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&RPSOH[LW\�RI�0(06�'HVLJQ

■ 0(06�DUH�LQWULQVLFDOO\�FRPSOH[
■ 0(06�DUH�KHWHURJHQHRXV

µCtrller ASIC DSP

µSenser µAct. Software
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MEM AN A/D

7RS�GRZQ�'HVLJQ�0HWKRGRORJ\

■ $EVWUDFWLRQ
■ 'HVLJQ�6SDFH
([SORUDWLRQ

■ 5HWDUJHWDEOH
0DSSLQJ�WR�WKH
,PSOHPHQWDWLRQ
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+HWHURJHQHRXV�$SSURDFK

■ 0RGHOV�RI�&RPSXWDWLRQ��0R&�
“law of physics” that guides a domain of design

– Continuous Time Models
■ PDE, ODE, physical components

– Discrete Event Models
■ HDL, Embedded Software, Communication

– Dataflow Models
■ DSP algorithms

– Synchronous/Reactive Models
■ Embedded System

+HWHURJHQHLW\�RI�&$'�WRROV

■ 7RROV�DUH�GHVLJQHG�EDVHG�RQ��0R&V
² &7��'(��')��65����

■ ,QWHURSHUDWLRQ�RI�7RROV
² 6HTXHQWLDOO\�DSSOLHG�LQ�GLIIHUHQW�VWDJH
RI�WKH�GHVLJQ�IORZ�

² &RQFXUUHQWO\�DSSOLHG�LQ�WKH�FRQWH[W�RI
FR�VLPXODWLRQ�
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&RQWLQXRXV�7LPH�0RGHOLQJ����

■ %ORFN�'LDJUDPV�RI�2'(V

,QWHJUDWRUV�ZLWK�)HHGEDFN�/RRSV
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■ 6LPXODWLRQ
² 'LVFUHWL]DWLRQ�RI�WLPH
² 6FKHGXOLQJ��HYDOXDWH�IXQFWLRQV�E\�DFWRU�ILULQJV�
² )L[HG�SRLQW�FDOFXODWLRQ�
² 9DULRXV�2'(�VROYHUV�
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&RQWLQXRXV�7LPH�0RGHOLQJ����

■ %UHDNSRLQW�+DQGOLQJ��
² 3UHGLFWDEOH�%UHDNSRLQWV�

■ NQRZQ�EHIRUHKDQG�
■ 5HJLVWHU�WR�D�%UHDNSRLQW�7DEOH�LQ�DGYDQFH�
■ 8VH�EUHDNSRLQWV�WR�DGMXVW�VWHS�VL]HV�

² 8QSUHGLFWDEOH�%UHDNSRLQWV�
■ 3UHGLFWLRQ�LV�QRW�DFFXUDWH�HQRXJK�
■ &KHFN�DIWHU�HDFK�LQWHJUDWLRQ�VWHS�
■ 5HILQH�WKH�ODVW�VWHS�VL]H�LI�D�EUHDNSRLQW�LV�PLVVHG�

0L[HG�6LJQDO�0RGHOLQJ

■ &RQWDLQHU�&RQWDLQHH�5HODWLRQVKLS
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■ 6LJQDO�&RQYHUVLRQV

:DYHIRUP (YHQWVHYHQW�JHQHUDWLRQ

HYHQW�LQWHUSUHWDWLRQ
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([HFXWLRQ��'(�LQVLGH�&7

■ &RRUGLQDWLRQ
² 1H[W�(YHQW��SUHGLFWDEOH�EUHDNSRLQW�
² '(�VXEV\VWHP�VKRXOG�QRW�EH�ILUHG�GXULQJ�WKH
IL[HG�SRLQW�LWHUDWLRQ�RI�WKH�&7�V\VWHP.

■ 7ZR�3KDVH�([HFXWLRQ
² HYHQW�SKDVH��'(�H[HFXWHV��UHSRUW�QH[W�HYHQW�WLPH
² FRQWLQXRXV�SKDVH��VROYH�2'(V�WLOO�QH[W�EUHDNSRLQW�

7KH�'(�VXEV\VWHP�LV�RQO\�ILUHG�ZKHQ�WKHUH�LV�DQ�LQSXW
HYHQW�IRU�LW��RU��&7�WLPH� �1H[W�(YHQW�WLPH

■ W��W�W��LQWHUSUHWDWLRQ�

([HFXWLRQ��&7�LQVLGH�'(

■ &7�PXVW�UXQ�DKHDG�RI�WKH�'(��JOREDO��WLPH�
● &7�VXEV\VWHP�PXVW�EH�FDXVDO

    Teout > Tein

● &7�FDQ�QRW�MXPS�LQ�WLPH
● &7�PD\�JHQHUDWH�HYHQW�DW�DQ\�WLPH

■ &7�PXVW�EH�DEOH�WR�UROOEDFN
● ,I�WF�!�W�ZKHQ�&7�LV�ILUHG��LW�PXVW�UROOEDFN�WR�W

■ &7�FDQ�QRW�HPLW�RXWSXW�HYHQWV�LPPHGLDWHO\
● 'HWHFWHG�HYHQW�PD\�QRW�H[LVW�LI�WKHUH·V�DQRWKHU
LQSXW�HYHQW�

t tc

tc < tc+d < t

tc+dt+s

CT
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6XPPDU\

■ 0L[LQJ�0R&�LV�QRW�WULYLDO�
■ 1RW�DOO�&$'�WRROV�DUH�GHVLJQHG�ZLWK
LQWHURSHUDWLRQ�LQ�PLQG�
² HYHQW�GHWHFWLRQ
² H[HFXWLRQ�VHTXHQFH
² UROO�EDFN

■ 3WROHP\�,,�FDQ�VHUYH�DV�WKH
VHPDQWLFV�JOXH�

+HWHURJHQHRXV�7RRO�,QWHUDFWLRQV

+'/&7 '(6DEHU

37�,,

module accu(in, clk, 
                out, outValid);
    input in, clk;
    output [7:0] out;
......
endmodule



8

([DPSOH��0LFUR�$FFHOHURPHWHU

+
-

Digital
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M. A. Lemkin, “Micro Accelerometer Design with Digital Feedback Control”,

Ph.D. dissertation, EECS, University of California, Berkeley, Fall 1997

'HVLJQ�)ORZ
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&RQFOXVLRQ

■ +HWHURJHQHRXV�$SSURDFK�IRU�'HVLJQLQJ
&RPSOH[�6\VWHPV

■ 6HPDQWLFV�6WXG\�IRU�0L[HG�6LJQDO
6LPXODWLRQ

■ +HWHURJHQHRXV�7RRO�,QWHUDFWLRQ
■ )RU�0RUH�,QIRUPDWLRQ�
http://ptolemy.eecs.berkeley.edu


