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Utili]ing Clock-Gating Efficienc\ to Reduce
Power
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1/15/2008 8:48 AM EST

CORFN JDWLQJ FDQ EH DSSOLHG DW PXOWLSOH OHYHOV RI DEVWUDFWLRQ, EXW RTL LV WKH PRVW HIIHFWLYH SRLQW LQ WKH GHVLJQ

SURFHVV. MHDVXULQJ FORFN-JDWLQJ HIILFLHQF\ LV DQ DFFXUDWH JXLGH WR SRZHU RSWLPL]DWLRQ EHFDXVH LW WDNHV LQWR
DFFRXQW VZLWFKLQJ DFWLYLW\. RTL GHVLJQHUV FDQ XVH FORFN-JDWLQJ HIILFLHQF\ WR SLQSRLQW KRWVSRWV DQG FRQFHQWUDWH

WKHLU RSWLPL]DWLRQ HIIRUWV. AV FRQVXPHUV FRQWLQXH WR GHPDQG PRUH IXQFWLRQDOLW\ LQ VPDOOHU, PRUH HQHUJ\ HIILFLHQW

GHYLFHV, SRZHU RSWLPL]DWLRQ UXOHV D KDUGZDUH GHVLJQHU'V OLIH. IW W\SLFDOO\ WDNHV PXOWLSOH LWHUDWLRQV RYHU ZHHNV RI

RSWLPL]DWLRQ WR DFKLHYH SRZHU JRDOV DQG EXGJHWV. WKLOH SRZHU VKRXOG EH RSWLPL]HG DW DOO VWDJHV RI WKH GHVLJQ

IORZ, PDQ\ WLPHV LW LV RQO\ DGGUHVVHG DIWHU LQLWLDO UHJLVWHU WUDQVIHU OHYHO (RTL) V\QWKHVLV UXQV XQFRYHU LQHIILFLHQFLHV.

RTL FORFN JDWLQJ LV WKH PRVW FRPPRQO\ XVHG RSWLPL]DWLRQ WHFKQLTXH IRU LPSURYLQJ HQHUJ\ HIILFLHQF\, EXW OHDGV WR

WKH TXHVWLRQ RI KRZ ZHOO D GHVLJQ LV FORFN JDWHG. TKH WUDGLWLRQDO PHWKRG RI ORRNLQJ DW WKH SHUFHQWDJH RI UHJLVWHUV

FORFN JDWHG LV QRW LQGLFDWLYH RI WKH HQHUJ\ HIILFLHQF\ EHFDXVH LW GRHV QRW WDNH LQWR DFFRXQW VZLWFKLQJ DFWLYLW\. TKH
DYHUDJH FORFN-JDWLQJ HIILFLHQF\ LV D PXFK EHWWHU LQGLFDWRU RI HQHUJ\ FRQVXPSWLRQ EHFDXVH LW PHDVXUHV RI ERWK WKH

QXPEHU RI UHJLVWHUV JDWHG DQG WKH GXUDWLRQ WKH\ DUH WXUQHG RII.

D\namic Power Optimi]ation at Multiple Design Stages

A GHVLJQ'V HQHUJ\ FRQVXPSWLRQ LV D IXQFWLRQ RI WKH VZLWFKLQJ DFWLYLW\, ZKLFK LQ WXUQ LV WRWDOO\ GHSHQGHQW RQ WKH

V\VWHP DSSOLFDWLRQ DQG KDUGZDUH LPSOHPHQWDWLRQ. DHVLJQHUV W\SLFDOO\ KDYH OLWWOH FRQWURO RYHU WKH DSSOLFDWLRQ;

YLGHR PXVW EH FRPSUHVVHG DW D JLYHQ UDWH, SDFNHWV URXWHG ZLWKLQ D JLYHQ ODWHQF\ RU LQVWUXFWLRQV H[HFXWHG DW D

FHUWDLQ IUHTXHQF\. IQ FRQWUDVW, WKHUH DUH PXOWLSOH GHVLJQ WHFKQLTXHV DQG WULFNV WKH GHVLJQHU KDV DW KLV RU KHU
GLVSRVDO ZKHQ LPSOHPHQWLQJ WKH KDUGZDUH. CORFN JDWLQJ LV DQ DFFHSWHG GHVLJQ WHFKQLTXH IRU RSWLPL]LQJ SRZHU,

DQG FDQ EH DSSOLHG DW WKH V\VWHP OHYHO, RTL DQG JDWH-OHYHO. TKH JUDQXODULW\ RI FORFN JDWLQJ DQG WKH LPSDFW LW KDV

RQ RYHUDOO HQHUJ\ FRQVXPSWLRQ GHSHQGV RQ WKH GHVLJQ VWDJH.

AOWKRXJK HDFK GHVLJQ VWDJH RIIHUV DQ RSSRUWXQLW\ WR VDYH SRZHU, KLJKHU OHYHOV RI DEVWUDFWLRQ KDYH JUHDWHU LPSDFW

RQ UHGXFLQJ SRZHU DQG ORZHULQJ FRVWV. SWDUWLQJ DW WKH V\VWHP-OHYHO, D CPU PD\ KDYH PXOWLSOH VOHHS PRGHV, HDFK

GLVDEOLQJ VSHFLILF EORFNV LQ WKH GHVLJQ. MRYLQJ GRZQ LQ DEVWUDFWLRQ, RTL FORFN JDWLQJ VKXWV RII XQXVHG

FRPSXWDWLRQV ZKLOH OHDYLQJ RWKHU ORJLF DFWLYH IRU GDWD SURFHVVLQJ. FRU H[DPSOH, WXUQLQJ RII XQXVHG FRPSXWDWLRQV

VXFK DV VKLIW, PXOWLSOH RU DGG ZLWKLQ DQ AULWKPHWLF LRJLF UQLW (ALU) EDVHG RQ WKH RSHUDWRU.

GDWH-OHYHO FORFN JDWLQJ FDQ SURYLGH D ILQHU JUDLQ RI FRQWURO E\ QRW FORFNLQJ D UHJLVWHU LI LW LV QRW FKDQJLQJ VWDWHV.

AV LQ WKH FDVH RI DQ RXWSXW KROG, WKH FORFN FDQ EH JDWHG ZLWK WKH KROG FRQGLWLRQ VR WKDW WKH UHJLVWHU LV QRW
XQQHFHVVDULO\ WRJJOLQJ. Figure 1 VKRZV SRWHQWLDO RSSRUWXQLWLHV IRU VDYLQJ SRZHU DW GLIIHUHQW VWDJHV RI GHVLJQ.
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1. Opportunities abound for saving power at different stages of design.

Decomposing Clock Gating 
CORFNV FRQVXPH SRZHU EHFDXVH WKH\ FRQWLQXRXVO\ WRJJOH WKH UHJLVWHUV DQG DVVRFLDWHG GRZQVWUHDP ORJLF. TKLV LV

UHIHUUHG WR DV WRJJOH UDWH DQG LV D PDMRU FRQWULEXWRU WR G\QDPLF RU VZLWFKLQJ SRZHU. TR UHGXFH G\QDPLF SRZHU
FRQVXPSWLRQ, FORFN JDWLQJ WXUQV RII FORFNV ZKLOH VWLOO PDLQWDLQLQJ WKH RULJLQDO GHVLJQ IXQFWLRQDOLW\.

CORFN JDWLQJ LV D WZR-VWHS SURFHVV. TKH ILUVW VWHS LV LGHQWLI\LQJ HQDEOH FRQGLWLRQV, VLPSOH FRPELQDWLRQDO ORJLF,

VXFK DV DQ RXWSXW KROG RQ D UHJLVWHU RU PRUH LQYROYHG VHTXHQWLDO ORJLF WKDW VSDQV PXOWLSOH FORFNV. CRPELQDWLRQDO
HQDEOHV FDQ EH LGHQWLILHG E\ WRGD\'V RTL V\QWKHVLV WRROV DV ORQJ DV WKH RTL FRGH ILWV D UHFRJQL]HG FRGLQJ VW\OH.

SHTXHQWLDO HQDEOHV DUH PRUH GLIILFXOW WR UHFRJQL]H DQG W\SLFDOO\ DUH GRQH PDQXDOO\ E\ KDUGZDUH GHVLJQHUV. TKH
VHFRQG VWHS LQ FORFN JDWLQJ LQYROYHV LQVHUWLQJ FORFN-JDWLQJ FHOOV LQWR WKH FORFN SDWK XVLQJ WKH HQDEOH ORJLF.



2/9/12 ZZZ.eetimes.com/General/PrintVieZ/4018523

3/5ZZZ.eetimes.com/General/PrintVieZ/4018523

CRPPHUFLDOO\ DYDLODEOH V\QWKHVLV WRROV DFFRPSOLVK WKH VHFRQG WDVN DXWRPDWLFDOO\. Figure 2 VKRZV WKDW

FRPELQDWLRQDO DQG VHTXHQWLDO FORFN JDWLQJ.

2. Red checks identif\ sequential anal\sis and \ellow check combinational anal\sis blocks.

SHTXHQWLDO FORFN JDWLQJ KDV D JUHDWHU LPSDFW RQ HQHUJ\ HIILFLHQF\ WKHQ FRPELQDWLRQDO FORFN JDWLQJ EHFDXVH LW WXUQV

RII UHJLVWHUV IRU ORQJHU SHULRGV RI WLPH. IQ IDFW, VHTXHQWLDO FORFN JDWLQJ KDV EHHQ VKRZQ WR UHGXFH SRZHU E\ XS WR
60% RQ GHVLJQ EORFNV. SHTXHQWLDO FORFN JDWLQJ UHTXLUHV VHTXHQWLDO DQDO\VLV EDVHG RQ DFWLYLW\ RYHU PXOWLSOH FORFN

F\FOHV WR GHFLGH ZKLFK UHJLVWHUV FDQ EH JDWHG DQG XQGHU ZKDW HQDEOH FRQGLWLRQV.

What is Clock-Gating Efficienc\?
RTL LV WKH EHVW SRLQW LQ WKH GHVLJQ SURFHVV WR RSWLPL]H SRZHU. AW WKLV SRLQW LQ WKH GHVLJQ IORZ, WKHUH LV IOH[LELOLW\

LQ WKH LPSOHPHQWDWLRQ WR PDNH VLJQLILFDQW LPSURYHPHQWV LQ HQHUJ\ HIILFLHQF\. TKHUH LV DFFXUDWH LQIRUPDWLRQ
DYDLODEOH IURP V\QWKHVLV WR UHIOHFW WKH WRWDO LPSDFW RQ SRZHU, WLPLQJ DQG DUHD, DV ZHOO. WKDW'V QHHGHG LV D JRRG
RTL PHWULF WR HYDOXDWH KRZ ZHOO D GHVLJQ LV FORFN JDWHG DQG WR KHOS LGHQWLI\ FDQGLGDWH FORFN-JDWLQJ RSWLPL]DWLRQV

ZLWKLQ WKH GHVLJQ.

A W\SLFDO PHWULF XVHG WR PHDVXUH WKH HIIHFWLYHQHVV RI FORFN JDWLQJ LV WKH SHUFHQWDJH RI UHJLVWHUV LQ WKH GHVLJQ WKDW
DUH FORFN JDWHG. WKLOH WKLV JLYHV GHVLJQHUV DQ LQGLFDWLRQ RI WKH QXPEHU RI FORFN-JDWHG UHJLVWHUV LQ WKH GHVLJQ, LW

KDV SRRU FRUUHODWLRQ WR DFWXDO SRZHU VDYLQJV. TKDW'V EHFDXVH G\QDPLF SRZHU FRQVXPSWLRQ GHSHQGV RQ WKH WRJJOH

UDWH. CORFN-JDWLQJ HIILFLHQF\, RQ WKH RWKHU KDQG, FRQVLGHUV WKH WRJJOH UDWH, PDNLQJ LW D PRUH WHOOLQJ LQGLFDWRU RI
DFWXDO G\QDPLF SRZHU FRQVXPSWLRQ.
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CORFN-JDWLQJ HIILFLHQF\ LV GHILQHG DV WKH SHUFHQWDJH RI WLPH D UHJLVWHU LV JDWHG IRU D JLYHQ VWLPXOXV RU VZLWFKLQJ

DFWLYLW\. TKH DYHUDJH FORFN-JDWLQJ HIILFLHQF\ FDQ EH FRPSXWHG DV WKH DYHUDJH RI DOO FORFN-JDWLQJ HIILFLHQFLHV LQ WKH

GHVLJQ. COHDUO\, FORFN-JDWLQJ HIILFLHQF\ GHSHQGV RQ UHSUHVHQWDWLYH VZLWFKLQJ DFWLYLW\. A GHVLJQ PD\ KDYH PXOWLSOH
PRGHV DQG PXOWLSOH RSHUDWLQJ FRQGLWLRQV. FRU H[DPSOH, GHVLJQHUV ZLOO W\SLFDOO\ KDYH D VZLWFKLQJ DFWLYLW\ ILOH EDVHG

RQ LGOH, W\SLFDO DQG SHDN PRGHV. BHFDXVH VZLWFKLQJ DFWLYLW\ LV RQO\ DV UHSUHVHQWDWLYH DV WKH WHVWEHQFK LWVHOI, WKH

VHOHFWLRQ RI D UHSUHVHQWDWLYH WHVWEHQFK LV FULWLFDO WR JRRG SRZHU HVWLPDWLRQ.

3. Clock gating efficienc\ takes switching activit\ into account.

Figure 3 VKRZV D VLPSOH FORFN JDWHG UHJLVWHU. SLQFH WKHUH LV RQO\ RQH UHJLVWHU, WKH EORFN LV 100% FORFN JDWHG.

HRZHYHU, ZKHQ ORRNLQJ DW WKH HQDEOH VLJQDO RYHU WLPH, WKH FORFN LV LQDFWLYH IRU RQO\ WKUHH RI WKH 10 F\FOHV PDNLQJ

FORFN-JDWLQJ HIILFLHQF\ 30%. B\ FDOFXODWLQJ WKH DYHUDJH RI FORFN-JDWLQJ HIILFLHQF\ IRU DOO UHJLVWHUV RYHU D JLYHQ VHW

RI VWLPXOXV, D GHVLJQ WHDP ZRXOG KDYH D EHWWHU LGHD RI KRZ ZHOO D GHVLJQ LV FORFN JDWHG.

A GHVLJQHU'V JRDO LV WR LPSURYH WKH DYHUDJH FORFN-JDWLQJ HIILFLHQF\ DV PXFK DV SRVVLEOH, DQG LW LV QRW SUDFWLFDO WR

DFKLHYH 100%. TKH RSWLPDO FORFN-JDWLQJ HIILFLHQF\ LV GHVLJQ DQG DSSOLFDWLRQ GHSHQGHQW. MRUHRYHU, FORFN JDWLQJ
LV QRW DQ DOZD\V-JRRG SRZHU RSWLPL]DWLRQ DV WKH DGGHG HQDEOH ORJLF DQG FORFN-JDWLQJ FHOOV KDYH DVVRFLDWHG

SRZHU, WLPLQJ DQG SRZHU FRVWV. TKH VLPSOH UXOH WKXPE LV WR ORRN IRU FORFN-JDWLQJ FRQGLWLRQV WKDW GLVDEOH ZLGH

UHJLVWHUV RYHU PXOWLSOH F\FOHV.

Using Clock-Gating Efficienc\ to Guide Power Optimi]ation

AGGLQJ FORFN JDWLQJ PD\ QRW DOZD\V EH DFFRPSDQLHG E\ UHGXFHG SRZHU EHFDXVH G\QDPLF SRZHU LV DOVR D

IXQFWLRQ RI FORFN IUHTXHQF\, YROWDJH DQG FDSDFLWDQFH. EYHQ WKRXJK LW LV QRW DQ DEVROXWH LQGLFDWLRQ RI SRZHU, LW LV D

JRRG PHWULF IRU KDUGZDUH GHVLJQHUV WR JDLQ YLVLELOLW\ LQWR HQHUJ\ HIILFLHQF\ DW RTL ZLWKRXW WLPH-FRQVXPLQJ SRZHU
DQDO\VLV RU V\QWKHVLV.
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CORFN-JDWLQJ HIILFLHQF\ LV D VROLG PHWULF WR JXLGH KDUGZDUH GHVLJQHUV WRZDUG DQ HQHUJ\ HIILFLHQW LPSOHPHQWDWLRQ.

RHJLVWHUV ZLWK ORZ FORFN-JDWLQJ HIILFLHQF\ DUH JRRG FDQGLGDWHV IRU FORFN JDWLQJ. CRQVLGHUDWLRQV ZKHQ XVLQJ WKLV

PHWULF LQFOXGH:

CORFN JDWLQJ DGGV ORJLF WKDW FRQVXPHV SRZHU. LRZ HIILFLHQF\ WRJHWKHU ZLWK NQRZOHGJH RI WKH GHVLJQ ZLOO

SRLQW WR DUHDV ZKHUH JUHDWHU SRZHU VDYLQJV PD\EH SRVVLEOH. A JRRG H[DPSOH RI WKLV LV ORZ-HIILFLHQF\

GDWDSDWK UHJLVWHUV.
TKH LQWULQVLF OLPLW IRU LPSURYLQJ FORFN-JDWLQJ HIILFLHQF\ GHSHQGV RQ WKH IXQFWLRQDOLW\ RI D EORFN. FRU

H[DPSOH, D KLJK-VSHHG EWKHUQHW IPY6 LQWHUIDFH EORFN PD\ KDYH OLWWOH RSSRUWXQLW\ IRU LPSURYHPHQW. AQ

HIILFLHQF\ RI 10-15% PD\ EH QHDU RSWLPDO XQGHU W\SLFDO WUDIILF VFHQDULRV.
PRZHU VDYLQJV IURP FORFN JDWLQJ LV LQFUHDVHG ZLWK WKH VL]H RI WKH ORJLF IROORZLQJ WKH FORFN-JDWHG UHJLVWHU.

TKH JUHDWHU WKH IDQ-RXW, WKH EHWWHU.

RDQNLQJ GHVLJQ UHJLVWHUV E\ FORFN-JDWLQJ HIILFLHQF\. OSWLPL]H UHJLVWHUV ZKHUH WKH GXUDWLRQ RI VKXWWLQJ RII

WKH FORFN LV PXOWLSOH F\FOHV.
PD\ DWWHQWLRQ WR WKH LPSDFW RQ WLPLQJ. AYRLG XVLQJ WLPLQJ-FULWLFDO VLJQDOV LQ HQDEOH FRQGLWLRQV.

Conclusion

HDUGZDUH GHVLJQHUV FRPPRQO\ XVH FORFN JDWLQJ WR UHGXFH WRJJOH UDWHV RQ UHJLVWHUV, ORZHULQJ G\QDPLF SRZHU
FRQVXPSWLRQ. CORFN JDWLQJ FDQ EH DSSOLHG DW PXOWLSOH OHYHOV RI DEVWUDFWLRQ, EXW RTL LV WKH PRVW HIIHFWLYH SRLQW LQ

WKH GHVLJQ SURFHVV. MHDVXULQJ FORFN-JDWLQJ HIILFLHQF\ LV DQ DFFXUDWH JXLGH WR SRZHU RSWLPL]DWLRQ EHFDXVH LW WDNHV

LQWR DFFRXQW VZLWFKLQJ DFWLYLW\. RTL GHVLJQHUV FDQ XVH FORFN-JDWLQJ HIILFLHQF\ WR SLQSRLQW KRWVSRWV DQG

FRQFHQWUDWH WKHLU RSWLPL]DWLRQ HIIRUWV.
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