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�� 9%$7 ��� %DWWHU\�SRZHU�VXSSO\ %$7B92/7�$',1�����%,7�$'� 1L0+������9

�� 9%$7 ��� %DWWHU\�SRZHU�VXSSO\ %$7B92/7�$',1�����%,7�$'� 1L0+������9
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�� 8,   ! 8SOLQN�,�VLJQDO

�� 8,;   ! 8SOLQN�Q,�VLJQDO

�� 84   ! 8SOLQN�4�VLJQDO

�� 84; �  8SOLQN�Q4�VLJQDO /L�,21������9�
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0DLQ�8QLW��  !�([WHUQDO�,�2

1R� 1DPH +�+�� !�(;7 )XQFWLRQ +�+�&LUFXLW

� *1' ��� 3RZHU�VXSSO\�	�GLJLWDO�VLJQDO�JURXQG

� 7;�$8',2 �  6HQGLQJ�$XGLR

� $8',2�*1' ��� *URXQG�IRU�$XGLR

� Q+�)�21   ! +DQGVIUHH�SDWK�FRQWURO�VLJQDO

�/��2Q��+L�=��2II�

� Q$'3�6(16( �  3&0&,$�,�)�&DUG�GLVFULPLQDWLQJ�VLJQDO

�1R�FRQQHFWLRQ��2SHQ�

�'DWD�DGDSWRU��*1'�

�56����GLUHFW�FDEOH�����NΩ�SXOO�GRZQ�
�606�FDEOH�����NΩ�SXOO�GRZQ�
�+HDGVHW�DGDSWRU�����NΩ�SXOO�GRZQ�

� 6(5,$/�83 �  8SZDUG�VHULDO

������ESV��7HVW�FRPPDQG�

������ESV��606�FDEOH�

������NESV�'DWD�DGDSWRU�,�)�&DUG�

������NESV��56����'LUHFW�FDEOH�

� 6(5,$/�'2:1   ! 'RZQZDUG�VHULDO

�%DXG�UDWH�LV�VDPH�DV�6(5,$/�83�

� (;7�3:5 �  3RZHU�VXSSO\�IRU�EDWWHU\�FKDUJH

� *1' ��� 3RZHU�VXSSO\�	�GLJLWDO�VLJQDO�JURXQG

�� 5;�$8',2   ! 5HFHLYHG�$XGLR

�� Q5$',2�087( ��� 5$',2�087(�&RQWURO

�/��5DGLR�0XWH��+L�=��5DGLR�8QPXWH�

�� Q+�)�6(16( �  +�)�GLVFULPLQDWLQJ�VLJQDO

�/��H[LVWHQFH��+��QRWKLQJ�
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�� 9%$7   ! %DWWHU\�2XWSXW

����a����9�

�� ,*1,7,21 �  &DQ�,JQLWLRQ

�/��2II��+��2Q�

�� Q/2*,&�3:5   ! 3HULSKHUDO�SRZHU�FRQWURO

�/��2Q��+L�=��2II�

�� 3$�21   ! 3$�FRQWURO�VLJQDO

�/��2II��+���9��2Q�

5) 7;�5; �  ! 7[�	�5[�5)�VLJQDO����Ω

3LQ 6LJQDO 'HVFULSWLRQ

�� (;7B3:5 3RZHU�IRU�FKDUJLQJ

�� *1' *URXQG

3LQ 6LJQDO

� *1'

� ��9

� 1RW�FRQQHFWHG

� 5HVHW

� 6HULDO�LQSXW�RXWSXW

� &ORFN

� 1RW�FRQQHFWHG

� 1RW�FRQQHFWHG

1R� 1DPH +�+�� !�(;7 )XQFWLRQ +�+�&LUFXLW

330

100k
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10k

330pF
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73�1R� 6LJQDO

���� 7',��8����SLQ����

���� 7'2��8����SLQ����

���� Q5(6(7

���� 7&.��8����SLQ����

��� 706��8����SLQ����

��� 6,0B&/.B/2

���� 7',��8����SLQ����

���� 7'2��8����SLQ����

��� 7567��8����SLQ����

��� 7&.��8����SLQ����

���� 706��8����SLQ����

��� 66'5

���� 66';

��� 66567

��� 66&/.

��� 7(67����8����SLQ����

��� 7(67����8����SLQ����

��� 7(67����8����SLQ����

��� &+$5*(B/('

��� 5(&B3

��� 5(&B1

��� 7;B$8',2

��� 5;B$8',2

��� ��0+]&/.

��� 3$B21

��� 7;B21

��� 5;B21�

��� 5;B21�

��� 2&(

��� 5)B21

��� /2�6(/

��� Q+)B7;B087(

��� 95()B287

��� 6,0B&/.

��� 6,0B,2

��� 6,0B567

��� %$7B7(03

��� Q$'3B6(16(

��� Q+)B6(16(

��� Q21B+22.

��� Q/2*,&B32:(5

��� ,*1,7,21

��� 6(5,$/B83

��� %$7,'

��� Q+)B21

��� 6(5,$/B'2:1

��� &+$5*(B21

��� .%&���

��� .%&���

��� .%&���

��� .%&���

��� .%&���

��� .%5���

��� .%5���

��� .%5���
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH
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��� .%5���

��� Q32:.(<

��� Q5$',2B087(

���� $)&

��� 9%$7

��� 3$5$03

��� %8=21��8����SLQ����

��� 5(*)���8����SLQ����

��� Q/9,

��� Q5(6(7

��� %8==(5

��� 3$*,1*B/('

��� (;7B3:5

��� 9''

���� 9%$7

��� '�9

���� 9''

��� '�9

��� $�9

73�1R� 6LJQDO

��� 9''

��� 8/,3

��� 8/,1

��� 8/41

��� 8/43

��� 7;B21

��� $)&

��� �9&217

��� 6,0�9

��� 3$B21

��� 3$�5$03�$3&�

��� 5)B21

��� /2�6(/

��� 5;B21�

��� 3//B6,5%

��� ,)$*&(1

��� 3//B&/.

��� 3//B6'

��� %&$/�2&(�

��� '/,3

��� '/,1

��� '/43

��� '/41

��� 5;B21�

��� 9%$7

��� *1'

73�1R� 6LJQDO
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



,17(5)$&(6�$1'�7(67�32,176
7KLV�SDJH�LV�OHIW�LQWHQWLRQDOO\�EODQN�
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



5)�29(59,(:
� 5)�29(59,(:

��� ,QWURGXFWLRQ�

$OO�WKH�5)�FLUFXLWU\�LV�FRQWDLQHG�RQ�RQH�3&%��7KH�5)�3&%�KDV�VL[�OD\HUV�PDGH�IURP�)5��PDWHULDO��7RS�DQG�ERWWRP�OD\HU�WUDFNV�
DUH�JROG�SODWHG�WR�SUHYHQW�R[LGLVDWLRQ�DQG�HQDEOH�EHWWHU�VROGHULQJ��7KH�ERDUG�WKLFNQHVV�LV�����PP��� ����PP��

7KH�PDMRULW\�RI�WKH�FRPSRQHQWV�DUH�RQ�RQH�VLGH�RI�WKH�3&%�OHDYLQJ�DV�PXFK�DV�SRVVLEOH�RI�WKH�RSSRVLWH�VLGH�WR�EH�D�FRPSOHWH�
JURXQG�SODQH��WKLV�LV�XVHG�WR�SURYLGH�5)�VKLHOGLQJ�

7KH�5)�ERDUG�LV�FRQQHFWHG�WR�WKH�EDVHEDQG�GLJLWDO�ERDUG�YLD�D����ZD\�GXDO�LQ�OLQH�FRQQHFWRU�

7KH�*����5)�3&%�LV�D�KDOI�VL]H�ERDUG��L�H��KDOI�WKH�GLPHQVLRQV�RI�WKH�KDQGKHOG�XQLW��,Q�RUGHU�WR�NHHS�WKH�3&%�WR�WKHVH�
GLPHQVLRQV�ERWK�VLGHV�RI�WKH�ERDUG�DUH�SRSXODWHG�ZLWK�FRPSRQHQWV��$V�WKHUH�LV�QR�JURXQG�SODQH�WR�LPSURYH�VKLHOGLQJ�RQ�RQH�
VLGH�RI�WKH�5)��WZR�FKDVVLV�DUH�QHHGHG��RQH�HLWKHU�VLGH��:KHQ�WKH�3&%�LV�VDQGZLFKHG�EHWZHHQ�WKH�WZR�FKDVVLV�LW�IRUPV�DQ�
HIIHFWLYH�VKLHOGHG�HQFORVXUH�ZKLFK�SUHYHQWV�VSXULRXV�HPLVVLRQV��7KH�FKDVVLV�KDYH�DOVR�EHHQ�GHVLJQHG�WR�SURYLGH�VPDOOHU�
ZDOOHG�VHFWLRQV�WKDW�DUH�XVHG�WR�LVRODWH�VHQVLWLYH�DUHDV�VXFK�DV�WKH�9&2�IURP�DUHDV�ZLWK�KLJK�OHYHO�5)�VLJQDOV�VXFK�DV�WKH�3$�
PRGXOH�RXWSXW�

��� )XQFWLRQDO�'HVFULSWLRQ

7KH�PDMRU�EXLOGLQJ�EORFNV�IRU�WKH�5)�GHVLJQ�DUH�WKH�WUDQVPLW��7[��DQG�UHFHLYH��5[��,&V��5)�,)�GXDO�3//�DQG�WKH�DQWHQQD�
VXEV\VWHP�

)LJXUH�� 5)�%ORFN�'LDJUDP ��������

PA TX BPF

1. L=3.5 dB

UPC2771

13 M

TX BPF
900 M

TX 1C
PMB2250

492 M

1. L=0.4 dB
G=20 dB

BUFFER
MRF1C0916

RX 1C
PMB2450

BUFFER
MRF1C0916

-10.5 dBm3 dB.3 dBm

246 M
TX IQ

LOG

MOD

VCO

LPF

BALUN

1.1G
492 M

/402 M

AFC

RX IQ

APC

DUAL PLL
MB15F02

TCXO

VCO

÷2

COUPLER

HD155171T

ATT

LNA

RX BPF
1. L=4.5 dB

IF BPF

201 M

G=20 dB

RCC

ATT
ANT

TX

TX : 890.2~914.8 MHz

TX : 935.2~959.8 MHz

1st Lo : 1136.2~1160.8 MHz

RX

1. L=1.5 dB

1. L=3.7 dB

÷2

PWR.CONT
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



5)�29(59,(:
)LJXUH�� )UHTXHQF\�3ODQ ��������

����� )XQFWLRQDO�'HVFULSWLRQ�RI�WKH�3//V
7KH�*����GHVLJQ�HPSOR\V�WZR�IL[HG�,)�/RV����� 0+]�IRU�5[�DQG���� 0+]�IRU�7[��7KH\�DUH�JHQHUDWHG�DW���� 0+]�DQG���� 0+]�
XVLQJ�WKH�,)�SDUW�RI�WKH�3//��8������7KH�,)�9&2�XVHG�LV�D�PRGXODU�9&2�EHWZHHQ���� 0+]�DQG���� 0+]�E\�PHDQV�RI�VZLWFKLQJ�
WKH�IUHTXHQF\�GHWHUPLQHG�E\�WKH�,)/26(/�FRQWURO�OLQH�

7KH�5)�/2�LV�JHQHUDWHG�E\�WKH�3//�IRUPHG�E\�WKH�5)�SDUW�RI�WKH�3//��8�����DQG�DQ�H[WHUQDO�PRGXODU�9&2��7KH�XVH�RI�D�
PRGXODU�9&2�LPSURYHV�WKH�GHVLJQ�UHSHDWDELOLW\�

7KH��� 0+]�FORFN�JHQHUDWHG�E\�WKH�7&;2�LV�VXSSOLHG�WKURXJK�WKH�7&;2�EXIIHU�WR�HOLPLQDWH�ORJLF�QRLVH��7KH�7&;2�EXIIHU�LV�
DFWLYH�RQO\�GXULQJ�WKH�SHULRG�ZKHQ�WKH�5)�LV�WXUQHG�RQ��:KHQ�WKH�5)�LV�WXUQHG�RII�LQ�LGOH�PRGH��WKH�7&;2�LV�VZLWFKHG�RII�DQG�
DQRWKHU�VZLWFKLQJ�GLRGH�SDWK�LV�DFWLYH�WR�VXSSO\�WKH�FORFN�WR�WKH�ORJLF��7KH�WHFKQLTXH�GHFUHDVHV�WKH�LGOH�FXUUHQW��KHQFH�
LQFUHDVLQJ�VWDQGE\�WLPH�

����� $QWHQQD
7KH�DQWHQQD�LV�D�IL[HG�KHOLFDO�W\SH��$�ZKLS�DQWHQQD�PD\�EH�FRQQHFWHG�WR�WKH�5)�SDWK�WR�SURYLGH�EHWWHU�JDLQ�DQG�PLQLPLVH�WKH�
KHDG�HIIHFWV�RQ�WKH�DQWHQQD�

$�PHFKDQLFDO�5)�VZLWFK�LV�XVHG�WR�URXWH�WKH�5)�VLJQDO�IURP�WKH�H[WHUQDO�DQWHQQD�IRU�KDQGVIUHH�RSHUDWLRQ�DQG�WHVW�SXUSRVHV�

����� 7UDQVPLW�DQG�5HFHLYH
7KH�WUDQVPLW�DQG�UHFHLYH�SDWKV�RI�*����DUH�FRYHUHG�LQ�WKHLU�RZQ�VSHFLILF�FKDSWHUV�ODWHU�LQ�WKLV�PDQXDO�

201 MHzRx
(935.2~959.8) MHz

(1136.2~1160.8) MHz

IF VCORF VCO

402 MHz for Rx
492 MHz for Tx

I,Q output
to baseband

Tx

I,Q modulation inputs
from baseband

2nd LO
Rx/Tx
switch

(890.2~914.8) MHz

÷2

÷2
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



75$160,77(5
� 75$160,77(5

��� ,QWURGXFWLRQ

7KLV�VHFWLRQ�SURYLGHV�D�WHFKQLFDO�GHVFULSWLRQ�RI�WKH�WUDQVPLWWHU�FLUFXLW�RI�WKH�5)�FLUFXLW��$�FLUFXLW�GLDJUDP�RI�WKH�ZKROH�V\VWHP�LV�
SURYLGHG�LQ�6HFWLRQ���RI�WKH�6HUYLFH�0DQXDO�

����� 8SOLQN�)UHTXHQFLHV

&+$11(/�

180%(56
83/,1.�)5(48(1&,(6��0+]�
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0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



75$160,77(5
��� )XQFWLRQDO�'HVFULSWLRQ

7KH�PDLQ�EXLOGLQJ�EORFN�LQ�WKH�7[�OLQH�XS�LV�WKH�WUDQVPLWWHU�,&�8����WKDW�SURYLGHV�D�&ODVV����� :DWWV��WUDQVPLWWHU�

)LJXUH�� 7UDQVPLWWHU�,&�8��� ��������

7KH�5)�PL[HU�LV�XVHG�WR�JHQHUDWH�WKH�*60�FDUULHU��ZKLFK�LV�WKHQ�PRGXODWHG�E\�WKH�EDVHEDQG�,�4�VLJQDOV�LQ�WKH�TXDGUDWXUH�
PRGXODWRU��7KH�RXWSXW�IURP�WKH�TXDGUDWXUH�PRGXODWRU�LV�EXIIHUHG�DQG�LV�RXWSXW�GLIIHUHQWLDOO\�DW�DERXW��� G%P�

7KH�5)�/2�LV�REWDLQHG�IURP�WKH�VDPH�9&2�WKDW�VXSSOLHV�WKH�5[�/2��WKHUHIRUH�WKH�7[�,)�IUHTXHQF\�LV��� 0+]�JUHDWHU�WKDQ�WKH�
5[�,)�IUHTXHQF\��7KH�,)�/2�LV�JHQHUDWHG�E\�WKH�VDPH�GLVFUHWH�9&2�DV�WKH�5[�,)�9&2�RIIVHW�E\��� 0+]��7KH�9&2�IUHTXHQF\�
LV�GLYLGHG�E\�WZR�E\�DQ�RQ�FKLS�GLYLGHU�WR�JHQHUDWH�WKH�UHTXLUHG���� 0+]�

7KH�RXWSXW�IURP�7[�,&�LV�ILOWHUHG�EHIRUH�DQG�DIWHU�WKH�3$�GULYHU�8�����7KH�DPRXQW�RI�ILOWHULQJ�SURYLGHG�HQVXUHV�WKDW�WKH�7[�VSXULL�
DQG�WKH�7[�QRLVH�LQ�WKH�5[�EDQG�DUH�ZLWKLQ�*60�OLPLWV�ZLWK�VXIILFLHQW�PDUJLQV��%HWZHHQ�)/����DQG�WKH�3$�WKHUH�LV�D�GLVFUHWH�
DWWHQXDWRU�WR�RSWLPLVH�WKH�5)�OHYHO�LQWR�WKH�3$�DQG�WR�SURYLGH�VRPH�SDGGLQJ�VHW�WR�� G%�

7KH�3$�DPSOLILHV�WKH�RXWSXW�IURP�WKH�3$�GULYHU�WR�DQ\�UHTXLUHG�OHYHO�XS�WR�3/����� G%P��DW�WKH�DQWHQQD��7KH�SRZHU�OHYHO�FDQ�
EH�FRQWUROOHG�DV�UHTXLUHG�LQ�3KDVH�,,�*60�LQ�� G%�VWHSV�IURP��� G%P�WR�� G%P��7R�DFKLHYH�WKH�DFFXUDF\�DQG�WLPH�PDVN�
UHTXLUHPHQWV�IRU�WKH�RXWSXW�SRZHU��D�FORVHG�ORRS�SRZHU�FRQWURO�GHVLJQ�KDV�EHHQ�LPSOHPHQWHG��,Q�WKLV�PHWKRG��D�SRUWLRQ�RI�WKH�
RXWSXW�SRZHU��DSSUR[����� G%��LV�FRXSOHG�LQWR�D�GHWHFWRU��7KLV�VDPSOH�LV�WKHQ�FRPSDUHG�ZLWK�D�UDPS�ZDYHIRUP�ZKRVH�ULVLQJ�
DQG�IDOOLQJ�HGJHV�DUH�SUHFLVHO\�VKDSHG�WR�HQVXUH�WKDW�WKH�IUHTXHQF\�VSODVK�GXH�WR�WKH�IDVW�WXUQ�RQ�DQG�RII�RI�WKH�3$�UHPDLQV�
ZLWKLQ�VSHFLILFDWLRQ��7KH�OHYHO�RI�WKH�UDPS�ZDYHIRUP�GHWHUPLQHV�WKH�RXWSXW�SRZHU�OHYHO�WKDW�QHHGV�WR�EH�WUDQVPLWWHG�

7KH�RXWSXW�IURP�WKH�3$�LV�ILOWHUHG�WKURXJK�D�GLVFUHWH�ORZ�SDVV�ILOWHU�WR�HQVXUH�WKDW�WKHUH�LV�VXIILFLHQW�PDUJLQ�LQ�WKH�UHMHFWLRQ�RI�
WKH�VHFRQG�DQG�WKLUG�7[�KDUPRQLFV�DV�WKH�GXSOH[HU�UHMHFWLRQ�LV�QRW�VXIILFLHQW�

)RU�D�W\SLFDO�RXWSXW�SRZHU�RI��� G%P�DW�WKH�DQWHQQD��DVVXPLQJ�D�W\SLFDO�ORVV�RI���� G%�EHWZHHQ�WKH�3$�RXWSXW�DQG�WKH�DQWHQQD��
WKH�3$�KDV�DQ�HIILFLHQF\�PLQLPXP�RI��� ��
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



75$160,77(5
����� 6LJQDO�/HYHOV
7KH�VLJQDO�OHYHOV�WKURXJK�WKH�WUDQVPLWWHU�,&�DUH�JLYHQ�EHORZ�

)LJXUH�� 7\SLFDO�/RVVHV ��������

FL102 U103 FL101 U101 (PA)

E101
Coupler FL103

-4.5dB

I

Q +21dB -3.5dB +31.6dB -0.5dB -1.3dB

-10

0

+10

+20

+30

+35 PL5

PL19
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



75$160,77(5
7KLV�SDJH�LV�OHIW�LQWHQWLRQDOO\�EODQN�
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



5(&(,9(5
� 5(&(,9(5

��� ,QWURGXFWLRQ

7KLV�VHFWLRQ�SURYLGHV�D�WHFKQLFDO�GHVFULSWLRQ�RI�WKH�UHFHLYHU�VHFWLRQ�RI�WKH�5)�FLUFXLW��$�FLUFXLW�GLDJUDP�RI�WKH�ZKROH�V\VWHP�LV�
SURYLGHG�LQ�6HFWLRQ���RI�WKH�6HUYLFH�0DQXDO��2UGHU�1R��0&8.������&���

����� 'RZQOLQN�)UHTXHQFLHV

&+$11(/�

180%(56
'2:1/,1.�)5(48(1&,(6��0+]�
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0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



5(&(,9(5
��� )XQFWLRQDO�'HVFULSWLRQ

7KH�PDLQ�EXLOGLQJ�EORFN�IRU�WKH�UHFHLYHU�LV�WKH�,&�8�����7KH�UHFHLYHU�LV�D�GRXEOH�VXSHUKHW�W\SH�ZLWK�WKH�ILUVW�,)�DW���� 0+]��WKLV�
LV�WKHQ�FRQYHUWHG�GRZQ�WR�]HUR�,)�

7KH�5[�,&�FRQWDLQV�WKH�IROORZLQJ�VWDJHV�

�� /1$�

�� 5)�PL[HU�

�� *DLQ�FRQWUROOHG���VWDJH�,)�DPSOLILHU�

�� ,�4�TXDGUDWXUH�GRZQ�FRQYHUWHU�

�� %DVHEDQG�2S�$PSV�IRU�IXUWKHU�DPSOLILFDWLRQ�DQG�VRPH�ILOWHULQJ�RI�WKH�EDVHEDQG�,�4�VLJQDOV�

)LJXUH�� 5HFHLYHU�,&�8��� ��������

5)�LQSXW�WR�WKH�UHFHLYHU�LV�HLWKHU�YLD�WKH�DQWHQQD�RU�YLD�WKH�,�2�FRQQHFWRU�IRU�WHVW�SXUSRVHV�DQG�KDQGVIUHH�RSHUDWLRQ��7KH�LQSXW�
VLJQDO�IURP�WKH�DQWHQQD�RU�WKH�,�2�FRQQHFWRU�LV�IHG�LQWR�WKH�/1$�WKURXJK�WKH�$17���5[�SDWK�RI�WKH�FHUDPLF�GXSOH[HU��)/������
7KH�GXSOH[HU�SURYLGHV�D�ILOWHU�IXQFWLRQ�IRU�WKH�7[�VLJQDOV�EHWZHHQ�LWV�7[�DQG�$17�SRUWV�DQG�DQ�DGGLWLRQDO�QRWFK�LQ�WKH�5[�EDQG�
WR�PLQLPLVH�WKH�7[�QRLVH�ZLWKLQ�WKH�5[�EDQG��7KH�UHVSRQVH�EHWZHHQ�WKH�$17�DQG�5[�SRUWV�LV�D�EDQGSDVV�ILOWHU�UHVSRQVH�
SURYLGLQJ�WKH�URRILQJ�ILOWHU�IXQFWLRQ�IRU�WKH�5[�IURQW�HQG�

7KH�/1$�JDLQ�FDQ�EH�FRQWUROOHG�YLD�D�WKUHH�ZLUH�EXV�EHWZHHQ�D�W\SLFDO�YDOXH�RI��� G%�DQG�DSSUR[LPDWHO\��� G%��7KH�/1$�JDLQ�
UHGXFWLRQ�LV�UHTXLUHG�IRU�RSHUDWLRQ�XQGHU�VWURQJ�VLJQDO�FRQGLWLRQV�ZKHUH�LQSXW�SRZHU�OHYHOV�DUH�JUHDWHU�WKDQ�DERXW���� G%P��

7KH�RXWSXW�IURP�WKH�/1$�JRHV�WKURXJK�D�GLIIHUHQWLDO�%3�6$:�ILOWHU�DQG�LV�GLIIHUHQWLDOO\�IHG�LQWR�WKH��VW�GRZQ�FRQYHUWHU�PL[HU��
7KH�/2�IRU�WKH�PL[HU�LV�JHQHUDWHG�E\�D�3//��8�����HPSOR\LQJ�D�PRGXODU�9&2��8������7KH�RXWSXW�IURP�WKH�9&2�LV�EXIIHUHG�E\�
DQ�5)�00,&�DPSOLILHU��8������7KH�/2�IUHTXHQF\�UDQJH�LV��������WR������� 0+]�

7KH�,)�RXWSXW�DW���� 0+]�IURP�WKH�PL[HU�LV�ILOWHUHG�E\�WKH�GLIIHUHQWLDO�,)�6$:�ILOWHU��)/�����EHIRUH�LW�LV�IHG�LQWR�WKH�JDLQ�
FRQWUROOHG�,)�DPSOLILHUV��7KH�XVH�RI�GLIIHUHQWLDO�ILOWHUV�HOLPLQDWHV�WKH�QHHG�IRU�EDOXQV�DQG�SURYLGHV�VRPH�VSDFH�DGYDQWDJH�
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7KH�,)�DPSOLILHU�LV�D�ILYH�VWDJH�FDVFDGHG�VHFWLRQ��7KH�JDLQ�LV�FRQWUROODEOH�E\�D�WKUHH�ZLUH�EXV�IURP�����WR���� G%�LQ�� G%�VWHSV��
7KLV�IXQFWLRQ�LV�XVHG�IRU�$*&�SXUSRVHV�

7KH�RXWSXW�IURP�,)�DPSOLILHUV�LV�IHG�LQWR�WZR�TXDGUDWXUH�PL[HUV�ZKHUH�LW�LV�FRQYHUWHG�GRZQ�WR�LWV�EDVHEDQG��7KH�,)�/2�LV�
JHQHUDWHG�DW���� 0+]�E\�DQ�H[WHUQDO�GLVFUHWH�9&2��$Q�RQ�FKLS�GLYLGHU�RQ�WKH�5[�,&�GLYLGHV�WKLV�E\�WZR�DQG�DOVR�SURGXFHV�WZR�
RXWSXWV�LQ�TXDGUDWXUH�WR�JHQHUDWH�WKH�EDVHEDQG�,�DQG�4�VLJQDOV��7KH�RXWSXWV�IURP�WKH�PL[HUV�DUH�FRQQHFWHG�WR�H[WHUQDO�SLQV�
WKURXJK�D�SDLU�RI�EXIIHUV��7ZR�RQ�FKLS�2S�$PSV�DUH�XVHG�WR�DPSOLI\�WKH�$&�VLJQDO�IURP�WKH�PL[HUV�WR�PHHW�WKH�RYHUDOO�VLJQDO�
EXGJHW�UHTXLUHPHQWV��

7KH�'&�OHYHO�DW�WKH�RXWSXW�RI�WKH�2S�$PSV�LV����� 9�DQG�D�UHVLVWLYH�'&�DGGHU�LV�XVHG�WR�LQFUHDVH�WKLV�'&�OHYHO�WR������ 9�DV�
UHTXLUHG�E\�WKH�EDVHEDQG�,&�9(*$��VHH�6HFWLRQ�����

7KH�FRXSOLQJ�EHWZHHQ�5)�RXWSXW�DQG�WKH�EDVHEDQG�LQSXW�KDV�EHHQ�GHVLJQHG�DV�D�'&�FRXSOLQJ�LQ�RUGHU�WR�PLQLPLVH�WKH�WXUQ�
RQ�WLPH�RI�WKH�5[�,&�IRU�WKH�SXUSRVH�RI�FXUUHQW�RSWLPLVDWLRQ�

����� 6LJQDO�/HYHOV
7KH�VLJQDO�OHYHOV�WKURXJK�WKH�UHFHLYHU�,&�DUH�JLYHQ�EHORZ�

)LJXUH�� 1RPLQDO�DQG�:RUVW�&DVH�6LJQDO�/HYHOV ��������
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7KH�*����EDVHEDQG�LV�EDVHG�DURXQG�D���FKLS�*60�FKLSVHW��2QH�FKLS��*(0,1,��FDUULHV�RXW�VLJQDO�SURFHVVLQJ�ZLWK�'63�DQG�
&38��DQG�WKH�RWKHU�FKLS��9(*$��FRQWDLQV�WKH�DQDORJXH�LQWHUIDFH�FKLS��7KH�KLJKO\�LQWHJUDWHG�QDWXUH�RI�WKHVH�FRPSRQHQWV�
PHDQV�HDFK�FRQWDLQ�D�ODUJH�QXPEHU�RI�IXQFWLRQV�

)LJXUH�� %DVHEDQG�%ORFN�'LDJUDP ��������

*(0,1,

7,0(5
7'0$�
*60�

738

'63
&25(

6,0
,�)

-7$*

'63�520

'63�5$0

,54

0(0
,�)

6(5,$/�,�)

,�2 3:
0

8$57

$50

,17(5)$&( 7,0(56

6
3
(
(
&
+

,1
7
(
5
)
$
&
(

%
$
6
(
%
$
1
'

,1
7
(
5
)
$
&
(

�9�WR��9

'&�'&

6,0
&211(&725

5$0
���N�[��

)/$6+
�0�[���

92,&(
0(02

((3520
�N���VHULDO

.(<3$'

%$&./,*+7
92/7$*(

5(*8/$725

%$77(5<
&+$5*,1*

32:(5�21
&21752/

9(*$ 7,0,1* -7$*

%8567
6725(

*06.
02'

),/7(5

),/7(5

'
6
3
�,1
7(
5
)$
&
(

���ELW
,�'$&
���ELW
4�'$&

��ELW
6,*0$�'(/7$

��ELW
6,*0$�'(/7$

5$03�'$7$ ��ELW
'$&

���ELW
'$&

),/7(5

),/7(5

6,*0$
'(/7$

��ELW
'$&

���ELW
'$&

63
�,1
7(
5
)$
&
(

5
)
�,
1
7
(
5
)
$
&
(

%$77(5< +$1'6�)5((
,17(5)$&(

,�7;
4�7;

,�5;

4�5;

3$�5$03

7&9&;2�&21752/

7&9&;2�7(03

$8
'
,2
�2
8
7

$8
'
,2
�,1

5
$'
,2
�0
8
7(

,*
1
,7
,2
1

(;
7(
5
1
$/
�3
2
:
(5

8
$5
7�
,1

8
$5
7�
2
8
7

%$
77
(
5
<�
7(
0
3

%
$7
7(
5
<
�9
2
/7
6

�9

��0+]
7,0,1*�6,*1$/6
3,,�6(77,1*
$*&�6(77,1*

32:(5�.(<

6,*0$
'(/7$

),/7(5

),/7(5
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



%$6(%$1'�29(59,(:
����� .H\SDG
7KH�.H\SDG�KDV�D���[���PDWUL[�DOORZLQJ����NH\V�WR�EH�VFDQQHG�RQ�D�NH\�EHLQJ�SUHVVHG��D�NH\SDG�LQWHUUXSW�LV�JHQHUDWHG��7R�
ILQG�ZKLFK�NH\�LV�SUHVVHG�WKH�VRIWZDUH�PXVW�DVVHUW�HDFK�FROXPQ�LQ�WXUQ�DQG�UHDG�ZKLFK�URZ�LV�DFWLYH��

7R�HOLPLQDWH�NH\�ERXQFH��WKH�NH\�SUHVV�PXVW�WKHQ�EH�FRQILUPHG�WZLFH�DW�DERXW��� PV�LQWHUYDOV��%HFDXVH�WKH�(QG�.H\�LV�DOVR�
XVHG�WR�SRZHU�RQ�WKH�SKRQH�LW�LV�DOORFDWHG�D�FRPSOHWH�URZ�RI�WKH�NH\ERDUG�VFDQ�

7KH�.H\ERDUG�VFDQQLQJ�LV�VRIWZDUH�FRQWUROOHG��.H\�SUHVVHG�LV�LQGLFDWHG�E\�DQ�LQWHUUXSW��EXW�NH\�UHOHDVH�LV�FRQWUROOHG�E\�
VRIWZDUH�

)LJXUH�� .H\SDG�0DWUL[ ��������

����� 6XEVFULEHU�,GHQWLW\�0RGXOH��6,0�
7KH�6,0�LQWHUIDFH�LV�GHVLJQHG�IRU�� 9�6,0V��WKLV�UHTXLUHV�WKH�DGGLWLRQ�RI�D�� 9�VWHS�XS�UHJXODWRU�WR�SURYLGH�WKH�,QWHUIDFH�
UHTXLUHPHQWV�IRU�D�� 9�6,0�

7KH�6,0�RXWSXWV�DUH�RSHQ�GUDLQ��DQG�WKH�LQSXWV�DUH�� 9�WROHUDQW��7R�DFKLHYH�WKH�UHTXLUHG�ULVH�WLPH�RQ�WKH�FORFN�OLQH�D�WUDQVLVWRU�
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����� 7LPH�3URFHVVLQJ�8QLW��738�
7KH�738�SURYLGHV�WKH�*60�7'0$�WLPLQJ�UHTXLUHPHQWV�IRU�WKH�V\VWHP��H[WHUQDO�WLPLQJ�VLJQDOV�DUH�SURYLGHG�E\�DQ�DUHD�RI�
0LFURFRGH�ZLWKLQ�WKH�*(0,1,�FKLS�

����� &38�0HPRU\
7KH�PHPRU\�UHTXLUHPHQWV�IRU�*����DUH�

�� �� 0ELW�� 9�)/$6+�RUJDQLVHG�DV��0�����

�� � 0ELW�� 9�5$0�RUJDQLVHG�DV����N����

�� �� NELW�� 9�6HULDO�((3520�DV��N����

����� /&'
7KH�/&'�DVVHPEO\�LV�D�VXEDVVHPEO\�FRPSULVLQJ�RI�/&'�JODVV�DQG�GULYHU�FKLS�RQ�D�IOH[LEOH�3&%�ZLWK�FRQQHFWLRQ�WR�WKH�/RJLF�
3&%�

$����[����SL[HO�JUDSKLFDO�GLVSOD\�LV�XVHG�WR�JLYH�PD[LPXP�LQIRUPDWLRQ��,W�FDQ�DOVR�GLVSOD\�&KLQHVH�FKDUDFWHUV�DQG�ODUJH�
QXPEHUV��)RU�H[DPSOH�����[����OLQH�RU����[���OLQH��ERWK�ZLWK���OLQHV�RI�LFRQV�

$�6KDUS�/+���%�GLVSOD\�GULYHU�LV�XVHG�

����� 0LFURSKRQH
7R�SURYLGH�LPSURYHG�VSHHFK�SLFN�XS��QRLVH�LPPXQLW\�DQG�UHGXFHG�HFKR�WKH�PLFURSKRQH�LV�D�QRLVH�FDQFHOLQJ�W\SH��WKH�QRLVH�
FDQFHOLQJ�PLFURSKRQH�UHTXLUHV�D�)/,3�IRU�DFFHSWDEOH�IUHTXHQF\�UHVSRQVH���*60�UHTXLUHV�WKDW�WKH�VHQGLQJ�DXGLR�IUHTXHQF\�
UHVSRQVH�PXVW�ILW�ZLWKLQ�WKH�PDVN�VKRZQ�EHORZ�

)LJXUH�� *60�7UDQVPLW�$XGLR�IUHTXHQF\�UHVSRQVH�PDVN ��������

*(0,1,�3LQ 'HVFULSWLRQ

�� 9(*$�%(1$

�� 9(*$�%&$/

�� 9(*$�%8/21

�� 9(*$�%'/21

�� 5)�VLJQDO�,)/26(/

�� 5)�VLJQDO�/2B(1

��� 5)�VLJQDO�5;21�

��� 5)�VLJQDO�5;21�

�� 8VHG�DV�Q763(1������9(*$�6(/(&7�

�� 8VHG�DV�Q763(1������3//B675%�
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�� 8VHG�DV�763(1������,)$*&(1�
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����� 6SHDNHU
9(*$�UXQV�IURP�D���� 9�VXSSO\��VR�D�KLJK�LPSHGDQFH�FHUDPLF�VSHDNHU�ZLOO�QRW�VDWLVI\�XVHU�UHTXLUHPHQWV�IRU�YROXPH��$�ORZHU�
LPSHGDQFH��G\QDPLF��W\SH�VSHDNHU�PXVW�EH�XVHG��*60�UHTXLUHV�WKDW�WKH�UHFHLYH�DXGLR�IUHTXHQF\�UHVSRQVH�PXVW�ILW�ZLWKLQ�WKH�
PDVN�VKRZQ�EHORZ�

)LJXUH�� $XGLR�IUHTXHQF\�UHVSRQVH ��������

����� %X]]HU
7KH�YROXPH�OHYHO�RI�WKH�EX]]HU�LV�GHILQHG�E\�WKH���ELW�3:0�UHJLVWHU�VHWWLQJ�LQ�*(0,1,�,�2��7KH�EX]]HU�WRQH�LV�WKHQ�
VXSHULPSRVHG�RQ�WKLV�OHYHO�XVLQJ�VRIWZDUH�

7LPHU���LQ�*(0,1,�LV�XVHG�WR�WLPH�WKH�SHULRG�EHWZHHQ�VZLWFKLQJ�WKH�EX]]HU�RQ�DQG�RII�WR�PDNH�WKH�WRQH��)RU�PRUH�FRPSOH[�
EX]]HU�ULQJLQJ�WRQHV��WKH�EX]]HU�YROXPH�OHYHO�FDQ�DOVR�EH�DOWHUHG�DIWHU�HDFK�WLPH�RXW�RI�WLPHU���
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��� )XQFWLRQDO�'HVFULSWLRQ
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����� 'LJLWDO�6LJQDO�3URFHVVRU
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*(0,1,
����� 0HPRU\�,QWHUIDFH
7KH�PHPRU\�LQWHUIDFH�DOORZV�WKH����ELW�&38�WR�DFFHVV����DQG���ELW�GHYLFHV��DQG�DOORZV�WKH�DGGLWLRQ�RI�ZDLW�VWDWHV�WR�PHPRU\�
DFFHVV��7KH�PHPRU\�LQWHUIDFH�DOORZV�EHWZHHQ���DQG���ZDLW�VWDWHV�WR�EH�DGGHG��7KH�520�DUHD�LV�KDUGZDUH�ZULWH�SURWHFWHG��D�
)/$6+�ZULWH�HQDEOH�ELW�LQ�WKH�520�ZDLW�VWDWH�FRQILJXUDWLRQ�UHJLVWHU�FDQ�EH�XVHG�WR�HQDEOH�ZULWH�DFFHVV�WKH�520�DUHD�

����� ,QWHUUXSW�+DQGOHU
7KH�$50�&38�KDV���LQWHUUXSWV��),4�LV�D�)DVW�QRQ�PDVNDEOH�LQWHUUXSW�DQG�,54�LV�D�VWDQGDUG�PDVNDEOH�LQWHUUXSW��

*HPLQL�KDV����LQWHUUXSW�VRXUFHV��7KH�,QWHUUXSW�KDQGOHU�DVVLJQV�SULRULWLHV�WR�WKHVH�LQWHUUXSWV�DQG�URXWHV�WKHP�WR�HLWKHU�WKH�),4�
RU�,54�LQSXWV�RI�WKH�$50�&38��$GGLWLRQDOO\��WKH�LQWHUUXSW�KDQGOHU�FRQWUROV�ZDNLQJ�XS�RI�WKH�&38�RQ�UHFHLYLQJ�DQ�XQPDVNHG�
LQWHUUXSW��LI�WKH�&38�LV�LQ�VOHHS�PRGH�

)RU�*����WKH�),4�LQWHUUXSW�LV�UHVHUYHG�IRU�WKH�SRZHU�VXSSO\�IDLO�SULRULW\�LQWHUUXSW�

&38�0HPRU\�0$3

'HYLFH�1DPH 6WDUW�DGGUHVV 6L]H 8VH %XV�ZLGWK

520 ��������� �0 )/$6+�� 0E\WHV� ���ELWV

5$0 ��������� �0 5$0���� NE\WHV ��ELWV

%86�&175/ ��������� �0 ZDLW�VWDWH�UHJLVWHUV ���ELWV

$3,�5$0 ��������� �N &38�'63�VKDUHG�UDP ���ELWV

738�5$0 ��������� �N *60�WLPHU�0LFURFRGH�5$0 ���ELWV

$3,& ��������� �N &38�'63�LQWHUIDFH�FRQWUROOHU ���ELWV

6,0 ��������� �N 6,0�LQWHUIDFH ���ELWV

763 ������&�� �N 7LPHG�6HULDO�SRUW ���ELWV

,17+ ��������� �N ,QWHUUXSW�FRQWUROOHU ���ELWV

738�5(* ��������� �N *60�WLPHU�UHJLVWHUV ���ELWV

&/.0 ��������� �N &ORFN�FRQWURO�PRGXOH ���ELWV

7,0(5 ������&�� �N VRIWZDUH�WLPHUV ���ELW

$3,) ��������� �N $50�SHULSKHUDO�LQWHUIDFH ���ELW

8:,5( ��������� �N 6\QFKURQRXV�6HULDO�SRUW� ���ELW
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���� ������&�� �N 8$57 ��ELW
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Q&6� ��������� �0 ([WHQGHG�,�2 ��ELW

Q&6� ��$������ �0 QRW�XVHG �

,QWHUUXSW�/HYHO�$VVLJQPHQWV

,QWHUUXSW�VRXUFH 'HVFULSWLRQ ,QWHUUXSW�GHWHFWLRQ

,54B7,0� %X]]HU�WLPHU (GJH�VHQVLWLYH

,54B7,0� RSHUDWLQJ�V\VWHP�WLPHU (GJH�VHQVLWLYH

,54B$3, '63�,QWHUIDFH�LQWHUUXSW (GJH�VHQVLWLYH

,54B(;7 3RZHU�VXSSO\�IDLO�LQWHUUXSW /HYHO�VHQVLWLYH

,54B86$57 8$57�,QWHUUXSW /HYHO�VHQVLWLYH

,54B$50,2 .H\SDG�,QWHUUXSW /RZ�IRU���FON�SHULRG

,54B)5$0( )UDPH�,QWHUUXSW (GJH�VHQVLWLYH

,54B3$*( 3DJH�,QWHUUXSW (GJH�VHQVLWLYH

,54B7,0B*60 (GJH�VHQVLWLYH

,54B763 7LPHG�VHULDO�SRUW�,QWHUUXSW (GJH�VHQVLWLYH

,54B6,0 6,0�,QWHUUXSW /HYHO�VHQVLWLYH

,54B)B86$57 )DVW�LQWHUUXSW�IURP�86$57 /HYHO�VHQVLWLYH

,54B566 5DGLR�VXEV\VWHP�LQWHUUXSW (GJH�VHQVLWLYH
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



*(0,1,
����� *HQHUDO�3XUSRVH�,�2
7KH�JHQHUDO�SXUSRVH�,�2�LQFOXGHV�NH\SDG�VFDQQLQJ����3:0�SRUWV�DQG����,�2�JHQHUDO�SXUSRVH�,�2�OLQHV��7KH�JHQHUDO�SXUSRVH�
,�2�OLQHV�DUH�PXOWLSOH[HG�RQWR�RWKHU�IXQFWLRQV��LI�,�2�LV�VHOHFWHG�WKH�RWKHU�IXQFWLRQ�LV�XQDYDLODEOH�

7RQHV�DUH�JHQHUDWHG�E\�XVLQJ�WLPHU���WR�VZLWFK�WKH�EX]]HU�3:0�RQ�DQG�RII�DW�D�WKH�IUHTXHQF\�RI�WLPHU����%\�DOWHULQJ�WKH�YDOXH�
RI�WLPHU���ULQJLQJ�WXQHV�FDQ�EH�SOD\HG�

'XULQJ�KDQGV�IUHH�RSHUDWLRQ�WKH�ULQJLQJ�WRQH�LV�GHULYHG�IURP�WKH�'63�XVLQJ�LWV�WRQH�JHQHUDWRU�

,�2�3LQ�$VVLJQPHQWV

6LJQDO *HPLQL�3LQ 8VH 6LJQDO

,�2������Q/&'&6 ��� Q/&'&6

,�2������5;( ��� 67$<B$/,9( +� �368�NHSW�RQ�

/� �368�RII

,�2������7;( ��� 9(*$B3:5':1 /� �9HJD��SRZHUHG�XS�

+� �9HJD��SRZHUHG�GRZQ

,�2������'75 ��� +)B21B /� �+DQGV�IUHH�2II�

+� �+DQGV�IUHH�2Q

,�2������'65 ��� 5$',2B087( /� �5DGLR�0XWH�2II�

+� �5DGLR�0XWH�2Q

,�2������(;7,17 ��� (;7,17

,�2�������Q5(6(7287 ��� 3$B/2: +� �/RZ�5)�3RZHU�OHYHO�

/� �+LJK�5)�SRZHU�OHYHO

,�2�������6,0B5Q: ��� &+$5*(B/(' /� �&KDUJLQJ�/('�RII

+� �&KDUJLQJ�/('�RQ

,�2������6,03:&75/ ��� 6,0B3:5

,�2������6,0B&' �� Q21B+22. +� �2II�BKRRN�

/� �2Q�KRRN

,�2�������/7 ��� /7��/('�RXWSXW�

,�2�������&/.�� �� Q+)B'(7(&7 +� �1R�+DQGV�)UHH�

/� �+DQGV�)UHH�FRQQHFWHG

,�2�������763$&7��� �� 763$&7����

,�2�������Q3:5&6 �� Q3:5&6

,�2�������Q&6� �� 3$*,1*B/(' /� �3DJLQJ�/('�RII�

+� �3DJLQJ�/('�2Q

,�2�������Q&6� �� &+$5*(B21 +� �&KDUJHU�2Q�

/� �&KDUJHU�2II

��RXWSXWV�KDYH���ELW�3:0�FDSDELOLW\�FORFNHG�DW�� 0+]�

/7 ��� /('�EDFNOLJKW

%8 ��� %X]]HU
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



*(0,1,
7KLV�SDJH�LV�OHIW�LQWHQWLRQDOO\�EODQN�
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



9(*$
� 9(*$

��� ,QWURGXFWLRQ

9(*$�FRQWDLQV�WKH�LQWHUIDFH�FLUFXLWV�WR�WKH�$XGLR��5)�DQG�DX[LOLDU\�DQDORJXH�IXQFWLRQV�IRU�WKH�EDVHEDQG�FLUFXLW�

��� )XQFWLRQDO�'HVFULSWLRQ

)LJXUH�� 9(*$�%ORFN�'LDJUDP ��������

����� 8SOLQN�,�DQG�4
9(*$�SHUIRUPV�*06.�PRGXODWLRQ�RQ��G'DWD�VDPSOHV�UHFHLYHG�IURP�*(0,1,�DW�����NELWV�SHU�VHFRQG�

)LJXUH�� )XQFWLRQDO�VWUXFWXUH�RI�WKH�EDVHEDQG�XSOLQN�SDWK ��������

TIMING JTAG

BURST
STORE

GMSK
MOD

FILTER

FILTER

DSP INTERFACE

10 bit
I DAC

8 bit
SIGMA-DELTA

RAMP DATA

SIGMA
DELTA

10 bit
DAC

SP INTERFACE

10 bit
Q DAC

8 bit
DAC

8 bit
DAC

13 bit
DAC

FILTER

FILTER
8 bit

SIGMA-DELTA

FILTER

FILTER SIGMA
DELTA

Timing interface

Din

270 kHz

Burst
Register

Burst Timing
Control

Differential
Encoder

Gaussian
Filter

Sine
Table

Offset
Register

Offset
Register

Low Pass
Filter

Power
Register

Ramp-up
Shaper

Integrator

8 bit DAC

To Power
control DAC

phase(i)  16 *270 kHz

Cosine
Table

Low Pass
Filter

8 bit DAC
ULIP

ULIN

ULQP

ULQN
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



9(*$
����� 'RZQOLQN�,�DQG�4

)LJXUH�� )XQFWLRQDO�VWUXFWXUH�RI�WKH�EDVHEDQG�GRZQOLQN�SDWK ��������

����� 3RZHU�$PSOLILHU�5DPS
7KH�3$�5DPS�LV�IRUPHG�E\���'�$V��7KH�ILUVW��D���ELW�'�$��GHILQHV�WKH�UDPS�VKDSH��WKH�VHFRQG��DQ���ELW�'�$��GHILQHV�WKH�PD[LPXP�
OHYHO�

7KH�UDPS�VKDSH�LV�GHILQHG�E\����VWHSV��7KH�VKDSH�FDQ�EH�GHILQHG�GLIIHUHQWO\�IRU�ULVLQJ�DQG�IDOOLQJ�UDPSV��7\SLFDOO\�D�UDLVHG�
FRVLQH�VKDSH�ZLOO�EH�XVHG�DV�D�VWDUWLQJ�EDVLV�RI�WKH�UDPS�VKDSH�

)LJXUH�� ([DPSOH�IRU�WKH�3$�UDPS ��������

7KH�UDLVHG�FRVLQH�VKDSH�ZLOO�EH�PRGLILHG�WR�FRPSHQVDWH�IRU�5)�FLUFXLW�FKDUDFWHULVWLFV�

7KH�UDPS�WLPH�LV�VHOHFWDEOH�EHWZHHQ�HDFK�VWHS�EHLQJ������RI�D�ELW�DQG�HDFK�VWHS�EHLQJ�����RI�D�ELW�JLYLQJ�D�PD[LPXP�UDPS�
WLPH�RI�HLWKHU������ �V�RU������ �V�

$Q���ELW�YDOXH�LV�XVHG�WR�SURJUDP�WKH�UDPS�RXWSXW�OHYHO�

fs3=270.8 kHzfs2=1.08 MHzfs1=6.5 MHz

DLIP

DLIN

DLQP

DLQN

Antialiasing
Filter

Sigma_Delta
Modulator

SINC
Filter

To baseband
serial

interface

FIR
Filter

SUB

Offset
Calibration

SUB

Offset
Register

Antialiasing
Filter

Sigma_Delta
Modulator

SINC
Filter

FIR
Filter

Offset
Calibration

Offset
Register

�
�

6WHS

����

����

�����

�����

�����

�����

�����

�����

� � � �
�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

��
EL
W�'
�$
�9
DO
XH

5DPS�8S

����

����

�����

�����

�����

�����

�����

�����

� � � �
�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
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�

�
�

�
�

�
�

��
EL
W�'
�$
�9
DO
XH

�
�

6WHS

5DPS�'RZQ
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



9(*$
����� $)&�&RQWURO
7KH��� 0+]�V\VWHP�FORFN�IUHTXHQF\�LV�FRQWUROOHG�E\�D����ELW�VLJPD�GHOWD�'�$�LQ�WKH�9(*$�FKLS

)LJXUH�� $)&�EORFN�GLDJUDP ��������

����� $XGLR
9(*$�SURYLGHV�WKH�DQDORJXH�LQWHUIDFH�IRU�WKH�GLJLWDO�DXGLR�VDPSOHV�SURFHVVHG�E\�WKH�'63�LQ�*(0,1,�

9RLFH�8SOLQN�3DWK

)LJXUH�� 9RLFH�$'&�EORFN�GLDJUDP ��������

���%,7�',*,7$/

02'8/$725

��%,7�'$&

	�/2:���3$66

),/7(5

352*5$0$7,21�5(*,67(5

5,17� 5,17�

2XWSXW�VZLQJ
����FRQWURO

97&;2

&(;7

$)&

����9

0,&%,$6

0,&,3

0,&,1

$8;,

%LDV

*HQHUDWRU

0LFURSKRQH

$PSOLILHU

$X[LOLDU\

$PSOLILHU

3*$

6LJPDB'HOWD

0RGXODWRU

6,1&

)LOWHU

,,5

%DQGSDVV

)LOWHU

7R�YRLFH

VHULDO

LQWHUIDFH

IV� ���.+] IV� ����.+]IV� ��0+]
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



9(*$
9RLFH�'RZQOLQN�3DWK

)LJXUH�� 9RLFH�'$&�EORFN�GLDJUDP ��������

����� $X[LOLDU\�$�'
9(*$�SURYLGHV���$�'�LQSXWV��

*����WDNHV�DGYDQWDJH�RI�WKH�$�'�LQSXWV�RQ�9(*$�DOORZLQJ�H[WHUQDO�SRZHU�WR�EH�PRQLWRUHG�ZLWK�MXVW���UHVLVWRUV�HDFK�DQG�QR�
QHHG�IRU�D�EXIIHU�WUDQVLVWRU�

9(*$�LQSXW 3LQ�1XPEHU 8VH 5DQJH

$'&� �� %DWWHU\�9ROWDJH �� ��9�

�))K� ����9

$'&� �� %DWWHU\�7\SH �a���K� �1L�0+�

���a�))K� �/L�,21

$'&� �� %DWWHU\�7HPSHUDWXUH �'�K� �����&

���K� �����&

�)%K� �����&

$'&� �� Q$'3�B6(16( �a���K� �'DWD�$GDSWRU�

��&a�('K� �56����'LUHFW�&DEOH

���a�&�K� �606�&DEOH�

�/�a���K� �+HDGVHW�$GDSWRU�

2WKHU�YDOXH� �1R�$GDSWRU

$'&� �� &XUUHQW �K� ���P$K

�))K� �����P$K

$PSOLILHU

$X[LOLDU\

$PSOLILHU

,,5
%DQGSDVV

)LOWHU

VHULDO
LQWHUIDFH

IV� ���.+] IV� ����.+]IV� ��0+]

(DUSKRQH
6PRRWKLQJ
)LOWHU

9ROXPH�&RQW

	�3*$

2QH�ELW

'$&

6LJPDB'HOWD

0RGXODWRU

6,1&

)LOWHU
,QWHUSRODWLRQ

)URP�YRLFH

$8;2

($53

($51
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



32:(5�6833/,(6
� 32:(5�6833/,(6

��� ,QWURGXFWLRQ

7KLV�VHFWLRQ�GHVFULEHV�WKH�3RZHU�6XSSO\�8QLW��368��XVHG�RQ�WKH�*����ORJLF�3&%�DQG�WKH�PHWKRG�E\�ZKLFK�LW�LV�FRQWUROOHG�

7KLV�VHFWLRQ�KDV�GHWDLOHG�LQIRUPDWLRQ�RQ�

�� $Q�RYHUYLHZ�RI�WKH�FLUFXLW�IXQFWLRQDOLW\�

�� 3RZHULQJ�XS�WKH�SKRQH�

�� 3RZHULQJ�GRZQ�WKH�SKRQH�

�� 3RZHU�PDQDJHPHQW�

��� 2YHUYLHZ

7KH�FLUFXLW�FRQWDLQV�WZR�OLQHDU�UHJXODWRUV����� 9�IRU�WKH�/&'�DQG���� 9�IRU�HYHU\WKLQJ�HOVH��DQDORJXH�DQG�GLJLWDO��7KHUH�LV�D�ORZ�
FXUUHQW�VWHS�XS�FRQYHUWHU�WR�SURYLGH���� 9�IRU�WKH�6,0�LQWHUIDFH��7KH�EDWWHU\�YROWDJH�GHWHFWRU��QRPLQDOO\�VHW�WR���� 9�SUHYHQWV�
WKH�SKRQH�IURP�SRZHULQJ�XS�LI�WKH�EDWWHU\�YROWDJH�LV�YHU\�ORZ��WR�DYRLG�GHHS�EDWWHU\�GLVFKDUJH��DQG�DOVR�SURYLGHV�DQ�LQWHUUXSW�
WR�VKXW�GRZQ�WKH�SKRQH�LI�WKH�EDWWHU\�LV�VXGGHQO\�UHPRYHG��SULPDULO\�WR�SURWHFW�WKH�6,0�

7KH�6,0�SRZHU�VXSSO\�VKRXOG�EH�HQDEOHG�DQG�GLVDEOHG�DV�SDUW�RI�WKH�6,0�LQWHUIDFH�SURFHGXUHV�DQG�WKHUHIRUH�IDOOV�RXWVLGH�WKH�
VFRSH�RI�WKLV�GRFXPHQW

)LJXUH�� %ORFN�GLDJUDP ��������

6LJQDO &38�,�2 'HVFULSWLRQ

.%5� , 3RZHU�NH\��7KLV�VLJQDO�LV�FRQQHFWHG�WR�WKH�.%5��SLQ�RQ�*(0,1,��

:KHQ�WKH�SRZHU�NH\�LV�KHOG�GRZQ�WKLV�VLJQDO�LV�+,*+�

(;7B3:5 1& ([WHUQDO�SRZHU�VXSSO\�IURP�$&�DGDSWHU�HWF��:KHQ�SUHVHQW�WKH�368�LV�IRUFHG�RQ�

(;7B3:5B6(16( , (;7B3:5�VFDOHG�DQG�VHQVHG�E\�WKH�&38�DV�DQ�DQDORJXH�YROWDJH�

%$7B92/7 , 6FDOHG�EDWWHU\�YROWDJH��7KLV�SDUDPHWHU�LV�PHDVXUHG�E\�WKH�&38�DQG�XVHG�IRU�JDV�JDXJLQJ��UHJXODWLQJ�

/('�EULJKWQHVV��FKDUJLQJ�DQG�WR�GHFLGH�ZKHQ�WR�SRZHU�GRZQ�HWF��

/8$ , ([WHUQDO�LQWHUUXSW�WR�WKH�&38��7KH�YROWDJH�GHWHFWRU�RXWSXW�JRHV�/2:�ZKHQ�WKH�EDWWHU\�YROWDJH�GURSV�

EHORZ���� 9��,I�WKH�SKRQH�LV�RQ��WKLV�VLJQDO�IRUFHV�WKH�368�RII�DQG�WKH�LQWHUUXSW�LQLWLDWHV�DQ�HPHUJHQF\��

SRZHU�GRZQ�SURFHGXUH��,I�WKH�SKRQH�LV�RII��D�/2:�RQ�WKLV�VLJQDO�ZLOO�ORFN�WKH�368�RII��(;7,17�FDQ�

RYHUULGH�DOO�VLJQDOV�H[FHSW�(;7B3:5�

/2*,&B3:5 2 6LJQDO�JHQHUDWHG�E\�WKH�&38�WR�KROG�WKH�368�RQ��$FWLYH�KLJK�

'&B287 1& &KLS�VHOHFW�WR�WKH�����DQG���� 9�UHJXODWRUV��$FWLYH�ORZ�

6,0B3:5B&17 2 2XWSXW�IURP�WKH�&38�WR�HQDEOH�WKH�6,0���� 9�VXSSO\��$FWLYH�KLJK�

1,*1,7,21 , 9HKLFOH�LJQLWLRQ��:KHQ�WKH�YHKLFOH�LJQLWLRQ�LV�RQ��WKLV�VLJQDO�LV�/2:��

7KLV�LV�VHQVHG�E\�WKH�&38�DV�DQ�DQDORJXH�YROWDJH�

Battery Voltage

Detector
Logic 3.0 V Regulator

3.4 V Regulator

5 V SIM Supply

Gemini

ARM CPU

EXT_PWR

LUA

KBR0

EXT_PWR_SENSE

BAT_VOLT

nIGNITION

LOGIC_PWR

DC_OUT

SIM_PWR_CNT
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



32:(5�6833/,(6
��� 3RZHU�XS

7KH�SRZHU�XS�SURFHGXUH�KDV�WZR�SKDVHV��,I�DQ�LQLWLDO�FKHFN�WR�VHH�LI�WKH�EDWWHU\�LV�LQ�JRRG�FRQGLWLRQ�LV�VXFFHVVIXO��WKH�VHFRQG�
SKDVH�GHWHUPLQHV�WKH�VRXUFH�RI�WKH�SRZHU�XS�UHTXHVW��NH\�SUHVV��H[WHUQDO�SRZHU��DFFHVVRU\��HWF��DQG�DFWV�DFFRUGLQJO\�

7KH�SKRQH�FDQ�EH�GHILQHG�DV�SRZHUHG�RQ�ZKHQHYHU�WKH�OLQHDU�UHJXODWRUV�DUH�DFWLYH��,W�LV�QRW�DOZD\V�REYLRXV�WR�WKH�XVHU�WKDW�
WKH�SKRQH�LV�SRZHUHG�RQ�DV�LW�PD\�EH�LQ�RQH�RI�IRXU�PRGHV�

����� %DWWHU\�&RQGLWLRQ
7KH�&38�PXVW�FKHFN�WKH�EDWWHU\�FRQGLWLRQ�EHIRUH�GHFLGLQJ�WR�SRZHU�XS��7KH�&38�FDQ�PHDVXUH�EDWWHU\�YROWDJH�DQG�
WHPSHUDWXUH��,I�WKH�WHPSHUDWXUH�PHDVXUHPHQW�LV�LQYDOLG��JLYLQJ�D�ULGLFXORXV�WHPSHUDWXUH�UHDGLQJ��D�QRQ�VWDQGDUG�EDWWHU\�KDV�
EHHQ�ILWWHG��WKH�EDWWHU\�LV�PLVVLQJ�RU�WKH�ZKROH�SKRQH�LV�RSHUDWLQJ�IDU�RXWVLGH�LWV�VSHFLILHG�WHPSHUDWXUH�UDQJH��,Q�DQ\�RI�WKHVH�
FDVHV�WKH�SKRQH�PXVW�QRW��SRZHU�XS��7KH�&38�ZLOO�UHJXODUO\�PRQLWRU�WKH�EDWWHU\�FRQGLWLRQ�ZKLOH�WKH�SKRQH�LV�RQ�

,I�(;7B3:5�LV�SUHVHQW�WKH�UHJXODWRUV�ZLOO�EH�IRUFHG�RQ�DQG�WKH�&38�ZLOO�QRW�EH�DEOH�WR�GHDFWLYDWH�WKHP��,I�WKH�&38�ZDQWV�WR�
SRZHU�GRZQ��DOO�LW�FDQ�GR�LV�WR�HQWHU�VOHHS�PRGH�

����� 3RZHU�XS�6HTXHQFH
7KH�SRZHU�XS�VHTXHQFH�FDQ�EH�LQLWLDWHG�E\�SUHVVLQJ�WKH�SRZHU�NH\�RU�E\�WKH�SUHVHQFH�RI�DQ�H[WHUQDO�SRZHU�VRXUFH�RQ�WKH�
VLJQDO�(;7B3:5��%RWK�HQDEOH�WKH�OLQHDU�UHJXODWRUV�DQG�WKH�&38�EHFRPHV�DFWLYH��7KH�&38�PXVW�WKHQ�FKHFN�WKH�EDWWHU\�
FRQGLWLRQ��LI�WKH�SKRQH�LV�QRW�UHTXLUHG�WR�SRZHU�GRZQ�RU�VOHHS�LPPHGLDWHO\��WKH�UHVXOW�PXVW�EH�2.�RU�/2:��7KH�&38�WKHQ�
FKHFNV�WR�VHH�LI�D�KDQGV�IUHH�XQLW�LV�FRQQHFWHG�E\�SROOLQJ�WKH�Q+)B6(16(�VLJQDO��/2:�ZKHQ�+)�LV�FRQQHFWHG�

1RZ�WKH�&38�FDQ�PDNH�WKH�GHFLVLRQ�ZKHWKHU�WR�UHPDLQ�SRZHUHG�XS�RU�QRW�DFFRUGLQJ�WR�WKH�WUXWK�WDEOH�EHORZ��,Q�HDFK�FDVH�WKH�
DFWLYH�SDUDPHWHUV�DUH�VKDGHG�

:LWK�D�KDQGV�IUHH��WKH�SKRQH�FDQ�EH�FRQILJXUHG�YLD�WKH�00,�WR�SRZHU�XS�DQG�GRZQ�ZLWK�WUDQVLWLRQV�RI�WKH�YHKLFOH�LJQLWLRQ��7KHVH�
DUH�VHQVHG�E\�WKH�&38�RQ�Q,*1,7,21��/2:�ZKHQ�WKH�LJQLWLRQ�LV�RQ�

$Q\�RWKHU�VWDWH�WKDQ�WKRVH�LQ�WKH�WDEOH�ZLOO�FDXVH�WKH�SKRQH�WR�GHDFWLYDWH�WKH�368�E\�VHWWLQJ�67$<B$/,9(�/2:�

:KLOH�WKH�&38�LV�DFWLYH��LW�PXVW�PRQLWRU�WKH�EDWWHU\�FRQGLWLRQ�DQG�DFFHVVRU\�FRQQHFWLYLW\�DQG�FKDQJH�VWDWH�DFFRUGLQJO\�

0RGH 'HVFULSWLRQ

6OHHS ,Q�WKLV�PRGH�WKH�&38�KDV�EHHQ�SUHYHQWHG�IURP�GHDFWLYDWLQJ�WKH�OLQHDU�UHJXODWRUV�E\�(;7B3:5��

7KHUH�LV�QR�&38�DFWLYLW\�

&KDUJH 7KH�&38�LV�DOLYH�EXW�PD\�SHUIRUP�RQO\�EDWWHU\�FKDUJLQJ�IXQFWLRQV�DQG�PRQLWRU�WKH�SRZHU�NH\�

5HVWULFWHG /('V�OLJKW��EHHSV��FDQ�FKDUJH�EDWWHU\�HWF��EXW�LW�LV�QRW�SHUPLWWHG�WR�XVH�WKH�UDGLR�

$FWLYH 7KH�PRELOH�LV�IXOO\�IXQFWLRQDO��/('V�OLJKW��EHHSV��VHDUFK�IRU�QHWZRUN�HWF�

%DWWHU\�9ROWDJH��9� 7HPS��UHDGLQJ (;7B3:5B6(16( 5HVXOW

;��GRQ
W�FDUH� LQYDOLG ��� 9 3RZHU�GRZQ��EDWWHU\�IDXOW�

; LQYDOLG ��� 9 6OHHS��EDWWHU\�IDXOW�

���� ; ���� 9 3RZHU�GRZQ��ORZ�EDWWHU\�

���� YDOLG ��� 9 /2:

!��� YDOLG ; 2.

%DWWHU\�&RQGLWLRQ +) (;7B3:5B6(16( Q,*1,7,21 .%5� /2*,&B3:5 0RGH

2. ; ; ; � � DFWLYH

/2: ; !��� 9 ; � � UHVWULFWHG

2.�RU�/2: QR !��� 9 ; � � FKDUJH

2. \HV !��� 9 ���� 9 � � DFWLYH�RU�FKDUJH

/2: \HV !��� 9 ���� 9 � � UHVWULFWHG�RU�FKDUJH

&XUUHQW�0RGH +) (;7B3:5B6(16( Q,*1,7,21 .%5� %DWWHU\�&RQGLWLRQ 1HZ�0RGH

&KDUJH ; ; ; � 2. DFWLYH

&KDUJH ; ��� 9 ; � /2: UHVWULFWHG

5HVWULFWHG ; ; ; � 2. DFWLYH
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



32:(5�6833/,(6
��� 3RZHU�GRZQ

7KHUH�DUH�WZR�SRZHU�GRZQ�SURFHGXUHV�

7KH�WUXWK�WDEOH�IRU�WKH�SRZHU�VWDWH�WUDQVLWLRQV�DUH�VKRZQ�EHORZ��WKH�FDXVH�RI�D�WUDQVLWLRQ�LV�VKDGHG��,Q�VRPH�FDVHV�WKH�SKRQH�
GRHV�QRW��SRZHU�GRZQ�FRPSOHWHO\�EXW�PD\�HQWHU�D�VWDWH�RI�UHGXFHG�IXQFWLRQDOLW\��H�J��IURP�DFWLYH�WR�FKDUJH�PRGH��

:KHQ�WKH�QHZ�PRGH�LV�2))�RU�VOHHS��WKH�&38�ZLOO�VHW�67$<B$/,9(�/2:�

3URFHGXUH 'HVFULSWLRQ

1RUPDO�SRZHU�GRZQ ,Q�WKLV�FDVH��WKH�VRIWZDUH�KDV�IXOO�FRQWURO�RYHU�WKH�SRZHU�GRZQ�SURFHGXUH��&DOOV�FDQ�EH�

WHUPLQDWHG�JUDFHIXOO\�HWF��,Q�VRPH�FDVHV�WKH�368�LV�QRW�GHDFWLYDWHG�EXW�WKHUH�LV�D�

FKDQJH�RI�RSHUDWLQJ�PRGH�

(PHUJHQF\�SRZHU�GRZQ 7KLV�VLWXDWLRQ�LV�FDXVHG�E\�EDWWHU\�UHPRYDO�DQG�LV�IODJJHG�E\�(;7,17��,Q�WKLV�FDVH�WKH�

&38�RQO\�KDV�WLPH�WR�SHUIRUP�D�VXEVHW�RI�WKH�QRUPDO�SURFHGXUH��7KH�SULRULW\�LV�WR�

SUHYHQW�FRUUXSWLRQ�RI�6,0�GDWD�

&XUUHQW�PRGH %DWWHU\�9ROWDJH +) 1LJQLWLRQ (;7,17 .%5� (;7B3:5B6(16( �SRZHU�GRZQ 1HZ�PRGH

; ; ; � ; �����9 QRUPDO 2))

; ; ; ; � ; ; HPHUJHQF\ 2))

; ; ; ; � � �����9 QRUPDO 2))

DFWLYH �����9 ; ; � � !����9 QRUPDO UHVWULFWHG

DFWLYH �����9 QR ; � � !����9 QRUPDO FKDUJH

DFWLYH �����9 \HV !����9 � � ; QRUPDO 2))

DFWLYH �����9 \HV �����9 � � !����9 QRUPDO FKDUJH

DFWLYH �����9 \HV !����9 � � ; QRUPDO 2))

DFWLYH ; QR ; � � !����9 QRUPDO FKDUJH

DFWLYH ; \HV �����9 � � !����9 QRUPDO FKDUJH

DFWLYH ; \HV !����9 � � ; QRUPDO 2))

DFWLYH ; \HV !����9 � � !����9 QRUPDO 2))

DFWLYH ; ; ; � � �����9 QRUPDO 2))
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��



32:(5�6833/,(6
��� 3RZHU�0DQDJHPHQW

7KH�SRZHU�VXSSO\�FLUFXLW�VXSSOLHV�UHJXODWHG�SRZHU�WR�WKH�EDVH�EDQG�SDUWV��FRQWUROV�EDWWHU\�FKDUJLQJ�DQG�PRQLWRUV�EDWWHU\�
XVDJH�

*����PXVW�DFKLHYH�WZR�W\SHV�RI�EDWWHU\�RSHUDWLRQ�����FHOO�1L�0+�DQG���FHOO�/L�,21�

7KH�SRZHU�VXSSO\�VHFWLRQ�FRQVLVWV�RI�IRXU�SDUWV�

�� 3RZHU�RQ�FLUFXLWU\�

�� 9ROWDJH�UHJXODWRUV�

�� %DWWHU\�FKDUJLQJ�FLUFXLWU\�

�� 3RZHU�IDLO�GHWHFWLRQ�

7R�UHGXFH�WKH�FRVW�RI�WKH�SKRQH�IRXU�1L�0+�FHOOV�DUH�XVHG�DV�WKH�VWDQGDUG�SRZHU�VRXUFH��7KH�/L�,21�VWDQGDUG�EDWWHU\�JLYHV�
��� P$K��W\SLFDO��FDSDFLW\��7KH�RSWLRQDO�1L�0+�EDWWHU\�JLYHV���� P$K�FDSDFLW\�

%DWWHU\�RSHUDWLQJ�YROWDJH�UDQJH�

��� 9 �PLQLPXP�VDIH�GLVFKDUJH�

� 9 �PD[LPXP�IXOO\�FKDUJHG�1L�0+�

��� 9 �PD[LPXP�IXOO\�FKDUJHG�/L�,21�

7KH�*����EDWWHU\�PDQDJHPHQW�RSHUDWHV�ZLWK�WKH�IROORZLQJ�YROWDJH�OHYHOV�

127(�

'XULQJ�FKDUJLQJ��WKH�YROWDJH�FRXOG�ULVH�DV�KLJK�DV���� 9��DOO�FLUFXLWU\�FRQQHFWHG�WR�WKH�EDWWHU\�PXVW�EH�GHVLJQHG�WR�RSHUDWH�
XS�WR�WKLV�YROWDJH�

$�EORFN�GLDJUDP�IRU�D�IRXU�FHOO�SRZHU�VXSSO\�LV�VKRZQ�LQ�)LJXUH���EHORZ��1RWH�WKDW�WKH�EDWWHU\�YROWDJH�LV�VWHSSHG�XS�WR�SRZHU�
� 9�6,0�FDUGV�RU�WKH�� 9�5)�SRZHU�DPSOLILHU��7KLV�FLUFXLW�DOVR�VKRZV�D�3RZHU�2Q�5HVHW��325��WR�KROG�WKH�&38�LQ�D�UHVHW�VWDWH�
ZKLOH�WKH�VXSSO\�YROWDJH�DQG�V\VWHP�FORFN�VWDELOLVH�

)LJXUH�� 3RZHU�VXSSO\�EORFN�GLDJUDP ��������

%DWWHU\�9ROWDJH 1L�0+

%�,FRQ���EDU �����

%�,FRQ���EDU ����� �����

%�,FRQ���EDU ����� �����

/9$ �����

%DWWHU\ 9%$7

/L�,21����9��1L�0+����9

/9�

&KDUJH�,&

���9����P$

���9�6WHS�XS�5HJ

�9�5HJ
'�9

6,0�3RZHU

6,0��9

5)��VW�9&2��$3&�FLUFXLW

'�9

/RJLF�'LJLWDO�SDUW

$�9

/RJLF�$QDORJXH�SDUW

�9�5HJ

�9�5HJ

'&�287

���9�6WHS�GRZQ�5HJ

'&�287

5)��5;�7;��QG�9&2�6\QWK

5)��3$

9%$7

���9�'HW
5(6(7

&38��*HPLQL�

([WHUQDO�3RZHU (;7�3:5 9''
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH
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����� 3RZHU�2Q�&LUFXLW
7KHUH�DUH�WZR�PHFKDQLVPV�IRU�SRZHULQJ�RQ�WKH�+DQG�KHOG��3RZHU�.H\�RU�([WHUQDO�SRZHU��7KH�+DQG�KHOG�LV�NHSW�SRZHUHG�RQ�
E\�WKH�&38��VWD\�DOLYH��RU�H[WHUQDO�SRZHU��7KLV�PHDQV�WKDW�WKH�SKRQH�UHPDLQV��SRZHUHG�XS�DOO�WKH�WLPH�WKDW�H[WHUQDO�SRZHU�LV�
SUHVHQW��7R�PLQLPLVH�GUDLQ�RQ�H[WHUQDO�SRZHU��IRU�H[DPSOH�ZKLOH�WKH�SKRQH�LV�FRQQHFWHG�WR�D�FDU�NLW�ZLWK�LJQLWLRQ�RII��WKH�SKRQH�
LV�SXW�LQWR�VOHHS�PRGH�WR�JLYH�DQ�DYHUDJH�SRZHU�XVH�RI�OHVV�WKDQ���P$��)RU�D����$K�FDU�EDWWHU\�WKH�SKRQH�FRXOG�EH�OHIW�
FRQQHFWHG�DQG�SRZHUHG�RII�IRU�DSSUR[LPDWHO\�����GD\V�EHIRUH�WKH�EDWWHU\�ZRXOG�UXQ�IODW��DVVXPLQJ�QR�EDWWHU\�VHOI�GLVFKDUJH�

9ROWDJH�5HJXODWLRQ
8VLQJ�IRXU�FHOO�1L�0+�RU�WZR�FHOO�/L�,21�ZLWK�����9�ORJLF�JLYHV�QR�SUREOHPV�ZLWK�KLJK�UHJXODWRU�YROWDJH�GURSRXW��(VSHFLDOO\�LQ�
/L�,21�FHOOV��KLJK�YROWDJH�GURSRXW�UHGXFHV�WKH�HIILFLHQF\�PRUH�WKDQ�D�VPDOO�YROWDJH�GURSRXW��7R�LQFUHDVH�WKH�FXUUHQW�
FRQVXPSWLRQ�HIILFLHQF\��WKH�*����XVHV�����9�VWHS�GRZQ�'&�'&�YROWDJH�UHJXODWRUV��7KH�'&�'&�VWHS�GRZQ�FLUFXLWU\�XVHV�WZR�
UHJXODWRUV�RQ�WKH�/2*,&�VLGH�DQG�WKUHH�UHJXODWRUV�RQ�WKH�5)�VLGH�WR�UHGXFH�WKH�SRZHU�ORVV�WR�D�PLQLPXP��

7KH�*����KDV�WKH�IROORZLQJ�SRZHU�VRXUFHV�

'�9���%DVHEDQG�SRZHU�VXSSO\�IRU�GLJLWDO�FLUFXLWU\��*(0,1,�DQG�0HPRU\�

9ROWDJH ��� 9 ��� �

&XUUHQW ��� P$ PD[�

$�9���%DVHEDQG�SRZHU�VXSSO\�IRU�$QDORJXH�FLUFXLWU\��9(*$�DQG�9RLFH�0HPR�

9ROWDJH ��� 9 � ���

&XUUHQW ��� P$ PD[�

'�9��6,0�9���6,0�SRZHU�VXSSO\��6,0�DFFHVV�LQWHUIDFH�

9ROWDJH ��� 9 � ���

&XUUHQW �� P$ PD[�

9''���&RPPRQ�SRZHU�VXSSO\

9ROWDJH ��� 9 PD[�

&XUUHQW ��� P$ PD[�

9''�SRZHU�VRXUFH�LV�VXSSOLHG�E\�HLWKHU�WKH�EDWWHU\�RU�WKH�(;7B3:5��9''�VXSSOLHV�WKH���� 9�VWHS�GRZQ�'&�'&�FRQYHUWHU��
��� 9�VWHS�XS�'&�'&�FRQYHUWHU�DQG�WKH�/('V�

'&287���6WHS�GRZQ�'&�'&�FRQYHUWHU�RXWSXW��LQSXW�SRZHU�IRU�'�9�DQG�$�9�UHJXODWRUV�

9ROWDJH ����� 9 � ���

&XUUHQW ��� P$ PD[�

([WB3:5���([WHUQDO�SRZHU�VXSSO\

9ROWDJH ��� 9 � ��� 9�

&XUUHQW ��� P$ ���� P$

9%$7���%DWWHU\�SRZHU�VXSSO\

1L�0+ /L�,21

9ROWDJH ��� 9�QRPLQDO ��� 9 QRPLQDO

����� %DWWHU\�&KDUJLQJ�&LUFXLW
7KH�&38�ZLWKLQ�WKH�SKRQH�FRQWUROV�WKH�EDWWHU\�FKDUJLQJ��:KHQ�H[WHUQDO�SRZHU�LV�SUHVHQW�WKH�SKRQH�LV�DXWRPDWLFDOO\�VZLWFKHG�
RQ��,I�UHFKDUJHDEOH�FHOOV�DUH�GHWHFWHG�DQG�WKH�WHPSHUDWXUH�LV�ZLWKLQ�VSHFLILHG�OLPLWV�WKH�FKDUJHU�VWDUWV�XVLQJ�D�UDSLG�FKDUJH�
DOJRULWKP�

:LWK�1L�0+�FHOOV��FKDUJLQJ�LV�GHWHUPLQHG�E\�GHOWD�9��ZLWK�WLPH��WHPSHUDWXUH�DQG�YROWDJH�VDIHJXDUGV��:LWK�/L�,21��FHOOV��
FKDUJLQJ�LV�GHWHUPLQHG�E\�FRQVWDQW�FXUUHQW��ZLWK�WLPH��WHPSHUDWXUH�DQG�YROWDJH�VDIHJXDUGV�

'HHSO\�'LVFKDUJHG�%DWWHULHV
:KHQ�D�EDWWHU\�LV�GHHSO\�GLVFKDUJHG��WKHUH�PD\�QRW�EH�HQRXJK�SRZHU�WR�SRZHU�RQ�WKH�SKRQH�IRU�FKDUJLQJ��,Q�WKLV�FDVH�WKH�
FKDUJLQJ�FLUFXLW�PXVW�DXWRPDWLFDOO\�GHWHFW�LI�WKH�EDWWHULHV�DUH�UHFKDUJHDEOH�DQG�VWDUW�VORZ�WULFNOH�FKDUJH�XQWLO�WKHUH�LV�HQRXJK�
SRZHU�WR�VZLWFK�RQ�WKH�SKRQH�
0&8.������*� 6HFWLRQ�� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��
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����� 3RZHU�)DLO
7KH�6,0�FDUG�FRQWDLQV�((3520��LI�SRZHU�IDLOV�ZKLOH�WKH�6,0�LV�DFWLYH��WKH�6,0�PHPRU\�PD\�EH�FRUUXSWHG�DV�WKH�YROWDJH�GURSV�
RXW�RI�VSHFLILFDWLRQ�

7KH�Q9/$B,17�LV�D�QRQ�PDVNDEOH�LQWHUUXSW�WR�WKH�&38�ZKLFK�IRUFHV�H[FHSWLRQ�SURFHVVLQJ�ZKHQHYHU�WKH�EDWWHU\�YROWDJH�GURSV�
EHORZ���� 9�

15(6(7�VLJQDO�LV�FRQQHFWHG�WR�WKH�*(0,1,�UHVHW�WHUPLQDO��7KH�Q5(6(7�VLJQDO�LV�JHQHUDWHG�E\�D���� 9�YROWDJH�GHWHFWRU�
,VVXH�� 6HFWLRQ�� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH



$&&(6625,(6
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����+DQGVIUHH�8QLW���&LUFXLW�'HVFULSWLRQ

������*HQHUDO�'HVFULSWLRQ
7KH�KDQGVIUHH�XQLW�FRQVLVWV�RI�DXGLR�SURFHVVLQJ��SRZHU�VXSSO\�DQG�H[WHUQDO�SRZHU�IRU�WKH�FKDUJLQJ�FLUFXLWU\�ZLWKLQ�WKH�KDQGKHOG�
XQLW�

$�GLJLWDO�VLJQDO�SURFHVVRU��'63��LV�XVHG�WR�UHPRYH�WKH�ORFDO�HFKR�RU�IHHGEDFN�FUHDWHG�EHWZHHQ�WKH�ORXGVSHDNHU�DQG�
PLFURSKRQH�

7KH�DQDORJXH�VSHHFK�VLJQDO�LV�FRQYHUWHG�LQWR�GLJLWDO�IRUP�XVLQJ�&2'(&V��ZKLFK�SHUIRUP�DQDORJXH�WR�GLJLWDO�DQG�GLJLWDO�WR�
DQDORJXH�FRQYHUVLRQ�RQ�WKH�UHFHLYHG�DQG�WUDQVPLWWHG�DXGLR�

7KH�KDQGKHOG�XQLW�KDV�DQ�LQWHUQDO�FKDUJLQJ�FLUFXLW��7KH�KDQGVIUHH�XQLW�XVHV�WKLV�IDFLOLW\�WR�FKDUJH�WKH�DWWDFKHG�EDWWHU\�

7KH�FRQQHFWRU�DW�WKH�EDVH�RI�WKH�KDQGKHOG�XQLW�FRQWDLQV�D�PHFKDQLFDO�5)�VZLWFK��:KHQ�WKH�FRQQHFWRU�LV�LQ�XVH�WKH�5)�VLJQDO�
LV�GLVFRQQHFWHG�IURP�WKH�LQWHUQDO�DQWHQQD�DQG�VHQW�RXW�WKURXJK�WKH�KDQGVIUHH�XQLW�5)�FDEOH�

)LJXUH�� *����+DQGV�)UHH�%ORFN�GLDJUDP ��������

ATT

HF
Cont

Filter

RST

5V

5V

DSP

VR

CODEC

MIC

Tx Audio

Tx Audio GND

nHF On

Rx Audio

Rx Audio GND

V-BAT

Serial down

Serial up

nADP-SENSE

nHF SENSE

Ext Pwr

nLogic Pwr

V-BAT

Serial down

Serial up

VD5

VA5

Ext Pwr

nADP-SENSE-
PCMCIA I/F

Radio Mute

Ignition

Radio Mute

nLogic Pwr

Battery +

Ignition

nLogic Pwr

GND

SP

Level
Det

Protective
Circuit

Pwr Supply
Circuit
0&8.������*� 6HFWLRQ��� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��
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������'HWDLOHG�'HVFULSWLRQ

7;�$XGLR
7KH�H[WHUQDO�PLFURSKRQH�FRQQHFWV�WR�-�����7KH�YRLFH�VLJQDO�IURP�WKH�PLFURSKRQH�LV�DPSOLILHG�E\�8����DQG�FRQYHUWHG�LQWR�D�
GLJLWDO�IRUP�E\�8�����D�&2'(&�FRQWDLQLQJ�DQ�DQDORJXH�WR�GLJLWDO�FRQYHUWHU�IRU�WKH�WUDQVPLWWHG�DXGLR��DQG�D�GLJLWDO�WR�DQDORJXH�
FRQYHUWHU�IRU�WKH�UHFHLYHG�DXGLR�

7KH�GLJLWLVHG�VSHHFK�LV�SURFHVVHG�E\�8�����'63�HFKR�FDQFHOOHU���7KH�RXWSXW�IURP�SLQ����RI�WKH�'63�LV�UHFRQYHUWHG�LQWR�
DQDORJXH�IRUP�E\�8�����&2'(&���)XUWKHU�DPSOLILFDWLRQ�LV�SURYLGHG�E\�8����DQG�8�����7KH�DXGLR�VLJQDO�LV�WKHQ�WUDQVPLWWHG�
YLD�3����WR�WKH�KDQGKHOG�XQLW�IRU�IXUWKHU�SURFHVVLQJ�

5;�$XGLR
7KH�YRLFH�VLJQDO�IURP�WKH�KDQGKHOG�XQLW�LV�DPSOLILHG�E\�WKH�KDQGVIUHH�XQLW��3����FRQQHFWV�WKH�DXGLR�VLJQDO�IURP�WKH�KDQGKHOG�
WR�WKH�KDQGVIUHH�XQLW�YLD�SLQ����8����SURYLGHV�LQLWLDO�DPSOLILFDWLRQ�RI�WKH�UHFHLYHG�DXGLR��5����LV�D�YDULDEOH�UHVLVWRU�FRQWUROOHG�
E\�WKH�WKXPEZKHHO�RQ�WKH�VLGH�RI�WKH�KDQGVIUHH�FDVH��SURYLGLQJ�YROXPH�OHYHO�FRQWURO�

7KH�YRLFH�VLJQDO�LV�FRQYHUWHG�LQWR�GLJLWDO�E\�8����DQG�SURFHVVHG�E\�WKH�'63��8������8����UHFRQYHUWV�WKH�VSHHFK�LQWR�DQDORJXH�
IRUP��)XUWKHU�DPSOLILFDWLRQ�LV�SURYLGHG�E\�8�����WKH�RXWSXW�RI�ZKLFK�SDVVHV�WR�WKH�LQWHUQDO�VSHDNHU�YLD�3�����,I�DQ�H[WHUQDO�
VSHDNHU�LV�FRQQHFWHG�WR�3����WKHQ�WKH�SDWK�WR�WKH�LQWHUQDO�VSHDNHU�LV�EURNHQ�DQG�WKH�DXGLR�LV�WUDQVPLWWHG�WR�WKH�H[WHUQDO�VRXUFH�

3RZHU�6XSSO\
6XSSO\�IRU�WKH�KDQGVIUHH�XQLW�LV�SURYLGHG�YLD�-�����5HYHUVH�YROWDJH�SURWHFWLRQ�LV�SURYLGHG�E\�'�����$Q�DFWLYH�ORZ�VLJQDO�IURP�
WKH�KDQGKHOG�XQLW��Q/RJLF�3ZU��VZLWFKHV�4����DQG�4����21��$FWLYDWLRQ�RI�4����VZLWFKHV�WKH�EDVH�RI�4����ORZ��HQDEOLQJ�WKH�
SRVLWLYH�VXSSO\�WKURXJK�4����WR�WKH�YROWDJH�UHJXODWRUV��'����SURYLGHV�RYHU�YROWDJH�SURWHFWLRQ��6KRXOG�WKH�VXSSO\�H[FHHG��� 9��
'����ZLOO�EUHDN�GRZQ�VZLWFKLQJ�4����21�DQG�VHQGLQJ�WKH�EDVH�RI�4����ORZ��VZLWFKLQJ�4����2))�

7KH�RXWSXW�IURP�4����WDNHV�WZR�SDWKV��7KH�SRVLWLYH��� 9�VXSSO\�LV�UHJXODWHG�GRZQ�WR�� 9�E\�8����DQG�8�����8����VXSSOLHV�
WKH�'63��&2'(&V�DQG�UHVHW�FRQWURO��8����VXSSOLHV�WKH�DXGLR�DPSOLILHUV�

7KH��� 9�VXSSO\�LV�DOVR�UHJXODWHG�GRZQ�WR���� 9�IRU�WKH�H[WHUQDO�SRZHU�VXSSO\�IRU�WKH�KDQGKHOG�XQLW��8����LV�D�VZLWFKLQJ�
UHJXODWRU�WKDW�SURYLGHV�WKLV�IXQFWLRQ�

/HYHO�'HWHFWRU
$�VDPSOH�RI�WKH�RXWSXW�DXGLR�LV�WDNHQ�IURP�3�����8����GHWHFWV�WKH�DXGLR�VLJQDO�OHYHO�RQ�SLQ����,I�WKH�GHWHFWHG�VSHDNHU�DXGLR�
OHYHO�LV�KLJK��WKHQ�SLQ���ZLOO�JR�ORZ��$�ORZ�VLJQDO�RQ�SLQ���VZLWFKHV�4����21��VZLWFKLQJ�SRVLWLYH�VXSSO\�RQWR�4�����4����
VZLWFKHV�5����LQWR�WKH�7;�DXGLR�SDWK��UHGXFLQJ�WKH�DXGLR�OHYHO�

������ 7HVW�3RLQWV

73�1R� '(6&5,37,21 %2$5'�/2&$7,21

73��� 6ZLWFKLQJ�9ROWDJH�5HJXODWRU 8����3LQ��

73��� ([WHUQDO�SRZHU 3����3LQ���

73��� Q/RJLF�3RZHU 3����3LQ���

73��� %DWWHU\����FDU� 3����3LQ��

73��� 7;�$XGLR��7R�WKH�KDQGKHOG�XQLW� 3����3LQ��

73��� 2XWSXW�$PSOLILHU�3RZHU 4����3LQ�(

73��� *1' 8����3LQ��

73��� 5;�$XGLR��7R�WKH�KDQGKHOG�XQLW� 3����3LQ��

73��� $XGLR�*1' 3����3LQ��

73��� Q+)�RQ 3����3LQ��

73��� 0LF�RYHUULGH�VSHDNHU 5�����5���

73��� $XGLR�*1' 3����3LQ��

73��� 0LF 3����3LQ��

73��� 6SHDNHU -����3LQ��

73��� $XGLR�*1' -����3LQ��

73��� 8����SLQ���+&/ 8����3LQ��
,VVXH�� 6HFWLRQ��� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH
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������ $GMXVWPHQW�DQG�&DOLEUDWLRQ
7KH�DGMXVWPHQWV�WKDW�FDQ�EH�PDGH�RQ�WKH�KDQGVIUHH�XQLW�DUH�WR�WKH�H[WHUQDO�SRZHU�VXSSO\��7KHVH�DUH�PDGH�E\�DGMXVWLQJ�WZR�
YDULDEOH�UHVLVWRUV�RQ�WKH�3&%��7KH�SURFHGXUH�PXVW�EH�IROORZHG�LI�WKH�VZLWFKLQJ�YROWDJH�UHJXODWRU�RU�DQ\�RWKHU�SDUW�RI�WKH�H[WHUQDO�
SRZHU�VXSSO\�LV�UHSODFHG�

������ 3URFHGXUH
�� &RQQHFW�XS�WKH�+DQGVIUHH�XQLW�DV�IRU�QRUPDO�WHVWLQJ��EXW�GR�QRW�FRQQHFW�WKH�+DQGKHOG�XQLW��

�� 0HDVXUH�WKH�H[WHUQDO�YROWDJH�SRZHU�VXSSO\��

�� $GMXVW�5����VR�WKDW�WKLV�YROWDJH�LV���� 9 � ���� 9��

�� 2QFH�WKH�KDQGKHOG�XQLW�LV�FRQQHFWHG�DQG�LQ�D�FDOO�XVH�5����WR�DGMXVW�WKH�PD[LPXP�FXUUHQW�VXSSOLHG�
0&8.������*� 6HFWLRQ��� ,VVXH��
7HFKQLFDO�*XLGH ±����± 5HYLVLRQ��
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����'XDO�&KDUJHU�

������&LUFXLW�'HVFULSWLRQ
$�EDWWHU\�SUHVHQW�LV�GHWHFWHG�E\�WKH�7+�LQSXW��DQG�EDWWHU\�W\SH�LV�GHWHFWHG�E\�WKH�6�LQSXW��7KH�6�LQSXW�LV�RSHQ�FLUFXLW�RQ�D�VPDOO�
EDWWHU\��SXOOLQJ�WKH�EDVH�RI�4���KLJK��WXUQLQJ�LW�RII��7KH�EDVH�RI�4��LV�SXOOHG�ORZ�WKURXJK�5����WXUQLQJ�4��21��7KLV�VZLWFKHV�WKH�
H[WUD�FRQWURO�UHVLVWRU�95��LQWR�FLUFXLW��LQFUHDVLQJ�WKH�WLPHU�FORFN�UDWH��95��LV�XVHG�WR�FRQWURO�WKH�FORFN�UDWH�ZKHQ�D�ODUJH�EDWWHU\�
LV�FRQQHFWHG�

7KH�FKDUJLQJ�FLUFXLW�LV�FRQWUROOHG�E\�WKH�FXUUHQW�GUDZQ�E\�WKH�KDQGKHOG�XQLW��,I�WKH�KDQGKHOG�XQLW�UHFHLYHV�D�FDOO�DQG�WKXV�UHTXLUHV�
JUHDWHU�WKDQ���� P$��WKHQ�LW�VZLWFKHV�WKH�FKDUJHU�RII��RQO\�VZLWFKLQJ�LW�EDFN�RQ�DJDLQ�ZKHQ�WKH�FXUUHQW�GURSV�EHORZ���� P$��
7KHVH�FXUUHQW�OHYHOV�DUH�FRQWUROOHG�E\�95���VHW�WKH�VWRS�SRLQW��DQG�95���VHW�WKH�VWDUW�SRLQW��

7KH�SRZHU�RXW�IRU�WKH�KDQGKHOG�XQLW�LV�SURWHFWHG�E\�4����4����DQG�4���:KHQ�WKH�SRZHU�LV�FRQQHFWHG��D�VPDOO�FXUUHQW�FDQ�IORZ�
WKURXJK�5���DQG�WKH�EOHHG�UHVLVWRU�5����7KURXJK�WKH�SRWHQWLDO�GLYLGHU�5���DQG�5����WKLV�WXUQV�4��21��WXUQLQJ�4���21��6KRXOG�
WKH�RXWSXW�&1��EHFRPH�DFFLGHQWDOO\�VKRUW�FLUFXLWHG�WKH�EDVH�RI�4��EHFRPHV�ORZ�WXUQLQJ�4��2))��7KLV�SXOOV�WKH�EDVH�RI�4���
KLJK��WXUQLQJ�4���2))�DQG�VKXWWLQJ�RII�WKH�SRZHU�

������ $GMXVWPHQW�3URFHGXUH
,I�DQ\�RI�WKH�PDLQ�FRPSRQHQWV�LQ�WKH�FKDUJHU�DUH�UHSODFHG�WKHQ�WKH�IROORZLQJ�SURFHGXUH�PXVW�EH�IROORZHG��7KH�SURFHGXUH�ILUVW�
DGMXVWV�WKH�FKDUJH�UDWH�WLPHU�IRU�HDFK�EDWWHU\��IROORZHG�E\�WKH�FRQWURO�FXUUHQW�OHYHOV�IRU�VZLWFKLQJ�WKH�FKDUJHU�RQ�DQG�RII�

&RQQHFW�WKH�FKDUJHU�DV�VKRZQ�LQ�WKH�IROORZLQJ�GLDJUDP�

)LJXUH�� &KDUJHU�&RQQHFWLRQV ��������

�� $GMXVW�95��XQWLO�WKH�SXOVHV�RQ�SLQ���RI�,&���KDYH�D�SHULRG�RI��� PV � ��� PV��2SHQ�WKH�VZLWFK�6��DQG�DGMXVW�95��XQWLO�WKH�
SXOVHV�KDYH�D�SHULRG�RI����� PV � ��� PV�

�� :LWK�6��FORVHG�FRQQHFW�D�ORDG�RI���� P$ � � P$�DFURVV�WKH�RXWSXW�WKDW�JRHV�WR�WKH�KDQGKHOG�XQLW��

�� $GMXVW�95��VR�WKDW�FORFN�SXOVHV�RQ�SLQ���RI�,&���VWRS��L�H��WKHUH�LV�D�VWHDG\�OHYHO�RI���9�RU���9��

�� 5HGXFH�WKH�ORDG�WR���� P$�� � P$�DQG�DGMXVW�95��VR�WKDW�WKH�SXOVHV�VWDUW�DJDLQ�
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,VVXH�� 6HFWLRQ��� 0&8.������*�
5HYLVLRQ�� ±����± 7HFKQLFDO�*XLGH
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