWLQHG� IRU
H[SRUW���D�*36�EDVHG�FORFN�LV�WKH�EHVW�FKRLFH�

7KH�*OREDO�3RVLWLRQLQJ�6\VWHP�SURYLGHV�WKH
8QLYHUVDO�7LPH��&RRUGLQDWHG��DQG���RI�FRXUVH
�� � SRVLWLRQ� GDWD�� 0RVW� XVHIXO� IRU� PRELOH
DSSOLFDWLRQV�� DOVR� FRXQWU\� VSHFLILF� SURJUDP
YHUVLRQV�FRXOG�EH�H[HFXWHG�DXWRPDWLFDOO\��$
&*��5$',2�HTXLSSHG� V\VWHP�FDQ� VLJQDO� LWV
FXUUHQW�SRVLWLRQ�WR�D�UHPRWH�FRPSXWHU�

7KH� &*��5$',2� PRGXOH� LV� KRXVHG� RQ� D
VLQJOH� VL]H� (XURFDUG� ��8��� 7KH� ERDUG� LV
SURYLGHG� ZLWK� D� KLJK� SHUIRUPDQFH
��� SDUDOOHO�FKDQQHO� UHFHLYHU� HQJLQH
FRQWLQXRXVO\� WUDFNLQJ� DOO� VDWHOOLWHV� LQ� YLHZ�
WKXV�SURYLGLQJ�DFFXUDWH�SRVLWLRQLQJ�DQG�WLPH
GDWD��7KH�UHFHLYHU�LV�FRPSDWLEOH�ZLWK�SDVVLYH
RU� DFWLYH� DQWHQQDV� DQG� VXSSRUWV� WKH
10($������GDWD�SURWRFRO�

'LUHFW�� GLIIHUHQWLDO� 57&0� 6&����� GDWD
FDSDELOLW\� GUDPDWLFDOO\� LPSURYHV� WKH
SRVLWLRQLQJ� DFFXUDF\�� )RU� WKDW�� WKH� &*��
5$',2� LV� HTXLSSHG� ZLWK� D� VHULDO� SRUW� IRU
FRPPXQLFDWLRQ� ZLWK� DQ� H[WHUQDO� '*36
UHFHLYHU�

)URP� WKH� KRVWV� YLHZ�� WKH� HQFORVHG� GULYHUV
UHGXFH�WKH�&*��5$',2�ERDUG�WR�RQH�RU�WZR
FRPPRQ�VHULDO�SRUWV��H�J��&20�����7KHUHIRUH
DOO�SURJUDPV�EDVHG�RQ�WKH�10($������GDWD
SURWRFRO� FDQ� EH� H[HFXWHG� ZLWKRXW
PRGLILFDWLRQ�
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7KH� KLJKO\� LQWHJUDWHG� GLJLWDO� *36� UHFHLYHU
XVHV�WKH�=RGLDF�FKLS�VHW��5RFNZHOO�&RQH[DQW�
DQG� LV� DFFRPPRGDWHG� RQ� D� PLQLDWXUH
GDXJKWHU� ERDUG� DV� DQ� H[FKDQJHDEOH� VXE�
DVVHPEO\�� � 7KH� ���FKDQQHO� DUFKLWHFWXUH
SURYLGHV�UDSLG�7LPH�7R�)LUVW�)L[��77))��XQGHU
DOO�VWDUWXS�FRQGLWLRQV��7KH�UHFHLYHU�GHFRGHV
DQG� SURFHVVHV� VLJQDOV� IURP� DOO� YLVLEOH� *36
VDWHOOLWHV�� WKHUHE\� SURGXFLQJ� D� KLJKO\
DFFXUDWH�DQG�UREXVW�QDYLJDWLRQ�VROXWLRQ���7KH
H[WHUQDO�*36�DQWHQQD�FRQQHFWV�WR�WKH�IURQW
SDQHO� PRXQWHG� 60%� VW\OH� MDFN� DQG� � PXVW
KDYH�UHDVRQDEOH�YLVLELOLW\�RI�WKH�VN\��)RU�EHVW
SHUIRUPDQFH�� XVH� DQ� DFWLYH� DQWHQQD�
HVSHFLDOO\� IRU� D� FDEOH� OHQJWK� RI� �P� DQG
DERYH�

'XH� WR� 6HOHFWLYH� $YDLODELOLW\� �6$�� WKH� *36
QDYLJDWLRQ� DFFXUDF\� LV� OLPLWHG� WR����P� IRU
FLYLO� XVH�� 7KH� &*��5$',2� KRZHYHU� DV� DQ
RSWLRQ� DOORZV� WR� UHDG� LQ� DQ� H[WHUQDO
GLIIHUHQWLDO�VLJQDO��'*36��LQ�RUGHU�WR�UHGXFH
WKH�SRVLWLRQLQJ�HUURU�WR����P��)RU�WKLV�� WKH
&*�� LV� SURYLGHG� ZLWK� D� ��SLQ� '�68%
FRQQHFWRU��IURQW�SDQHO��VHULDO�LQWHUIDFH�SRUW�
,QFRPLQJ�'*36�GDWD�PXVW� FRQIRUP� WR� WKH
LQWHUQDWLRQDO� 57&0� 6&����� SURWRFRO�� 7KH
W\SH�RI�WKH�H[WHUQDO�'*36�UHFHLYHU�GHSHQGV
RQ�WKH�ORFDWLRQ��,Q�*HUPDQ\���H�J��WKHUH�LV�D
FKRLFH� EHWZHHQ� WKH� /:� $/)� WUDQVPLWWHU
�0DLQIOLQJHQ�� 'HXWVFKH� 7HOHNRP�� RU� WKH
5$6$17�)0�5'6�6\VWHP��$5'��

(TXLSSHG� ZLWK� WKH� SRZHUIXO� HPEHGGHG
SURFHVVRU�L���53�'���WKH�ERDUG�SURILWV�IURP
WKH� EXLOW�LQ� 3&,� EULGJH� DV� LQWHUIDFH� WR� WKH
&RPSDFW3&,�� V\VWHP� EXV�� )RU� W\SLFDO
DSSOLFDWLRQV��WKH�(.)�VRIWZDUH�GULYHUV�OHW�WKH
&3&,� V\VWHP� KRVW� YLHZ� WKH� &*��5$',2
PRGXOH�DV���&����8$57�EDVHG�GXDO� VHULDO
DGDSWHU�FDUG�

7KH�ILUVW�VHULDO�SRUW�RI�WKH�&*��5$',2�LV�IRU
RQ�ERDUG� XVH� RQO\�� ,W� VHUYHV� DV� D
FRPPXQLFDWLRQV� LQWHUIDFH� WR� WKH� *36
UHFHLYHU��&RPPDQGV�DQG�GDWD�FDQ�EH�VHQW�WR
DQG�UHFHLYHG�IURP�WKH�*36�GDXJKWHU�ERDUG
DFFRUGLQJ� WR� WKH� 10($������ VWDQGDUG
SURWRFRO��7KH�PRGHUDWH�WUDQVPLVVLRQ�UDWH�RI
����ESV�FDUHV�IRU�ORZ��LQWHUUXSW�ORDG�RI�WKH
V\VWHP�KRVW�

7KH�VHFRQG�VHULDO�SRUW� LV� LQWHQGHG�HLWKHU�DV
H[WHUQDO�'*36� LQWHUIDFH��UHDG�RQO\���RU�DV�D
JHQHUDO� SXUSRVH� 56����(� FRPPXQLFDWLRQV
FKDQQHO�� 7KH� ZLULQJ� RI� WKH� IURQW� SDQHO
PRXQWHG���SLQ�PDOH�'�68%�FRQQHFWRU�63��LV
LGHQWLFDO� WR� GHVNWRS� 3&� &20� SRUWV��:KHQ
UHFHLYLQJ�GLIIHUHQWLDO�'*36�GDWD�DW�����ESV
DFFRUGLQJ�WR�WKH�57&0�6&�����VWDQGDUG��WKH
*36�GDXJKWHU�PRGXOH�XVHV�WKLV�LQIRUPDWLRQ
IRU� LWV� LQWHUQDO� FDOFXODWLRQV� WR� VKDUSHQ� WKH
SRVLWLRQLQJ�GDWD��7KH�VHFRQG�VHULDO�LQWHUIDFH
LV�DOVR�GLUHFWO\�UHDGDEOH�E\�WKH�V\VWHP�KRVW�
3URJUDPV� DV� /DE0RQ� �5RFNZHOO�&RQH[DQW�
QHHG� '*36� GDWD� LQ� SDUDOOHO� WR� WKH� *36
UHFHLYHU�IRU�SUHVHQWDWLRQ�
,I� WKH� '*36� GDWD� FDSDELOLW\� RI� WKH� &*��
5$',2�LV�QRW�XVHG��WKHQ�WKH�VHULDO�SRUW�63�
LV� DYDLODEOH� IRU� JHQHUDO� SXUSRVH� ,�2
DSSOLFDWLRQV�

7KH�(.)�GULYHUV�WUHDW�WKH�&*��5$',2�PRGXOH
DV� ��&���� FRPSDWLEOH� &20� SRUWV�� :KLOH
WKH� GULYHUV� DOORZ� DUELWUDU\� QDPHV� H�J�
&20����SUDFWLFDOO\�WKHUH�H[LVW�OLPLWDWLRQV�LQ
PRVW� V\VWHPV�� 7\SLFDOO\�� &20�� DQG� &20�
DUH�UHVHUYHG�QDPHV�IRU�WKH�KRVW�&38·V�VHULDO
LQWHUIDFHV��2Q�WKH�RWKHU�KDQG��PRVW�*36�DQG
FRPPXQLFDWLRQV� DSSOLFDWLRQV� ZLOO� VXSSRUW
&20����� RQO\�� 7KHUHIRUH� &20�� LV
UHFRPPHQGHG�WR�FRQWURO�WKH�*36�10($�SRUW
�ILUVW�VHULDO�LQWHUIDFH�RI�WKH�&*��5$',2���DQG
&20�� WR� EH� XVHG� DV� '*36� 57&0� UHFHLYHU
�VHFRQG�VHULDO�SRUW��63���
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7KHUH�DUH�PDQ\�FRPPHUFLDO�*36�DSSOLFDWLRQ
SURJUDPV� DYDLODEOH�� RIWHQ� DOORZLQJ
FDUWRJUDSKLFDO�YLVXDOL]DWLRQ��,Q�DGGLWLRQ��WKH
,QWHUQHW� LV� IXOO�RI�*36�VKDUHZDUH� WRROV��7KH
FRPPRQ� EDVLV� RI� PRVW� DSSOLFDWLRQV� LV� WKH
10($������SURWRFRO��VR�WKDW�WKH\�VKRXOG�EH
XVDEOH� ZLWK� WKH� &*��5$',2� ZLWKRXW� DQ\
PRGLILFDWLRQ�

'HYHORSHUV� PLJKW� SUHIHU� WR� VDPSOH� DQG
FRPSXWH�*36�GDWD�ORFDOO\�RQ�WKH�&*��ERDUG�
7KLV� FDQ� EH� DFKLHYHG� E\� WKH� ORFDO� L���
SURFHVVRU��3URJUDP�DQG�GDWD�FDQ�EH�VWRUHG
LQ�D�JHQHURXV�DPRXQW�RI�ORFDO�PHPRU\���0%
'5$0� DQG� �0%� )ODVK� ((3520��� $V� D
GHYHORSPHQW�WRRO��(.)�SURYLGHV�WKH�UHVLGHQW
PRQLWRU�GHEXJJHU� 021����� ZKLFK� DOORZV
VWDQG�DORQH� RSHUDWLRQ� DQG� GRZQORDG� RI
SURJUDPV�YLD�&3&,�EXV�RU�VHULDO�LQWHUIDFH�63��
)XUWKHUPRUH� (.)� FDQ� RIIHU� WXUQ� NH\� UHDG\
DSSOLFDWLRQ�SURJUDPPLQJ�VXSSRUW��

KH� &*��5$',2� PRGXOH� OHQGV� IXOO� *36
IXQFWLRQDOLW\� WR� DQ\� LQGXVWULDO�&RPSDFW3&,�

V\VWHP�� � � %HJLQQLQJ� ZLWK� DSSOLFDWLRQV
QHHGLQJ� DEVROXWH� WLPH� VWDPSV� RU
LVRFKURQRXV�FRQWURO�RI�WDVNV��XS�WR�SURJUDPV
UHTXLULQJ�WKUHH�GLPHQVLRQDO�QDYLJDWLRQ�� WKH
&*��5$',2� ERDUG� LV� WKH� SHUIHFW� DQG
DIIRUGDEOH��FKRLFH�ZKHUHYHU�*36�FDQ�VROYH�D
SUREOHP�
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%ORFN�'LDJUDP
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7RS�9LHZ�&RPSRQHQW�$VVHPEO\

)URQW�3DQHO
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)URQW�3DQHO�(OHPHQWV

$17 RF input 1575,42MHz (L1 band), GPS antenna active or passive,
input signal level at -130dBW ... -163dBW, SMB jack, power
supply voltages selectable 0V, +5V, +12V (jumper JANT),
PolySwitch resettable fuse 100mA

63� RS-232E D-SUB 9 male connector, can be used either as
universal serial COM-port (standard bitrates up to max. 115,2
kBaud), or as DGPS input (according to RTCM SC-104 protocol,
9600bps, 8bit, 1 startbit, 1 stopbit, no parity)

/('�$UUD\ 5;'�7;'�*36�UHFHLYHU�PRGXOH
5;'�VHULDO�SRUW�63�
87&�SXOVH��V�SHULRG

5(6 3XVK�EXWWRQ�VZLWFK�5HVHW��ORFDO�&38�

6WUDSSLQJ�+HDGHUV

JANT Antenna passive, antenna active +5V, antenna active +12V

JBAT /LWKLXP�EDWWHU\�IRU�GDWD�UHWHQWLRQ�RI�*36�PRGXOH·V�57&�DQG�65$0

JCLK CPU clock derived locally or from CPCI bus

JCNF CPU behaviour after reset, effects of CPCI reset on CG1-RADIO

JWZ Serial port SP2 D-SUB pin 9, configured either as RS-232 RI input
or +12V output as power supply to external WZ DGPS receiver

&RQQHFWRUV�	�6RFNHWV

CJTAG JTAG testport

ISPCON ispGAL programming port

JACCBUS I2C-Bus expansion interface

JUTC TTL time mark pulse 1Hz and 10kHz, synchronized to the UTC
Universal Time (Coordinated)
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,QVWDOODWLRQ

%HIRUH�<RX�%HJLQ

:DUQLQJV

7KH�SURFHGXUHV�LQ�WKLV�FKDSWHU�DVVXPH�IDPLOLDULW\�ZLWK�WKH�JHQHUDO�WHUPLQRORJ\�DVVRFLDWHG�ZLWK
LQGXVWULDO�HOHFWURQLFV�DQG�ZLWK�VDIHW\�SUDFWLFHV�DQG�UHJXODWRU\�FRPSOLDQFH�UHTXLUHG�IRU�XVLQJ�DQG
PRGLI\LQJ� HOHFWURQLF� HTXLSPHQW� 'LVFRQQHFW� WKH� V\VWHP� IURP�LWV�SRZHU
VRXUFH�DQG�IURP�DQ\�WHOHFRPPXQLFDWLRQ O LQNV� �QHWZRUNV�RU�PRGHPV�EHIRUH
SHUIRUPLQJ� DQ\� RI� WKH� SURFHGXUHV GHVFULEHG� LQ�WKLV�FKDSWHU��)DLOXUH�WR
GLVFRQQHFW�SRZHU���RU�WHOHFRPPXQLFDWLRQ OLQNV� EHIRUH� \RX�RSHQ�WKH�V\VWHP�RU
SHUIRUP�DQ\�SURFHGXUHV�FDQ�UHVXOW�LQ�SHUVRQDO�LQMXU\�RU�HTXLSPHQW�GDPDJH��6RPH�SDUWV�RI�WKH
V\VWHP�FDQ�FRQWLQXH�WR�RSHUDWH�HYHQ�WKRXJK�WKH�SRZHU�VZLWFK�LV�LQ�LWV�RII�VWDWH�

&DXWLRQ

(OHFWURVWDWLF�GLVFKDUJH��(6'��FDQ�GDPDJH�FRPSRQHQWV��3HUIRUP�WKH�SURFHGXUHV�GHVFULEHG�LQ�WKLV
FKDSWHU� RQO\� DW� DQ� (6'� ZRUNVWDWLRQ�� ,I VXFK� D�VWDWLRQ�LV�QRW�DYDLODEOH��\RX�FDQ
SURYLGH�VRPH�(6'�SURWHFWLRQ�E\�ZHDULQJ DQ�DQWLVWDWLF�ZULVW�VWUDS�DQG�DWWDFKLQJ�LW
WR�D�PHWDO�SDUW�RI� WKH�V\VWHP�FKDVVLV�RU ERDUG�IURQW�SDQHO��6WRUH�WKH�ERDUG��RQO\
LQ� LWV� RULJLQDO� (6'� SURWHFWHG� SDFNDJLQJ� 5HWDLQ�WKH�RULJLQDO�SDFNDJLQJ��DQWLVWDWLF
EDJ�DQG�DQWLVWDWLF�ER[��LQ�FDVH�RI�UHWXUQLQJ�WKH�ERDUG�WR�(.)�IRU�UDSDLU�
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,QVWDOOLQJ�WKH�%RDUG

:DUQLQJ

7KLV�SURFHGXUH�VKRXOG�EH�GRQH�RQO\�E\�TXDOLILHG�WHFKQLFDO�SHUVRQQHO��'LVFRQQHFW�WKH�V\VWHP
IURP�LWV�SRZHU�VRXUFH�EHIRUH�GRLQJ�WKH�SURFHGXUHV�GHVFULEHG�KHUH��)DLOXUH�WR�GLVFRQQHFW�SRZHU�
RU�WHOHFRPPXQLFDWLRQ�OLQNV�EHIRUH�\RX�RSHQ�WKH�V\VWHP�RU�SHUIRUP�DQ\�SURFHGXUHV�FDQ�UHVXOW�LQ
SHUVRQDO�LQMXU\�RU�HTXLSPHQW�GDPDJH�

7\SLFDOO\�\RX�ZLOO�SHUIRUP�WKH�IROORZLQJ�VWHSV�

& 6ZLWFK�RII�WKH�V\VWHP��UHPRYH�WKH�$&�SRZHU�FRUG

& $WWDFK�\RXU�DQWLVWDWLF�ZULVW�VWUDS�WR�D�PHWDOOLF�SDUW�RI�WKH�V\VWHP

& 5HPRYH�WKH�ERDUG�SDFNDJLQJ��EH�VXUH�WR�WRXFK�WKH�ERDUG�RQO\�DW�WKH�IURQW�SDQHO

& &RQILJXUH� DQ\� MXPSHUV� RQ� WKH� ERDUG� DFFRUGLQJ� WR� \RXU� DSSOLFDWLRQ� �VHH� QH[W� SDJH
¶-XPSHU�&RQILJXUDWLRQ·�

& ,GHQWLI\�WKH�UHODWHG�&RPSDFW3&,�VORW��SHULSKHUDO�VORW�IRU�,�2�ERDUGV�

& ,QVHUW�FDUG�FDUHIXOO\��EH�VXUH�QRW�WR�GDPDJH�FRPSRQHQWV�PRXQWHG�RQ�WKH�ERWWRP�VLGH�RI
WKH�ERDUG�E\�VFUDWFKLQJ�QHLJKERXUHG�IURQW�SDQHOV�

& $�FDUG�ZLWK�RQ�ERDUG�FRQQHFWRUV�UHTXLUHV�DWWDFKPHQW�RI�DVVRFLDWHG�FDEOLQJ�QRZ

& /RFN�WKH�HMHFWRU�OHYHU��IL[�VFUHZV�DW�WKH�IURQW�SDQHO��WRS�ERWWRP�

& 5HWDLQ�RULJLQDO�SDFNDJLQJ�LQ�FDVH�RI�UHWXUQ
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-XPSHU�-$17��-%$7��-&1)

-XPSHU�&RQILJXUDWLRQ�	�)DFWRU\�'HIDXOWV

%HIRUH�LQVHUWLQJ�WKH�&*��5$',2�LQWR�\RXU�&3&,�HQFORVXUH��SOHDVH�FRQWURO�WKH�VHWWLQJV�RI�VRPH
MXPSHU�ILHOGV�RQ�WKH�ERDUG��7\SLFDOO\��WKHUH�DUH�WZR�MXPSHUV�WKDW�QHHG�DGMXVWPHQW�

& 6HW�WKH�MXPSHU�-%$7��7KLV�HQDEOHV�WKH�/LWKLXP�FHOO��ZKLFK�SURYLGHV�IRU�VDYLQJ�VDWHOOLWH
WUDFNLQJ�LQIRUPDWLRQ�LQ�D�EXIIHUHG�65$0��DQG�VXSSOLHV�WKH�57&��ZKLFK�LV�RSHUDWLQJ�DV
FORFN�VRXUFH�ZKLOH�WKH�V\VWHP�LV�SRZHUHG�GRZQ�RU�WKHUH�LV�QR�UHFHLYHU�VLJQDO�DYDLODEOH�RQ
WKH�DQWHQQD�LQSXW�

& &KHFN�WKH�MXPSHU�-$17�DFFRUGLQJ�WR�WKH�DQWHQQD�LQ�XVH��,I�\RXU�DQWHQQD�LV�HTXLSSHG
ZLWK�D�FDEOH�PRUH�WKHQ��P�OHQJWK��SUREDEO\�LW�KDV�D�EXLOW�LQ�DPSOLILHU��DFWLYH�DQWHQQD��
,I�\RX�FDQQRW�GHWHUPLQH�WKH�W\SH�RI�DQWHQQD��WU\�WKH�SDVVLYH�PRGH�ILUVW��-$17�RSHQ��
2EVHUYH�WKH�IURQW�SDQHO�/('�87&��ZKLFK�VHQGV�D�SHULRGLF�VLJQDO�ZKHQ�WKH�UHFHLYHU�JHWV
YDOLG�*36�GDWD��WKHUH�PD\�EH�VRPH�GHOD\�WLPH���,I�WKLV�SURFHGXUH�LV�QRW�VXFFHVVIXO��VHW�WKH
-$17�MXPSHU�WR�WKH���9�DFWLYH�DQWHQQD�PRGH��1RWH��*36�DQWHQQDV�QHHG�IUHH�VN\�DERYH
WKHP��PRXQWLQJ�RXWVLGH�WKH�EXLOGLQJ�UHTXLUHG���

7KHVH�MXPSHUV�DUH�ORFDWHG�QHDU�WKH�/LWKLXP�FHOO
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&KHFN�\RXU�DQWHQQD�W\SH�LQ�XVH��,I�LQ�GRXEW��XVH�GHIDXOW
FRQILJXUDWLRQ��QR�DQWHQQD�SRZHU���SDVVLYH�DQWHQQD��

8VH�WKLV�FRQILJXUDWLRQ�LI�LQ�GRXEW��SDVVLYH�DQWHQQD��-$17�OHIW
RSHQ�

7KLV�FRQILJXUDWLRQ�LV�W\SLFDO�IRU�DFWLYH�DQWHQQDV��VHW�WR���9
SRZHU�VRXUFH��-$17�����FORVHG�

6HOGRPO\�XVHG����9�DFWLYH�DQWHQQD���ZDUQLQJ��\RX�FRXOG
SRVVLEO\�GDPDJH���9�DQWHQQDV�LI�VHW�WR����9

-%$7�SURYLGHV�IRU�QRQ�YRODWLOH�*36�57&�	�65$0�GDWD
�/LWKLXP�FHOO�

MXPSHU�����RSHQ������VDYHV�FHOO�OLIHWLPH�ZKLOH�ERDUG�VWRUDJH
�GHOLYHU\�VWDWXV�
MXPSHU�����FORVHG������GDWD�UHWHQWLRQ�PRGH
IDFWRU\�GHIDXOW�LV�RII���FKHFN�WKLV�VHWWLQJ�LI�77))�LV�VORZ

\RX�KDYH�WR�VHW�WKLV�MXPSHU�RQ�D�QHZ�ERDUG���(.)�RSHQV�WKLV
MXPSHU�IRU�VWRULQJ�DQG�VKLSSLQJ
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-XPSHU�-:=

&ORFN�6RXUFH�6HOHFWRU�

/RFDO�FORFN�VRXUFHG�IURP�&RPSDFW3&,����%XV�&ORFN�
�WKLV�MXPSHU�LV�QRUPDOO\�QRW�VWXIIHG�

L����53�&RQILJXUDWLRQ�6HOHFWRU�

�� ,QLWLDOL]DWLRQ�PRGH����&38�VWDUWV�DIWHU�UHVHW�
�� 5HWU\�&3&,�FRQILJXUDWLRQ�F\FOHV
�� %,67�DFWLYH
�� &3&,�UHVHW�SDVVHG�WKURXJK�WR�ORFDO�UHVHW

-:=�DOORZV�IRU�SDVVLQJ����9�SRZHU�RQ�WKH�5,�SLQ�RI�63��LQ
RUGHU�WR�VXSSO\�DQ�H[WHUQDO�'*36�UHFHLYHU��ZKLFK�FDQ�VKDUSHQ
WKH�*36�SRVLWLRQLQJ�LQIRUPDWLRQ�ZKHQ�WKH�6HOHFWLYH
$YDLODELOLW\�IHDWXUH�RI�WKH�*36�V\VWHP�LV�DFWLYDWHG�

-:=�GHIDXOW�PRGH�LV�MXPSHU�RII

-:=�FDQ�EH�IRXQG�QHDU�WKH�IURQW�SDQHO�HMHFWRU�OHYHU
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5HPRYLQJ�WKH�%RDUG

:DUQLQJ

7KLV�SURFHGXUH�VKRXOG�EH�GRQH�RQO\�E\�TXDOLILHG�WHFKQLFDO�SHUVRQQHO��'LVFRQQHFW�WKH�V\VWHP
IURP�LWV�SRZHU�VRXUFH�EHIRUH�GRLQJ�WKH�SURFHGXUHV�GHVFULEHG�KHUH��)DLOXUH�WR�GLVFRQQHFW�SRZHU�
RU�WHOHFRPPXQLFDWLRQ�OLQNV�EHIRUH�\RX�RSHQ�WKH�V\VWHP�RU�SHUIRUP�DQ\�SURFHGXUHV�FDQ�UHVXOW�LQ
SHUVRQDO�LQMXU\�RU�HTXLSPHQW�GDPDJH�

7\SLFDOO\�\RX�ZLOO�SHUIRUP�WKH�IROORZLQJ�VWHSV�

& 6ZLWFK�RII�WKH�V\VWHP��UHPRYH�WKH�$&�SRZHU�FRUG

& $WWDFK�\RXU�DQWLVWDWLF�ZULVW�VWUDS�WR�D�PHWDOOLF�SDUW�RI�WKH�V\VWHP

& ,GHQWLI\�WKH�ERDUG��EH�VXUH�WR�WRXFK�WKH�ERDUG�RQO\�DW�WKH�IURQW�SDQHO

& XQIDVWHQ�ERWK�IURQW�SDQHO�VFUHZV��WRS�ERWWRP���XQORFN�WKH�HMHFWRU�OHYHU

& 5HPRYH�DQ\�RQERDUG�FDEOLQJ�DVVHPEO\

& $FWLYDWH�WKH�HMHFWRU�OHYHU�

& 5HPRYH�WKH�FDUG�FDUHIXOO\��EH�VXUH�QRW�WR�GDPDJH�FRPSRQHQWV�PRXQWHG�RQ�WKH�ERWWRP
VLGH�RI�WKH�ERDUG�E\�VFUDWFKLQJ�QHLJKERXUHG�IURQW�SDQHOV�

& 6WRUH�ERDUG�LQ�WKH�RULJLQDO�SDFNDJLQJ��GR�QRW�WRXFK�DQ\�FRPSRQHQWV��KROG�WKH�ERDUG�DW
WKH�IURQW�SDQHO�RQO\

:DUQLQJ�

'R�QRW�H[SRVH� WKH�FDUG� WR� ILUH��%DWWHU\�FHOOV�DQG�RWKHU�FRPSRQHQWV�FRXOG
H[SORGH�DQG�FDXVH�SHUVRQDO�LQMXU\�
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(0&�5HFRPPHQGDWLRQV

,Q�RUGHU�WR�FRPSO\�ZLWK�WKH�&(�UHJXODWLRQV�IRU�(0&��LW�LV�PDQGDWRU\�WR�REVHUYH�WKH�IROORZLQJ
UXOHV�

& 7KH�FKDVVLV�RU�UDFN�LQFOXGLQJ�RWKHU�ERDUGV�LQ�XVH�PXVW�FRPSO\�HQWLUHO\�ZLWK�&(

& &ORVH�DOO�ERDUG�VORWV�QRW�LQ�XVH�ZLWK�D�EOLQG�IURQW�SDQHO

& )URQW�SDQHOV�PXVW�EH�IDVWHQHG�E\�EXLOW�LQ�VFUHZV

& &RYHU�DQ\�XQXVHG�IURQW�SDQHO�PRXQWHG�FRQQHFWRU�ZLWK�D�VKLHOGLQJ�FDS�

& ([WHUQDO�FRPPXQLFDWLRQV�FDEOH�DVVHPEOLHV�PXVW�EH�VKLHOGHG��VKLHOG�FRQQHFWHG�RQO\�DW
RQH�HQG�RI�WKH�FDEOH�

& 8VH�IHUULWH�EHDGV�IRU�FDEOLQJ�ZKHUHYHU�DSSURSULDWH

& 6RPH�FRQQHFWRUV�PD\�UHTXLUH�DGGLWLRQDO�LVRODWLQJ�SDUWV��H�J����%DVH���%1&�7�FRQQHFWRU�

5HFFRPHQGHG�$FFHVVRULHV

%OLQG�&3&,�)URQW
3DQHOV

(.)�(OHNWURQLN :LGWKV�FXUUHQWO\�DYDLODEOH
��+3 ����PP��
ZLWK�KDQGOH��+3��+3
ZLWKRXW�KDQGOH
�+3��+3��+3���+3���+3

)HUULW�%HDG�)LOWHUV $53�'DWDFRP�
������'LHW]HQEDFK

2UGHULQJ�1R�
���������FDEOH�GLDPHWHU����PP�
���������FDEOH�GLDPHWHU�����PP�
���������FDEOH�GLDPHWHU�����PP�

,VRODWLQJ�(OHPHQWV $53�'DWDFRP�
������'LHW]HQEDFK

2UGHULQJ�1R����������
�&KHDSHUQHW�7�FRQQHFWRU�

0HWDO�6KLHOGLQJ
&DSV

&RQHF�3RO\WURQLF�
������/LSSVWDGW

2UGHULQJ�1R�
&')$���������;�������;��'%��
&'6)$��������;�������;��'%���
&'6)$��������;�������;��'%���
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5HSODFHPHQW�RI�WKH�%DWWHU\

:KHQ�\RXU�V\VWHP�LV�WXUQHG�RII��D�EDWWHU\�PDLQWDLQV�WKH�FXUUHQW�WLPH�RI�GD\�FORFN�DQG�WKH�YDOXHV
LQ�WKH�*36�UHFHLYHU�PRGXOHV�&026�5$0�FXUUHQW��7KH�EDWWHU\�DOORZV�IRU�QRPLQDO�����KUV�GDWD
UHWHQWLRQ��)RU�UHSODFHPHQW��WKH�ROG�EDWWHU\�PXVW�EH�UHPRYHG�IURP�LWV�VRFNHW��&KDQJH�LW�DJDLQVW
WKH�VDPH�W\SH�RQO\��3DQDVRQLF�&5������9���2EVHUYH�WKH�FHOO�SRODUL]DWLRQ���WKH�¶�·�PDUN�DSSHDUV
RQ�WRS�

%H�YHU\�FDUHIXO�ZKHQ�UHPRYLQJ�WKH�EDWWHU\�IURP�LWV�VRFNHW��'R�QRW�GDPDJH�DQ\�FRPSRQHQWV�RU
FRSSHU�WUDFHV�VLWXDWHG�XQGHU�WKH�EDWWHU\�KROGHU�

:DUQLQJ

'DQJHU�RI�H[SORVLRQ� LI� WKH�EDWWHU\� LV� LQFRUUHFWO\� UHSODFHG��5HSODFH�RQO\�ZLWK� WKH
VDPH�RU�HTXLYDOHQW�W\SH��'R�QRW�H[SRVH�D�EDWWHU\�WR�ILUH�
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7HFKQLFDO�5HIHUHQFH

*36�5HFHLYHU�0RGXOH

*HQHUDO�)HDWXUHV

7KH� &*��5$',2� LV� HTXLSSHG�ZLWK� WKH� &RQH[DQW� -XSLWHU� *36� UHFHLYHU�PRGXOH�� D� ��� SDUDOOHO
FKDQQHO�UHFHLYHU�HQJLQH��(DFK�RI�WKHVH�UHFHLYHUV�FRQWLQXRXVO\�WUDFNV�DOO�VDWHOOLWHV� LQ�YLHZ�DQG
SURYLGHV�DFFXUDWH�VDWHOOLWH�SRVLWLRQLQJ�GDWD��7KH�KLJKO\�LQWHJUDWHG�GLJLWDO�UHFHLYHUV�LQFRUSRUDWH
WZR� FXVWRP�&RQH[DQW� GHYLFHV� LQFOXGLQJ� WKH� &RQH[DQW� =RGLDF� FKLS� VHW�� WKH� ´*HPLQL�3LVFHVµ
0RQR3DF��DQG�WKH�́ 6FRUSLRµ�'LJLWDO�6LJQDO�3URFHVVRU��'63���7KH�FRPELQDWLRQ�RI�FXVWRP�GHYLFHV
PLQLPL]HV� WKH� PRGXOH� VL]H� WR� DERXW� ��� VTXDUH� FHQWLPHWHUV� DQG� VDWLVILHV� KDUVK� LQGXVWULDO
UHTXLUHPHQWV��7KH�-XSLWHU�PRGXOH�GHFRGHV�DQG�SURFHVVHV�VLJQDOV�IURP�DOO�YLVLEOH�*36�VDWHOOLWHV�
7KHVH�VDWHOOLWHV��LQ�YDULRXV�RUELWV�DURXQG�WKH�(DUWK��EURDGFDVW�UDGLR�IUHTXHQF\��5)��UDQJLQJ�FRGHV
DQG�QDYLJDWLRQ�GDWD�PHVVDJHV��7KH�-XSLWHU�UHFHLYHU�XVHV�DOO�DYDLODEOH�VLJQDOV�WR�SURGXFH�D�KLJKO\
DFFXUDWH�DQG�UREXVW�QDYLJDWLRQ�VROXWLRQ�

7KH����FKDQQHO�DUFKLWHFWXUH�SURYLGHV�UDSLG�7LPH�7R�)LUVW�)L[��77))��XQGHU�DOO�VWDUWXS�FRQGLWLRQV�
:KLOH�WKH�EHVW�77))�SHUIRUPDQFH�LV�DFKLHYHG�ZKHQ�WLPH�RI�GD\�DQG�FXUUHQW�SRVLWLRQ�HVWLPDWHV
DUH�SURYLGHG�WR�WKH�UHFHLYHU��WKH�IOH[LEOH�=RGLDF�VLJQDO�DFTXLVLWLRQ�V\VWHP�WDNHV�DGYDQWDJH�RI�DOO
DYDLODEOH�LQIRUPDWLRQ�WR�SURYLGH�D�UDSLG�77))��$FTXLVLWLRQ�LV�JXDUDQWHHG�XQGHU�DOO�LQLWLDOL]DWLRQ
FRQGLWLRQV�DV�ORQJ�DV�YLVLEOH�VDWHOOLWHV�DUH�QRW�REVFXUHG��7R�PLQLPL]H�77))�IROORZLQJ�D�SRZHU
GRZQ��WKH�-XSLWHU�UHFHLYHU�LV�VRXUFHG�E\�D�/LWKLXP�&HOO�RQ�WKH�&*��5$',2�ERDUG�WR�PDLQWDLQ
SRZHU� WR� WKH�6WDWLF�5DQGRP�$FFHVV�0HPRU\� �65$0��DQG�5HDO�7LPH�&ORFN� �57&�� IRU�SHULRGV
IROORZLQJ�WKH�ORVV�RI�SULPH�SRZHU��7KH�XVH�RI�WKH�EDWWHU\�YROWDJH�DVVXUHV�WKH�VKRUWHVW�SRVVLEOH
77))� IROORZLQJ� D� VKRUW� SRZHU� GRZQ�� 7KH� -XSLWHU� UHFHLYHU� VXSSRUWV� WZR� GLPHQVLRQDO� ���'�
RSHUDWLRQ�ZKHQ�OHVV�WKDQ�IRXU�VDWHOOLWHV�DUH�DYDLODEOH�RU�ZKHQ�UHTXLUHG�E\�RSHUDWLQJ�FRQGLWLRQV�
$OWLWXGH�LQIRUPDWLRQ�UHTXLUHG�IRU���'�RSHUDWLRQ�LV�GHWHUPLQHG�E\�WKH�UHFHLYHU�

7KH� -XSLWHU�PRGXOH� FRQWDLQV� WZR� LQGHSHQGHQW� VHULDO� SRUWV�� RQH� RI�ZKLFK� LV� FRQILJXUHG� IRU
SULPDU\�LQSXW�DQG�RXWSXW�GDWD�IORZ�XVLQJ�WKH�1DWLRQDO�0DULQH�(OHFWURQLFV�$VVRFLDWLRQ��10($�
������IRUPDW�RU�&RQH[DQW�ELQDU\�PHVVDJH�IRUPDW��7KH�VHFRQG�SRUW�LV�XVHG�WR�UHFHLYH�'LIIHUHQWLDO
*36��'*36��FRUUHFWLRQV�LQ�WKH�5DGLR�7HFKQLFDO�&RPPLVVLRQ�)RU�0DULWLPH�6HUYLFHV��57&0�6&�����
IRUPDW��7KH�-XSLWHU�UHFHLYHU�VXSSRUWV�'*36�RSHUDWLRQV�IRU�GUDPDWLFDOO\�LPSURYHG�DFFXUDFLHV�RYHU
VWDQGDUG�*36��ZKLOH�6HOHFWLYH�$YDLODELOLW\�LV�DFWLYDWHG�E\�86�JRYHUQPHQW���7KH�PRGXOHV�SULPDU\
,�2�SRUW��10($��LV�FRQQHFWHG�WR�WKH�8$57��RI�WKH�&*��5$',2��ZKLOH�WKH�VHFRQGDU\�SRUW��57&0�
LVW�FRQQHFWHG�WR�ERWK�WKH�IURQW�SDQHO�FRQQHFWRU�63��DQG�WKH�8$57��RI�WKH�&*��5$',2��VHH
EORFN�GLDJUDP�&*��5$',2��

)RU� DSSOLFDWLRQV� WKDW� UHTXLUH� WLPLQJ� V\QFKURQL]DWLRQ� WR�*36� DFFXUDFLHV�� WKH� -XSLWHU� UHFHLYHU
SURYLGHV�DQ�RXWSXW�WLPLQJ�SXOVH�WKDW�LV�V\QFKURQL]HG�WR�RQH�VHFRQG�8QLYHUVDO�7LPH�&RRUGLQDWHG
�87&��ERXQGDULHV��7KLV�WLPLQJ�SXOVH�LV�DYDLODEOH�E\�DQ�RSWLRQDO�VLQJOH�URZ�KHDGHU�-87&�RQ�WKH
&*��5$',2�ERDUG��DQG�LW� LV�DOVR�XVHG�WR�GULYH�DQ� LQGLFDWRU�/('�YLVLEOH�IURP�WKH�&*��5$',2
ERDUGV�IURQW�SDQHO�
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6HULDO�3RUWV�	�3URWRFROV

7KH�-XSLWHU�PRGXOH�FRPPXQLFDWHV�ZLWK�WKH�KRVW�DFURVV�LWV�SULPDU\�VHULDO�SRUW��7KH�ELW�UDWH�LV
IL[HG�WR�����ESV��QR�SDULW\����GDWD�ELWV����VWRS�ELW��&RPPDQGV�DUH�SDVVHG�WR�WKH�PRGXOH��ZKLFK
UHVSRQGV�DFFRUGLQJO\�ZLWK�UHVXOWV�DQG�VWDWXV�LQIRUPDWLRQ��'XH�WR�WKH�ORZ�GDWD�WUDQVIHU�UDWHV�
WKHUH�LV�QR�KDUGZLUHG�KDQGVKDNH�DYDLODEOH�

7KHUH�DUH�WZR�FKRLFHV�IRU�SURWRFRO�VHOHFWLRQ��%\�GHIDXOW��WKH�10($�VWDQGDUG�LV�VHOHFWHG�RQ�WKH
-XSLWHU�0RGXOH��7KLV�LV�DQ�$6&,,�EDVHG�SURWRFRO��ZLGHO\�DFFHSWHG�DV�D�FRPPRQ�EDVH�WR�DOO�*36
DSSOLFDWLRQ�SURJUDPV��$V�DQ�DOWHUQDWH��WKH�-XSLWHU�PRGXOH�FDQ�EH�FRQILJXUHG�WR�FRPPXQLFDWH�E\
D� SURSULHWDU\�� ELQDU\� SURWRFRO� �5RFNZHOO�&RQH[DQW��� 2Q� ZULWLQJ� RZQ� ILUPZDUH�� WKH� ELQDU\
SURWRFRO�FRXOG�EH�D�PRUH�HIILFLHQW�VROXWLRQ��7KH�ELQDU\�SURWRFRO�DOVR�DOORZV�IRU�GHILQLQJ�KLJKHU
ELW�UDWHV�RQ�ERWK�VHULDO�LQWHUIDFHV��3OHDVH�FRQWDFW�(.)�ZKHQ�\RX�QHHG�WKH�ELQDU\�SURWRFRO�IHDWXUH�

7KH�VHFRQGDU\��DX[LOLDU\��VHULDO�SRUW�RI�WKH�-XSLWHU�PRGXOH�LV�FRQILJXUHG�DV�D�KDOI�GXSOH[�LQSXW�DW
����ESV��QR�SDULW\����GDWD�ELWV��RQH�VWRS�ELW��7KLV�LQWHUIDFH�LV�FRQILJXUHG�WR�UHFHLYH�57&0�'*36
FRUUHFWLRQ�GDWD�PHVVDJHV��8VDJH�RI�WKLV�SRUW�LV�RSWLRQDO�

7KHUH�DUH�LQGLFDWRU�/('V�PRXQWHG�LQ�WKH�IURQW�SDQHO�WR�VLJQDO�ERWK�5;'�DQG�7;'�RI�WKH�SULPDU\
VHULDO�LQWHUIDFH��DQG�5;'�RQO\�RI�WKH�DX[LOLDU\�VHULDO�LQWHUIDFH�

$X[LOLDU\�3RZHU

7KH�&*��5$',2�LV�HTXLSSHG�ZLWK�D�/LWKLXP�FHOO�EDWWHU\��&ORVH�WKH�MXPSHU�-%$7�WR�SURYLGH�WKLV
DX[LOLDU\�SRZHU�WR�WKH�-XSLWHU�UHFHLYHU�PRGXOH��\RX�KDYH�WR�VHW�WKLV�MXPSHU�IRU�DQ\�QHZ�ERDUG�
EHFDXVH�WKH�IDFWRU\�GHIDXOW�LV�RII�IRU�VDYLQJ�FHOO�OLIHWLPH�ZKLOH�VWRULQJ���'DWD�UHWHQWLRQ�IRU�WKH
*36�UHFHLYHUV�65$0�DQG�57&�LV�QRPLQDO�����KUV��/RVV�RI�65$0�RU�57&�GDWD�UHVXOWV�LQ�VORZHU
UHVSRQVH� WLPH� �77))�� DIWHU�SRZHULQJ�XS� WKH�&*��5$',2��EXW� WKH�*36� UHFHLYHU� UHPDLQV� IXOO\
RSHUDEOH�� )RU� UHSODFHPHQW� RI� WKH� EDWWHU\�� REVHUYH� SUHFDXWLRQV� DQG� IROORZ� WKH� SURFHGXUH
GHVFULEHG�LQ�FKDSWHU�¶5HSODFHPHQW�RI�WKH�%DWWHU\·�
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$QWHQQD�&RQQHFWRU

7KH�-XSLWHU�UHFHLYHU�LV�HTXLSSHG�ZLWK�D�60%�W\SH�PLQLDWXUH�FRD[LDO�IHPDOH�FRQQHFWRU�DV�5)�VLJQDO
LQSXW�IURP�WKH�DQWHQQD��7KH�DQWHQQD�FDEOH�WKHUHIRUH�VKRXOG�SURYLGH�D�PDWFKLQJ�60%�SOXJ�
:KHQ�RUGHULQJ�DQ�DQWHQQD��EH�VXUH�WR�KDYH�VHOHFWHG�WKH�60%�FRQQHFWRU�YHUVLRQ��LI�WKH�DQWHQQD
FDEOH�LV�GLUHFWO\�DWWDFKHG��WKHUH�DUH�VHYHUDO�RWKHU�FRPPRQ�FRQQHFWRU�W\SHV�RQ�WKH�PDUNHW��H�J�
60$��71&�DQG�26;���,I�WKH�DQWHQQD�LV�HTXLSSHG�ZLWK�D�EXLOW�LQ�FRQQHFWRU��DQ�DGGLWLRQDO�DGDSWHU
FDEOH�LV�UHTXLUHG��PDWFKLQJ�ERWK��WKH�DQWHQQD�W\SH�RI�FRQQHFWRU�DW�WKH�RXWHU�HQG��DQG�D�60%
PDOH�FRQQHFWRU�RQ�WKH�&*��5$',2�VLGH��7KH�60%�FRQQHFWRU�VKRXOG�EH�D�VWUDLJKW�W\SH��QRW�ULJKW
DQJOH�VW\OH��$�ULJKW�DQJOH�FRQQHFWRU�PLJKW�KDYH�D�SURILOH�WRR�ORZ�WR�DOORZ�IXOO�LQVHUWLRQ�LQWR�WKH
PDWFKLQJ� MDFN� RQ� WKH� &*��5$',2��ZKLFK� LV�PRXQWHG� EHKLQG� WKH� IURQW� SDQHO�� GXH� WR� (0&
UHTXLUHPHQWV��

)RU�EHVW�UHVXOWV��XVH�DQ�DFWLYH�*36�DQWHQQD�ZLWK�EXLOW�LQ�DPSOLILHU��HVSHFLDOO\�ZKHQ�WKH�FDEOH
OHQJWK�H[FHHGV��P��7\SLFDO�JDLQ�LV��������GE��D�ORQJHU�FDEOH�QHHGV�KLJKHU�JDLQ�WR�FRPSHQVDWH
LWV�ORVV���$FWLYH�DQWHQQDV�DUH�SRZHUHG�E\���9�RU����9�DFURVV�WKH�FRD[LDO�FDEOH��VHOHFWHG�E\�WKH
MXPSHU�ILHOG�-$17��'R�QRW�REVFXUH�WKH�DQWHQQD��PRXQWLQJ�RXWVLGH�RI�WKH�EXLOGLQJ�UHTXLUHG��

+HDY\�'XW\�$LUERUQH�*36�$QWHQQD
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-XSLWHU�0RGXOH�6RFNHW

7KH� -XSLWHU� UHFHLYHU�PRGXOH� ILWV� LQWR� D� GXDO� URZ�� ���SRVLWLRQ�� ���PP�PHWULF� VRFNHW� DQG� LV
PHFKDQLFDOO\�IL[HG�E\���VFUHZV��

6RFNHW�

��9�� � � ��9����9�$QWHQQD��

3 4 VBATT 

5 6 RESET#

GPIO3 4 7 8 GPIO2 4

GND 9 10

Serial Data In 1 11 12 Serial Data Out 1

13 14 GND

GND 15 16 Serial Data In 2 3

GND 17 18 GND

UTC 10kHz 19 20 UTC TMARK

����-XSLWHU�UHFHLYHU�SRZHU��IXVHG�E\�3RO\6ZLWFK����$
����$QWHQQD�SRZHU��IURP�-$17��VHOHFWDEOH�1&��9���9��IXVHG�E\�3RO\6ZLWFK����$
����57&0�'*36�RSWLRQDO�LQSXW��FDQ�EH�IXOO\�GHDFWLYDWHG�E\�UHPRYLQJ�5���DQG�SODFLQJ�5��
����*3,2����LQSXWV�DUH�XVHG�WR�VHWXS�VRPH�-XSLWHU�RSWLRQV��VHH�WDEOH�EHORZ

*3,2� 5HVLVWRU�6WXIIHG -XSLWHU�2SWLRQ

� 5���VWXIIHG
5���UHPRYHG

10($�����ESV�$6&,,�SURWRFRO��QR�SDULW\����VWDUW�ELW����GDWD
ELWV����VWRS�ELW��GHIDXOW

� 5���VWXIIHG
5���UHPRYHG

3URWRFRO�HLWKHU�&RQH[DQW�ELQDU\������ESV����VWDUW�ELW����GDWD
ELWV����VWRS�ELW��RU�DV�GHILQHG�LQ�-XSLWHU�QRQ�YRODWLOH�PHPRU\�
GHSHQGV�RQ�KRZ�*3,2��LV�FRQILJXUHG

*3,2� 5HVLVWRU�6WXIIHG -XSLWHU�2SWLRQ

� 5���VWXIIHG
5���UHPRYHG

-XSLWHU�UHFHLYHU�JHWV�LWV�LQLWLDOL]LQJ�SDUDPHWHUV�IURP�LWV�520

� 5���VWXIIHG
5���UHPRYHG

-XSLWHU�WULHV�WR�UHDG�LQLWLDOL]LQJ�SDUDPHWHUV�IURP�LWV�65$0�ILUVW��LI
YDOLG���HOVH�IURP�LWV�((3520��LI�YDOLG���HOVH�IDOOV�EDFN�WR�LWV�520
VWRUHG�SDUDPHWHUV��GHIDXOW
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-XPSHU�-87&��7LPH�0DUN

7KH� &*��5$',2� FDQ� EH� XVHG� WR� V\QFKURQL]H� H[WHUQDO� HYHQWV� ZLWK� WKH� 87&� �8QLYHUVDO� 7LPH
&RRUGLQDWHG���7KH�ERDUG�JHQHUDWHV�WZR�RXWSXW�VLJQDOV��QDPHG�XWFWPDUN�DQG�XWF��N+]��ZKLFK
FDQ� EH� XVHG� IRU� YDULRXV� SXUSRVHV�� %RWK� VLJQDOV� DUH� ZLUHG� WR� WKH� �RSWLRQDO�� ��SLQ� KHDGHU
FRQQHFWRU�-87&�

7KLV�FRQQHFWRU�LV�ORFDWHG�QHDU�WKH�/LWKLXP�FHOO��,I�WKH�ERDUG�LV�QRW�HTXLSSHG�ZLWK�WKLV��RSWLRQDO�
FRQQHFWRU��WKH�SRVLWLRQ�FDQ�HDVLO\�ILOOHG�E\�WKH�FXVWRPHU�ZLWK�D�WKUHH�SLQ�����������PP��SLWFK
KHDGHU�

7KH� 7LPH�0DUN�RXWSXW�XWFWPDUN� SURYLGHV� D� RQH�SXOVH�SHU�VHFRQG� ��SSV�� VLJQDO� WR� WKH�XVHU
VSHFLILF�DSSOLFDWLRQ��:KHQ�WKH�UHFHLYHU�SURYLGHV�D�YDOLG�QDYLJDWLRQ�VROXWLRQ��WKH�ULVLQJ�HGJH�RI
HDFK�XWFWPDUN�SXOVH�LV�V\QFKURQL]HG�ZLWK�WKH�87&�RQH�VHFRQG�HSRFKV�WR�ZLWKLQ�����QV��7KLV
VLJQDO�LV�D�SRVLWLYH�ORJLF��EXIIHUHG�&026�OHYHO�RXWSXW�SXOVH�WKDW�WUDQVLWLRQV�IURP�D�ORJLF�
ORZ

FRQGLWLRQ�WR�D�ORJLF�
KLJK
�DW�D���+]�UDWH��7KH�SXOVH�GXUDWLRQ�LV�W\SLFDOO\�����PV��7KH���N+]�87&
6\QFKURQL]HG�&ORFN�VLJQDO�XWF��N+]�LV�D�V\PPHWULF��EXIIHUHG�&026�OHYHO�RXWSXW��V\QFKURQL]HG
WR�WKH�XWFWPDUN�SXOVH�
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$GGLWLRQDO�'RFXPHQWDWLRQ

,Q� DGGLWLRQ� WR� WKLV�PDQXDO�� (.)�SURYLGHV� GHWDLOHG�RQ�OLQH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� -XSLWHU
UHFHLYHU� PRGXOH� �3')� GRFXPHQWV��� $OVR� XVH� WKH� &RQH[DQW� KRPHSDJH� IRU� PRVW� UHFHQW
LQIRUPDWLRQ�

KWWS���ZZZ�FRQH[DQW�FRP

��

'RFXPHQW�7LWOH 85/�KWWS���

-XSLWHU�*36�5HFHLYHU�'DWD�6KHHW ZZZ�HNI�GH�F�FJSV�FJ��LQIR�MXSLWHU�SGI

*36�5HFHLYHU�'HVLJQHUV�*XLGH ZZZ�HNI�GH�F�FJSV�FJ��LQIR�GHVLJQHUJXLGH�SGI

6HULDO�'DWD�,QWHUIDFH�6SHFLILFDWLRQ ZZZ�HNI�GH�F�FJSV�FJ��LQIR�LRVSHFBU���SGI

SRLQWHUV�WR�VRPH�RWKHU�GRFXPHQWDWLRQ� ZZZ�HNI�GH�F�FJSV�FJ��FJ��KWPO

7KH�10($�DQG�57&0�SURWRFRO�VSHFLILFDWLRQV�FDQ�EH�REWDLQHG�IURP

KWWS���ZZZ�QPHD�RUJ������KWP

KWWS���ZZZ�UWFP�RUJ�
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0LFURSURFHVVRU

*HQHUDO�)HDWXUHV

7KH�FHQWUDO�XQLW�RQ�WKH�&*��5$',2�LV�DQ�L����53�,�2�3URFHVVRU��D�PHPEHU�RI�WKH�������IDPLO\
RI�KLJK�SHUIRUPDQFH�SURFHVVRUV��,W�FRPELQHV�D�KLJK�VSHHG�&38�ZLWK�SRZHUIXO�IHDWXUHV�WR�FUHDWH
DQ�LQWHOOLJHQW�,�2�SURFHVVRU�DQG�LQWHJUDWHV�LW�LQWR�D�3HULSKHUDO�&RPSRQHQWV�,QWHUFRQQHFW��3&,�
HQYLURQPHQW�� 7KLV� PXOWL�IXQFWLRQ� 3&,� GHYLFH� LV� IXOO\� FRPSOLDQW� ZLWK� WKH� 3&,� /RFDO� %XV
6SHFLILFDWLRQ��UHYLVLRQ������7KH�L����53�ORFDO�EXV��D����ELW�PXOWLSOH[HG�EXUVW�EXV��LV�D�KLJK�VSHHG
LQWHUIDFH�WR�V\VWHP�PHPRU\�DQG�,�2��3K\VLFDO�DQG�ORJLFDO�PHPRU\�DWWULEXWHV�DUH�SURJUDPPHG�YLD
PHPRU\�PDSSHG�FRQWURO�UHJLVWHUV��005V���7KH�FRUH�FDQ�PDLQWDLQ�D�VXVWDLQHG�H[HFXWLRQ�UDWH�RI
RQH�LQVWUXFWLRQ�SHU�FORFN�RI�PRVW�LQVWUXFWLRQV�

7KH�L����53�IHDWXUHV�LQFOXGH�

��6LQJOH�FORFN�H[HFXWLRQ�RI�PRVW�LQVWUXFWLRQV ��3&,�WR�3&,�%ULGJH�8QLW
��,QGHSHQGHQW�0XOWLSO\�'LYLGH�8QLW ��$GGUHVV�7UDQVODWLRQ�8QLW
������ELW�UHJLVWHU�EXV�VSHHGV�ORFDO�UHJLVWHU�FDFKLQJ ��'0$�&RQWUROOHU
����.E\WH�WZR�ZD\��LQWHJUDWHG�LQVWUXFWLRQ�FDFKH ��0HVVDJLQJ�8QLW
����.E\WH�GLUHFW�PDSSHG��LQWHJUDWHG�GDWD�FDFKH ��0HPRU\�&RQWUROOHU
����.E\WH�LQWHJUDWHG��]HUR�ZDLW�VWDWH�GDWD�5$0 ��,�&�%XV�,QWHUIDFH�8QLW

7KH�$GGUHVV�7UDQVODWLRQ�8QLW��$78��SHUPLWV�GLUHFW�GDWD�DFFHVV�IURP�WKH�&RPSDFW3&,���LQWHUIDFH
WR� ORFDO� PHPRU\�� 7KLV� DOORZV� IRU� H[DPSOH� WKH� SURJUDPPLQJ� RI� WKH� )/$6+� GHYLFHV� RU
GRZQORDGLQJ� VRIWZDUH� WR� ORFDO� PHPRU\� YLD� WKH� SULPDU\� &RPSDFW3&,�� LQWHUIDFH� ZLWKRXW
LQWHUDFWLRQ� RI� WKH� L����53� FRUH�� $GGUHVV� WUDQVODWLRQ� LV� FRQWUROOHG� WKURXJK� SURJUDPPDEOH�
PHPRU\�PDSSHG�UHJLVWHUV�DFFHVVLEOH�IURP�ERWK�WKH�3&,�LQWHUIDFH�DQG�WKH�L����FRUH�SURFHVVRU�
7KH� SULPDU\� $78� KDV� D� GHGLFDWHG� 3&,� FRQILJXUDWLRQ� VSDFH� WKDW� LV� DFFHVVLEOH� WKURXJK� WKH
&RPSDFW3&,���EXV�RU�WKH�L����FRUH�

7KH�'0$�&RQWUROOHU�DOORZV�ORZ�ODWHQF\��KLJK�WKURXJKSXW�GDWD�WUDQVIHUV�EHWZHHQ�3&,�EXV�DJHQWV
DQG�L����53�ORFDO�PHPRU\��7KUHH�VHSDUDWH�'0$�FKDQQHOV�DFFRPPRGDWH�GDWD�WUDQVIHUV��WZR�IRU
WKH�&RPSDFW3&,��EXV��RQH�IRU�WKH�VHFRQGDU\�3&,�EXV��QRW�XVDEOH�RQ�WKH�&*��5$',2���7KH�'0$
&RQWUROOHU�VXSSRUWV�FKDLQLQJ�DQG�XQDOLJQHG�GDWD�WUDQVIHUV�

7KH�0HVVDJLQJ�8QLW��08��SURYLGHV�GDWD�WUDQVIHU�EHWZHHQ�WKH�3&,�V\VWHP�DQG�WKH�L����53��,W
XVHV� LQWHUUXSWV� WR� QRWLI\� HDFK� V\VWHP�ZKHQ� QHZ�GDWD� DUULYHV�� 7KH�08�KDV� IRXU�PHVVDJLQJ
PHFKDQLVPV��0HVVDJH�5HJLVWHUV��'RRUEHOO�5HJLVWHUV��&LUFXODU�4XHXHV�DQG�,QGH[�5HJLVWHUV��(DFK
DOORZV� D� KRVW� SURFHVVRU� RU� H[WHUQDO� 3&,� GHYLFH� DQG� WKH� L����53� WR� FRPPXQLFDWH� WKURXJK
PHVVDJH�SDVVLQJ�DQG�LQWHUUXSW�JHQHUDWLRQ��7KH�08�PDNHV�LW�HDV\�WR�UHDOL]H�WKH�,QWHOOLJHQW�,�2
,QWHUIDFH�,�2�

7KH�0HPRU\�&RQWUROOHU�DOORZV�GLUHFW�FRQWURO�RI�WKH�H[WHUQDO�PHPRU\�UHVSHFWLYHO\�WKH�PHPRU\�
PDSSHG�,�2V�RQ�WKH�&*��5$',2��LQFOXGLQJ�'5$0�DQG�)ODVK�((3520��,W�IHDWXUHV�SURJUDPPDEOH
FKLS�VHOHFWV�DQG�D�ZDLW�VWDWH�JHQHUDWRU��([WHUQDO�PHPRU\�FDQ�EH�FRQILJXUHG�DV�3&,�DGGUHVVDEOH
PHPRU\�RU�SULYDWH�L����53�PHPRU\�

6LQFH�WKHUH�LV�QR�QHHG�IRU�LW��WKH�VHFRQGDU\�3&,�LQWHUIDFH�RI�WKH�L����53�LV�XQFRQQHFWHG�RQ�WKH
&*��5$',2��7KHUHIRUH�QHLWKHU�WKH�3&,�WR�3&,�%ULGJH�XQLW�QRU�WKH�VHFRQGDU\�$78�VKRXOG�EH�XVHG�
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&ORFN�DQG�5HVHW�*HQHUDWLRQ

&ORFN�*HQHUDWLRQ

7KH�&*��5$',2� LV�FORFNHG�E\�D�VLQJOH�����0+]�VLJQDO��7KLV�PDVWHU�FORFN�FRQWUROV� WKH�HQWLUH
WLPLQJ�RI�WKH�L����53��7KH�PDLQ�FORFN�LQSXW�LV�IHG�E\�RQH�RI�WZR�SRVVLEOH�VRXUFHV��FKRVHQ�E\�WKH
�[��FORFN�VHOHFWLRQ�MXPSHU�-&/.�QHDU�WKH�-��FRQQHFWRU�RQ�WKH�&*��5$',2�

&ORFN�6HOHFWLRQ�-XPSHU�-&/.�6HWWLQJ�2SWLRQV

&ORFN�6RXUFH -&/.

&RPSDFW3&,���%XV�&ORFN�6LJQDO��-��3LQ�'�� UHPRYHG

���0+]�2VFLOODWRU�RQ�WKH�&*��5$',2 VHW

1RUPDOO\�WKH�&*��5$',2�ZLOO�EH�LQWHJUDWHG�LQ�D�&RPSDFW3&,��UDFN�ZLWK�D�V\VWHP�FRQWUROOHU�DQG
SRVVLEO\�RWKHU�ERDUGV�� ,Q� WKLV� FDVH� WKH�EXV�FORFN� VLJQDO�PXVW�EH�XVHG�DV�FORFN� VRXUFH� �-&/.
UHPRYHG���

7R�VXSSRUW�D�VLQJOH�VWDQG�DORQH�RSHUDWLRQ�ZLWKRXW�V\VWHP�FRQWUROOHU�WKH�&*��5$',2�SURYLGHV�DQ
RSWLRQDO� RQ�ERDUG� ���0+]� RVFLOODWRU� WKDW� JHQHUDWHV� WKH� QHFHVVDU\� FORFN��:KHQ� VHWWLQJ� WKH
MXPSHU�-&/.�WKH�RVFLOODWRUV�RXWSXW�LV�FRQQHFWHG�WR�WKH�FORFN�LQSXW�RI�WKH�ERDUG�

1RWH� WKDW� LQ� WKLV� FDVH� WKH� FORFN� VLJQDO� DOVR� RFFXUV� RQ� WKH� FORFN� SLQ� RI� WKH� &RPSDFW3&,�

FRQQHFWRU�-���3LQ�'����7KLV�ZLOO�OHDG�WR�FORFN�VLJQDO�FUDVKLQJ�RQ�WKH�EXV�LI�PRUH�WKDQ�RQH�ERDUG
GULYHV�WKH�FORFN�

7KH�FORFN�VLJQDO�LV�GLVWULEXWHG�RQ�WKH�&*��5$',2�YLD�D�GHGLFDWHG�FORFN�EXIIHU�WR�SURYLGH�D�ORZ
VNHZ��ZHOO�FRQGLWLRQHG�VLJQDO�DV�UHTXLUHG�E\�WKH�3&,�VSHFLILFDWLRQ�

7KH�MXPSHU�-&/.�LV�UHJXODUO\�QRW�VWXIIHG�RQ�WKH�&*��5$',2��UHVXOWLQJ�LQ�D�&3&,�EXV�FORFNLQJ�RI
WKH�ORFDO�&38�
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3RZHU�2Q�DQG�0DQXDO�5HVHW

7KHUH�DUH�VHYHUDO�UHDVRQV�ZKLFK�WULJJHU�D�UHVHW�RQ�WKH�&*��5$',2�

& 3RZHU�2Q��VZLWFKLQJ�RQ�WKH�SRZHU�VXSSO\�
& 9FF��GURSV�EHORZ�����9��SRZHU�IDLOHG�
& 9FF��GURSV�EHORZ����9��SRZHU�IDLOHG�
& 3XVKLQJ�WKH�5(6(7�3XVK�%XWWRQ�LQ�WKH�IURQW�SDQHO
& 7ULJJHULQJ�WKH�&RPSDFW3&,���UHVHW�VLJQDO��-��3LQ�&���-&1)����RQ�
& 5HDFKLQJ�WLPH�RXW�RI�WKH�KDUGZDUH�ZDWFKGRJ
& 6RIWZDUH�UHVHW�FDXVHG�E\�WKH�L����53�SURFHVVRU

7KH�ILUVW���VRXUFHV�ZLOO� UHVHW�DOO�GHYLFHV�RQ�WKH�&*��5$',2�WR�D�NQRZQ�VWDWH��$Q� LQWHJUDWHG
SRZHU�VXSHUYLVRU�JHQHUDWHV�D�FOHDQ�UHVHW�VLJQDO�ZLWK�D�PLQLPXP�OHQJWK�RI�����PV�HYHQ�LI�WKH
YROWDJHV�KDYHQ¶W�VWDELOL]HG�DW�SRZHU�RQ��7KH�VLJQDO�LV�IHG�WR�WKH�L����53��WKH�)ODVK�((3520V
DQG�WKH�VHULDO�FRQWUROOHUV���&�����7KH�SURFHVVRU�FDQ�UHVHW�DOO�WKH���&���V�E\�WULJJHULQJ�WKH�ORFDO
EXV�UHVHW�VLJQDO�LQ�WKH�([WHQGHG�%ULGJH�&RQWURO�5HJLVWHU��(%&5��ELW����

+DUGZDUH�:DWFKGRJ

7KH� &*��5$',2� LV� HTXLSSHG�ZLWK� D� KDUGZDUH�ZDWFKGRJ�� 7KH�ZDWFKGRJ� LV� GLVDEOHG� DIWHU� D
KDUGZDUH�UHVHW��,W�LV�DFWLYDWHG�E\�WRJJOLQJ�WKH�JHQHUDO�SXUSRVH�RXWSXW�287���RI�SRUW��
V�8$57�
7KLV�LV�GRQH�E\�FKDQJLQJ�ELW���LQ�WKH�0RGHP�&RQWURO�5HJLVWHU�0&5�RI�WKH�8$57��VHH�VHFWLRQ
6HULDO�&RQWUROOHU���&����IRU�GHWDLOV�RI�WKH�8$57¶V�UHJLVWHUV��

,I�WKH�SURFHVVRU�RQFH�WRXFKHG�0&5�����WKH�ZDWFKGRJ�LV�DUPHG�DQG�PXVW�EH�WULJJHUHG�DW�OHDVW
HYHU\������PV��$�KDUGZDUH� UHVHW�ZLOO�RFFXU�DIWHU�D�PD[LPXP�WLPH�RI�����VHF�DIWHU� WKH� ODVW
ZDWFKGRJ�WULJJHU�SXOVH�
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L�����53�,QLWLDOL]DWLRQ�0RGHV

7KH�EHKDYLRU�RI�WKH�L����53�DIWHU�UHVHW�LV�FRQWUROOHG�E\�WKH�FRQILJXUDWLRQ�VHOHFWLRQ�MXPSHU�ILHOG
-&1)��7KH�SURFHVVRU�VXSSRUWV�IRXU�LQLWLDOL]DWLRQ�PRGHV���WR����ZKHUH�PRGH���PDNHV�QR�VHQVH�RQ
WKH�&*��5$',2�

&RQILJXUDWLRQ�-XPSHU�)LHOG�-&1)�,QLWLDOL]DWLRQ�0RGH�6HWWLQJ�2SWLRQV

,QLWLDOL]DWLRQ
0RGH

-&1)�� -&1)�� &RPSDFW3&,���,QWHUIDFH L���53�&RUH
3URFHVVRU

0RGH�� VHW VHW DFFHSWV�WUDQVDFWLRQV KHOG�LQ�UHVHW

0RGH����� VHW UHPRYHG UHWULHV�DOO�FRQILJ��WUDQVDFWLRQV KHOG�LQ�UHVHW

0RGH�� UHPRYHG VHW DFFHSWV�WUDQVDFWLRQV LQLWLDOL]HV

0RGH��
�'HIDXOW�

UHPRYHG UHPRYHG UHWULHV�DOO�FRQILJ��WUDQVDFWLRQV LQLWLDOL]HV

1) Not useful on the CG1-RADIO

0RGH� �� DOORZV� D� KRVW� SURFHVVRU� WR� FRQILJXUH� WKH� L����53� SHULSKHUDOV�ZKLOH� WKH� L���� FRUH
SURFHVVRU�LV�KHOG�LQ�UHVHW��7KH�KRVW�SURFHVVRU�FRQILJXUHV�WKH�3&,�WR�3&,�EULGJH�E\�DVVLJQLQJ�EXV
QXPEHUV��DOORFDWLQJ�3&,�DGGUHVV�VSDFH��DQG�DVVLJQLQJ�,54�QXPEHUV��7KH�PHPRU\�FRQWUROOHU�DQG
$78�FDQ�DOVR�EH�LQLWLDOL]HG�E\�WKH�KRVW�SURFHVVRU��3URJUDP�FRGH�IRU�WKH�L����FRUH�SURFHVVRU�PD\
EH�GRZQORDGHG�LQWR�ORFDO�'5$0�RU�)ODVK�((3520�E\�WKH�KRVW�SURFHVVRU��7KH�KRVW�SURFHVVRU
WKHQ�FOHDUV�WKH�L����UHVHW�VLJQDO�E\�FOHDULQJ�WKH�&RUH�3URFHVVRU�5HVHW�ELW�LQ�WKH�([WHQGHG�%ULGJH
&RQWURO�5HJLVWHU��(%&5��ELW�����7KLV�GHDVVHUWV�WKH�LQWHUQDO�UHVHW�VLJQDO�RQ�WKH�L����FRUH�SURFHVVRU
DQG�WKH�SURFHVVRU�EHJLQV�LWV�LQLWLDOL]DWLRQ�SURFHVV�

0RGH���DOORZV�FRQILJXUDWLRQ�F\FOHV�RQ�WKH�3&,�WR�3&,�EULGJH�DW�DQ\�WLPH�DQG�DOORZV�WKH�L���
FRUH�SURFHVVRU�WR�LQLWLDOL]H�DIWHU�UHVHW��0RGH���DOORZV�HDFK�XQLW�RI�WKH�L����53�WR�EH�LQLWLDOL]HG
LQ�LWV�RZQ�PDQQHU��%H�DZDUH�WKDW�UDFH�FRQGLWLRQV�PD\�H[LVW�EHWZHHQ�L����FRUH�RSHUDWLRQ�DIWHU
UHVHW�DQG�KRVW�SURFHVVRU�3&,�FRQILJXUDWLRQ�

0RGH���DOORZV�WKH�L����FRUH�SURFHVVRU�WR�LQLWLDOL]H�DQG�FRQWURO�WKH�LQLWLDOL]DWLRQ�SURFHVV�EHIRUH
WKH� KRVW� SURFHVVRU� LV� DOORZHG� WR� FRQILJXUH� WKH� L����53� SHULSKHUDOV�� 'XULQJ� WKLV� WLPH�� WKH
&RPSDFW3&,���LQWHUIDFH�VLJQDOV�D�5HWU\�RQ�DOO�FRQILJXUDWLRQ�F\FOHV�LW�UHFHLYHV�XQWLO�WKH�L����FRUH
SURFHVVRU� FOHDUV� WKH� &RQILJXUDWLRQ� &\FOH� 'LVDEOH� ELW� LQ� WKH� (%&5�� 7KLV� LV� WKH� -&1)� GHIDXOW
FRQILJXUDWLRQ�ZKHQ�XQVLQJ�WKH�&*��5$',2�ZLWK�(.)�GULYHUV�
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7KH��UG� MXPSHU� RI� -&1)� H[LVWV� WR� HQDEOH� RU� GLVDEOH� WKH� L����53¶V� EXLOG�LQ� VHOI� WHVW� �%,67��� ,I
HQDEOHG�WKH�SURFHVVRU�WULHV�WR�FKHFN�DOO�LWV�LQWHUQDO�XQLWV��,I�WKH�FKHFN�IDLOHG�WKH�SURFHVVRU�DVVHUWV
D�VLJQDO�WKDW�OLJKWV�WKH�UHG�RQ�ERDUG�/('�&38�)$,/�DQG�FRUH�H[HFXWLRQ�VWRSV��%HFDXVH�%,67�QHHGV
DERXW��������&38�F\FOHV�LW�PD\�EH�QHFHVVDU\�WR�GLVDEOH�LW�ZKHQ�WKH�UHVWDUW�WLPH�QHHGV�WR�EH
PLQLPL]HG�

&RQILJXUDWLRQ�-XPSHU�)LHOG�-&1)�%,67�6HWWLQJ�2SWLRQV

-&1)�� 3URFHVVRU�%,67

UHPRYHG��GHIDXOW� HQDEOHG

VHW GLVDEOHG

-XPSHU���RI�-&1)�LV�XVHG�WR�IRUZDUG�WKH�UHVHW�VLJQDO�IURP�WKH�&RPSDFW3&,��EXV�WR�WKH�ORFDO�&38
DQG�WKH�RWKHU�ORFDO�GHYLFHV�RQ�WKH�ERDUG�

&RQILJXUDWLRQ�-XPSHU�)LHOG�-&1)�&3&,�5HVHW��6HWWLQJ�2SWLRQV

-&1)�� &3&,�5HVHW

UHPRYHG LJQRUHG

VHW��GHIDXOW� IRUZDUGHG�WR�WKH�ERDUG

,W� LV� D� JRRG� LGHD� WR� UHPRYH� -&1)� �� ZKHQ� WKH� %,26� RI� WKH� PDLQ� &38� ERDUG� ZLWKLQ� WKH
&RPSDFW3&,���GRHV�QRW�UHFRJQL]H�WKH�&*��5$',2�DIWHU�V\VWHP�UHVHW�
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,QWHUUXSWV

7KH� L����53� SURYLGHV� DQ� RQ�FKLS� SURJUDPPDEOH� LQWHUUXSW� FRQWUROOHU� WKDW� DOORZV� D� IOH[LEOH�
SULRULW\�OHYHO�EDVHG�UHDFWLRQ�WR�LQWHUQDO�DQG�H[WHUQDO�HYHQWV��7KH�SURFHVVRU�XVHV�LQWHUUXSW�YHFWRU
QXPEHUV�WR�HQWHU�WKH�LQWHUUXSW�VHUYLFH�URXWLQH��,65���7KLV�PHFKDQLVP�OHDGV�WR�IDVW�UHDFWLRQ�DQG
ORZ�LQWHUUXSW�ODWHQF\��7R�RSWLPL]H�LQWHUUXSW�SHUIRUPDQFH�WKH�YHFWRUV�FDQ�EH�KROG�LQ�WKH�L����53
LQWHUQDO�5$0�DQG�WKH�,65�FDQ�EH�IUR]HQ�LQ�WKH�LQVWUXFWLRQ�FDFKH��6HH�WKH�L����53�PDQXDO�IRU
GHWDLOV�

,QWHUQDO�LQWHUUXSW�HYHQWV�KDYH�WKHLU�RULJLQ�E\�WKH�GLIIHUHQW�XQLWV�ZLWKLQ�WKH�L����53�OLNH�WKH�,�&
XQLW�� WKH� PHVVDJLQJ� XQLW� HWF�� ([WHUQDO� UHTXHVWV� DUH� IHG� WR� WKH� SURFHVVRU� YLD� �� PDVNDEOH
�;,17�����;,17����DQG�RQH�QRQ�PDVNDEOH��10,���LQWHUUXSW� LQSXWV��)RXU�ELWV�ZLWKLQ�WKH�3&,
LQWHUUXSW�URXWLQJ�VHOHFW�UHJLVWHU��3,565��GHFLGH�IRU�HDFK�;,17��SLQ�ZHWKHU�WKH�LQWHUUXSW�LV�OHDG�WR
WKH�L����FRUH�RU�WR�WKH�&RPSDFW3&,��LQWHUIDFH�

7KH�&*��5$',2�RZQV�WKH�IROORZLQJ�SHULSKHUDO�LQWHUUXSW�GHYLFHV�

& WKH�VHULDO�FRQWUROOHUV�YLD�;,17���RU�;,17�����;,17���GHSHQGLQJ�RQ�LQWHUUXSW�PRGH�LQ
XVH

& WKH�10,�SXVK�EXWWRQ��RSWLRQDO��QRUPDOO\�QRW�VWXIIHG��YLD�10,���QRQ�PDVNDEOH��

)RU�D�GHVFULSWLRQ�RI�WKH�VHULDO�FRQWUROOHU�LQWHUUXSWV�UHIHU�WR�WKH�FRUUHVSRQGLQJ�FKDSWHU�

7KH�RSWLRQDO�10,�SXVK�EXWWRQ�LV�ORFDWHG�DW�WKH�EDFNVLGH�RI�WKH�5(6(7�SXVK�EXWWRQ��6LQFH�QR
VSDFH�ZDV�DYDLODEOH�LQ�WKH�IURQW�SDQHO�WKH�EXWWRQ�LV�GLUHFWHG�WRZDUG�WKH�ERDUG�FHQWHU�

7KH�10,�SXVK�EXWWRQ�LV�D�QLFH�WRRO�ZKHQ�GHEXJJLQJ�VRIWZDUH�RQ�WKH�&*��5$',2��$�GHEXJJHU
FDQ�WDNH�RYHU�FRQWURO�RI�D�UXQQLQJ�SURJUDP�ZKHQ�SXVKLQJ�WKH�10,�SXVK�EXWWRQ��%HFDXVH�WKLV
LQWHUUXSW�FDQ�QRW�EH�PDVNHG�E\�D�SURJUDP��JHWWLQJ�SURJUDP�FRQWURO� LV�DOZD\V�SRVVLEOH��7KH
LQWHUUXSW�UHTXHVW�RI�WKH�10,�EXWWRQ�LV�DFWLYH�ZKLOH�WKH�EXWWRQ�LV�SXVKHG��,W�FDQ�EH�LGHQWLILHG�E\
FKHFNLQJ�WKH�10,�LQWHUUXSW�VWDWXV�UHJLVWHU��1,65��ELW�����&RQWDFW�(.)�ZKHQ�\RX�QHHG�D�&*��
5$',2�ERDUG�ZLWK�10,�EXWWRQ�VWXIIHG�



&*��5$',2����&RPSDFW3&,�*36�5HFHLYHU�&ORFN

- 32 -
EKF Elektronik GmbH * Philipp-Reis-Str. 4 * D-59065 HAMM (Germany)

Tel. +49 (0)2381/6890-0 * Fax. +49 (0)2381/6890-90 * E-Mail info@ekf.d e * Internet http://www.ekf.de

/RFDO�0HPRU\�'HYLFHV

)ODVK�((3520

7KH�&*��5$',2�LV�HTXLSSHG�ZLWK�RQ�ERDUG�SURJUDPPDEOH�)ODVK�((3520�GHYLFHV��7KH�GDWD�EXV
ZLGWK�WR�WKHVH�GHYLFHV�LV����ELW�DOORZLQJ�WKH�L����53�WR�H[HFXWH�SURJUDP�FRGH�IURP�)ODVK�LQ�IXOO
VSHHG�� 7KHUHIRUH� LW� LV� QRW� QHFHVVDU\� WR� FRS\� WKH� FRGH� LQWR� '5$0�� 7KH� )ODVK� GHYLFHV� DUH
FRQQHFWHG�WR�WKH�PHPRU\�EDQN���RI�WKH�L����53�0HPRU\�&RQWUROOHU��7KH\�DUH�UHDGDEOH�DQG
HVSHFLDOO\�ZULWHDEOH�DQ\�WLPH�ZLWK�QR�QHHG�WR�HQDEOH�WKH�SURJUDPPLQJ�YROWDJH��&DXWLRQ�LV�JLYHQ
ZKHQ�WKH�SURFHVVRU�LWVHOI�WULHV�WR�SURJUDP�WKH�)ODVK�GHYLFHV�ZKLOH�H[HFXWLQJ�FRGH�RXW�RI�WKH
)ODVK��7KLV�ZLOO� OHDG�WKH�ORFDO�&38�WR�KDQJ�XS��7R�SURJUDP�WKH�)ODVK�GHYLFHV�XVH�RQH�RI�WKH
IROORZLQJ�DOWHUQDWHV�

�� 3URJUDPPLQJ� E\� L����53� FRUH� SURFHVVRU�� &RS\� WKH� SURJUDP� GDWD� DQG� WKH� )ODVK
SURJUDPPLQJ�DOJRULWKP�FRGH�WR�'5$0��5XQ�WKH�SURJUDPPLQJ�FRGH�IURP�'5$0��5HWXUQ
WR�WKH�FDOOLQJ�IXQFWLRQ�RU�UHVWDUW�WKH�FRGH�ORDGHG�LQWR�WKH�)ODVK�GHYLFHV�

�� 3URJUDPPLQJ�YLD�&RPSDFW3&,��LQWHUIDFH��5HVHW�WKH�&*��5$',2�ZLWK�MXPSHU�ILHOG�-&1)
VHW�WR�LQLWLDOL]DWLRQ�PRGH����$OWHUQDWLYHO\�WKH�L����53�FRUH�SURFHVVRU�FRXOG�EH�KDOWHG�E\
H[HFXWLQJ�WKH�+$/7�LQVWUXFWLRQ��3URJUDP�WKH�)ODVK�GHYLFHV�YLD�WKH�SULPDU\�$78��5HVWDUW
WKH�SURFHVVRU��

$�XWLOLW\�ZKLFK�DOORZV�WR�SURJUDP�WKH�)ODVK�DFURVV�WKH�&3&,�LQWHUIDFH�ZLWKRXW�SULRU�PRGLI\LQJ
-&1)�LV�SDUW�RI�WKH�GULYHUV�SDFNDJH�DYDLODEOH�IURP�(.)��REVHUYH�WKH�DWWDFKHG�5HDGPH�LQIRUPDWLRQ
ILOH�WR�VWHS�WKURXJK�WKH�SURJUDPPLQJ�SURFHGXUH���

'HSHQGLQJ�RQ�WKH�YHUVLRQ�RI�WKH�&*��5$',2�WKHUH�DUH�GLIIHUHQW�W\SHV�RI�)ODVK�GHYLFHV�LQ�XVH�

& ��)���69�,QWHO�6KDUS
& ��)���6��,QWHO�6KDUS

7KHVH�GHYLFHV� GLVWLQJXLVK� LQ� DFFHVV� WLPHV� DQG�SURJUDPPLQJ� DOJRULWKPV�� 3URJUDPPLQJ� WRROV
�FXUUHQWO\�UXQQLQJ�RQ�/,18;�RU�:LQ;;��DUH�RIIHUHG�E\�(.)�DQG�DUH�DYDLODEOH�RQ�UHTXHVW��7KH
IROORZLQJ�WDEOH�VKRZV� WKH�QHFHVVDU\� LQLWLDOL]DWLRQV� LQ� WKH� UHDG�DQG�ZULWH�ZDLW� VWDWH� UHJLVWHUV
�0%5:6���0%::6���RI�WKH�L����53�PHPRU\�FRQWUROOHU�GHSHQGHQW�RQ�WKH�GHYLFHV�LQ�XVH��$OO
WLPLQJ�SDUDPHWHUV�DUH�EDVHG�RQ�D�FORFN�IUHTXHQF\�RI�������0+]��FRUUHVSRQGLQJ�WR����QV�F\FOH
WLPH��

)ODVK�'HYLFH�5HDG�$QG�:ULWH�:DLW�6WDWH�6HWWLQJV

)ODVK�'HYLFH
5HDG :ULWH

$FFHVV�>QV@ 0%5:6� $FFHVV�>QV@ 0%::6�

��)���69 �� �[�������� �� �[��������

��)���6� �� �[�������� �� �[��������
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'\QDPLF�5DQGRP�$FFHVV�0HPRU\��'5$0�

7KH�&*��5$',2�RIIHUV�D�ZRUNLQJ�PHPRU\�VSDFH�RI���0E\WH��7KH�PHPRU\�LV�RUJDQL]HG�DV�D�EDQN
RI�QRQ�LQWHUOHDYHG�'5$0����0E\WH�LQ�VL]H��7KH�GDWD�SDWK�ZLGWK�LV����ELW�ZLWKRXW�SDULW\��6LPLODU
WR�WKH�)ODVK�((3520V�GLIIHUHQW�W\SHV�RI�'5$0�GHYLFHV�DUH�LQ�XVH��3RVVLEOH�W\SHV�DUH

& )DVW�3DJH�0RGH��)30��'5$0V
& ([WHQGHG�'DWD�2XW��('2��'5$0V

ZLWK�DQ�DFFHVV�WLPH�RI�DW�OHDVW����QV��7KH�IROORZLQJ�WDEOH�VKRZV�W\SLFDO�YDOXHV�WR�SURJUDP�WR�WKH
L����53�PHPRU\�FRQWUROOHU�WR�VHWXS�WKH�'5$0�LQWHUIDFH��$OO�WLPLQJ�SDUDPHWHUV�DUH�EDVHG�RQ�D
FORFN�IUHTXHQF\�RI�������0+]��FRUUHVSRQGLQJ�WR����QV�F\FOH�WLPH��

'5$0�,QLWLDOL]DWLRQ�3DUDPHWHUV

1DPH 5HJLVWHU 9DOXH 'HVFULSWLRQ

'5:6 '5$0�%DQN�5HDG�:DLW�6WDWH �[�������� 5$6�WR�&$6�GHOD\�����F\FOHV�
&$6�SXOVH�ZLGWK�����F\FOHV�
QR�DGGLWLRQDO�UHFRYHU\�ZDLW�VWDWHV

'::
6

'5$0�%DQN�:ULWH�:DLW�6WDWH �[�������� 5$6�WR�&$6�GHOD\�����F\FOHV�
&$6�SXOVH�ZLGWK�����F\FOHV�
QR�DGGLWLRQDO�UHFRYHU\�ZDLW�VWDWHV

'5,5 '5$0�5HIUHVK�,QWHUYDO �[�������� 5HIUHVK�HQDEOHG�
��������V�UHIUHVK�LQWHUYDO

'3(5 '5$0�3DULW\�(QDEOH �[�������� '5$0�SDULW\�GLVDEOHG

'%&5 '5$0�%DQN�&RQWURO

�[�������'
�[�������'

+LJK�FXUUHQW�GULYHV�GLVDEOHG�
'5$0�EDQN�HQDEOHV�
)DVW�3DJH�0RGH��)30�����EDQNV
RU
([WHQGHG�'DWD�2XW��('2��
��EDQNV
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,��&�,QWHUIDFH

7KH�L����53�VXSSRUWV�D�PDVWHU�DQG�VODYH�LQWHUIDFH�WR�WKH�SRSXODU�,�&��,QWHU�,QWHJUDWHG�&LUFXLW�
EXV��7KLV�VLPSOH��WZR�ZLUH�VHULDO�EXV�DOORZV�DQ�HDV\�FRQQHFWLRQ�WR�RWKHU�,�&�GHYLFHV��7UDQVIHU
UDWHV�RI�XS�WR�����.ELW�V�DUH�SRVVLEOH��,W�FRXOG�EH�SURJUDPPHG�YLD�WKH�,�&�XQLW�UHJLVWHUV�RI�WKH
L����53�

$Q� ,�&�PHVVDJH� FRQVLVWV� RI� D� GHYLFH� DGGUHVVLQJ� E\WH� DQG� DGGLWLRQDO� GDWD� E\WHV�� 7KH� GHYLFH
DGGUHVV�E\WH�DOVR�FRQWDLQV�WKH�LQIRUPDWLRQ�ZKHWKHU�WKH�IROORZLQJ�RSHUDWLRQV�DUH�UHDG�RU�ZULWH
WUDQVIHUV��,I�WKH�DGGUHVV�RI�DQ�,�&�VODYH�GHYLFH�RQ�WKH�EXV�PDWFKHV�WKH�GHYLFH�DGGUHVV�E\WH�VHQW
E\�D�PDVWHU��WKH�VODYH�DFNQRZOHGJHV�WKH�WUDQVIHU�

*HQHUDO�,�&�$GGUHVVLQJ�%\WH�)RUPDW

$� $� $� $� $� $� $� 5�:

06% /6%

2Q�ZULWH�RSHUDWLRQV��5�: ���WKH�PDVWHU�PD\�VHQG�WKHQ�IXUWKHU�GDWD�E\WHV�WR�WKH�VODYH�XQWLO�WKH
PDVWHU�JHQHUDWHV�D�VWRS�FRQGLWLRQ��(DFK�E\WH�WUDQVIHUUHG�LV�DFNQRZOHGJHG�E\�WKH�UHFLSLHQW��5HDG
RSHUDWLRQV�DUH�ZRUNLQJ�LQ�WKH�VDPH�ZD\�H[FHSW�WKDW�5�: ��DQG�WKDW�WKH�GDWD�IORZ�LV�UHYHUVHG�

6HULDO�((3520���&��

7KH�&*��5$',2�RIIHUV�D�VHULDO�((3520���&���ZLWK�D�FDSDFLW\�RI���.E\WHV��7KLV�GHYLFH�FDQ�EH
XVHG�H�J��WR�SHUPDQHQWO\�VWRUH�LPSRUWDQW�SDUDPHWHUV�WKDW�VKRXOG�EH�QRQ�YRODWLOH�HYHQ�LI�WKH
SRZHU�GLVDSSHDUV��,W�LV�DFFHVVLEOH�DV�VODYH�GHYLFH�YLD�WKH�,�&�EXV��:ULWH�DFFHVVHV�WR�WKH�PHPRU\
DUUD\�RI�WKH�VHULDO�((3520�DUH�SRVVLEOH�DQ\�WLPH�EHFDXVH�WKH�KDUGZDUH�ZULWH�SURWHFWLRQ�IHDWXUH
RI�WKH���&���LV�QRW�HQDEOHG�RQ�&*��5$',2�

6HULDO�((3520���&���$GGUHVVLQJ�%\WH�)RUPDW

� � � � � � � 5�:

06% $� $� $� /6%

7KH�DERYH�ILJXUH�VKRZV�WKH�,�&�EXV�GHYLFH�DGGUHVVLQJ�E\WH�WKDW�PXVW�EH�ZULWWHQ�WR�WKH�VHULDO
((3520�LQ�RUGHU�WR�UHDG��5�: ���'HYLFH$GGU �[$���RU�ZULWH��5�: ���'HYLFH$GGU �[$���GDWD
IURP�RU�WR�LW��WKH���H[WHUQDO�DGGUHVV�OLQHV�$����RIIHUHG�E\�WKH���&���DUH�KDUG�ZLUHG�WR�*1'�RQ
WKH�&*��5$',2���5HDG�DQG�ZULWH�DFFHVVHV�ZLWK�WKH�,�&�EXV�PD[LPXP�VSHHG�RI�����.ELW�V�DUH
VXSSRUWHG�E\�WKH�GHYLFH�



&*��5$',2����&RPSDFW3&,�*36�5HFHLYHU�&ORFN

- 35 -
EKF Elektronik GmbH * Philipp-Reis-Str. 4 * D-59065 HAMM (Germany)

Tel. +49 (0)2381/6890-0 * Fax. +49 (0)2381/6890-90 * E-Mail info@ekf.d e * Internet http://www.ekf.de

$&&(66�EXV�,QWHUIDFH

7R� PDNH� LW� HDV\� WR� FRQQHFW� H[WHUQDO� ,�&� GHYLFHV� WR� WKH� &*��5$',2� WKH� ERDUG� RIIHUV� DQ
$&&(66�EXV�LQWHUIDFH�YLD�WKH���SLQ�FRQQHFWRU�-$&&%86��7KH�$&&(66�EXV�LV�VLPLODU�WR�WKH�6\VWHP
0DQDJHPHQW�%XV��60%XV��EDVHG�RQ�WKH�,�&�EXV��%RWK�VWDQGDUGV�DUH�FRPSDWLEOH�WR�WKH�,�&�EXV
ZLWK�H[FHSWLRQ�RI�D�IHZ�HOHFWULFDOO\��H�J��PD[��ORDG�FDSDFLW\��DQG�PHFKDQLFDO��H�J��$&&(66�EXV
GHILQHV�D�FRQQHFWRU��,�&�GRHV�QRW��VSHFLILFDWLRQV�

7KH�$&&(66�EXV�LQWHUIDFH�RQ�WKH�&*��5$',2�VXSSRUWV�XS�WR�����GHYLFHV����ELW�GHYLFH�DGGUHVVHV
PLQXV�WKH�EURDGFDVW�DGGUHVV�DQG�WKH�RQ�ERDUG�VHULDO�((3520��RYHU�D�WRWDO�FDEOH�OHQJWK�RI���P
ZLWK�D�PD[LPXP�GDWD�UDWH�RI�����.ELW�V��(DFK�GHYLFH�PD\�XVH� LWV�RZQ�GDWD�UDWH��7KH�FDEOH
FRQVLVWV�RI�WZR�VKLHOGHG�SDLUV��D�*URXQG���9�SDLU�DQG�D�FORFN�GDWD�SDLU�

3/'�3URJUDPPLQJ�+HDGHU

0RVW�RI�WKH�ERDUGV�JOXH�ORJLF�LV�FRQWDLQHG�LQ�D�SURJUDPPDEOH�ORJLF�FKLS��LVS*$/���/RZ�OHYHO
DGGUHVV�GHFRGLQJ��LQWHUUXSW�URXWLQJ�DQG�ZDWFKGRJ�UHVHW�EHKDYLRXU�LV�FRQWUROOHG�E\�ILUPZDUH�
7KH�LVS*$/�LV�SURJUDPPDEOH�RQ�ERDUG��E\�XVLQJ�WKH�,63&21�LQWHUIDFH�FRQQHFWRU��

1RWH��7KH�,63&21�LV�QRW�QRUPDOO\�VWXIIHG�
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&38�'LDJQRVWLFV
'LVSOD\

&38�'LDJQRVWLFV�'LVSOD\

7KHUH�DUH�WKUHH�RQ�ERDUG�/('V��KHQFH�YLVLEOH�ZLWK�DQ�RSHQ�HQFORVXUH�RQO\��RQ�WKH�&*��5$',2
LQGLFDWLQJ�WKH�FXUUHQW�VWDWH�RI�WKH�SURFHVVRU��7KLV�URZ�RI�/('V�LV�ORFDWHG�QHDU�WKH�/LWKLXP�FHOO�

'LDJQRVWLFV�'LVSOD\�,QIRUPDWLRQ

/(' RQ RII

/('�¶&38�)DLO·
�UHG�

FRUH�VWDWH

EXLOG�LQ�VHOI�WHVW�IDLOHG��RU�ORFDO
EXV�FRQILGHQFH�WHVW�IDLOHG��RU

SURFHVVRU�KHOG�LQ�UHVHW�VWDWH��FRUH
H[HFXWLRQ�VWRSSHG

ERWK�EXLOG�LQ�VHOI�WHVW�DQG�ORFDO
EXV�FRQILGHQFH�WHVW�SDVVHG��FRUH�LV

LQ�H[HFXWLQJ�PRGH

/('�¶8$57�$FF�·
�\HOORZ�

DFFHVV�WR�RQH�RI�WKH�VHULDO
FRQWUROOHUV

QR�DFFHVV�WR�DQ\�RI�WKH�VHULDO
FRQWUROOHUV

/('�¶/2&$/�$FF�·
�JUHHQ�

DFFHVV�WR�ORFDO�'5$0��)ODVK�RU
8$57V

QR�DFFHVV�WR�DQ\�ORFDO�GHYLFH

-7$*�7HVW�3RUW

7KH�&-7$*�SRUW�LV�D�GXDO�URZ�����SRV��KHDGHU��,W�LV�QRUPDOO\�QRW�VWXIIHG��VLQFH�WKH�-7$*�VLJQDOV
DUH�URXWHG�WR�WKH�&3&,�FRQQHFWRU�-��LQ�SDUDOOHO�

&-7$*

7567� � � *1'

TDO 3 4 GND

TDI 5 6 GND

TMS 7 8 GND

TCK � �� *1'
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$GGLWLRQDO�'RFXPHQWDWLRQ

$�GHWDLOHG�GHVFULSWLRQ�LQFOXGLQJ�WKH�SURJUDPPLQJ�RI�WKH�L����53�SURFHVVRU�FRXOG�EH�ILQG�LQ�WKH
GRFXPHQWDWLRQ�OLVWHG�EHORZ��(OHFWURQLF�LQIRUPDWLRQ�FDQ�EH�REWDLQHG�IURP

KWWS���GHYHORSHUV�LQWHO�FRP

L����53�5HODWHG�'RFXPHQWDWLRQ

'RFXPHQW�7LWOH 2UGHU�1XPEHU

L����5[�,�2�0LFURSURFHVVRU�'HYHORSHU¶V�0DQXDO ,QWHO�2UGHU���������

L����5[�,�2�3URFHVVRU�6SHFLILFDWLRQ�8SGDWH ,QWHO�2UGHU���������

L����53�5'�,�2�3URFHVVRU�DW�����9ROWV�GDWD�VKHHW ,QWHO�2UGHU���������

L����-[�0LFURSURFHVVRU�8VHU¶V�*XLGH ,QWHO�2UGHU���������
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6HULDO�,QWHUIDFHV

*HQHUDO�,QIRUPDWLRQ

7KH�&*��5$',2�LV�SURYLGHG�ZLWK�WZR�VHULDO�LQWHUIDFHV��7KH�ILUVW�RQH�LV�GLUHFWO\�FRQQHFWHG�WR�WKH
10($��SULPDU\�SRUW��RI�WKH�-XSLWHU�*36�UHFHLYHU��&RPPDQGV�DQG�GDWD�DUH�SDVVHG�ELGLUHFWLRQDOO\
DFURVV�WKLV� LQWHUIDFH��HLWKHU�$6&,,�FRGHG�XVLQJ�WKH�10($�SURWRFRO� �E\�GHIDXOW���RU�XVLQJ�WKH
5RFNZHOO�&RQH[DQW�ELQDU\��SURSULHWDU\��SURWRFRO��7KLV�SRUW�QRUPDOO\�RSHUDWHV�DW�����ESV��QR
SDULW\����GDWD�ELWV��RQH�VWRS�ELW��DQG�LV�QRW�DYDLODEOH�IRU�H[WHUQDO�XVDJH�

7KH�VHFRQG�VHULDO�SRUW� LV�DYDLODEOH�E\�WKH�IURQW�SDQHO�FRQQHFWRU�63���FRQILJXUHG�DV�56����(
LQWHUIDFH�� ,W� LV� LQWHQGHG� PDLQO\� WR� UHFHLYH� 57&0� '*36� GDWD� WR� VKDUSHQ� *36� SRVLWLRQLQJ
LQIRUPDWLRQ��$�WDS�LV�HVWDEOLVKHG�OHDGLQJ�WR�WKH�DX[LOLDU\�VHULDO�LQWHUIDFH�RQ�WKH�-XSLWHU�PRGXOH�
7KLV�SRUW�QRUPDOO\�RSHUDWHV�DW�����ESV��QR�SDULW\����GDWD�ELWV��RQH�VWRS�ELW��ZKHQ�XVHG�DV�'*36
LQSXW��7KH�5LQJ�,QGLFDWRU��5,��VLJQDO�SLQ�FDQ�EH�XVHG�DV�WKH�SRZHU�VRXUFH�WR�WKH�H[WHUQDO�'*36
UHFHLYHU��UHTXLUHV�MXPSHU�-:=�FORVHG��

,I�WKHUH�LV�QR�QHHG�IRU�DQ�H[WHUQDO�'*36�UHFHLYHU��GXH�WR�GHDFWLYDWHG�*36�6$��RU�ZKHQ�XVLQJ�*36
WLPLQJ� LQIRUPDWLRQ�RQO\��� WKH� VHFRQG� VHULDO� SRUW� 63�� FDQ�EH�XVHG� DV� JHQHUDO� SXUSRVH� VHULDO
LQWHUIDFH��OLNH�DQ\�3&�VW\OH�&20�SRUW��7KH�FRQQHFWRU�63��DQG�WKH�FRUUHVSRQGLQJ�MXPSHU�-:=�DUH
GHVFULEHG�LQ�GHWDLO�ODWHU�RQ�LQ�WKLV�GRFXPHQW�

7KHUH�DUH�LQGLFDWRU�/('V�PRXQWHG�LQ�WKH�IURQW�SDQHO�WR�VLJQDO�ERWK�5;'�DQG�7;'�RI�WKH�ILUVW
�LQWHUQDO��VHULDO�LQWHUIDFH��DQG�5;'�RQO\�RI�WKH�VHFRQG�VHULDO�LQWHUIDFH�

0RXQWHG�RQ�ERDUG��KHQFH�YLVLEOH�ZLWK�DQ�RSHQ�HQFORVXUH�RQO\���WKUHH�RWKHU�/('V�DUH�XVHG�WR
VLJQDO�GHEXJJLQJ�LQIRUPDWLRQ�WR�WKH�V\VWHP�LQWHJUDWRU�

/('�¶8$57�$FF�·��\HOORZ�
ORFDWHG�QHDU�WKH�/LWKLXP�FHOO

OLJKWHQV�ZKHQHYHU�VLJQDO�&(���LV�DFWLYH��ZKLFK�LV�DQ�RXWSXW
GLUHFWO\�IURP�WKH�L����SURFHVVRU��DQG�LV�IHG�WR�DQ�LQSXW�RI
WKH�LVS*$/�IRU�IXUWKHU�DGGUHVV�GHFRGLQJ�

/('�¶&6�8$57·��\HOORZ�
ORFDWHG�QHDU�WKH�'5$0

OLJKWHQV�ZKHQHYHU�HLWKHU�RI�WKH�WZR�8$57�FKLS�VHOHFW�OLQHV�LV
DFWLYDWHG��RU�OLJKWHQV�RQ�RWKHU�HYHQWV�ZKHQ�SURJUDPPHG
DFFRUGLQJO\�E\�LVS*$/�ILUPZDUH

/('�¶,54�8$57·��UHG�
ORFDWHG�QHDU�WKH�'5$0

OLJKWHQV�ZKHQHYHU�DQ�LQWHUUXSW�IURP�HLWKHU�RI�WKH�8$57V�LV
SHQGLQJ��ZDLWLQJ�IRU�VHUYLFH�URXWLQH���RU�OLJKWHQV�RQ�RWKHU
HYHQWV�ZKHQ�SURJUDPPHG�DFFRUGLQJO\�E\�LVS*$/�ILUPZDUH
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6HULDO�&RQWUROOHU���&���

7KH�VHULDO�LQWHUIDFHV�DUH�EDVHG�RQ�WKH�ZHOO�NQRZQ�$V\QFKURQRXV�&RPPXQLFDWLRQ�(OHPHQW��$&(�
��&����� 7KHVH� 8$57V� DUH� FORFNHG� ZLWK� �������� 0+]� OHDGLQJ� WR� WUDQVIHU� UDWHV� RI� XS� WR
������.%DXG�

7KH�QH[W�WDEOH�VKRZV�WKH�WUDQVPLVVLRQ�ELW�UDWHV��WKH�YDOXH�RI�WKH�8$57¶V�GLYLVRU�ODWFK�UHJLVWHU
�L'LY��DQG�WKH�UHVXOWLQJ�EDXG�UDWH�HUURUV�LQ�GHSHQGHQF\�RI�WKH�FORFN�LQ�XVH�

8$57�'DWD�7UDQVPLVVLRQ�%LW�5DWHV

&ORFN %DXG 'LYLVRU L'LY (UURU

�������� �� ������� ����� �����

�������� ��� ������ ���� �����

�������� ��� ������ ���� �����

�������� ��� ������ ���� �����

�������� ��� ������ ���� �����

�������� ��� ������ ���� �����

�������� ���� ����� ��� �����

�������� ���� ����� ��� �����

�������� ���� ����� ��� �����

�������� ���� ����� ��� �����

�������� ���� ����� ��� �����

�������� ���� ���� �� �����

�������� ����� ���� �� �����

�������� ����� ���� �� �����

�������� ����� ���� �� �����

�������� ����� ���� �� ������

�������� ����� ���� �� �����

�������� ������ ��� � �����

�������� ������ ��� � ������

�������� ������ � � �����

�������� ������ � � �����

�������� ������ � � �����
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7KH�8$57V�DUH�FRQQHFWHG�WR�EDQN���RI�WKH�L����53
V�PHPRU\�FRQWUROOHU��7KH�IROORZLQJ�WDEOH
VKRZV�WKH�DGGUHVVLQJ�RI�WKH�UHJLVWHUV�RI�WKH��VW�8$57�UHODWLYH�WR�LWV�EDVH�DGGUHVV�

8$57����&�����5HJLVWHU�2IIVHW�'HILQLWLRQV

%DVH�$GGUHVV
2IIVHW

5HDG�$FFHVV :ULWH�$FFHVV

�[�� 5HFHLYHU�%XIIHU�5HJLVWHU
�5%5�

7UDQVPLWWHU�+ROGLQJ�5HJLVWHU
�7+5�

�[�� ,QWHUUXSW�(QDEOH�5HJLVWHU
�,(5�

,QWHUUXSW�(QDEOH�5HJLVWHU��,(5�

�[�� ,QWHUUXSW�,GHQW��5HJLVWHU
�,,5�

),)2�&RQWURO�5HJLVWHU��)&5�

�[�& /LQH�&RQWURO�5HJLVWHU��/&5� /LQH�&RQWURO�5HJLVWHU��/&5�

�[�� 0RGHP�&RQWURO�5HJLVWHU
�0&5�

0RGHP�&RQWURO�5HJLVWHU��0&5�

�[�� /LQH�6WDWXV�5HJLVWHU��/65� QRW�DOORZHG

�[�� 0RGHP�6WDWXV�5HJLVWHU
�065�

LJQRUHG

�[�& 6FUDWFK�5HJLVWHU��6&5� 6FUDWFK�5HJLVWHU��6&5�

7KH��VW�UHJLVWHU�RI�WKH�8$57�RI�WKH��QG�SRUW�VWDUWV�DW�UHODWLYH�DGGUHVV��[��

8$57����&�����3RUW�2IIVHW�'HILQLWLRQV

3RUW�1XPEHU � �

%DVH�$GGUHVV�2IIVHW �[�� �[��

,Q�RUGHU�WR�JHW�D�SURSHU�IXQFWLRQ�RI�WKH�8$57V��WKH�IROORZLQJ�YDOXHV�VKRXOG�EH�SURJUDPPHG�WR
WKH�ZDLW�VWDWH�UHJLVWHUV�RI�PHPRU\�EDQN����%XUVW�DFFHVVHV�WR�WKH�8$57V�DUH�QRW�DOORZHG�

8$57����&�����5HDG�$QG�:ULWH�:DLW�6WDWH�6HWWLQJV

0%5:6� 0%::6�

�[�������� �[��������
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7KH�8$57V�DUH�DEOH�WR�UHTXHVW�L����53�FRUH�LQWHUUXSWV��2Q�WKH�&*��5$',2�DUH�WZR�LQWHUUXSW
PRGHV�DYDLODEOH�

& &ROOHFWHG�,QWHUUXSW�0RGH��7KH�UHTXHVW�OLQHV�RI�ERWK�8$57V�DUH�SXOOHG�WRJHWKHU�WR
WKH�LQWHUUXSW�LQSXW�;,17���RI�WKH�SURFHVVRU��GHIDXOW�PRGH�DIWHU�UHVHW��

& 'LVWULEXWHG�,QWHUUXSW�0RGH��7KH�UHTXHVW�OLQHV�RI�WKH�8$57V�DUH�IHG�WR�;,17����
;,17���RI�WKH�SURFHVVRU�

7KH�LQWHUUXSW�PRGH�LV�FKRVHQ�E\�WKH�JHQHUDO�SXUSRVH�RXWSXW�287���RI�WKH��VW�8$57��7KLV�SRUW
FDQ�EH�VZLWFKHG�E\�DFFHVVLQJ�ELW���RI�WKH�0RGHP�&RQWURO�5HJLVWHU�0&5�

,QWHUUXSW�0RGH�6HOHFWLRQ

,QWHUUXSW�0RGH 0&5���

&ROOHFWHG�,QWHUUXSW�0RGH��GHIDXOW�DIWHU�UHVHW� �

'LVWULEXWHG�,QWHUUXSW�0RGH �

'LVWULEXWHG�,QWHUUXSW�0RGH�5HTXHVW�3LQ�7DEOH

3RUW�1XPEHU � � � � � � � �

3RUW�1XPEHU � �� �� �� �� �� �� ��

,QWHUUXSW�5HTXHVW
3LQ

;,17�
�

;,17�
�

;,17�
�

;,17�
�

;,17�
�

;,17�
�

;,17�
�

;,17�
�

$Q�,54�FDQ�EH�LGHQWLILHG�E\�FKHFNLQJ�WKH�,,5�RI�WKH�8$57�LQ�WKH�LQWHUUXSW�VHUYLFH�URXWLQH��7KH
UHTXHVW� LV� UHOHDVHG� E\� DFFHVVLQJ� WKH� FRUUHVSRQGLQJ� UHJLVWHU� WKDW� FDXVHG� WKH� LQWHUUXSW� �H�J�
UHDGLQJ�DQ�LQFRPLQJ�FKDUDFWHU�IURP�WKH�5%5���6HH�8$57�GDWD�VKHHWV�DQG�L����53�PDQXDO�IRU
GHWDLOHG�GHVFULSWLRQ�RI�LQWHUUXSW�SURJUDPPLQJ�
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&RQQHFWRU�63���-XPSHU�-:=

7KH� LOOXVWUDWLRQ� EHORZ� VKRZV� WKH� SLQ� DVVLJQPHQW� RI� WKH� FRQQHFWRU� 63�� �IURQW� YLHZ� WR� WKH
FRQQHFWRU���6LJQDO�GLUHFWLRQV�DUH�VHHQ�IURP�WKH�YLHZ�RI�WKH�&*��5$',2��H�J��5;'��63���SLQ����LV
DQ�LQSXW�WR�WKH�&*��5$',2��,W�LV�DVVXPHG��WKDW�MXPSHU�-:=�LV�RSHQ�

0DOH�'�6XE���&RQQHFWRU��3&�FRPSDWLEOH�

63���56����(�

� '&'

'65 �

� 5;'

576 �

� 7;'

&76 �

� '75

5, �

� *1'

7KH�VLJQDO�5;'��W\SLFDOO\�GDWD�IURP�H[WHUQDO�'*36�UHFHLYHU��FDQ�EH�REVHUYHG�IURP�DQ�LQGLFDWRU
/('�PRXQWHG�LQ�WKH�IURQW�SDQHO�RI�WKH�&*��5$',2�
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7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�ZLULQJ�VFKHPH�RI�D�VWDQGDUG�56�����OLQN�FDEOH�XVXDOO\�LQ�XVH�WR
FRQQHFW�D�SRUW�RI�WKH�&*��5$',2�ZLWK�DQRWKHU�56�����SRUW��H�J��D�&20�SRUW�RI�D�3&�

6RPH�'*36�UHFHLYHUV�UHTXLUH�D����9�SRZHU�VRXUFH�RQ�WKH�SLQ���RI�WKH�'�68%�FRQQHFWRU��ZKLFK
LV�GHILQHG�DV�VLJQDO�5,��5LQJ�,QGLFDWRU��IRU�PRGHP�RSHUDWLRQ��7KH�MXPSHU�-:=�PXVW�EH�FORVHG�IRU
'*36����9��DQG�RSHQ�IRU�5,�VLJQDO�
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7R�HVWDEOLVK�D�FRQQHFWLRQ�EHWZHHQ�WKH�VHULDO�SRUW�63��DQG�WKH�H[WHUQDO�'*36�UHFHLYHU��D�WKUHH
ZLUH�FDEOH�VKRXOG�EH�XVHG�DV�VKRZQ�LQ�WKH�GLDJUDP�EHORZ��
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&RPSDFW3&,���,QWHUIDFH

7KH�&*��5$',2�RIIHUV�D�&RPSDFW3&,�� LQWHUIDFH�FRPSO\LQJ�WR�WKH�&RPSDFW3&,��6SHFLILFDWLRQ
5HYLVLRQ������&RPSDFW3&,��LV�DQ�LQGXVWULDO�LPSOHPHQWDWLRQ�RI�WKH�IDPLOLDU�3HULSKHUDO�&RPSRQHQW
,QWHUFRQQHFW� �3&,��EXV�� ,W� FRPELQHV� WKH�ZHOO� NQRZQ�HOHFWULFDO� IHDWXUHV�RI�3&,�ZLWK� WKH�PRUH
UREXVW�PHFKDQLFDO����LQFK�UDFN�PRXQWLQJ�WHFKQRORJ\��7KH�LQWHUIDFH�VXSSRUWV����ELW�DGGUHVV�DQG
���ELW�GDWD�WUDQVIHUV��,W�LV�GHVLJQHG�IRU�D�FORFN�IUHTXHQF\�RI����0+]�ZLWK�D�WUDQVIHU�UDWH�RI�XS�WR
����0E\WH�V�

3&,�'HYLFHV

7KH�&RPSDFW3&,��LQWHUIDFH�LV�UHDOL]HG�E\�WKH�L�����53�SURFHVVRU��,W�FRQVLVWV�RI�WZR�3&,�IXQFWLRQV�
WKXV�LW�LV�D�PXOWL�IXQFWLRQ�3&,�GHYLFH��7KH�ILUVW�IXQFWLRQ��3&,�IXQFWLRQ����LV�WKH�3&,�WR�3&,�EULGJH
XQLW�ZKLFK� FUHDWHV� D�GDWD�SDWK�EHWZHHQ� WKH�SULPDU\� �WKH�&RPSDFW3&,��� DQG� WKH� VHFRQGDU\
LQWHUIDFH� �QRW� XVHG�RQ�&*��5$',2��� 3&,� IXQFWLRQ��� LV� WKH�SULPDU\�$GGUHVV� 7UDQVODWLRQ�8QLW
�$78���7KLV�XQLW�DOORZV�KLJK�VSHHG�DFFHVVHV�IURP�WKH�&RPSDFW3&,���LQWHUIDFH�WR�WKH�ORFDO�EXV
GHYLFHV�OLNH�)ODVK�((3520�RU�'5$0��1RUPDOO\�D�%,26�UXQQLQJ�RQ�D�KRVW�V\VWHP�GHWHFWV�WKHVH�3&,
GHYLFHV�DW�ERRW�WLPH�

$GGUHVV�7UDQVODWLRQ�8QLW��$78�

7KH�$GGUHVV�7UDQVODWLRQ�8QLW��$78��SURYLGHV�DQ�LQWHUIDFH�EHWZHHQ�WKH�&RPSDFW3&,���EXV�DQG
WKH�L����ORFDO�EXV��,W�FRQVLVWV�RI�WZR�SDUWV��WKH�SULPDU\�$78�IRU�DFFHVVHV�IURP�&RPSDFW3&,���DQG
WKH�VHFRQGDU\�$78�IRU�DFFHVVHV�IURP�WKH�VHFRQGDU\�3&,�EXV��QRW�XVHG�RQ�WKH�&*��5$',2���'DWD
WUDQVIHUV�LQLWLDWHG�E\�DQ\�3&,�EXV�PDVWHU�WR�D�ORFDO�EXV�GHYLFH�DUH�FDOOHG�LQERXQG�WUDQVDFWLRQV��,I
WKH�L����FRUH�VWDUWV�D�GDWD�DFFHVV�WR�DQ\�3&,�EXV�VODYH��WKLV�LV�FDOOHG�DQ�RXWERXQG�WUDQVIHU�

7KH�$78�IXOILOV�ERWK�DGGUHVV�ILOWHULQJ�DQG�DGGUHVV�WUDQVODWLRQ��)RU�LQERXQG�WUDQVDFWLRQV�WKH�$78
XVHV�WKUHH�UHJLVWHUV�

& ,QERXQG�$78�%DVH�5HJLVWHU
& ,QERXQG�$78�/LPLW�5HJLVWHU
& ,QERXQG�$78�7UDQVODWH�9DOXH�5HJLVWHU

$�3&,�DGGUHVV�LV�GHWHFWHG�DV�DQ�LQERXQG�WUDQVDFWLRQ�E\�WKH�$78�LI

�3&,B$GGUHVV�	�/LPLWB5HJLVWHU��  �%DVHB5HJLVWHU�

7KH�LQFRPLQJ����ELW�3&,B$GGUHVV� LV�ELWZLVH�$1'HG�ZLWK�WKH�/LPLWB5HJLVWHU��:KHQ�WKH�UHVXOW
PDWFKHV�WKH�%DVHB5HJLVWHU��WKH�3&,B$GGUHVV�LV�GHWHFWHG�DV�EHLQJ�ZLWKLQ�WKH�LQERXQG�WUDQVODWLRQ
ZLQGRZ�� 7KLV� RSHQV� D� 3&,� DGGUHVV� ZLQGRZ� IURP� �%DVHB5HJLVWHU�� WR
�%DVHB5HJLVWHU� �� /LPLWB5HJLVWHU��� 2QFH� WKH� WUDQVDFWLRQ� LV� FODLPHG�� WKH� DGGUHVV� PXVW� EH
WUDQVODWHG� IURP� D� ���ELW� 3&,� DGGUHVV� WR� D� ���ELW� ORFDO� DGGUHVV�� )RU� WKDW�� WKH� LQFRPLQJ
3&,B$GGUHVV�LV�ILUVW�ELWZLVH�$1'HG�ZLWK�WKH�ELWZLVH�LQYHUVH�RI�WKH�/LPLWB5HJLVWHU��7KLV�UHVXOW�LV
ELWZLVH�25HG�ZLWK�WKH�$78�7UDQVODWHB9DOXHB5HJLVWHU��7KH�UHVXOW�LV�WKH����ELW�ORFDO�DGGUHVV�

/RFDOB$GGUHVV� ��3&,B$GGUHVV�	��a/LPLWB5HJLVWHU���_�7UDQVODWHB9DOXHB5HJLVWHU
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,Q�DGGLWLRQ�WKH�$78�SURYLGHV�DGGUHVV�GHWHFWLRQ�DQG�WUDQVODWLRQ�IRU�L����FRUH�SURFHVVRU�LQLWLDWHG
F\FOHV�WDUJHWHG�WR�RQH�RI�WKH�3&,�EXVHV��7KH�$78�VXSSRUWV�WZR�GLIIHUHQW�WUDQVODWLRQ�PRGHV�

& $GGUHVV�7UDQVODWLRQ�:LQGRZV
& 'LUHFW�$GGUHVVLQJ�:LQGRZ

7KH�DGGUHVV�WUDQVODWLRQ�ZLQGRZV�DUH�ORFDWHG�IURP��[����������WR��[�����))))�ZLWKLQ�WKH����
ELW� ORFDO� DGGUHVV� VSDFH� RI� L���� SURFHVVRU�� 7KLV� UDQJH� FRQVLVWV� RI� WZR� ����0E\WH� PHPRU\
ZLQGRZV�DQG�WZR����.E\WH�,�2�ZLQGRZV�IRU�WKH�SULPDU\�DQG�VHFRQGDU\�$78�UHVSHFWLYHO\��(DFK
PHPRU\�ZLQGRZ�LV�GLYLGHG�LQWR�WZR�DUHDV�����0E\WH�IRU����ELW�3&,�DGGUHVV�F\FOHV�DQG����0E\WH
IRU�3&,�GRXEOH�DGGUHVV�F\FOHV��'$&���7KH�W\SH�RI�WKH�3&,�WUDQVIHU�LV�GHSHQGHQW�IURP�WKH�DUHD�WKDW
LV�KLW�ZLWKLQ�WKH�DGGUHVV�WUDQVODWLRQ�ZLQGRZ�E\�WKH�L����FRUH�

7KH�WUDQVODWLRQ�PHFKDQLVP�XVHG�LV�YHU\�VLPLODU�WR�WKH�DOJRULWKP�IRU�WKH�LQERXQG�WUDQVDFWLRQV
GHVFULEHG�DERYH��)RU�PHPRU\�DQG�'$&�DFFHVVHV�LW�LV

3&,B$GGUHVV� ��/RFDOB$GGUHVV�	��[��))�))))��_�0HPRU\B:LQGRZB9DOXHB5HJLVWHU

,�2�WUDQVDFWLRQV�DUH�WUDQVODWHG�E\

3&,B$GGUHVV� ��/RFDOB$GGUHVV�	��[�����))))��_�,�2B:LQGRZB9DOXHB5HJLVWHU

,Q�DGGLWLRQ�WKH� L����53�SURYLGHV�D�GLUHFW�DGGUHVVLQJ�VFKHPH��7KLV�PHWKRG�RI�RXWERXQG�3&,
WUDQVDFWLRQV� LV� OLPLWHG� WR�PHPRU\� WUDQVIHUV� DQG�ZRUNV�ZLWKLQ� WKH� ORFDO� DGGUHVV� UDQJH� IURP
�[����������WR��[�)))�))))�RQO\��,I�HQDEOHG�DQ\�DFFHVV�WR�WKHVH�ORFDWLRQV�DUH�IRUZDUGHG�WR�WKH
3&,�EXV��:KLFK�RI�WKH�3&,�EXVHV�DUH�XVHG�ZLOO�EH�GHFLGHG�E\�D�ELW�LQ�WKH�$78�FRQWURO�UHJLVWHU
$78&5��7KLV�UHJLVWHU�DOVR�FRQWDLQV�WKH�GLUHFW�DGGUHVVLQJ�HQDEOH�ELW�

$V�HYHU\�3&,�GHYLFH�WKH�$78�LPSOHPHQWV�LWV�RZQ�FRQILJXUDWLRQ�VSDFH��7KLV�VSDFH�LV�����E\WHV�LQ
VL]H�� ZKHUHDV� WKH� ILUVW� ��� E\WHV� PXVW� DGKHUH� WR� D� SUHGHILQHG� KHDGHU� IRUPDW�� 7KH� $78� LV
SURJUDPPHG�RQ�WKH�&RPSDFW3&,��LQWHUIDFH�YLD�W\SH���FRQILJXUDWLRQ�FRPPDQGV�WR�3&,�IXQFWLRQ
QXPEHU�RQH��%HVLGHV�WKH�L����FRUH�SURFHVVRU�FDQ�DFFHVV�WKH�FRQILJXUDWLRQ�VSDFH�YLD�PHPRU\
PDSSHG�UHJLVWHUV�DW�ORFDO�DGGUHVV��[������6RPH�RI�WKH�UHDG�RQO\�UHJLVWHUV�FDQ�DOVR�EH�ZULWWHQ
E\�WKH�L�����7KH�IROORZLQJ�WDEOH�VKRZV�WKH�FRQILJXUDWLRQ�KHDGHU�DFFRUGLQJ�WKH� 3&,�/RFDO�%XV
6SHFLILFDWLRQ��UHYLVLRQ�����
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$GGUHVV�7UDQVODWLRQ�8QLW�&RQILJXUDWLRQ�+HDGHU�)RUPDW

Address Translation Unit Configuration Header Address Offset

ATU Device ID ATU Vendor ID 0x00

ATU Primary Status ATU Primary Command 0x04

ATU Class Code ATU Revision ID 0x08

BIST Header Type Latency Timer Cacheline Size 0x0C

Primary Inbound ATU Base Address 0x10

Reserved

0x14

0x18

0x1C

0x20

0x24

0x28

ATU Subsystem ID ATU Subsystem Vendor ID 0x2C

Expansion ROM Base Address 0x30

Reserved
0x34

0x38

Max. Latency Minimum Grant Interrupt Pin Interrupt Line �[�&
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7KH�QH[W�WDEOH�VKRZV�WKH�L����53�VSHFLILF�UHJLVWHUV�RI�WKH�$78�FRQILJXUDWLRQ�VSDFH�

$78�([WHQGHG�3&,�&RQILJXUDWLRQ�+HDGHU�)RUPDW

ATU Extended PCI Configuration Register Space Address Offset

Primary Inbound ATU Limit Register PIALR 0x40

Primary Inbound ATU Translate Value Register PIATVR 0x44

Secondary Inbound ATU Base Address Register SIABAR 0x48

Secondary Inbound ATU Limit Register SIALR 0x4C

Secondary Inbound ATU Translate Value Register SIATVR 0x50

Primary Outbound Memory Window Value Register POMWVR 0x54

Reserved 0x58

Primary Outbound I/O Window Value Register POIOWVR 0x5C

Primary Outbound DAC Window Value Register PODWVR 0x60

Primary Outbound Upper 64-bit DAC Register POUDR 0x64

Secondary Outbound Memory Window Value Register SOMWVR 0x68

Secondary Outbound I/O Window Value Register SOIOWVR 0x6C

Reserved 0x70

Expansion ROM Base Address Register ERBAR 0x74

Expansion ROM Translate Value Register ERTVR 0x78

Reserved

0x7C

0x80

0x84

ATU Configuration Register ATUCR 0x88

Reserved 0x8C

Primary ATU Interrupt Status Register PATUISR 0x90

Secondary ATU Interrupt Status Register SATUISR 0x94

Secondary ATU Status Register Secondary ATU Commond Register 0x98

Secondary Outbound DAC Window Value Register SODWVR 0x9C

Secondary Outbound Upper 64-bit DAC Register SOUDR 0xA0

Primary Outbound Configuration Cycle Address Register POCCAR 0xA4

Secondary Outbound Configuration Cycle Address Register SOCCAR 0xA8

Primary Outbound Configuration Cycle Data Register POCCDR 0xAC

Secondary Outbound Configuration Cycle Data Register SOCDCR 0xB0

Reserved 0xB4 - 0xFF
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6\VWHP�&RQQHFWRU�-�

7KH�&RPSDFW3&,��VSHFLILFDWLRQ�GHILQHV�WKH�XVDJH�RI�VKLHOGHG����PP�SLWFK����URZ�FRQQHFWRUV�RQ
&RPSDFW3&,�� ERDUGV�DFFRUGLQJ� WR� ,(&�����DQG� ,(&�������������7KH����ELW�3&,� LQWHUIDFH� LV
LPSOHPHQWHG�YLD�WKH�-��FRQQHFWRU��ZKLOH�WKH����ELW�RSWLRQ�UHTXLUHV�WKH�FRQQHFWRU�-���6LQFH�WKH
&*��5$',2�KDV�D����ELW�&RPSDFW3&,��LQWHUIDFH��WKH�-��FRQQHFWRU�LV�QRW�QHFHVVDU\�DQG�WKXV�QRW
PRXQWHG�

7KH� -�� FRQQHFWRU� DOVR� GHILQHV� WKH� VXSSRUWHG� VLJQDOLQJ� YROWDJH� �9,�2��� $� FRGLQJ� NH\� LQ� WKLV
FRQQHFWRU�LV�XVHG�WR�GLVWLQJXLVK�ERDUGV�ZLWK�9,�2 ���9��FDGPLXP�\HOORZ�NH\���9,�2 �9��EULOOLDQW
EOXH�NH\��RU�ERWK��QR�NH\���7KH�&*��5$',2�LV�VXLWDEOH�IRU�9,�2 �9�RQO\�DQG�HTXLSSHG�ZLWK�D�EOXH
FRGLQJ�NH\�

&$87,21��'R�QRW�XVH�WKH�&*��5$',2�ZLWKLQ�D����9�&RPSDFW3&,��V\VWHP�
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&RPSDFW3&,�-�

#J1 A B C D E

25 5V REQ64# ENUM# 3.3V 5V

24 AD1 5V VI/O AD0 ACK64#

23 3.3V AD4 AD3 5V AD2

22 AD7 GND 3.3V AD6 AD5

21 3.3V AD9 AD8 M66EN (GND) C/BE0#

20 AD12 GND VI/O AD11 AD10

19 3.3V AD15 AD14 GND AD13

18 SERR# GND 3.3V PAR C/BE1#

17 3.3V IPMB SCL IPMB SDA GND PERR#

16 DEVSEL# GND VI/O STOP# LOCK#

15 3.3V FRAME# IRDY# GND TRDY#

14

13 5V KEY

12

11 AD18 AD17 AD16 GND C/BE2#

10 AD21 GND 3.3V AD20 AD19

9 C/BE3# IDSEL AD23 GND AD22

8 AD26 GND VI/O AD25 AD24

7 AD30 AD29 AD28 GND AD27

6 REQ# GND 3.3V CLK AD31

5 BRSVP1A5 BRSVP1B5 RST# GND GNT#

4 BRSVP1A4 GND VI/O INTP INTS

3 INTA# INTB# INTC# 5V INTD#

2 TCK 5V TMS TDO TDI

1 5V -12V TRST# +12V 5V

pin positions printed italic/gray: not connected
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/LWHUDWXUH

7KHPH 'RFXPHQW�7LWOH 2ULJLQ

&RPSDFW3&,
6SHFLILFDWLRQ

&RPSDFW3&,�6SHFLILFDWLRQ��3,&0*
����5�����2FW���������

3,&0*��KWWS���ZZZ�SLFPJ�RUJ�

3&, 3&,�+DUGZDUH�DQG�6RIWZDUH
$UFKLWHFWXUH�	�'HVLJQ��6RODUL�:LOOVH�
�WK�(GLWLRQ��$QQDERRNV

$QQDERRNV
�KWWS���ZZZ�DQQDERRNV�FRP�

0HWULF�&RQQHFWRUV ,(&�����������
$SSOLFDWLRQ�/LWHUDWXUH�IURP�(51,�
$03��)&,

%HXWK�9HUODJ��%HUOLQ
,/,�,QGH[�+RXVH��*%�6/��(8
$VFRW�%HUNVKLUH

����PP
6KURXGHG�+HDGHUV

',1������ %HXWK�9HUODJ��%HUOLQ

2UGHULQJ�,QIRUPDWLRQ

$OLDV 2UGHULQJ�1R� 6KRUW�'HVFULSWLRQ

5$',2 &*����5$',2 �8�&RPSDFW3&,�KRVWDGDSWHU�����FKDQQHO�*36�UHFHLYHU
VXEV\VWHP�ZLWK�L���53�&38�EULGJH���0%�)ODVK���0%�'5$0�
021���

&5����$'$37 )URQW�SDQHO�H[SDQVLRQ�NLW��8�²!��8

�������������� *36�DQWHQQD��DFWLYH���9��60%�FRQQHFWRU���P�FDEOH�OHQJWK

�������������� ([WHUQDO�'*36�/:�UHFHLYHU�ER[��LQFOXGLQJ�$/)�OLFHQVH��$FFXUDWH
3RVLWLRQLQJ�E\�/RZ�)UHTXHQF\��WUDQVPLWWHU
0DLQIOLQJHQ�)UDQNIXUW��UHFHLYHU�UDGLXV�DERXW����NP���QRW
UHTXLUHG�ZKLOH�GHDFWLYDWLRQ�RI�*36�6$�IXQFWLRQ
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(.)�(OHNWURQLN�*PE+
3KLOLSS�5HLV�6WU���
'�������+$00
�*HUPDQ\�

,QWHUQHW��KWWS���ZZZ�HNI�GH
)D[���������������������
�7HO��������������������

(�0DLO�LQIR#HNI�GH


