
;(0,&6
BBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBB

;(����
7UDQVFHLYHU

$SSOLFDWLRQ
,QIRUPDWLRQ

)RU�IXUWKHU�LQIRUPDWLRQ�SOHDVH�FRQWDFW��

;(0,&6�6$
7HO������������������������)D[�����������������

:HE��KWWS���ZZZ�[HPLFV�FK�������(�PDLO��LQIR#[HPLFV�FK



XEMICS 1.0
____________________________________________________________________________________________________________

�����

;(0,&6

$OO�ULJKWV�DUH�UHVHUYHG��5HSURGXFWLRQ�ZKROH�RU�LQ�SDUW�LV�SURKLELWHG�ZLWKRXW�WKH�SULRU�ZULWWHQ�FRQVHQW�RI�WKH�FRS\ULJKW�RZQHU��7KH�LQIRUPDWLRQ

SUHVHQWHG�LQ�WKLV�GRFXPHQW�GRHV�QRW�IRUP�SDUW�RI�DQ\�TXRWDWLRQ�RU�FRQWUDFW��LV�EHOLHYHG�WR�EH�DFFXUDWH�DQG�UHOLDEOH�DQG�PD\�EH�FKDQJHG

ZLWKRXW�QRWLFH��1R�OLDELOLW\�ZLOO�EH�DFFHSWHG�E\�WKH�SXEOLVKHU�IRU�DQ\�FRQVHTXHQFH�RI�LWV�XVH��3XEOLFDWLRQ�WKHUHRI�GRHV�QRW�FRQYH\�QRU�LPSO\

DQ\�OLFHQVH�XQGHU�SDWHQW��RU�RWKHU�LQGXVWULDO�RU�LQWHOOHFWXDO�SURSHUW\�ULJKWV�

3ULQWHG�LQ�6ZLW]HUODQG

'DWH�RI�UHOHDVH������
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,QWURGXFWLRQ
7KH�;(����� LV�D�KDOI�GXSOH[�)6.�VLQJOH�FKLS� WUDQVFHLYHU
IRU�RSHUDWLRQ� LQ� WKH����0+]� ,60�EDQG�DQG� LQ� WKH�����
���0+]� EDQG� ZLWK� D� GDWD� UDWH� XS� WR� ��� NELW�V�� WKH
PRGXODWLRQ� XVHG� LV� WKH� FRQWLQXRXV� SKDVH�� �� OHYHO
)UHTXHQF\�6KLIW�.H\LQJ��&3)6.��
$� VHULDO� EXV� ��� SLQV�� LV� XVHG� WR� FRQILJXUH� WKH� PDLQ
IHDWXUHV� RI� WKH� ;(������ 7UDQVPLW�� 5HFHLYH� DQG� (QDEOH
PRGH�FDQ�EH�VHW�YLD�WKH���ZLUH�EXV�RU�YLD�WZR�GHGLFDWHG
H[WHUQDO�SLQV�

7KH�UHFHLYHU�LQWHJUDWHV�D�/1$��D�GRZQ�FRQYHUWHU�IXQFWLRQ
DV� ZHOO� DV� FKDQQHO� ILOWHULQJ� DQG� GHPRGXODWRU� ZKLFK
SURYLGLQJ�D�IXOO\�LQWHJUDWHG�UHFHLYHU�IURP�DQWHQQD�WR�GDWD
6WUHDP�� 7KH� DUFKLWHFWXUH� XVHG� LV� D� GLUHFW� FRQYHUVLRQ
�]HUR�,I�� WKDW�SURYLGHV� LPDJH� ILOWHULQJ��7KH�GDWD�VWUHDP� LV
SURFHVVHG� IRU� D� GLUHFW� PLFUR�FRQWUROOHU� LQWHUIDFH�� D
V\QFKURQL]HG�GDWD�FORFN�LV�SURYLGHG��&/.'�SLQ�

7KH� WUDQVPLVVLRQ� SDUW� SURYLGHV� D� FRPSOHWH� SDWK� IURP
'DWD�VWUHDP�WR�DQWHQQD��7KH�DUFKLWHFWXUH� LV�D�GLUHFW�XS�
FRQYHUVLRQ�ZLWK�D�SURJUDPPDEOH�IUHTXHQF\�GHYLDWLRQ��7KH
5)�RXWSXW�SRZHU�OHYHO�FDQ�DOVR�EH�FRQWUROOHG�

2QO\� IHZ� H[WHUQDO� FRPSRQHQWV� DUH� QHFHVVDU\�� DQWHQQD
PDWFKLQJ� QHWZRUN�� WDQN� FLUFXLWV�� VDZ� UHVRQDWRU� IRU� ORFDO
RVFLOODWRU�DQG�ORZ�FRVW�FU\VWDO�

4XLFN�5HIHUHQFH�'DWD
6XSSO\�YROWDJH ���9
5)�VHQVLWLYLW\ ����G%P
'DWD�UDWH ���.ELW�V
7UDQVPLWWHG�SRZHU ��G%P
6WDQG�E\�VXSSO\�FXUUHQW ��X$
5HFHLYHU�VXSSO\�FXUUHQW� �P$
7UDQVPLVVLRQ�VXSSO\�FXUUHQW

�P$�#���G%P�RXWSXW�SRZHU
�P$�#����G%P�RXWSXW�SRZHU

,���)XQFWLRQDO�%ORFN�'LDJUDP

)LJ����IXQFWLRQDO�EORFN�GLDJUDP

Modulator

DAC

DAC

Direct Digital Synthesizer

90

DEG LO

CLOCK

LOGND XTAL
SWA SWBTKA TKB TKCRFVDDRFGND

VREF

TXD

Bit
Synchronizer

FSK
demodulator

3 wire
InterfaceControl

Logic

Base band
Amplifier

Base band
Amplifier

By-pass

Offset

Offset

IO
output

QO
output

I O Q O

S & K

S & K

TPA TPB

RXTX

EN

SD

SC

DE

CLKD

RXD

AVDD AGND DVDD DGNDTLA TLB

RFA

RFB

LNA
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'HWDLOHG�3LQ�'HVFULSWLRQ
3,1 1$0( '(6&5,37,21
� (1 &KLS�HQDEOH
� '( %XV�GDWD�HQDEOH
� $9'' 6XSSO\�YROWDJH�IRU�DQDORJ
� 73$ 3RZHU�DPSOLILHU�WDQN�FLUFXLW
� 73% 3RZHU�DPSOLILHU�WDQN�FLUFXLW
� $*1' *URXQG�IRU�DQDORJ
� 6& %XV�FORFN
� 6' %XV�GDWD�LQSXW
� /2*1' *URXQG�IRU�ORFDO�RVFLOODWRU
�� 7.$ 2VFLOODWRU�WDQN�FLUFXLW
�� 7.% 2VFLOODWRU�WDQN�FLUFXLW
�� 7.& 2VFLOODWRU�WDQN�FLUFXLW
�� 6:$ 6$:�UHVRQDWRU
�� 6:% 6$:�UHVRQDWRU
�� 5;7; 5HFHLYHU���WUDQVPLWWHU�HQDEOH
�� 95() 9ROWDJH�VWDELOL]HU�GHFRXSOLQJ

�� 7;' 'DWD�LQSXW�VWUHDP
�� &/.' 5HFHLYHG�GDWD�FORFN
�� 5;' 5HFHLYHG�GDWD�RXWSXW
�� '*1' *URXQG�IRU�GLJLWDO
�� ;7$/ 5HIHUHQFH�RVFLOODWRU
�� ;7$/ 5HIHUHQFH�RVFLOODWRU
�� '9'' 6XSSO\�YROWDJH�IRU�GLJLWDO
�� 42 7HVW�SLQ
�� ,2 7HVW�SLQ
�� 5)$ 5)�LQSXW
�� 5)% 5)�LQSXW
�� 5)*1' *URXQG�IRU�5)
�� 5)287 7UDQVPLWWHU�RXWSXW
�� 7/$ /RZ�QRLVH�DPSOLILHU�WDQN�FLUFXLW
�� 7/% /RZ�QRLVH�DPSOLILHU�WDQN�FLUFXLW
�� 5)9'' 6XSSO\�YROWDJH�IRU�5)

,,�²�)XQFWLRQDO�2YHUYLHZ

,,���+LJK�/HYHO�GHVFULSWLRQ
5HFHLYHU�
7KH� PRGXODWLRQ� XVHG� LV� WKH� &RQWLQXRXV� 3KDVH�� �� OHYHO
)UHTXHQF\� 6KLIW� .H\LQJ� �&3)6.��� 7KH� 5)� VLJQDO� LV� ILUVW
DPSOLILHG� ZLWK� D� ORZ� QRLVH� DPSOLILHU� EHIRUH� GLUHFW
FRQYHUVLRQ��7KLV�FRQYHUVLRQ�VFKHPH��]HUR�,)��HQDEOHV�RQ�
FKLS�FKDQQHO�ORZ�SDVV�ILOWHULQJ�DV�ZHOO�DV�HOHFWURQLF�LPDJH
FDQFHOODWLRQ� DYRLGLQJ� FRPSOH[� DQG� H[SHQVLYH� H[WHUQDO
LPDJH� ILOWHUV�� 7KH� LQWHJUDWHG� FKDQQHO� ILOWHULQJ� LV� UHDOL]HG
ZLWK�WZR��WK�RUGHU�6DOOHQ�	�.H\�ILOWHUV��7ZR�VHOI�UHFHSWLRQ
FDQFHOODWLRQ�EORFNV�KDYH�EHHQ�DGGHG�LQ�,�DQG�4�SDWKV� LQ
RUGHU� WR� SUHYHQW� IURP� ORFDO� RVFLOODWRU� VHOI� UHFHSWLRQ
SUREOHPV�� 7KH� EDVHEDQG� )6.� VLJQDO� LV� GHPRGXODWHG
EHIRUH� GLJLWDO� VLJQDO� SURFHVVLQJ� LQ� WKH� ELW� V\QFKURQL]HU
EORFN�� 7KLV� EORFN� SURYLGHV� JOLWFK� IUHH� GDWD� ZLWK
V\QFKURQL]HG�FORFN�VR� WKDW� UHFHLYHG�GDWD�FDQ�GLUHFWO\� EH
UHDG�E\�D�ORZ�FRVW���ORZ�FRPSOH[LW\�PLFUR�FRQWUROOHU�

7UDQVPLWWHU�
7KH�PRGXODWRU�LV�UHDOL]HG�ZLWK�D�'LUHFW�'LJLWDO�6\QWKHVL]HU
�''6��� 7KH� ,� DQG� 4� EDVHEDQG� VLJQDOV� DUH� GLJLWDOO\
JHQHUDWHG� EHIRUH� GLJLWDO� WR� DQDORJ� FRQYHUVLRQ��:LWK� WKLV
PHWKRG�� WKH� )6.� IUHTXHQF\� GHYLDWLRQ� LV� YHU\� DFFXUDWH
�DFFXUDF\� RI� WKH� FU\VWDO� RVFLOODWRU� EDVHG� FORFN�� DQG� FDQ
HDVLO\� EH�DGMXVWHG� YLD� WKH���ZLUH� EXV�� $IWHU� DQWL�DOLDVLQJ
ILOWHULQJ��WKH�,�DQG�4�EDVHEDQG�LV�GLUHFWO\�XS�FRQYHUWHG�WR
WKH�8+)�EDQG��7KH�VLJQDO�LV�DPSOLILHG�ZLWK�WKH�5)�SRZHU

DPSOLILHU��7KH�RXWSXW�SRZHU�FDQ�EH�DGMXVWHG�IURP�²���WR
²�G%P�YLD�WKH���ZLUH�EXV�

/RFDO�RVFLOODWRU�
7KH�ORFDO�RVFLOODWRU�LV�EDVHG�RQ�D�VWDQGDUG�6$:��VXUIDFH
DFRXVWLF� ZDYH�� UHVRQDWRU� DOORZLQJ� IDVW� VZLWFK�RQ� WLPLQJ�
7KH� IUHTXHQF\� RI� WKLV� ORZ� SRZHU� 8+)� RVFLOODWRU� FDQ� EH
FKDQJHG�H[WHUQDOO\�E\�WKH�6$:�UHVRQDWRU�

��ZLUH�EXV�
7KH�;(�����PDLQ�IHDWXUHV�FDQ�EH�VHW�E\�VRIWZDUH�YLD���
ZLUH� EXV� LQWHUIDFH�� 7KH� )6.� IUHTXHQF\� GHYLDWLRQ�� FORFN
HQDEOH��5)�RXWSXW�SRZHU�DQG�GDWD�FDQ�EH�SURJUDPPHG�DV
ZHOO� DV� RWKHU� DX[LOLDU\� IXQFWLRQV�� 7UDQVPLW�� UHFHLYH� DQG
VWDQG�E\�PRGHV�FDQ�EH�VHW�HLWKHU�YLD���ZLUH�EXV�RU�ZLWK
VRPH�GHGLFDWHG�SLQV�

,,���7UDQVPLWWHU

,,�����'LUHFW�'LJLWDO�6\QWKHVL]HU�0RGXODWRU
7KH� PRGXODWRU� LV� UHDOL]HG� ZLWK� D� ''6� �'LUHFW� 'LJLWDO
6\QWKHVL]HU��� 7KH� ,� DQG� 4� EDVHEDQG� VLJQDOV� DUH� GLJLWDOO\
JHQHUDWHG� EHIRUH� GLJLWDO� WR� DQDORJ� FRQYHUVLRQ��:LWK� WKLV
PHWKRG��WKH�)6.� IUHTXHQF\�GHYLDWLRQ� LV�YHU\�DFFXUDWH��$
IUHTXHQF\�RIIVHW�FDQ�DOVR�EH�DGGHG� WR� WKH� FDUULHU� YLD���
ZLUH� EXV�� ZKLFK� DOORZV� D� ORFDO� RVFLOODWRU� IUHTXHQF\� VKLIW
FRPSHQVDWLRQ�GXULQJ�WUDQVPLVVLRQ
7KH� ''6� 0RGXODWRU� DUFKLWHFWXUH� FRQVLVWV� RI� D� GLJLWDO
EORFN�DQG�DQ�DQDORJ�EORFN��ILJ���

Offset
Frequency

Deviation
Frequency

Tx

Digital
Sin

Digital
Cos

8
8

79

Digital
DDS

DAC

DAC

I

Q

Analog block Digital block

)LJ���'LUHFW�'LJLWDO�6\QWKHVL]HU�0RGXODWRU
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,,�������''6�'LJLWDO�EORFN
7KH�''6��ILJ���FRQYHUWV�WKH�GDWD�ELW�VWUHDP��7;'�SLQ��LQWR
VLQ� DQG� FRV� VLJQDOV�� 7KH� ''6� JHQHUDWHV� WKH� IUHTXHQF\
GHYLDWLRQ� SOXV� D� IUHTXHQF\� FRUUHFWLRQ� RI� WKH� ORFDO
RVFLOODWRU��RIIVHW�IUHTXHQF\��

)LJ���''6�'LJLWDO�EORFN

7KH� V\VWHP� LQWHUQDO� FORFN� LV� VHW� WR��0+]��$V� WKH�SKDVH
DFFXPXODWRU� LV� LPSOHPHQWHG� ZLWK� �� ELW�� WKH� PLQLPXP
VWHSV�� IRU� WKH� IUHTXHQF\� GHYLDWLRQ� DQG� IRU� WKH� RIIVHW
IUHTXHQF\��LV��������������� ����.K]
7KH� IUHTXHQF\� GHYLDWLRQ� �)6.�� LV� SURJUDPPDEOH�� 7KH
GHYLDWLRQ�FDQ�EH�DGMXVWHG�EHWZHHQ���DQG�������ELW��
(DFK� VWHS� FRUUHVSRQGV� WR� ���.+]�� 6R� WKH� WKHRUHWLFDO
UDQJH�LV���WR����N+]��$IWHU�SRZHU�XS�WKH�GHYLDWLRQ�YDOXH
HTXDOV��������N+]��

)UHTXHQF\�GHYLDWLRQ��ILJ����IGHY
,I�'DWD� �� !�IOR�²�IGHY
,I�'DWD� �� !�IOR���IGHY

)LJ��)UHTXHQF\�GHYLDWLRQ

7KH���ELWV�DUH�XVHG� WR�DGMXVW� WKH� IUHTXHQF\�GHYLDWLRQ�RI
WKH�GHPRGXODWRU�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�
)GHY� ���������•�Q�>+]@
:KHUH�Q�LV�WKH�XQVLJQHG�GHFLPDO�YDOXH�RI�WKH���ELWV�ZRUG�
,W� VKRXOG� EH� QRWHG� WKDW� IRU� D� SURSHU� EHKDYLRU� RI� WKH
;(����� GHPRGXODWRU�� WKH� IUHTXHQF\� GHYLDWLRQ� PXVW� EH
JUHDWHU� WKDW� WKH�GDWD� UDWH�DQG� VPDOOHU� WKDQ� WKH� UHFHLYHU
ILOWHU�EDQGZLGWK�

)GHY�!�'DWD�UDWH
)GHY��)LOWHU�%:

7KH� GULIW� RI� WKH� /RFDO� 2VFLOODWRU� FDQ� EH� FRPSHQVDWHG�
GXULQJ�WKH�WUDQVPLVVLRQ�YLD�WKH���ZLUH�EXV��ZLWK�WKH�RIIVHW
IUHTXHQF\�
7KH�GHIDXOW�VHWWLQJ�RI�WKH�RIIVHW�IUHTXHQF\�LV�WKHUHIRUH���
7KH�RIIVHW�FRYHUV��������N+]��ZLWK�VWHSV�RI����N+]��7KH
RIIVHW� YDOXH� YDULHV� EHWZHHQ� ²��� DQG� ���� �LQ� WZR·V
FRPSOHPHQW���ELW��

3RVLWLYH�2IIVHW�IUHTXHQF\��ILJ���
• IR�  � IUHTXHQF\� RI� WKH� /RFDO� 2VFLOODWRU� �UHODWHG� WR

6$:�UHVRQDWRU�LQLWLDO�DFFXUDF\�
• ')&� �SRVLWLYH�RIIVHW

)LJ���3RVLWLYH�2IIVHW�IUHTXHQF\

1HJDWLYH�2IIVHW�IUHTXHQF\��ILJ���
• IR�  � IUHTXHQF\� RI� WKH� /RFDO� 2VFLOODWRU� �UHODWHG� WR

6$:�UHVRQDWRU�LQLWLDO�DFFXUDF\�
• ')&� ��QHJDWLYH�RIIVHW�IUHTXHQF\

)LJ���1HJDWLYH�2IIVHW�IUHTXHQF\

2IIVHW� IUHTXHQF\� FDQ� EH� FDOFXODWH� DFFRUGLQJ� WR� WKH
IROORZLQJ�IRUPXOD�

')&� ���������•�Q�>+]@
:KHUH�Q�LV�WKH�XQVLJQHG�YDOXH

7KH�H[WHUQDO�,QSXW���2XWSXW�SLQV�RI�WKLV�EORFN�DUH�
,�2 1DPH )XQFWLRQ 3LQ
,QSXW 7;' 'DWD�LQSXW�VWUHDP ��

1RWH��� 7KH� GULIW� RI� WKH� ORFDO� RVFLOODWRU� FDQ� QRW� EH
FRPSHQVDWHG�ZLWK� WKH�RIIVHW� IUHTXHQF\� �')&�� LQ� UHFHLYHU
PRGH�

,,�������''6�$QDORJ�EORFN
7KH�''6$�EORFN��ILJ���FRQYHUWV�WKH�GLJLWDO�VLQH�DQG�FRVLQH
ZRUGV�IURP�WKH�''6�LQWR�DQDORJ�,�DQG�4�VLJQDOV�
7KLV� LV� DFFRPSOLVKHG� WKURXJK� WZR� �� ELWV� '$� FRQYHUWHUV
IROORZHG�E\�6DOOHQ�	�.H\�ORZSDVV�ILOWHUV��ZLWK�QRPLQDO�FXW�
RII� IUHTXHQF\� RI� ���N+]�� WR� UHPRYH� WKH� DOLDVHV
FRPSRQHQWV� DW� IV� +�−IR�� ZKHUH� IV� LV� WKH� VDPSOLQJ
IUHTXHQF\� RI� �� 0+]� DQG� IR� WKH� RXWSXW� IUHTXHQF\� RI
W\SLFDOO\����N+]�

)LJ���''6�$QDORJ�%ORFN

7KH�H[WHUQDO�,QSXW���2XWSXW�SLQV�RI�WKLV�EORFN�DUH�
,�2 1DPH )XQFWLRQ 3LQ
,QSXW 9UHI 9ROWDJH�VWDELOL]HU

GHFRXSOLQJ
��

,,�����6LQJOH�6LGH�%DQG�8S�FRQYHUWHU
7KLV�EORFN��ILJ���SHUIRUPV�WKH�XS�FRQYHUVLRQ�RI�WKH�EDVH�
EDQG�)6.�VLJQDO�WR�8+)�IUHTXHQF\�

IR IR��IGHYIR��IGHY

2IIVHW
)UHTXHQF\

'HYLDWLRQ
)UHTXHQF\

7[
'LJLWDO
6LQ

'LJLWDO
&RV

�

�

��

'LJLWDO
''6

'LJLWDO�6LQ

'LJLWDO�&RV

�
�'$&

'$&

,

4

9UHI

IR IR
� �IR���')&

IRIR
� �IR���')&
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7KH� FLUFXLW� JHQHUDWHV� WKH� 5)� VLJQDO� GULYLQJ� ERWK� WKH
TXDGUDWXUH�GRZQ�FRQYHUWHU� LQ� WKH� UHFHLYHU� SDWK� DQG� WKH
SRZHU�DPSOLILHU�GULYHU�VWDJH�LQ�WKH�WUDQVPLW�SDWK�
7KH�VLQJOH�VLGH�EDQG�PRGXODWRU�LV�GULYHQ�E\�,�4�EDVH�EDQG
VLJQDO� DQG� E\� /2� IUHTXHQF\�� 7KH� RXWSXW� LV� D� 5)� 66%
VLJQDO�� 7KH� EDVLF� SULQFLSOH� RI� WKH� 66%� PRGXODWRU� LV� WR
JHQHUDWH� RQH� VLGH�EDQG� DW� )5)� �� )%%� DQG� UHMHFWV� WKH
LPDJH�SURGXFWV�DW�)5)�²�)%%��RU�YLFHYHUVD�
$Q�H[WHUQDO��GLVFUHWH��/&�FLUFXLW�WXQHV�WKLV�EORFN

)LJ���6LQJOH�6LGH�%DQG�8S�FRQYHUWHU

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ
,�2 73$ 3$�WDQN�FLUFXLW �
,�2 73% 3$�WDQN�FLUFXLW �

,,�����3RZHU�$PSOLILHU
7KLV� EORFN� SURYLGHV� WKH� 5)� VLJQDO� IRU� WKH� WUDQVPLW
DQWHQQD��,WV�LQSXWV�DUH�FRQQHFWHG�WR�XS�FRQYHUWHU�RXWSXWV
VLJQDO�� 7KH� 3$� GRHVQ·W� GULYH� GLUHFWO\� WKH� DQWHQQD�� DQ
H[WHUQDO�PDWFKLQJ�QHWZRUN� LV� UHTXLUHG�� 7KH�RXWSXW�SRZHU
LV� SURJUDPPDEOH�� �� OHYHOV� DUH� DYDLODEOH�� 0RUHRYHU�� WKH
RXWSXW� LV� D� FXUUHQW� VRXUFH� �RSHQ� FROOHFWRU��� ,W� PXVW� EH
ELDVHG�WR�D�SRVLWLYH�YROWDJH�
([WHUQDO�,QSXW���2XWSXW�

,�2 1DPH )XQFWLRQ 3LQ
2XWSXW 5)RXW 7UDQVPLWWHU�RXWSXW ��

,,���5HFHLYHU

,,�����/1$��/RZ�1RLVH�$PSOLILHU�
7KLV�EORFN�LV�LQWHQGHG�WR�SURYLGH�D�SRZHU�JDLQ�ZLWK�D�ORZ
QRLVH�IDFWRU��7KH�FLUFXLW�LV� LQVHUWHG�EHWZHHQ�WKH�DQWHQQD
PDWFKLQJ�QHWZRUN�DQG�WKH�VKLIWHU�PL[HU�EORFN��,W� LV�WXQHG
E\� WZR� H[WHUQDO� �GLVFUHWH�� /&� FLUFXLWV�� D� /&� WDQN� FLUFXLW
FRQQHFWHG� WR� WKH� RXWSXW� DQG� D� /&� PDWFKLQJ� QHWZRUN
FRQQHFWHG�WR�WKH�5)�LQSXW�

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ
,QSXW 5)$ 5)�LQSXW ��
,QSXW 5)% 5)�LQSXW ��
,�2 7/$ /1$�WDQN�FLUFXLW �
,�2 7/% /1$�WDQN�FLUFXLW �

,,�����4XDGUDWXUH�'RZQ�FRQYHUWHUV
7KLV� EORFN� LQFOXGHV�D����GHJUHHV�SKDVH� VKLIWHU� DQG� WZR
PL[HUV��RQH�IRU�HDFK�FKDQQHO��,�4���,W�SHUIRUPV�WKH�GLUHFW
GRZQ�FRQYHUVLRQ� RI� D� ��,)� UHFHLYHU� �I

/2
�  � I

5)
��� 7KH� /2

VLJQDO� FRPHV� IURP� WKH� 6LQJOH� 6LGH� %DQG� 8S�FRQYHUWHU
RXWSXW�ZKLOH�WKH�5)�LQSXW�LV�FRQQHFWHG�WR�WKH�/RZ�1RLVH
$PSOLILHU� RXWSXW� �/1$��� 7KH� EDVH�EDQG� ,�4� RXWSXWV� DUH
FRQQHFWHG� GLUHFWO\� WR� WKH� EDVH�EDQG� DQDORJ� ILOWHULQJ
FKDLQ�

,,�����6HOI�UHFHSWLRQ�FDQFHOODWLRQ�EORFN
7KLV� EORFN� SURYLGHV� D� IUHTXHQF\� GHSHQGDQW� LPSHGDQFH
EHWZHHQ�WKH�,)�QRGHV��,W�LV�FRQQHFWHG�LQ�SDUDOOHO�WR�HDFK
RI� WKH�PL[HU� RXWSXW�� 7KH� FLUFXLW� DWWHQXDWHV� WKH� '&� DQG
ORZ� IUHTXHQF\� RXWSXW� VLJQDOV� RI� WKH� PL[HUV� E\� ��G%
DYRLGLQJ�VHOI�UHFHSWLRQ�RI�WKH�ORFDO�RVFLOODWRU�
$Q�DFWLYH�LPSHGDQFH�LV�SUHVHQW�EHWZHHQ�,)3��,)�SRVLWLYH�
DQG�,)1��,)�QHJDWLYH��QRGHV�

,,�����%DVHEDQG�)LOWHU
7KLV� EORFN� SHUIRUPV� DOO� WKH� EDVH�EDQG� ILOWHULQJ� LQ� WKH
UHFHLYH� SDWK�� ,W� DOVR� SURYLGHV� ��G%� RI� YROWDJH� JDLQ�� $&
FRXSOLQJ� �FXW�RII� IUHTXHQF\� ��.+]�� DYRLGV� RIIVHW� EXLOG�
XS�DQG�DWWHQXDWHV���I�QRLVH�
7KH� FLUFXLW� FRQVLVWV� RI� WZR� FDVFDGHG� ILOWHUV�� �QG�RUGHU
6DOOHQ�	�.H\� ORZ�SDVV�VWDJH��(DFK�EORFN�SURYLGHV�DERXW
��G%� RI� JDLQ�� 7RJHWKHU�� WKH\� LPSOHPHQW� D� �WK� RUGHU
%XWWHUZRUWK�ORZ�SDVV�ILOWHU�ZLWK�QRPLQDO�FXW�RII�IUHTXHQF\
RI� ���N+]�� $� WHPSHUDWXUH�FRPSHQVDWHG� UHVLVWDQFH
UHGXFH� WKH� GHSHQGHQFH� RI� WKH� WUDQVIHU� IXQFWLRQ� RQ
WHPSHUDWXUH�

N+]

G%

)LJ���%DVHEDQG�ILOWHU

7KH� ILJXUH���VKRZV� WKDW� WKH� ORZHU��G%�FXW�RII� IUHTXHQF\
LV�DW��N+]�ZLWK�D���G%�GHF�VORSH�DQG� WKH�KLJKHU�FXW�RII
IUHTXHQF\�LV�DW����N+]�ZLWK�D���G%�GHF�VORSH

,,�����,�4�$QDORJ�RXWSXWV
7KLV� EORFN� LV� LQWHQGHG� WR� FRQYHUW� DQ� DQDORJ� GLIIHUHQWLDO
VLJQDO� LQWR� D� VLQJOH� HQGHG� VLJQDO�� 7KH� DQDORJ� RXWSXWV� �,
DQG�4��DUH�XVHG� IRU� WHVW�SXUSRVH�RU� IRU�XVHG�RI�D� IURQW�
HQG�ZLWK�DQRWKHU�GHPRGXODWRU�WKDQ�WKH�LQWHUQDO�RQH�
(DFK� RXWSXW� LV� DQ� HPLWWHU� IROORZHU� SURYLGLQJ� RXWSXW
LPSHGDQFH�RI�DERXW��NΩ�

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ

2XWSXW ,2 6LQJOH�HQGHG�,�7HVW�SLQ ��
2XWSXW 42 6LQJOH�HQGHG�4�7HVW�SLQ ��

5)� SRVLWLYH

5)� QHJDWLYH

/2

,�EDVH�EDQG

/2�����

4�EDVH�EDQG

Σ)6.

7DQN

FLUFXLW
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,,�����%DVHEDQG�$PSOLILHU
7KLV� FLUFXLW� SURYLGHV� ��G%� RI� YROWDJH� JDLQ� WR� WKH� EDVH�
EDQG� ILOWHU� RXWSXW� VLJQDOV�� WKXV� VXSSO\LQJ� DQ� DGHTXDWH
VLJQDO�OHYHO�WR�GULYH�WKH�VXEVHTXHQFH�KDUG�/LPLWHU�

,,�����/LPLWHU
7KH� FLUFXLW� /LPLWHU� LV� LQWHQGHG� WR� FRQYHUW� DQ� DQDORJ
GLIIHUHQWLDO�VLJQDO�LQWR�D�GLJLWDO�VLJQDO�

,,�����)6.�GHPRGXODWRU
7KLV�EORFN��ILJ����SHUIRUPV�D�GLJLWDO�GHPRGXODWLRQ�RQ�WKH
HGJHV� RI� WKH� /LPLWHU� RXWSXWV�� 7KH� ,� DQG� 4� VLJQDOV� DUH
GHPRGXODWHG�LQWR�D�ELW�VWUHDP�VLJQDO�5['�

)LJ����)6.�'HPRGXODWRU�EORFN

,I� WKH� ELW� V\QFKURQL]HU� EORFN� LV� QRW� XVHG�� WKH� GDWD� UDWH
UHJLVWHU� GRHVQ·W� QHHG� WR� EH� VHW�� +RZHYHU�� WKH
GHPRGXODWLRQ� SHUIRUPDQFH� GHSHQGV� RQ� WKH� LQGH[
PRGXODWLRQ��β���6HH�WDEOH���

,,�����%LW�V\QFKURQL]HU
7KLV� EORFN� SURYLGHV� JOLWFK� IUHH� GDWD� ZLWK� V\QFKURQL]HG
FORFN�VR�WKDW�UHFHLYHG�GDWD�FDQ�GLUHFWO\�EH�UHDG�E\�D�ORZ
FRPSOH[LW\�PLFUR�FRQWUROOHU�
7KH�RSHUDWLRQ�RI�D�ELW�V\QFKURQL]HU�LV�EDVHG�RQ�FRUUHODWLRQ
FRXQWHUV�� ZKLFK� LQWHJUDWHV� WKH� LQFRPLQJ� ELW� VWUHDP�� 7KH
ELW�VWUHDP�5['�DQG�WKH�FORFN�&/.'�DUH�V\QFKURQL]HG�
7KH� DUFKLWHFWXUH� LV� D� GLJLWDO� 3//� FRQWUROOHG� E\� DQ� $/8
�PLFUR�FRQWUROOHU� DSSURDFK�� LQ� RUGHU� WR� SURYLGH� D
V\QFKURQL]HG�GDWD�FORFN

)LJ����*OLWFK�IUHH�GDWD���6\QF

)RU� D� SURSHU� EHKDYLRU�� WKH� ELW� V\QFKURQL]HU� PXVW� EH
SURJUDPPHG� YLD� WKH� ��ZLUH� EXV� DFFRUGLQJO\� WR� WKH
LQFRPLQJ�GDWD�UDWH�

*LYHQ�D�FHUWDLQ�GHVLUHG�GDWD�UDWH��LQ�+]���WKH�XVHU�KDV�WR
HQWHU�WKH�GLJLWDO�UHSUHVHQWDWLRQ�RI�WKH�LQWHJHU�DFFRUGLQJ�WR
WKH�IRUPXOD�

























 •
•−

=
2log

61
log8

XTALf

DR

roundn

:KHUH�Q� LV�DQ�XQVLJQHG� LQWHJHU�FRUUHVSRQGLQJ� WR���ELWV�
DQG�'5�LV�WKH�LQFRPLQJ�GDWD�UDWH�LQ��+]��
1RWH��7KH�������LV�GXH�WR�WKH��0+]�H[WHUQDO�;WDO�

7KH� ELW� V\QFKURQL]HU� FDQ� RSHUDWH� ZLWK� D� 'DWD� 5DWH
DFFXUDF\�RI�����

0RUHRYHU�� WKH� YDOXH� RI� WKH� ELW� UDWH� FDQ� LQIOXHQFH� WKH
UHFHLYHU� VHQVLWLYLW\�� 7KH� VHQVLWLYLW\� GHSHQGV� RQ� WKH
PRGXODWLRQ� LQGH[�β�DQG�RQ� WKH� IUHTXHQF\�GHYLDWLRQ�� 7KH
IROORZLQJ� SDUDPHWHUV� FDQ� EH� GHILQHG� DFFRUGLQJ� WR� WKH
IRUPXODV�EHORZ�

Datarate

fdev
=β 2U�

β

fdev
Datarate =

7KH�SDUDPHWHU�β�VHUYHV�DV�WKH�PRGXODWLRQ�LQGH[�DQG�IGHY
LV�WKH�IUHTXHQF\�GHYLDWLRQ�

7KHVH�HTXDWLRQV�VKRZ�WKDW�D� UHODWLRQVKLS�H[LVWV�EHWZHHQ
PRGXODWLRQ�LQGH[��IUHTXHQF\�GHYLDWLRQ�DQG�GDWD�UDWH��6R�
WKH�VHQVLWLYLW\�GHSHQGV�RQ�WKH�'DWDUDWH��7KH�WDEOH�EHORZ
DQG�ILJ����VKRZ�WKH�PHDVXUH�RI�WKH�VHQVLWYLW\�ZLWK�D�ELW
HUURU� UDWH� OHVV� WKDW� ��(��� YHUVXV�PRGXODWLRQ� LQGH[� DQG
ZLWK�D�IL[�)GHY��IRU�H[DPSOH�DW����.+]��

'DWD�UDWH
�ELW�V�

β 6HQVLWLYLW\�DW�%(5���

���� ��� ����G%P
���� ���� ����G%P
���� ���� ����G%P
����� ��� ����G%P
����� ��� ����G%P
����� � ����G%P

7DEOH���;(�����VHQVLWLYLW\�YHUVXV�β�ZLWK�)GHY� ���.K]

)LJ����6HQVLWLYLW\�DW�%(5����YHUVXV�0RGXODWLRQ�LQGH[

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ

2XWSXW 5;' 5HFHLYHG�GDWD�RXWSXW ��
2XWSXW &/.' 5HFHLYHG�GDWD�FORFN ��

)6.

'HPRGXODWRU

,

4
7R�ELW�V\QFKURQL]HU

�EORFN

� � �

,

4

5;'� ��JOLWFK

*OLWFK�IUHH�5;'

��6\QF

) 6.

GHPRGX ODWRU

%LW

6\QFKURQL]HU

5;'
5;'

&/.'
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)LJ����7LPLQJ�GLDJUDP

,,���/RFDO�RVFLOODWRU
7KLV� EORFN� JHQHUDWHV� WKH� ORFDO� RVFLOODWRU� VLJQDO� XVLQJ� D
KLJK�4�6$:� UHVRQDWRU� DQG� D� ORZ�TXDOLW\� IDFWRU� /&� WDQN�
7KH�6$:�UHVRQDWRU�GHWHUPLQHV� WKH�RVFLOODWLQJ� IUHTXHQF\�
)RU� DQ� RSHUDWLRQ� LQ� WKH� ���0+]� ,60� EDQG�� W\SLFDO
FKDUDFWHULVWLFV�IRU�D�VXLWDEOH�6$:�UHVRQDWRU�DUH�
5HVRQDQW�IUHTXHQF\�DW�������0+]�
8QORDGHG�TXDOLW\�������
&HQWHU�IUHTXHQF\�WROHUDQFH��������.+]
)UHTXHQF\�DJLQJ��������SSP�\U

5HIHUHQFH�H[DPSOH��52����$��5)0�

7KH� VLJQDO� JHQHUDWHG� E\� WKLV� EORFN� GULYHV� D� ��·� SKDVH�
VKLIWHU�ZKRVH�RXWSXW�LV�FRQQHFWHG�WR�D�6LQJOH�6LGH�%DQG
8S�&RQYHUWHU�

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ
,�2 6$:$ 6$:�UHVRQDWRU ��
,�2 6$:% 6$:�UHVRQDWRU ��
,�2 7.$ /2�WDQN�FLUFXLW ��
,�2 7.% /2�WDQN�FLUFXLW ��
,�2 7.& /2�WDQN�FLUFXLW ��

,,���&RQWURO�/RJLF�DQG���ZLUH�LQWHUIDFH
7KH�WUDQVFHLYHU�FDQ�EH�VHW�LQ�YDULRXV�FRQILJXUDWLRQ�PRGHV
WKURXJK� WKH���ZLUH� LQWHUIDFH��7KLV� LQWHUIDFH�FRQVLVWV�RI�D
VKLIW�UHJLVWHU��VDPSOLQJ�WKH�GDWD�ELWV�RQ�WKH�ULVLQJ�HGJH�RI
6&��6HULDO�&/.��

7KLV�EORFN�KDV�DQ�LQWHUQDO�FLUFXLWU\�WR�FKHFN�WKH�YDOLGLW\�RI
DQ\� LQSXW�� ,W� FRXQWV� WKH�QXPEHU�RI� ULVLQJ�HGJH�RQ� VHULDO
FORFN�� 7KH� GDWD� DUH� WUDQVIHUUHG� IURP� WKH� LQSXW� VKLIW
UHJLVWHU�WR�WKH�FRUUHVSRQGLQJ�FRQILJXUDWLRQ�UHJLVWHU��LI�DQG
RQO\� LI����HGJHV�KDYH�EHHQ�GHWHFWHG�RQ� WKH�VHULDO�FORFN
�6&��� $IWHU� WKH���WK� HGJH�� DQ\� ULVLQJ� HGJH� RQ� 6(� �VHULDO
HQDEOH��ZLOO�ODWFK�WKH�GDWD��$�ULVLQJ�HGJH�RQ�6(�ZLOO� ODWFK
WKH�GDWD�LQ�WKH�FRQILJXUDWLRQ�UHJLVWHU�LI�WKH�LQWHUQDO�FLUFXLW
GHWHFWV� LW� EHWZHHQ� WKH���WK� DQG� WKH���WK� ULVLQJ�HGJH�RQ
WKH�VHULDO�FORFN��ILJ����

,,�����,QWHUQDO�5HJLVWHUV�
7KH�;(�����PDLQ�IHDWXUHV�FDQ�EH�VHW�E\�VRIWZDUH�YLD���
ZLUH� EXV� LQWHUIDFH� DQG� LQWHUQDO� UHJLVWHUV� �5HJ� $�� 5HJ� %
DQG�5HJ�&��� 7KH�)6.� IUHTXHQF\�GHYLDWLRQ�� FORFN�HQDEOH�
5)� RXWSXW� SRZHU� DQG� GDWD� UDWH� FDQ� EH� SURJUDPPHG� DV
ZHOO�DV�RWKHU�DX[LOLDU\�IXQFWLRQV�7KH�ILUVW�WZR�ELWV�'���DQG
'���GHWHUPLQH�WKH�$��%�RU�&�UHJLVWHU�DFFHVV�DFFRUGLQJ�WR
WKH�WUXWK�WDEOH�EHORZ��

'�� '�� 5HJLVWHU�1DPH
� � 5HJLVWHU�$
� � 5HJLVWHU�%
� � 5HJLVWHU�&
� � 1RW�8VHG

7KHVH� WKUHH� UHJLVWHUV� DUH� ILOOHG� E\� WKH� GDWD� $��� WR� $��
%���WR�%��RU�&���WR�&��DFFRUGLQJ� WR� WKH� YDOXH�RI�'��
DQG�'���
7KH� WUDQVPLW� IUDPH� KDV� WKH� IROORZLQJ� FRQILJXUDWLRQ
�7DEOH���

'�� '�� '�� '�� '�� '�� '� '� '� '� '� '� '� '� '� '�

7DEOH���,QWHUQDO�UHJLVWHU

LS

SE

SC

S
D15 '�� D13 D0D1

Address Data field

Rising

16th 17th

MS
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,,�����7KH�UHJLVWHU�$�
7KLV� UHJLVWHU� LV� XVHG� WR� VHW� WKH� WUDQVFHLYHU� PRGH
�WUDQVPLWWHU�PRGH��UHFHLYHU�PRGH��VWDQG�E\�PRGH��DQG�WR
VHOHFW�WKH�UHFHLYHU�GDWD�UDWH
7R�DFFHVV�WKH�UHJLVWHU�$��'���DQG�'���DUH�VHW�WR�

• '��� ��
• '��� ��

$�� $�� $�� $�� $� $� $� $�
&RQWU
RO
0RGH

&RQWU
RO�&/.

&KLS
(QDEO
H

5;7; ���� 0RGH� %\�
SDVV
���� %LW�V\QF�RII

$� $� $� $� $� $�
5HFHLYH�'DWD�5DWH

'5 �����
�H[S��Q���

,,�����7KH�UHJLVWHU�%
7KH� UHJLVWHU� LV� XVHG� IRU� FHQWUDO� IUHTXHQF\� DGMXVWPHQW
GXULQJ�WUDQVPLVVLRQ
7R�DFFHVV�WKH�UHJLVWHU�%��'���DQG�'���DUH�VHW�WR�

• '��� ��
• '��� ��

%�� %�� %�� %�� %� %� %�
7UDQVPLWWHU�IUHTXHQF\�RIIVHW
')&� ���������
�Q

%� %� %� %� %� %� %�
7HVW�ELWV���WR�EH�SXW�DOO�DW��

,,�����7KH�UHJLVWHU�&
,W� LV� XVHG� IRU� IUHTXHQF\� GHYLDWLRQ�� HQDEOH� WKH� SRZHU
DPSOLILHU�� WUDQVPLWWHG� SRZHU� DGMXVWPHQW� DQG� RWKHU
DX[LOLDU\�IXQFWLRQV�

7R�DFFHVV�WKH�UHJLVWHU�%��'���DQG�'���DUH�VHW�WR�
• '��� ��
• '��� ��

&�� &�� &�� &�� &� &�
3$�SRZHU

&���������&��
� � �

��G%P
� � �
��G%P
� � ��G%P
� � ��G%P

'DWD
LQYHUVL
RQ�ELW

7HVW
ELW

�

7HVW
ELW

�

3$
(QDEOH

&� &� &� &� &� &� &� &�
7;'

9LD���ZLUH
EXV

7UDQVPLW�IUHTXHQF\�GHYLDWLRQ

)GHY� ���������
�Q

,,�����5HJLVWHUV�'HIDXOW�YDOXHV�
$IWHU�SRZHU�XS��WKH�LQWHUQDO���ZLUH�EXV�UHJLVWHUV�$��%�DQG
&� DUH� LQWHUQDOO\� LQLWLDOL]HG� ZLWK� WKH� IROORZLQJ� YDOXHV
�7DEOH���

• 3LQV�FRQWURO
• &/.�VWRSSHG
• '5� ���.ELW�V
• 3$� ����G%P
• )GHY� �������N+]

([WHUQDO�,QSXW���2XWSXW�
,�2 1DPH )XQFWLRQ 3LQ
,QSXW 6' %XV�GDWD�LQSXW �
,QSXW 6& %XV�FORFN �
,QSXW '( %XV�GDWD�(QDEOH �
,QSXW (1 &KLS�HQDEOH �
,QSXW 5;7; 5HFHLYHU�WUDQVPLWWHU

HQDEOH
��

5HJ �� �� �� �� � � � � � � � � � �
$ � � � � � � � � � � � � � �

% � � � � � � � � � � � � � �

& � � � � � � � � � � � � � �

7DEOH���5HJLVWHUV�GHIDXOW�YDOXHV
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,,,�²�([WHUQDO�&RPSRQHQWV

,,,���6$:�5HVRQDWRU
7KH� 6$:� UHVRQDWRU� GHWHUPLQHV� WKH� FDUULHU� IUHTXHQF\�
7KXV�IUHTXHQF\�FDQ�EH�FKRVHQ�EHWZHHQ�����WR����0+]�
$� QHJDWLYH� UHVLVWRU� LV� FUHDWHG� EHWZHHQ� 6:$� DQG� 6:%
SLQV�ZLWK� D�SDUDOOHO� SDUDVLVWLF� FDSDFLWRU�&S� �≈���S)��� $Q
LQGXFWRU� LV� SODFHG� LQ� SDUDOOHO� �ILJ���� ZLWK� WKH� 6$:� WR
FRPSHQVDWH�WKH�LQIOXHQFH�RI�WKH�SDUDVLVWLF�FDSDFLWRUV�&S
DQG�&V��&V��6KXQW�VWDWLF�FDSDFLWDQFH�RI�WKH�6$:��

:LWK�WKH�6$:�UHVRQDWRU�52����$��5)0��WKH�VKXQW�VWDWLF
FDSDFLWDQFH�HTXDOV����S)��:LWK�WKXV�6$:�UHVRQDWRU��WKH
LQGXFWRU�YDOXH�LV�
/�QRPLQDO� ��Q+

)LJ����6DZ�5HVRQDWRU�FLUFXLW

,,,���/1$�WDQN�FLUFXLW
7KH� IXQFWLRQ� RI� WKH� /1$� WDQN� FLUFXLW� LV� WR�PD[LPL]H� WKH
DYDLODEOH�SRZHU�JDLQ��*3$9��
$�FXUUHQW�VRXUFH�LV�FUHDWHG�EHWZHHQ�WKH�7/$�DQG�7/%�SLQV
ZLWK�D�SDUDOOHO�SDUDVLWLF�FDSDFLWRU�&S��7R�FRPSHQVDWH�WKH
&S�LQIOXHQFH��DQ�LQGXFWRU�/��/��/��� LV�SODFHG�LQ�SDUDOOHO
�ILJ����
0RUHRYHU��WKH�FLUFXLW�QHHGV�WR�UHVRQDWH�DW�������0+]
7KLV� LPSOLHV� WKH� IROORZLQJ� FRPSRQHQWV� YDOXHV�
/� /� ��Q+
& ���S)

)LJ����/1$�WDQN�FLUFXLW

1RWH��7KH�LQGXFWRUV�/��DQG�/��FDQ�EH�SULQWHG�RQ�WKH�3&%
�µVWULS�

,,,���8S�FRQYHUWHU�WDQN�FLUFXLW
7KH�XS�FRQYHUWHU�LV�XVHG�IRU�WKH�WUDQVPLVVLRQ�SDWK�DV�ZHOO
DV� IRU� WKH� UHFHLYHU� SDWK�� 6R� LI� WKH� ;(����� LV� XVHG� DV
UHFHLYHU��WKH�XS�FRQYHUWHU�WDQN��ILJ����LV�QHFHVVDU\�

)LJ����8S�FRQYHUWHU�WDQN�FLUFXLW

7KH�8S�FRQYHUWHU�WDQN�FLUFXLW�KDV�WKH�VDPH�SXUSRVH�WKDW
WKH� /1$� WDQN� FLUFXLW��+RZHYHU� GXH� WR� GLIIHUHQW� SDUDVLWLF�
WKH�YDOXHV�DUH�
/� /� ��Q+
& ���S)

,,,���/2�WDQN�FLUFXLW
7KH� /2�PXVW� EH� FRQQHFWHG� WR� WKH� IROORZLQJ� WDQN� FLUFXLW
�ILJ����� /&� UHVRQDQFH� LV� FUHDWHG�EHWZHHQ� 7.$�DQG� 7.&�
7.%��LQWHUQDO�ELDVLQJ��PXVW�EH�JURXQGHG�YLD�&�

)LJ����/2�WDQN�FLUFXLW

5HVRQDQFH����/��/���&��&S�ω� �
([WHUQDO�FRPSRQHQWV�DUH�GHILQHG�DV�
/� /� ��Q+
& ���S)

��Q+

6:%6:$

&S

6$:

&V

,QWHUQDO

([WHUQDO

9''

&S

/� /�

&

,QWHUQDO

([WHUQDO 7/$ 7/%

9''

&S

/� /�

&

,QWHUQDO

([WHUQDO

73%73$

&S

/� /�

&�

,QWHUQDO

([WHUQDO

&�

7.$ 7.% 7.&
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,,,���$QWHQQD�0DWFKLQJ�1HWZRUN�
7KH� DQWHQQD� PXVW� EH� PDWFKHG� DQG� WXQHG� WR� WKH
WUDQVPLWWHU� DQG� WKH� UHFHLYHU� WR� UHDOL]H� JRRG� UDQJH
SHUIRUPDQFH��7KH�$QWHQQD�0DWFKLQJ�1HWZRUN�FRQVLVWV�RI�

• 5)RXW�0DWFKLQJ�1HWZRUN
• 5)LQ�0DWFKLQJ�1HWZRUN
• 6ZLWFK

,,,�����5)RXW�0DWFKLQJ�1HWZRUN
7RSRORJ\
$�PDWFKLQJ�QHWZRUN� LV�QHHGHG�WR� WUDQVPLW� WKH�PD[LPXP
SRZHU�IURP�5)RXW�WR�WKH�DQWHQQD�
7KH�5)�RXWSXW�LV�D�FXUUHQW�VRXUFH��RSHQ�FROOHFWRU�OLNH���,W
PXVW� EH� ELDVHG� WR� D� SRVLWLYH� YROWDJH� YLD� DQ� LQGXFWRU
FRQQHFWHG�WR�9GG��7KH�VZLQJ�LV�XS�WR�WZLFH�9GG�

7KH� PD[LPXP� RI� SRZHU� FDQ� EH� WUDQVPLWWHG� WR� D� ��Ω
DQWHQQD�LI�DQ�XS�LPSHGDQFH�FRQYHUWHU� �ILJ���� LV� UHDOL]HG
IURP���Ω�WR����Ω��5)RXW�LPSHGDQFH� �����M���Ω��

)LJ����8S�LPSHGDQFH�FRQYHUWHU

7KH�5)�RXW�PDWFKLQJ�QHWZRUN�DUFKLWHFWXUH�LV�VKRZQ�EHORZ
�ILJ����

)LJ����5)RXW�PDWFKLQJ�QHWZRUN

&RPSRQHQW�9DOXHV
7KH�H[WHUQDO�FRPSRQHQWV�FDQ�EH�GHILQHG�XVLQJ�WKH�6PLWK
FKDUW�
• 6WDUW�SRLQW��=/� ���Ω
• (QG�3RLQW��=RXW� �����M���Ω
• 3DUDVLWLF�FDSDFLWRU�&S� ���S)

,,,�����5)LQ�0DWFKLQJ�1HWZRUN
7RSRORJ\
7KLV� IXQFWLRQ� UHDOL]HV� DQ� LPSHGDQFH� WUDQVIRUP� DQG� DOVR
VLQJOH� HQGHG� WR� GLIIHUHQWLDO� WUDQVIRUPDWLRQ�� 7ZR� LQSXW
VLJQDOV�DUH�FUHDWHG��RQH�ZLWK�D�SKDVH�RI�π�
7KH� LQSXW� UHDO� LPSHGDQFH� RI� WKH� /1$� FLUFXLW� LV� �NΩ�� LQ
SDUDOOHO� PRGHO�� $Q� XS� LPSHGDQFH� FRQYHUWHU� LV� UHDOL]HG
IURP��NΩ�WR���Ω�DW�WKH�ORFDO�IUHTXHQF\

)LJ����5)LQ�0DWFKLQJ�1HWZRUN

&RPSRQHQWV�YDOXHV
• ,QSXW�LPSHGDQFH�0HDVXUH

• 3DUDOOHO�UHDO�SDUW� !�5S �NΩ
• 3DUDOOHO�FDSDFLWRU�SDUW�&S �S)

• $QWHQQD�LPSHGDQFH� ���Ω
• &� ���S)
• /� ���Q+

,,,�����6ZLWFK�5)LQ�5)RXW
7RSRORJ\
$� VLQJOH� DQWHQQD� FDQ� EH� XVHG� IRU� WKH� WUDQVPLWWHU� DQG
UHFHLYHU�SDWK��,W�FDQ�EH�UHDOL]HG�ZLWK�D�5)�VZLWFK�YLD�WZR
3,1� GLRGHV� DQG� YLD� D� GDWXP� �WUDQVPLWWHU� RU� UHFHLYHU
FRQILJXUDWLRQ�
6ZLWFK�5)LQ�5)RXW�DUFKLWHFWXUH���ILJ����

)LJ����6ZLWFK�5)LQ�5)RXW

&RPSRQHQWV�YDOXHV
• 'LRGH�3,1�7HPLF���%$���6
• 5 ���NΩ

7KH� VLJQDO� �7[�� DGGV� D� '&� OHYHO�� D� VHULDO� FDSDFLWRU� LV
LQVHUWHG�WR�HOLPLQDWH�WKLV�'&�FRPSRQHQW��&� ���S)

���N

���N

���N

���N

���S) %$���6

%$���6

��

7R�5)LQ
0DWFKLQJ�QHWZRUN

)URP�5)RXW
0DWFKLQJ�QHWZRUN

9GG

7[

7[

&

&S

&V

���2KP

���

2KP

��

2KP

���S)

���S)

���S)

��Q+

5)$

5)%

([WHUQDO ,QWHUQDO

��Q+ ���S)

��

2KP

���S)

9GG

&S

5)287

,QWHUQDO([WHUQDO
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,,,���$QWHQQDV

,,,�����,QWURGXFWLRQ
7KH� WUDQVPLVVLRQ� UDQJH� REYLRXVO\� GHSHQGV� RQ� WKH
DQWHQQD�SHUIRUPDQFH�
,Q� IUHH� VSDFH� WKH� WKHRUHWLFDO� HTXDWLRQ� RI� WKH� SRZHU
UHFHLYHG�3U�DW�D�GLVWDQFH�G�IRU�D�ZDYHOHQJWK�λ�LV�

( )2
/4

Pr
λπd

GrGtPt ××
=

:KHUH�3W� LV� WKH� WUDQVPLW�SRZHU�� 7KLV�SRZHU� LV� LQFUHDVHG
E\�D�IDFWRU�FDOOHG�DQWHQQD�JDLQ��*W��
7KH� UHFHLYHG� SRZHU� �3U�� GHSHQGV� RI� WKH� UHFHLYLQJ� JDLQ
DQWHQQD��*U��
7KH�FRPPRQO\�DGPLWWHG�PRGHO�LV�
• )RU�GLVWDQFH�OHVV�WKDQ���PHWHU��WKH�PRGHO�LV���G��
3U�G%� 3W�G%��*W�G%��*U�G%����ORJ��πG�λ�

• )RU�GLVWDQFH�ORQJHU�WKDQ���PHWHU��WKH�PRGHO�LV���G��
3U�G%� 3W�G%��*W�G%��*U�G%����G%���ORJ�G��P�

,,,�����5DQJH�FDOFXODWLRQ�H[DPSOH
7KH� UHFHLYLQJ� SRZHU� UHTXLUHG� IRU� D� ����� %LW� HUURU� UDWH� LV
����G%P��7KH�SRZHU�WUDQVPLW�LV�²�G%P�ZLWKRXW�H[WHUQDO
SRZHU�DPSOLILHU�DQG����G%P�ZLWK�H[WHUQDO�3$��$VVXPLQJ
λ���DQWHQQD�JDLQ�RI�²��G%L��HDVLO\�DFKLHYDEOH��WKH�UDQJH
LV�
• ,Q�IUHH�VSDFH��ZLWK���G��DWWHQXDWLRQ�PRGHO�

:LWKRXW�H[WHUQDO�3$�G ���P�
:LWK�H[WHUQDO�3$�G ����P�

• ,Q�EXLOGLQJ��ZLWK���G��DWWHQXDWLRQ�PRGHO�
:LWKRXW�H[WHUQDO�3$�G ��P
:LWK�H[WHUQDO�3$�G ��P

,,,�����:KLS�DQWHQQD
7KH�ZKLS�DQWHQQD��ILJ����LV�WKH�VLPSOHVW��7KLV�LV�D�TXDUWHU
ZDYHOHQJWK�ZLUH�WKDW�VWDQGV�DERYH�D�JURXQGSODQH

)LJ����:KLS�DQWHQQD

7KH�VL]H�ZKLS�LV�GHILQHG�E\��
fo

c
l

44
==

λ

:KHUH�IR�LV�WKH�FDUULHU�IUHTXHQF\��λ�WKH�ZDYHOHQJWK�DQG�F
WKH�FHOHULW\�RI�OLJKW�
)RU� DQ� LQ�,60�EDQG� DSSOLFDWLRQ� I� ������0+]� DQG

cml 2.17
6

1092.4334

8
103

=
××

×
=

7KHVH�DQWHQQDV�KDYH�D�JDLQ�EHWZHHQ�²��G%L�XS�WR��G%L�

,,,�����6PDOO�UHFWDQJXODU�DQWHQQD
7KH� ORRS�HOHPHQW� FDQ�EH� FRPSRVHG�RI� WKLQ�ZLUH�� D� WKLQ
SODWH�HOHPHQW��SULQWHG�ZLUH�RU�RWKHU�PDWHULDOV��$OO�DUH�YHU\
VLPSOH��FRPSDFW��OLJKW�ZHLJKW��ORZ�FRVW�DQG�XQEUHDNDEOH�
2QH�DGYDQWDJH�LV�WKDW�KDQG�HIIHFWV�GR�QRW�HDVLO\�GHWXQHG
WKH�ORRS��7KH�ORRS�FDQ�EH�PDGH�VPDOO��LV�QRW�JURXQGSODQH
GHSHQGHQW�� )RU� WKHVH� UHDVRQV�� ORRS� DQWHQQDV� DUH� YHU\
FRPPRQ�LQ�SRUWDEOH�DSSOLFDWLRQV�
7KH�GLVDGYDQWDJH�LV�WKDW�VPDOO�ORRS�DQWHQQDV�KDYH�D�SRRU
JDLQ� ����G%� XS� WR� ��G%�� DQG� D� YHU\� QDUURZ� EDQGZLGWK�
WKLV�PDNHV�FULWLFDO�WXQLQJ��7KH�WXQLQJ�LV�RIWHQ�GRQH�ZLWK�D
YDULDEOH�FDSDFLWRU��ZKLFK�DGGV� WR� WKH�FRVW�� ,I� WKH� ORRS� LV
ODUJH��D�QRQ�YDULDEOH�FDSDFLWRU�FDQ�EH�XVHG�

)LJ����ORRS�DQWHQQD

7KH� V\VWHP� JDLQ� *� �*U� RU� *W�� RI� D� ORRS� DQWHQQD� VKRZQ
EHORZ� LV� IXQFWLRQ� RI� WKH� IUHTXHQF\�� WKH� ORRS� DUHD� $� LV
WDNHQ�DV�WKH�SDUDPHWHU�
:KHUH�$�LV�GHILQHG�DV��$ OD
OE

)LJ����*DLQ�YHUVXV�VXUIDFH

,,,���$GMXVWPHQW
;(����� EDVHG� DSSOLFDWLRQV� PXVW� EH� WULPPHG� WR� WKH
FDUULHU� IUHTXHQF\� ZLWK� WKH� /RFDO� 2VFLOODWRU� WDQN� FLUFXLW
WULPPHU�FDSDFLWRU��7KH�/RFDO�2VFLOODWRU� IUHTXHQF\�FDQ�EH
SLFNHG�XS�DW�WKH�5)RXW�SRUW��ZLWK�D�VSHFWUXP�DQDO\]HU�
&DSDFLWRU�RI� WKH�/1$�DQG�3$� WDQN�FLUFXLW�GR�QHHG� WR�EH
WULPPHG�LI�D�ORZ�TXDOLW\�IDFWRU�LV�XVHG
,I�QHFHVVDU\��4�FDQ�EH�GHJUDGHG�ZLWK�D�SDUDOOHO�UHVLVWRU�

λ/4

*URXQGSODQH

OE

ODH

�P ��P
G

3U

3W�*U�*W

���G%

3W�*U�*W

���G%���G%
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,9�²�;(�����3HUIRUPDQFHV

,9���7HVW�VHW�XS
7KHVH� WHVW� VHW�XS� VHULHV� DUH� GRQH� ZLWK� D� FRQWUROOHG� %LW
(UURU�5DWH��%(5��EHWWHU�WKDQ���(���DQG����ELW�RI�SDWWHUQ
LQ�WKH�UHFHLYHU�FKDLQ�

$Q� )6.� VLJQDO� LV� FRQQHFWHG� WR� 5)LQ�� 5['� �SLQ���� LV� WKH
UHFHLYHG�GDWD�RXWSXW�DQG�&/.'��SLQ����WKH�UHFHLYHG�GDWD
FORFN�
7KH�FLUFXLW�LV�SURJUDPPHG�LQ�UHFHLYHU�PRGH�

$�� � $�� � $�� �
7KH�WHVW�VHW�XS�LV�VKRZQ�ILJXUH���

• 6HQVLWLYLW\� �ILJ���� YHUVXV� )6.� GHYLDWLRQ�#� ��NELW�V
ZLWK�D�%(5���

:LWK� D� )6.� GHYLDWLRQ� OHVV� WKDQ� ��N+]�� WKH� VHQVLWLYLW\� LV
EHWWHU� WKDQ�²���G%P�� 7KH� W\SLFDO� YDOXH� LV� ���N+]�� 7KH
PD[LPXP�LV����N+]�GXH�WR�WKH�UHFHLYHU�ILOWHU��,I�WKH�)6.
VLJQDO� LV� JHQHUDWHG� E\� WKH� ;(������ WKH� PD[LPXP
IUHTXHQF\� GHYLDWLRQ� LV� ���N+]� EHIRUH� DWWHQXDWLRQ� E\
WUDQVPLWWHU�DQWL�DOLDV�ILOWHU�

• 6HQVLWLYLW\� �ILJ���� YHUVXV� FDUULHU� IUHTXHQF\� 'DWD
UDWH����.ELW�V

7KH� VHQVLWLYLW\� LV� PD[LPXP� �����G%P�� IRU� D� FDUULHU
IUHTXHQF\� DURXQG� ������0+]�� $� VHQVLWLYLW\� XQGHU� ²���
G%P� DOORZV� D� IUHTXHQF\� EDQG� RI� ���0+]� ����� ²
���0+]��

,9���$GMDFHQW�FKDQQHO�UHMHFWLRQ
0HWKRG�RI�PHDVXUHPHQW��ILJXUH����
7KH�)6.�VLJQDO�LQSXW�SRZHU�YDOXH�LV�²���G%P�
&XUYH� ILJ��� VKRZV� WKDW� ��G%� UHMHFWLRQ� LV� DFKLHYHG� IRU
XQZDQWHG�VLJQDO�DW��0+]�IURP�WKH�FDUULHU�IUHTXHQF\�

,9���2IIVHW�IUHTXHQF\
$�IUHTXHQF\�RIIVHW�FDQ�EH�DGGHG�WR�WKH�FDUULHU�IUHTXHQF\
LQ�WUDQVPLVVLRQ�PRGH�WR�FRPSHQVDWH�WKH�GULIW�RI�WKH�ORFDO
RVFLOODWRU�
$� IUHTXHQF\� RI� ������N+]� FDQ� EH� DGGHG� ZLWKRXW
GHJUDGLQJ�WKH�VHQVLWLYLW\�ILJ���

)LJ����7HVW�VHW�XS��PHWKRG�RI�PHDVXUH

)LJ����6HQVLWLYLW\�YHUVXV�&DUULHU�IUHTXHQF\

XE1201
Evaluation board

Data in CLK in

RFin

RXD

CLKD

Data FSK signalDigital Signal
Generator

Digital
Transmission
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6HQVLWLYLW\�YHUVXV�)6.�'HYLDWLRQ

'DWD�UDWH���NELW�V�DQG�%(5���
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���
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)LJ����6HQVLWLYLW\�YHUVXV�&DUULHU�IUHTXHQF\

)LJ����$GMDFHQW�FKDQQHO�UHMHFWLRQ��0HWKRG�RI�PHDVXUH

)LJ����$GMDFHQW�FKDQQHO�UHMHFWLRQ

6HQVLWLYLW\�YHUVXV�FDUULHU�IUHTXHQF\
'DWD�UDWH���N%LW�V�DQG�%(5���
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&DUULHU�IUHTXHQF\�LQ�0+]

6
HQ
VL
WLY
LW\
�LQ
�G
%
P

'LJLWDO

7UDQVPLVVLRQ�$QDO\]HU
'LJLWDO

6LJQDO�*HQHUDWRU

;(����

(YDOXDWLRQ�%RDUG

&RXSOHU

���

)UHTXHQF\

*HQHUDWRU

)6.��VLJQDO'DWD

)6.��VLJQDO

��SHUWXUEDWLRQ

5)LQ

5���� Ω 

'DWD�LQ &/.�LQ
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'LIIHUHQFH�EHWZHHQ�FDUULHU�DQG�XQZDQWHG�VLJQDO�LQ�N+]�
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)LJ����6HQVLWLYLW\�YHUVXV�LQSXW�IUHTXHQF\

,9���:DYHIRUPV
5[�GDWD�RXWSXW�LQ�UHFHLYHU�PRGH�
7KH� ZDYHIRUPV� EHORZ� VKRZ� WKH� EHQHILW� RI� WKH� ELW
V\QFKURQL]HU�IXQFWLRQ��2Q�ILJXUH�����IRU�D�5)�LQSXW�OHYHO�DW
²���G%P� DQG� ELW� V\QFKURQL]HU� E\�SDVVHG�� D� UHODWLYHO\
FRPSOH[� PLFUR�FRQWUROOHU� LV� UHTXLUHG� IRU� FORFN� UHFRYHU\�

2Q� ILJXUH� ���� ZLWK� WKH� VDPH� 5)� LQSXW� OHYHO� DQG� ELW
V\QFKURQL]HU�XVHG��JOLWFK�IUHH�GDWD�DUH�V\QFKURQL]HG�ZLWK
WKH� GDWD� FORFN� DQG� FDQ� EH� GLUHFWO\� UHDG� E\� D� ORZ
FRPSOH[LW\��ORZ�FRVW�PLFUR�FRQWUROOHU�ZLWKRXW�DQ\�H[WHUQDO
VLJQDO�SURFHVVLQJ

)LJ����5HFHLYHG�GDWD�VWUHDP�ZLWK�LQWHUQDO�ELW�V\QFKURQL]HU�E\SDVVHG

)LJ����5HFHLYHG�GDWD�VWUHDP�ZLWK�LQWHUQDO�ELW�V\QFKURQL]HU�DQG�V\QFKURQL]HG�GDWD�FORFN�RXWSXW

RXD (pin 19)

measurement conditions: 16 kbit/s - RFlevel = -102 dBm

RXD (pin 19)

CLKD (pin 18)

measurement conditions: 16 kbit/s - RFlevel = -102 dBm
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,9���6PLWK�&KDUW

,9�����,QSXW�LPSHGDQFH
7KH� ILJXUH��� VKRZV� WKH� LQSXW� LPSHGDQFH� 5)LQ� RI� WKH
WUDQVFHLYHU�� 7KH� GLIIHUHQW� YDOXHV� RI� 6��� DUH� XVHG� WR
UHDOL]H�D�JRRG�PDWFKLQJ�QHWZRUN�DW�WKH�FDUULHU�IUHTXHQF\�
• 0DUNHU��� ���0+] �!�������M��Ω
• 0DUNHU��� �*+] �!������M��Ω
• 0DUNHU��� ������0+] �!�������M��Ω
• 0DUNHU��� ����0+] �!������M��Ω

,9�����,QSXW�DSSOLFDWLRQ�ERDUG�LPSHGDQFH
7KLV� PHDVXUHPHQW� ILJ���� FRUUHVSRQGLQJ� WR� WKH� LQSXW
ERDUG� LPSHGDQFH�� ,W� VKDOO� EH� QRWHG� WKDW� WKH� PDWFKLQJ
QHWZRUN�LV�DGMXVWHG�IRU�������0+]�
7KH� UHDO� SDUW� DQG� WKH� LPDJLQDU\� SDUW� RI� 6��� DUH� LQ� WKH
WDEOH�EHOORZ

)UHTXHQF\�LQ�0+] 6HULHV�LPSHGDQFH�LQ�Ω
��� �����M
��� �����M
������ �����M
��� ������M

)LJ����,QSXW�LPSHGDQFH�5ILQ���6���

)LJ����,QSXW�LPSHGDQFH�5)LQ�RI�HYDOXDWLRQ�ERDUG
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,9���6SHFWUXP�ZDYHIRUPV

,9�����/RFDO�RVFLOODWRU�VSHFWUXP
:KHQ� WKH� WUDQVFHLYHU� LV� FRQILJXUHG� DV� UHFHLYHU�� WKH� /2
FDQ�EH�REVHUYHG��ILJ����DW�������0+]�RQ�5)RXW��OHYHO �
���G%P���7KLV�VLJQDO�LV�DOVR�SUHVHQW�RQ�5)LQ���OHYHO ���
G%P��WKLV�LV�FDXVHG�E\�OHDNDJH�RI�WKH�/RFDO�RVFLOODWRU�

)LJ����/RFDO�RVFLOODWRU�6SHFWUXP

,9�����5)RXW�VSHFWUXP
7KH� ILJXUH� ��� VKRZV� WKH� VSHFWUXP� RI� D� )6.� VLJQDO
PHDVXUHG� DW� WUDQVPLWWHU� RXWSXW�� $� SVHXGR�UDQGRP� ELW
VHTXHQFH�LV�DSSOLHG�RQ�WKH�7[�SLQ�RI�WKH�WUDQVFHLYHU��7KH
IUHTXHQF\�GHYLDWLRQ� LV�VHW� WR����N+]����PDUNHU� ��IGHY
 ���N+]��� 7KH� WUDQVPLW� SRZHU� LV� VHW� WR� ²�G%P��2XW� RI
WKH�,60�EDQG�VSXULRXV�VLJQDOV�DUH�EHORZ���G%�

)LJ����)6.�VSHFWUXP

,9�����6WDWLF�)6.�VSHFWUXP
7KH� ILJXUH����VKRZV� WKH�VSHFWUXP�RI�D�)6.�VLJQDO� IRU��
WUDQVPLW� �)OR�)GHY�� DQG� WKH� ILJXUH� ��� IRU� D� �� WUDQVPLW
�)OR�)GHY��� ,Q� VWDWLF� PRGH� WKH� DWWHQXDWLRQ� RI� WKH
VSXULRXV� RI� WKH� �UG� KDUPRQLF� RI� IGHY� DUH� EHWWHU� WKDQ
��G%�

• /2�IHHG�WKURXJK�LV�PHDVXUHG�DW�²��G%&
• )GHY�LPDJH�DW���G%F
• �QG�KDUPRQLF�����G%F
• �UG�KDUPRQLF�����G%F

ILJ���´�µ�WUDQVPLW

ILJ����´�µ�WUDQVPLW

FLO

FLO

FLO -Fdev

FLO -2Fdev

FLO -3Fdev

FLO -Fdev

FLO +Fdev

FLO +Fdev

-5dBm
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9�²�$SSOLFDWLRQ�([DPSOH

9���3ULQFLSH
7KH�ILJXUH����JLYHV�DQ�RYHUYLHZ�RI�DQ�DSSOLFDWLRQ�H[DPSOH
$� EDVH� VWDWLRQ� VHQGV� LQIRUPDWLRQ� WR� SRUWDEOH� UHFHLYHUV�
(DFK� UHFHLYHU� LV� LGHQWLILHG� E\� DQ� ,'� FRGH� �IRU� H[DPSOH
,'FRGH �����DQG���

7KH�OLQN�FKDUDFWHULVWLFV�RI�WKLV�DSSOLFDWLRQ�DUH�
• %DWWHU\�VDYLQJ�F\FOH�IRU�DOO�WKH�UHFHLYHUV
• 'DWD�UDWH���NELW�V
• 5HVSRQVH�WLPH�PD[LPXP���V
• 7UDQVPLWWHG�RXWSXW�SRZHU����G%P
• )UHTXHQF\�GHYLDWLRQ�����N+]

9���3URWRFRO�GHILQLWLRQ�IRU�WKH�UHFHLYHU
7R�RSWLPL]H�WKH�EDWWHU\�OLIH��DOO�WKH�UHFHLYHUV�DUH�LQ�VWDQG
E\�PRGH�DQG�VZLWFK�WR�UHFHLYHU�PRGH�HYHU\��V��ILJ�����,I
QR�WUDQVPLVVLRQ�QHHG�WR�EH��UHDOL]HG��WKH�UHFHLYHU�UHWXUQV
WR�VWDQG�E\�PRGH��7KH�UHFHLYHUV�QHHG�WR�VHH�D�SUHDPEOH�
D�SDWWHUQ�IUDPH�DQG�WKH�,'�FRGH��ILJ����
• 3UHDPEOH�XVHV�WR�V\QFKURQL]H�WKH�GDWD�FORFN
• 3DWWHUQ� XVHV� WR� LGHQWLI\� WKH� EHJLQ� RI� WUDQVPLVVLRQ

DQG�DXWKRUL]H�LW�
• ,'�FRGH�XVHV�WR�LGHQWLI\�WKH�UHFHLYHU�

7KH�SDWWHUQ�SURFHVVLQJ�LV�PDGH�E\�D�PLFUR�FRQWUROOHU�
7KH�UXOHV�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�WDEOH�

3DWWHUQ�LGHQWLILHG 0RGH
<HV 5HFHLYHU�PRGH�PDLQWDLQHG
12 6ZLWFK�WR�VWDQG�E\

,Q� UHFHLYHU�PRGH�� LI� QR� SDWWHUQ� LV� UHFHLYHG� RU� LGHQWLILHG�
WKH� UHFHLYHU� VZLWFKHV� WR� VWDQG� E\� PRGH�� ,I� WKH� PLFUR�
FRQWUROOHU� LGHQWLILHV� WKH� SDWWHUQ�� WKH� UHFHLYHU� PRGH� LV
PDLQWDLQHG�DQG�WKH�GDWD�DUH�SURFHVVHG��ILJ����

7KH�PLFUR�FRQWUROOHU�QHHGV�WKH�V\QFKURQL]HG�FORFN��ZKLFK
LV� JHQHUDWHG� E\� WKH� ELW� V\QFKURQL]HU�� IRU� WKH� SDWWHUQ
SURFHVVLQJ�� ,Q� WKLV� FDVH�� WKH� UHFHLYHU� PXVW� GHPRGXODWH
WKH� SUHDPEOH� IUDPH� IRU� WKH� V\QFKURQL]HG� GDWD� FORFN
JHQHUDWLRQ��ILJ����

)LJ����7LPLQJ�IRU�3DWWHUQ�SURFHVVLQJ

,Q�WKLV�V\VWHP��WZR�FRQGLWLRQV�DUH�QHFHVVDU\�

• 7KH� UHFHLYHU� QHHGV� WR� GHPRGXODWH� DQ� HQWLUH
SUHDPEOH�IUDPH�WR�JHQHUDWH�WKH�V\QFKURQL]HG�FORFN�

• 7KH� UHFHLYHU� QHHGV� D� FRPSOHWH� SDWWHUQ� IUDPH� IRU
LGHQWLILFDWLRQ�

,I�RQH�RI�WKHP�LV�QRW�UHVSHFWHG��WKH�UHFHLYHU�PRGH�LV�QRW
PDLQWDLQHG�DQG�WKH�UHFHLYHU�VZLWFKHV�WR�VWDQG�E\�PRGH�

7KH�ILJXUH��ILJ����EHORZ�VKRZV�WZR�ZRUVW�FDVHV�RI�SDWWHUQ
SURFHVVLQJ�

)LJ����3DWWHUQ�SURFHVVLQJ�ZRUVW�FDVH

• &DVH� ��� $OO� WKH� ELWV� RI� WKH� SUHDPEOH� DUH� QRW
GHPRGXODWHG�FRPSOHWHO\�VR�WKH�ELW�V\QFKURQL]HU�FDQ
QRW� JHQHUDWH� WKH� V\QFKURQL]HG� FORFN�� 7KH� UHVXOW� LV
WKDW�WKH�PLFUR�FRQWUROOHU�FDQ�QRW�LGHQWLI\�WKH�SDWWHUQ�
7KH�UHFHLYHU�VZLWFK�WR�VWDQG�E\�PRGH

• &DVH� ��� 7KH� ELW� V\QFKURQL]HU� JHQHUDWHV� D
V\QFKURQL]HG�FORFN�ZLWK�WKH�SUHDPEOH�IUDPH�EXW� WKH
PLFUR�FRQWUROOHU� FDQ� QRW� LGHQWLI\� WKH� HQWLUH� SDWWHUQ
IUDPH��7KH�UHFHLYHU�VZLWFKHV�WR�VWDQG�E\�PRGH

7KH� IROORZLQJ� FRQILJXUDWLRQ� �ILJ���� HOLPLQDWHV� WKH
SUREOHP�� 7KH� SURWRFRO� IUDPH� PXVW� EH� D� VHTXHQFH� RI
SDWWHUQ� DQG� SUHDPEOH� VHQW� DOWHUQDWLYHO\�� 7KH� UHFHLYHU
PRGH� WLPH�PXVW� EH� ORQJHU� WKDQ� WZR� SUHDPEOH� DQG� WZR
SDWWHUQ� IUDPHV�� ,Q� WKLV� FRQGLWLRQ�� WKH� UHFHLYHU� GRHV� QRW
VZLWFK� WR� VWDQG�E\�PRGH� LI� D� WUDQVPLVVLRQ� QHHGV� WR� EH
UHDOL]HG�
7KLV�LPSOLHV�WKH�IROORZLQJ�HTXDWLRQV�

)(2 TpatternTpreambleTrm +×≥
:KHUH�7UP�LV�WKH�PLQLPXP�UHFHLYHU�WLPH�

Reception mode

Preamble Patt ern

Reception mode
maintained

Data

Synchronize
clock

Pattern processing by uC

Receiver

Reception mode

Preamble Pattern

Receive

Data

Switch to
stand-by mode

Case  1

Case  2

Transmit

Reception mode

Preamble Pattern

Receive

Transmit

Switch to
stand-by mode

Random frame
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)LJ����$SSOLFDWLRQ�RYHUYLHZ

)LJ����5HFHLYHU�VZLWFK

)LJ����3UHDPEOH�DQG�IUDPH�SDWWHUQ

)LJ����3DWWHUQ�SURFHVVLQJ

Base station

Receiver

ReceiverReceiver 1

2

3

Stand-by
Rx Rx Rx

Stand-by Stand-by
Pattern
identified1s

Re c e i v er

Tr a n s m i t t er
Protocol information Data

Pattern processing

Preamble Patt ern 'DWD

Clock
synchronization

Authorization
code

,G

Receiver
Id

Stand-by
Rx Rx Rx

Stand-by Stand-by

1s

Re c e i v er
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)LJ����1HZ�VHTXHQFH�RI�SDWWHUQ�DQG�SUHDPEOH

)LJ�����7LPLQJ�RYHUYLHZ

Preamble Pattern

5HFHLYH

Data

Reception mode
maitained

Case  1 Case  2

7UDQVPLW

Preamble Pattern

Pattern processing

Data

Preamble Pattern

5HFHSWLRQ�PRGH

Patt ern Data

Reception mode
maitained

Preamble

Pattern processing

Preamble Pattern

DataPattern

7V\PERO

7UHFHSWLRQ

7V\PERO

7UHFHSWLRQ

5HFHSWLRQ�PRGH

Preamble

7UDQVPLW

5HFHLYH

'DWD,G

Preamble
Patt ern

7UDQVPLWWHU

5HFHLYHU

Patt ern

Preamble

Tsymbol=2*(Tpr+Tpa)

Treception > TsymbolTstand-by

Tcycle =1 s
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9���,'�SURFHVVLQJ
7KH�WUDQVPLWWHU�VHQGV�LQIRUPDWLRQ�WR�D�GHGLFDWHG�UHFHLYHU�
(DFK�UHFHLYHU�LV�LGHQWLILHG�ZLWK�DQ�,'�FRGH��IRU�H[DPSOH��
ELWV���7KH�,'�SURFHVVLQJ�LV�PDGH�E\�WKH�PLFUR�FRQWUROOHU�
,I� WKH� ,'� LV� FRUUHFW�� WKH� UHFHLYHU�PRGH� LV�PDLQWDLQHG� YLD
WKH�PLFUR�FRQWUROOHU��LI�WKH�,'�LV�ZURQJ��WKH�UHFHLYHU�VZLWFK
WR�VWDQG�E\�PRGH�

9���5HFHLYHU�FRQILJXUDWLRQ
7KH� ;(����� LV� FRQWUROOHG� YLD� WKH���ZLUH� VHULDO� EXV� E\� D
PLFUR�FRQWUROOHU��7KH�&KLS�(QDEOH�DQG�5[7[�PRGH�DUH�VHW
E\�KDUGZDUH�YLD�WKH�PLFUR�FRQWUROOHU��ILJ����

��:LUH�VHULDO�EXV
• '(���%XV�'DWD�(QDEOH
• 6&���6HULDO�&ORFN
• 6'���6HULDO�&ORFN

,QSXW�2XWSXW�SLQV
• 5;'���5HFHLYH�GDWD�RXWSXW
• &/.'��5HFHLYH�GDWD�FORFN
• (1���&KLS�(QDEOH
• 5[7[���5HFHLYHU�WUDQVPLWWHU�HQDEOH

0LFUR�

FRQWUROOHU
;(����

SDSCDE

RXD

CLKD

EN
RXTX

3-Wire
serial bus

)LJ����5HFHLYHU�LQWHUIDFHV

&RPPXQLFDWLRQ�GLDJUDP��ILJ����
6WDQG�E\�WR�UHFHLYHU�PRGH�
7KH�UHFHLYHU�LV�VHW�LQ�VWDQG�E\�PRGH�ZLWK�FORFN�RII��WKH���
ZLUH� EXV� VHW� WKH� FORFN� RQ�� DQG� WKH� PLFUR�FRQWUROOHU
HQDEOHV�WKH�FKLS�YLD�SLQ����7KH�UHFHLYHU�LV�DFWLYH�

5HFHLYHU�WR�VWDQG�E\�
7KH� UHFHLYHU� LV� LQ� DFWLYH� PRGH�� WKH� PLFUR�FRQWUROOHU
GLVDEOHV�WKH�UHFHLYHU�YLD�SLQ���DQG�WKH���ZLUH�EXV�VZLWFK
WKH� FORFN� RII�� 7KH� FKLS� LV� GLVDEOH� EHIRUH� WKH� FORFN� IRU� D
EHWWHU� SRZHU� PDQDJHPHQW� �5HFHLYHU� PRGH�  �P$� DQG
FORFN�UXQQLQJ�RQO\���X$��

,QWHUQDO�5HJLVWHUV�FRQILJXUDWLRQ��ILJ���
$FFRUGLQJ�WR�WKH�UHFHLYHU�GLDJUDP��WKH���ZLUH�EXV�LV�XVHG
WR� VZLWFK�RQ�RU� RII� WKH� LQWHUQDO� FORFN� RI� WKH� WUDQVFHLYHU�

6R�RQO\�WKH�UHJLVWHU�$��FORFN�FRQWURO�ELW�$����ZLOO�FKDQJH�
7KH�UHJLVWHUV�%�DQG�&�QHHG�WR�EH�VHW�MXVW�DIWHU�WKH�SRZHU
XS�

9���7UDQVPLWWHU�FRQILJXUDWLRQ
7KH� ;(����� LV� VHW� ZLWK� FORFN� DOZD\V� UXQQLQJ�� VR� QR
FKDQJH� LV� UHTXLUHG� GXULQJ� WKH� WUDQVPLVVLRQ�� 7KLV� LPSOLHV
MXVW�RQH�FRQILJXUDWLRQ�YLD�WKH���ZLUH�EXV��7KH�FKLS�HQDEOH
�3,1��� LV� DFWLYDWHG� E\� KDUGZDUH� YLD� WKH� PLFUR�FRQWUROOHU
�ILJ����

��:LUH�VHULDO�EXV
• '(���%XV�'DWD�(QDEOH
• 6&���6HULDO�&ORFN
• 6'���6HULDO�&ORFN

,QSXW�2XWSXW�SLQV�
7;'��'DWD�LQSXW�VWUHDP
(1��&KLS�(QDEOH
5[7[��5HFHLYHU�WUDQVPLWWHU�HQDEOH

0LFUR�

FRQWUROOHU
;(����

SDSCDE

EN
RXTX

3-Wire
serial bus

TXD

)LJ����7UDQVPLWWHU�LQWHUIDFH

,QWHUQDO�5HJLVWHUV�FRQILJXUDWLRQ��)LJ���
7KH� ;(����� LV� FRQILJXUHG� LQ� WUDQVPLWWHU� PRGH� ZLWK
H[WHUQDO� FRQWURO� YLD� SLQ� �� �(1�� DQG� SLQ� ��� �5;7;��� 7KLV
LPSOLHV� $�� ��� 0RUHRYHU�� WKH� FORFN� DOZD\V� UXQQLQJ
�$�� ���� WKH� RXWSXW� SRZHU� LV� DGMXVWHG� WR� ²�G%P
�&�� ���&�� ����7KLV�FRQILJXUDWLRQ�LV�VHW�MXVW�RQH�WLPH
DIWHU�WKH�SRZHU�XS�

9���7LPLQJ�FRQILJXUDWLRQ
7KH� LQWHUQDO�GHPRGXODWRU�RI� WKH�;(�����QHHGV�D� IUDPH
RI� ��� V\QFKURQL]DWLRQ� ELWV� WR� HQVXUH� SURSHU� FORFN
V\QFKURQL]DWLRQ
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)LJ����5HFHLYHU�DFFHVVHV

,QLWLDOL]DWLRQ�
5HJ �� �� �� �� � � � � � � � � � �
% � � � � � � � � � � � � � �
& ; ; � � � ; ; ; ; ; ; ; ; ;

)URP�VWDQG�E\�WR�UHFHLYHU�PRGH
5HJ �� �� �� �� � � � � � � � � � �
$ � � ; ; � � � � � � � � �

)URP�UHFHLYHU�PRGH�WR�VWDQG�E\
5HJ �� �� �� �� � � � � � � � � � �
$ � � ; ; � � � � � � � � � �

)LJ�����5HFHLYHU��,QWHUQDO�5HJLVWHU�FRQILJXUDWLRQ

,QWHUQDO�5HJLVWHUV�FRQILJXUDWLRQ
UHJ �� �� �� �� � � � � � � � � � �
$ � � ; ; ; ; ; ; ; ; ; ; ; ;
% � � � � � � � � � � � � � �
& � � � � � � � � � � � � � �

)LJ����7UDQVPLWWHU���,QWHUQDO�UHJLVWHUV�FRQILJXUDWLRQ

Stand-by Clock on Reception Stand-by clock off

3-wire
access

3-wire
access

Chip Enable
Pin 1

Stand-by
Pin1
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7KH� SUHDPEOH� IUDPH� PXVW� EH� D� VHTXHQFH� RI� �� DQG� �
VHQW�DOWHUQDWLYHO\��7KH�SDWWHUQ�IUDPH�FDQ�EH�D�VHTXHQFH
RI���ELWV�
7�SUHDPEOH� ����
���'DWD�UDWH>+]@
7�SDWWHUQ � ���
���'DWD�UDWH>+]@

:LWK�D�GDWD�UDWH�RI���NELW�V����.+]�
7�SUHDPEOH �����XV
7�SDWWHUQ� ������XV

$FFRUGLQJ� WR� WKH� IRUPXODV� EHORZ�� :KHQ� QR� GDWD� DUH
UHFHLYHG�� WKH� PLQLPXP� WLPH� LQ� UHFHLYHU� PRGH� �7UP�� LV
GHILQH�DV�

usTrm

TpatternTpreambleTrm

1250

)(2

=

+×≥

9���&XUUHQW�FRQVXPSWLRQ�DQG�EDWWHU\�OLIH
$FFRUGLQJ� WR� WKH� GDWD� VKHHW� DQG� WKH� IRUPXODV�� WKH
FXUUHQW� HYROXWLRQ� IURP� VWDQG� E\� WR� UHFHLYHU� PRGH� LV
GUDZLQJ�EHORZ��ILJ����
,Q�VWDQG�E\�PRGH�

• ,VE ���X$
&ORFN�:DNH�XS�

• ,FON ��X$

• 7FON �PV
5HFHLYHU�:DNH�XS�

• ,ZX �P$
• 5ZX ��XV

5HFHLYHU�HQDEOHV�
• ,U� �P$
:KHUH�,U�LV�WKH�UHFHSWLRQ�FXUUHQW�

Isb

Iclk

Iwu,Irm

Tclk Rwu

Stand-By

Receiver
enable

Tsb Tr m

55uA

0.2uA

6mA

Clock
Wake-up

Receiver
Wake-up

)LJ����FXUUHQW�HYROXWLRQ�IURP�6WDQG�E\�PRGH�WR�UHFHLYHU
HQDEOHV

)LJ���7LPLQJ�GLDJUDP�RI�WKH�UHFHLYHU�GXULQJ�F\FOH

$YHUDJH�FXUUHQW�FRQVXPSWLRQ�SHU�F\FOH�ZKHQ�QR�GDWD�DUH
UHFHLYHG�

( ) ( ) ( ) ( )( )( )
uAIav

TrRwuTclkIsbTrmIrRwuIwuTclkIclkIav

17.8

1

=

−−−×+×+×+×=

&XUUHQW�FRQVXPSWLRQ�ZLWK�GDWD�UHFHLYHG
)RU�H[DPSOH�WKH�QXPEHU�RI�GDWD�WR�WUDQVPLW� LV��NELW�SHU
KRXU�
7GU �����PV
:KHUH�7GU�LV�WKH�GDWD�UHFHLYHG�WLPH

( ) ( ) ( ) ( )
( )( )

uAIav

TdrTrmRwuTclkIsb

TdrIrTrmIrRwuIwuTclkIclk

Iav

188

1

=








−−−−×+

×+×+×+×
=

%DWWHU\�OLIH��%/��FDOFXODWLRQ�IRU�WKH�;(����
:LWK�D�EDWWHU\�ZKLFK�FDQ�GHOLYHU����P$K
7KH�DYHUDJH�FXUUHQW�ZLWK�GDWD�UHFHLYHG�FDQ�EH�QHJOHFWHG
6R��WKH�DYHUDJH�FXUUHQW�GXULQJ���KRXU�LV�DURXQG����X$�

yearsBL

BL

1.4

6
101.8

3
10300

=

−•

−•
=

9���&RQFOXVLRQ
7KLV� DSSOLFDWLRQ� UHDOL]HV� D� WUDQVPLVVLRQ� RI� �NELW� IURP� D
;(����� FRQILJXUHG� LQ� WUDQVPLWWHU� PRGH� �ILJ���� WR� D
;(����� FRQILJXUHG� LQ� UHFHLYHU� PRGH� �ILJ� ���� ZLWK� D
UHVSRQVH�WLPH�OHVV�WKDQ��V�
$V� WKH�SURWRFRO� IRU� WKLV� WUDQVPLVVLRQ� LV� OLJKW� DQG�DOO� WKH
UHFHLYHUV�XVH�WKH�ELW�V\QFKURQL]HU�IXQFWLRQDOLW\��D�ORZ�FRVW
�� ORZ� FRPSOH[LW\� PLFUR�FRQWUROOHU� FDQ� EH� XVHG�� 7KLV
LPSOLHV� IRU� UHFHLYHU� IXQFWLRQDOLW\� D� FXUUHQW� DYHUDJH� RI
���X$�

1RWH�� 7KLV� H[DPSOH� VKRZV� DQ� DSSOLFDWLRQ� ZLWK� RQH� ZD\
WUDQVPLVVLRQ�� 7KH� KDOI� GXSOH[� WUDQVPLVVLRQ� ZLOO� EH
UHDOL]HG�LQ�WKH�VDPH�ZD\��ILJ����

Data Rx

Stand-by
Stand-by

Rx

Stand-by
7FON �PV

Stand-by

Receiver

1s
1s1s

1heure

5ZX ��XV

7U ����PV

7G �����PV

6HH�)LJ��
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)LJ�����7UDQVPLWWHU�VFKHPDWLF

)LJ����5HFHLYHU�VFKHPDWLF

)LJ����7UDQVFHLYHU�VFKHPDWLF

2.2pF

2.2pF

10nF

12nH12nH

10nF
SAW

RESONATOR
RFM R02101A

10nF

4 MHz
IQD HC43

VDD

10 nF

V
D
D 27nH

TO ANTENNA

VDD

12nH 12nH

2 - 6pF

18nH
ustrip

3.3pF

VDD

90DEG

90DEG

FILTERING+
OFFSET
REDUCTION

DEMODULATOR
SYMBOL SYNCHRO

RFPOWERAMP

EN

DDS

LO

RXTX

RXD

CLOCK

DVDD DGND

SD

BUS CONTROL

POWERMANAGEMENT

CLKD

DE

SC

TXD

AVDD AGND

RFGND RFVDD

TLA

SWBSWATKA TKB
TKC XTAL

TLB

RFA

RFB

RFOUT

IO QO

VREF

TPA TPB
LOGND

GND

VDD VSS

GP7

GP1

GP4

GP6

GP0

GND

VCC

GND

GP3

GP2GP5

Data from front-end

 CHIP
CONTROL

2.2pF

2.2pF

10nF

12nH12nH

10nF
SAW

RESONATOR
RFM R02101A

10nF

 CHIP

CONTROL

DATA
OUTPUT

4 MHz
IQD HC43

VDD

10nF

V
D
D 27nH

TX

TO ANTENNA VDD

VDD

18nH
ustrip

2.2pF

12nH 12nH

2 - 6pF

12nH
ustrip

12nH
ustrip

2.7 pF

2.2pF

2.2pF

18nH
ustrip

3.3pF

VDD

90DEG

90DEG

FILTERING+
OFFSET
REDUCTION

DEMODULATOR
SYMBOL SYNCHRO

RFPOWERAMP

EN

DDS

LO

RXTX

RXD

CLOCK

DVDD DGND

SD

BUS CONTROL

POWERMANAGEMENT

CLKD

DE

SC

TXD

AVDD AGND

RFGND RFVDD

TLA

SWBSWATKA TKB
TKC XTAL

TLB

RFA

RFB

RFOUT

IO QO

VREF

TPA TPB
LOGND

TX

470pF

4.7K

4.7K

4.7K

4.7K

BA679S
or eq.

BA679S
or eq.

VDD VSS

GP7

GP6

GP0

GND

VCC

GND

GP1

GP4 GP3

GP2GP5

Micro-
controller

2.2pF

10nF

12nH12nH

10nF
SAW

RESONATOR
RFM R02101A

10nF

 CHIP
CONTROL

DATA
OUTPUT

4 MHz
IQD HC43

VDD

10nF

V
D
D 27nH

TO ANTENNA

VDD

18nH
ustrip

2.2pF

12nH 12nH

2 - 6pF

12nH
ustrip

12nH
ustrip

2.7 pF

2.2pF

VDD

90DEG

90DEG

FILTERING+
OFFSET
REDUCTION

DEMODULATOR
SYMBOL SYNCHRO

RFPOWERAMP

EN

DDS

LO

RXTX

RXD

CLOCK

DVDD DGND

SD

BUS CONTROL

POWER MANAGEMENT

CLKD

DE

SC

TXD

AVDD AGND

RFGND RFVDD

TLA

SWBSWATKA TKB
TKC XTAL

TLB

RFA

RFB

RFOUT

IO QO

VREF

TPA TPB
LOGND

VDD VSS

GP7

GP6

GP0

GND

VCC

GND

VCC

GP1

GP4 GP3

GP2GP5

Data to display

Micro-
controller

Micro-
controller
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9,���3&%�JXLGHOLQH
$� SURSHU� OD\RXW� LV� UHTXLUHG� WR� REWDLQ� WKH� RSWLPDO� FLUFXLW
SHUIRUPDQFHV��$OO�FRPSRQHQWV�IRU�WDQN�FLUFXLWV��PDWFKLQJ
QHWZRUN�DQG�GHFRXSOLQJ�DUH�5)� FRPSRQHQWV� DQG� VKRXOG
EH� FRPSDFW� DQG� SODFHG� DV� FORVH� DV� SRVVLEOH� WR� WKH
;(�����

7KH� JHQHUDO� DSSURDFK� WR� XVH� WKH� ;(����� DQG� D�PLFUR�
FRQWUROOHU�RQ�WKH�VDPH�ERDUG� LV�WR�SODFH�5)�RQ�RQH�VLGH
RI� WKH�3&%� �SULQWHG� FLUFXLW� ERDUG�� DQG� EDVH� EDQG� VLJQDO
DQG� ORJLF� FLUFXLWV� RQ� WKH� RWKHU� VLGH�� ZLWK� 5)� DQG� ORJLF
JURXQG�SODQHV�VHSDUDWHG

)LJ���5HIHUHQFH�ERDUG�OD\RXW
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