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Figure 1. A stoppable ring oscillator clock.
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Figure 2. Basic module of a GALS architecture.
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Figure 3. Proposed interface methodology.
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Figure 4. Our basic stoppable ring oscillator clock.
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Figure 5. Handshake control circuit.
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Figure 6. Handshake control circuit with conditioned acknowledgment.
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Figure 7. Idealized waveform for the basic interface controller.
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Figure 8. Domino buffer chain used to model the datapath.

Figure 9. «�¬�­ª®e¯�° results for the basic interface controller.
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Table 1. Clock period break down for the basic interface controller.
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Figure 10. Clock buffer network for the 300 MHz DEC Alpha RISC microprocessor.

� ï�æ)ç�æ\éXëZé��[ä[ædáQó�à�éXê)ä[æ)å�ÿXá�êOéXâ�ï�æ�ç�êOáQæ�ãXç�æ)å�ä[ë*ç�à ó�ãXìkê)ä[æ�ä:ï=æ�â�êwî.êOâdà ä[à ðCæ¹ì�ë�êOåXà é�è�ëZé�æ�êwâ�ï!ç¢äQêOèZæ\ëwñ.ä^ï�æ�ç�à�é�èZì�æ
ÿIá�êOéIâ�ï_õ � ï�æ!ÿXãkf£ædá§äQáQæ-æ!àkç*ä[ædáQó�à�éXê)ä[æ)å4ô�à ä^ï½ê Á õ Á ù�m�éev â�êwî.êOâdà ä[ëZá©ä[ë¶ó�ë�å�ædì�ä^ï�æ!î�ëCáQä[à ëZé4ëOñ�ä^ï�æ!ì ë=êwå
ä:ïXàkç¹ÿXá�êwéXâ�ï�àkçTá¢æ�ç¢î.ëZéXç�à ÿXì æ�ñ^ëZáTåXá�à ð=à é�è.õKniæ�á�êwé!ä^ï�æ É������k� ñ[áQæ+�=ãIædéXâdí�ê)äd�Mb Á�úüû�ý ò�ç�à éXâdæ*êOçTó!ædé�ä[à ëCé�æ)å
ÿ�æ�ñ^ëZáQæ!ä:ïXàkç�êOî�î�æ�êOá¢ç�ä[ë¶ÿ.æ�ê)ÿ�ëCã�ä�ä:ï�æ�ó�êOø�à ó�ã�ó âdì ë=â�÷�á�ê)ä[æ�ñ^ëZá�ê�çQí�éXâ�ïXá¢ëCéXëZãXç�ó�à âdáQëOîXá¢ë�âdæ�ç¢çQëZá�à é�ä^ï�æ
ÁIÂÄÃOÅ
Æ û ö?ß ú �2\ �+���?îIáQë�âdæ)çQç�õj��ãIá�ç�à ó�ãXìkê)ä[à ëOé!ëOñ�ä^ïIàkç�âdì ë�â�÷�ÿXã�f�ædá�ä¢áQædæ�ã�é�å=æ-á�ô�ëCáQç¢ä��[â�êOç�æ�âdëCé�åXà ä[à ëCéIç
à�ç�çQï�ëOô�éaà é±v
à èZãXáQæ_�:bIõ � ïXàkç©�.èCãXá¢æ�çQï�ëOô�ç�ä:ïXê)ä�ê4ä¢á�êwéXç�à�ä[à ëZéiëCé½ä:ï�æ É���� ç�à èCéXêOì\ê)ä�ä:ï=æF�"�X�$îXà éiàkç
êwâdä[ã.êwì�ì í�ç�æ-ædéiëCé�ä^ï�æ�à é=ä[æ-á�éXêwì É��K� ç�à èZé¦êwì
ãXî�ä[ë�é�æ�êOá¢ì�í¶ï¦êwì´ñuê!âdí�âdì æ�ìkê)ä[ædá�õ þ æ-ì�êwí�ç�ä:ïXáQëZãXèCï�ä^ï�æ!âdì ë�â�÷
ÿIã�f£æ-á�é=æ-ä[ô\ëZá[÷�êOáQæ«çQï�ëOô�é!ñ:ëCá�ðCêOá�à ëCãXçTâ-ëCé�åXà ä[à ëCéXçTà é � ê)ÿIì�æ4bXõJ�«ãXá�áQæ)çQãIìzä[ç�ç¢ï�ëOô?ä^ïXê)ä�ä^ï�æ*å�ædìkêOí!ä:ïXáQëZãXèCï
ä:ï�æ*äQáQæ-æ�á�êwé=èZæ�ç«ñ[áQëZóÅ�Zõ �e�«éXç�ä[ë�ùIõ¤� Ã éXç)õ � ïCãIç�ô�à�ä:ï4ê�âdì ë�â�÷�î.æ-á�à ë�å�ëOñJiXõÄùCù§éXç } à[õ æCõ ò�ê�âdì ë=â�÷¯ñ á¢æ���ãXædéXâdí
ëwñg�Mb Á�ú�û�ý �-òXä:ï�ædáQæ�àkç�ëCéXì í!ëCé�æ*âdì ë�â�÷�îXãXì ç�æ*à é�ä:ï�æ*äQáQæ-æ�ê)ä�ê�ä[à ó!æCõ

CLK

CLKin

1x

1x

2x

4x

8x 32x
32x 128x 512x 2048x

Clock Load

0.039nF

Figure 11. Clock buffer tree model simulated in «�¬�­J®�¯�° .
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Figure 12. Delay from ÆjÇdÈ�É�Ê to ÆjÇdÈ modeled in «�¬�­J®�¯�° .

Table 2. Delay between ÆjÇdÈ�É�Ê and ÆjÇdÈ through the clock buffer tree.
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Figure 13. Stoppable ring oscillator clock with buffering.

Figure 14. «�¬�­ª®e¯�° results for the interface controller with buffering.

Table 3. Clock period break down for the interface controller with buffering.
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Figure 15. Interface controller with pipeline latch.
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Figure 16. New handshake control circuit.
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Figure 17. «�¬�­ª®e¯�° results for the pipelined interface controller design.
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Table 4. Clock period break down for the pipelined interface controller.
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