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zero Leafcell Propagation Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

ZERO DATABUS 0.10 N/A 0. 00 N/A 0. 62
0. 50 N/A 0. 62 N/A 1. 23
1. 00 N/A 1. 08 N/A 1. 89
2. 50 N/A 2. 31 N/A 4. 13
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zero

DATABUS

ZERO

20/2
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xf er gate Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

PHIA/INV DATABUS2 0. 10 0. 84 0. 64 2. 27 1. 35
0. 50 2. 34 1. 91 7. 65 3. 90
1. 00 4. 29 3. 48 14. 72 7. 37
2. 50 10. 17 8. 20 36. 21 18. 10
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PHIAINV

PHIA

4/2

4/2

DATABUS1 DATABUS2

xfer_gate
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up#msb

#=1, 2, 4, 8, or 16

where

SHIFT, SHIFTBAR

OUTIN
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#=1, 2, 4, 8, or 16

where

up#lsb

NEXT 1, 2, ..., #-1

LSBIN

IN

SHIFTBARSHIFT

SHIFT

SHIFTBAR

IN

OUT

NEXT #
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl (ns) Tl h (ns) Thl (ns)

IN OUT SHIFT=0, SHIFTBAR=1 0. 1 1. 45 1. 55 1. 55 1. 09
0. 5 2. 91 2. 61 4. 49 3. 29
1. 0 4. 71 3. 84 8. 37 5. 72
2. 5 9. 89 7. 34 20. 59 11. 80

PREV OUT SHIFT=1, SHIFTBAR=0 0. 1 1. 27 1. 25 1. 43 1. 26
0. 5 2. 68 2. 34 4. 51 3. 19
1. 0 4. 47 3. 51 8. 43 5. 57
2. 5 9. 67 7. 06 20. 52 11. 85

SHIFT OUT IN=1, PREV=0 0. 1 1. 51 1. 33 1. 61 1. 25
0. 5 2. 95 2. 43 4. 47 3. 21
1. 0 4. 75 3. 62 8. 35 5. 62
2. 5 9. 92 7. 14 20. 59 11. 83

SHIFT OUT IN=0, PREV=1 0. 1 1. 27 1. 25 1. 43 1. 27
0. 5 2. 69 2. 34 4. 51 3. 21
1. 0 4. 48 3. 52 8. 42 5. 59
2. 5 9. 68 7. 07 20. 52 11. 85
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P=#, #-1, #-2, ...,1

PREV P

M=#, #-1, #-2, ...,2

NEXT M

up #

NEXT #

OUT

IN

SHIFTBAR

SHIFT

SHIFT

PREV1

SHIFTBAR

IN
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl

*** SAMPLETABLEFORMAT*** IN OUTINV CNTL=1, CNTLINV=0 0. 1 1. 00
0. 5 2. 29
1. 0 4. 06
2. 5 9. 32

CNTL, CNTLINV OUTINV 0. 1 0. 71
0. 5 2. 07
1. 0 3. 87
2. 5 9. 17
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trist_inverter

10/2

10/2

18/2

18/2

IN

OUTINV

CNTL

CNTLINV
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl (ns) Tl h (ns) Thl (ns)

IN OUT CNTL=1, CNTLINV=0 0. 1 1. 28 1. 01 2. 16 1. 37
0. 5 2. 84 1. 90 6. 29 2. 95
1. 0 5. 23 3. 04 11. 92 5. 36
2. 5 12. 33 6. 60 28. 34 13. 40

CNTL, CNTLINV OUT 0. 1 0. 83 0. 46 2. 15 1. 49
0. 5 2. 72 1. 42 6. 32 3. 05
1. 0 5. 10 2. 59 11. 94 5. 21
2. 5 12. 18 6. 04 28. 29 13. 43
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trist_buffer

CNTLINV

CNTL

OUTIN

11/2

11/2

13/2

13/2

11/2

11/2
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NEXT 1, 2, ...,#

IN OUT

SHIFT, SHIFTBAR

sxdown#msb

where

#=1, 2, 4, 8, or 16
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MSB

OUTIN

signmag_msb
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scanregmx Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

LOAD/ OUT PHI2=1 PHI2INV=0 0. 10 1. 82 1. 90 1. 21 1. 22
LOADINV PHI1=1 PHI1INV=0 0. 50 2. 55 2. 79 2. 61 2. 59

NOCAPATMASTER 1. 00 3. 44 3. 80 4. 64 4. 43
2. 50 6. 13 6. 86 10. 90 10. 25

MASTER 1. 07 1. 10 1. 49 1. 28

PHI1 OUT PHI2=1 PHI2INV=0 0. 10 0. 87 1. 12 1. 25 1. 22
LOAD=1 LOADINV=0 0. 50 1. 64 1. 96 2. 68 2. 58
NOCAPATMASTER 1. 00 2. 53 2. 98 4. 65 4. 39

2. 50 5. 23 6. 02 10. 90 10. 25

PHI2/ OUT PHI1=1 PHI1INV=0 0. 10 0. 60 1. 38 1. 72 1. 20
PHI2INV V(2) LOAD=1 LOADINV=0 0. 50 1. 30 2. 28 2. 93 2. 58

NOCAPATMASTER 1. 00 2. 12 3. 30 4. 86 4. 43
2. 50 4. 73 6. 35 10. 94 10. 25

MASTER 0. 54 -0. 19 1. 45 4. 71

LOAD/ OUT PHI2=1 PHI2INV=0 0. 10 2. 16 2. 26 1. 33 1. 38
LOADINV V(2) PHI1=1 PHI1INV=0 0. 50 2. 93 3. 19 2. 72 2. 72

V(2) CAPATMASTER=. 1PF 1. 00 3. 82 4. 23 4. 71 4. 53
V(2) 2. 50 6. 50 7. 28 10. 91 10. 30

MASTER 1. 35 1. 37 1. 94 1. 68

PHI1/ OUT PHI2=1 PHI2INV=0 0. 10 0. 86 1. 07 1. 25 1. 22
PHI1INV LOAD=1 LOADINV=0 0. 50 1. 64 1. 94 2. 69 2. 61

CAPATMASTER=. 1PF 1. 00 2. 53 2. 97 4. 66 4. 42
2. 50 5. 23 6. 02 10. 90 10. 26

PHI2/ OUT PHI1=1 PHI1INV=0 0. 10 0. 83 1. 75 1. 47 1. 36
PHI2INV LOAD=1 LOADINV=0 0. 50 1. 59 2. 67 2. 96 2. 71

CAPATMASTER=. 1PF 1. 00 2. 44 3. 67 4. 82 4. 52
2. 50 5. 07 6. 75 10. 94 10. 30

MASTER 0. 82 0. 08 1. 92 4. 97
Note: Scan and Keep passgates are o� i n al l simul ati ons
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8/2

PHI2

PHI2INV

MASTER

SCANOUT

15/2

4/2
KEEPINV

KEEP

16/2

6/2

LOAD

LOADINV

SCANINV

SCAN

PHI1INV

PHI1

IN
OUT

SCANIN

scanregmx

15/2
8/2

7/2

12/2

12/2

17/2

8/2

10/2

8/2
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scanreg Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

LOAD/ OUT PHI1=1 PHI1INV=0 0. 10 1. 90 1. 85 1. 30 1. 24
LOADINV PHI2=1 PHI2INV=0 0. 50 2. 81 2. 73 3. 20 2. 56

NOCAPATMASTER 1. 00 3. 93 3. 74 5. 80 4. 42
2. 50 7. 35 6. 79 13. 74 10. 24

MASTER 1. 05 1. 10 1. 46 1. 27

PHI1/ OUT PHI2=1 PHI2INV=0 0. 10 0. 96 1. 02 1. 42 1. 19
PHI1INV LOAD=1 LOADINV=0 0. 50 1. 88 1. 89 3. 25 2. 58

NOCAPATMASTER 1. 00 3. 01 2. 91 5. 80 4. 38
2. 50 6. 43 5. 96 13. 75 10. 24

PHI2/ OUT PHI1=1 PHI1INV=0 0. 10 0. 75 1. 34 1. 62 1. 24
PHI2INV LOAD=1 LOADINV=0 0. 50 1. 62 2. 23 3. 48 2. 55

NOCAPATMASTER 1. 00 2. 68 3. 25 5. 91 4. 41
2. 50 6. 00 6. 30 13. 76 10. 25

MASTER 0. 54 -0. 14 1. 41 4. 76

LOAD/ OUT PHI2=1 PHI2INV=0 0. 10 2. 26 2. 19 1. 42 1. 37
LOADINV PHI1=1 PHI1INV=0 0. 50 3. 20 3. 13 3. 30 2. 70

CAPATMASTER=. 1PF 1. 00 4. 32 4. 17 5. 84 4. 51
2. 50 7. 73 7. 21 13. 76 10. 28

MASTER 1. 34 1. 37 1. 91 1. 67

PHI1/ OUT PHI2=1 PHI2INV=0 0. 10 0. 94 0. 98 1. 43 1. 18
PHI1INV LOAD=1 LOADINV=0 0. 50 1. 88 1. 88 3. 26 2. 60

CAPATMASTER=. 1PF 1. 00 3. 00 2. 91 5. 81 4. 41
2. 50 6. 43 5. 96 13. 75 10. 26

PHI2/ OUT PHI1=1 PHI1INV=0 0. 10 1. 03 1. 68 1. 69 1. 35
PHI2INV LOAD=1 LOADINV=0 0. 50 1. 92 2. 61 3. 41 2. 68

CAPATMASTER=. 1PF 1. 00 2. 99 3. 64 5. 94 4. 51
2. 50 6. 34 6. 69 13. 77 10. 29

MASTER 0. 81 0. 11 1. 89 5. 01
No t e : Scan and Keep passgates are o� i n al l simul ati ons



76

PHI2

PHI2INV

MASTER

SCANOUT

15/2

4/2
KEEPINV

KEEP

16/2

6/2

LOAD

LOADINV

SCANINV

SCAN

PHI1INV

PHI1

IN
OUT

SCANIN

scanreg

8/2

8/2

7/2

12/2

12/2

17/28/2

10/2 8/2
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scanmsl atchmx Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

SHIFT/ OUT SCANIN=1 (L-H) 0. 10 1. 44 1. 35 0. 75 0. 71
SHIFTINV SCANIN=0 (H-L) 0. 50 1. 96 1. 88 1. 77 1. 43

LOAD=0 LOADINV=1 IN=0 1. 00 2. 56 2. 43 3. 13 2. 36
PHI1=1 PHI1INV=0 2. 50 4. 36 3. 98 7. 34 5. 25

PHI1/ OUT SCANIN=1 (L-H) 0. 10 0. 76 0. 84 0. 76 0. 75
PHI1INV SCANIN=0 (H-L) 0. 50 1. 28 1. 36 1. 77 1. 46

LOAD=0 LOADINV=1 IN=0 1. 00 1. 88 1. 91 3. 13 2. 37
SHIFT=1 SHIFTINV=0 2. 50 3. 67 3. 46 7. 34 5. 25
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30/2

16/2

12/2

6/2

4/2

7/2

8/2

10/2

8/2

16/2

scanmslatchmx

SCANOUT

SCANIN

OUT

IN
PHI1

PHI1INV

SHIFT

SHIFTINV

LOADINV

LOAD
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scanmsl atch Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

SHIFT/ OUT LOADINV=1 LOAD=0 IN=0 0. 10 1. 42 1. 39 0. 72 0. 73
SHIFTINV SCANIN=1 (L-H) 0. 50 1. 90 1. 91 1. 63 1. 45

SCANIN=0 (H-L) 1. 00 2. 44 2. 47 2. 82 2. 38
PHI1=0 PHI1INV=1 2. 50 4. 03 4. 02 6. 56 5. 26

PHI1/ OUT LOADINV=1 LOAD=0 IN=0 0. 10 0. 76 0. 90 0. 74 0. 77
PHI1INV SCANIN=1 (L-H) 0. 50 1. 22 1. 41 1. 63 1. 47

SCANIN=0 (H-L) 1. 00 1. 76 1. 96 2. 82 2. 39
SHIFT=1 SHIFTINV=0 2. 50 3. 35 3. 51 6. 56 5. 26
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LOAD

LOADINV

SHIFTINV

SHIFT

PHI1INV

PHI1
IN

OUT

SCANIN

SCANOUT

scanmslatch

16/2

8/2

10/2

8/2

7/2

4/2

6/2

12/2

16/2

30/2
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saturator msb Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN OUTINV CNTL1=1, CNTL2=0 0. 10 5. 09 4. 98 4. 54 4. 11
0. 50 16. 60 16. 18 12. 25 10. 52
1. 00 30. 71 30. 42 21. 80 18. 17
2. 50 71. 07 73. 22 53. 08 42. 58

CNTLOUT1 CNTL1=1, CNTL2=0 0. 10 1. 51 0. 92 2. 87 1. 57
0. 50 4. 66 2. 57 10. 14 5. 20
1. 00 8. 55 4. 68 19. 07 9. 00
2. 50 20. 19 10. 90 45. 92 20. 68

CNTLOUT2 CNTL1=1, CNTL2=0 0. 10 3. 63 3. 06 5. 77 3. 49
0. 50 11. 93 10. 20 20. 09 10. 85
1. 00 22. 26 18. 71 37. 51 18. 68
2. 50 53. 09 41. 94 90. 00 43. 75

CNTL1 OUTINV IN=0, CNTL2=0 0. 10 3. 08 4. 12 3. 51 3. 44
0. 50 10. 20 12. 91 11. 72 10. 47
1. 00 18. 90 24. 34 21. 48 18. 16
2. 50 45. 18 58. 48 51. 27 43. 00

CNTLOUT2 IN=0, CNTL2=0 0. 10 2. 89 1. 36 6. 53 2. 57
0. 50 8. 82 3. 95 19. 85 8. 27
1. 00 16. 19 7. 20 37. 16 14. 50
2. 50 38. 37 16. 96 88. 86 34. 56

CNTL2 OUTINV IN=0, CNTL1=0 0. 10 2. 46 4. 24 2. 66 3. 42
0. 50 8. 35 13. 06 10. 68 10. 45
1. 00 15. 12 24. 49 19. 83 18. 18
2. 50 35. 90 58. 69 48. 13 42. 85

CNTLOUT2 IN=0, CNTL1=0 0. 10 2. 99 1. 06 6. 54 1. 94
0. 50 8. 96 2. 71 19. 83 5. 52
1. 00 16. 34 4. 82 37. 17 9. 28
2. 50 38. 55 11. 02 88. 85 20. 90
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saturator_msb

IN

CNTL1

CNTL2

CNTL2

OUTINV

CNTLOUT2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

CNTL1

CNTLOUT1 (X)
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saturator Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN, CNTL1 OUTINV CNTL1=0, CNTL2=0 0. 10 2. 76 1. 30 5. 76 2. 30
0. 50 8. 71 3. 89 19. 45 8. 08
1. 00 16. 07 7. 14 36. 70 14. 29
2. 50 38. 26 16. 90 88. 36 34. 42

CNTL2 OUTINV IN=0, CNTL1=0 0. 10 2. 14 1. 03 4. 51 1. 78
0. 50 6. 70 2. 68 14. 70 5. 39
1. 00 12. 27 4. 79 27. 37 9. 17
2. 50 28. 96 11. 00 66. 15 20. 80
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saturator

4/2

4/2

IN CNTL1

CNTL2

CNTL2

OUTINV

4/2

4/2

4/2

4/2

CNTL1
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl (ns) Tl h (ns) Thl (ns)

OEN, OENINV OUT 0. 1 N/A 0. 30 N/A 1. 33
0. 5 N/A 0. 83 N/A 1. 91
1. 0 N/A 1. 35 N/A 2. 98
2. 5 N/A 2. 91 N/A 6. 98
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regzero

12/2

12/2

OENINV

OEN

OUT
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl (ns) Tl h (ns) Thl (ns)

OEN, OENINV OUT 0. 1 0. 46 1. 58
0. 5 1. 03 3. 16
1. 0 1. 64 5. 33
2. 5 3. 48 12. 03
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regone

OUT

OEN

OENINV

12/2

12/2
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mux2to1 Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN1, SEL1 OUT IN2=0, SEL1=1, SEL2=0 0. 10 2. 25 1. 86 2. 09 1. 65
0. 50 6. 36 5. 24 6. 83 5. 58
1. 00 11. 23 9. 47 11. 84 8. 55
2. 50 25. 75 21. 92 25. 71 18. 62

OUTINV IN2=0, SEL1=1, SEL2=0 0. 10 1. 30 1. 35 2. 57 2. 35
0. 50 3. 05 3. 06 6. 78 6. 09
1. 00 5. 23 5. 24 11. 55 10. 09
2. 50 11. 72 11. 54 26. 49 23. 52

IN2, SEL2 OUT IN1=0, SEL1=0, SEL2=1 0. 10 1. 96 1. 56 1. 58 1. 19
0. 50 6. 03 4. 63 6. 76 4. 95
1. 00 10. 83 8. 39 11. 65 8. 42
2. 50 25. 38 19. 71 25. 59 17. 68

OUTINV IN1=0, SEL1=0, SEL2=1 0. 10 1. 01 1. 10 2. 14 2. 04
0. 50 2. 49 2. 78 5. 25 5. 78
1. 00 4. 39 4. 96 9. 61 9. 81
2. 50 9. 82 11. 26 22. 75 23. 08
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SEL2SEL1

6/2

6/2

7/2

9/2

10/2

6/2

6/2

10/2

10/2

OUT

IN2

SEL1

IN1

SEL2

14/2

OUTINV

mux2to1
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i sozero Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

ZERO/ OUT IN=0 (H-L) 0. 10 0. 91 0. 81 2. 22 1. 34
ZEROINV IN=1 (L-H) 0. 50 2. 37 2. 45 7. 71 4. 26

1. 00 4. 30 4. 51 14. 89 8. 24
2. 50 10. 14 10. 73 36. 62 20. 24
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4/2
4/2

4/2

OUTIN

ZEROINV

ZERO

ZERO

isozero
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i soi nvzero Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN OUT CNTL2=0 CNTL1=1 0. 10 2. 36 2. 38 0. 85 1. 10
0. 50 4. 34 6. 02 2. 68 3. 85
1. 00 6. 69 10. 59 5. 14 7. 37
2. 50 13. 50 24. 28 12. 28 17. 74

OUTINV 0. 10 1. 74 1. 94 2. 39 1. 31
0. 50 3. 73 2. 93 7. 07 2. 74
1. 00 6. 25 4. 02 12. 99 4. 66
2. 50 13. 78 7. 08 30. 79 10. 39

CNTL2 OUT CNTL1=1 IN=1 0. 10 1. 07 1. 87 0. 79 1. 10
Both OUTand 0. 50 2. 91 5. 48 2. 64 3. 85
OUTINVl oaded 1. 00 5. 18 10. 02 5. 11 7. 37

2. 50 11. 98 23. 70 12. 28 17. 74

OUTINV 0. 10 1. 22 0. 67 2. 44 1. 18
0. 50 3. 19 1. 51 7. 06 2. 52
1. 00 5. 69 2. 51 12. 98 4. 46
2. 50 13. 20 5. 56 30. 80 10. 28
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OUT

19/2

8/2

isoinvzero

3/2

6/2

3/2

IN

CNTL1

OUTINV

CNTL2

6/2 6/2

6/2

6/2

6/2

12/2

12/2

8/2 8/2

6/2

6/2

6/2

6/2
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i nvpass Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN OUT CNTL=1 0. 10 1. 38 0. 66 2. 83 1. 46
0. 50 3. 53 1. 60 8. 15 3. 39
1. 00 6. 30 2. 77 14. 44 5. 97
2. 50 14. 50 6. 23 33. 72 13. 00

CNTL OUT IN=1 0. 10 1. 37 0. 69 2. 57 1. 48
0. 50 3. 55 1. 65 7. 86 3. 41
1. 00 6. 32 2. 82 14. 13 5. 72
2. 50 14. 52 6. 28 33. 41 13. 00
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6/2

6/2

3/2

3/2

10/2

10/2

11/2

11/2

11/2

11/211/2

11/2

CNTL

IN

invpass

OUT
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Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load (pF) Tpl h (ns) Tphl (ns) Tl h (ns) Thl (ns)
IN OUTINV 0. 1 0. 81 0. 81 1. 60 1. 45

0. 5 2. 36 2. 49 4. 87 4. 60
1. 0 4. 38 4. 40 9. 00 8. 27
2. 5 10. 24 10. 79 23. 35 20. 61
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4/2

8/2

IN OUTINV

inverter



53

i nv2to1muxzero Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN1, SEL1 OUTINV IN2=0, SEL1=1, SEL2=0, ZERO=0 0. 10 3. 34 1. 41 7. 24 2. 74
0. 50 10. 69 4. 03 23. 72 7. 91
1. 00 19. 73 7. 29 45. 02 14. 63
2. 50 46. 89 17. 07 109. 00 34. 66

IN2, SEL2 OUTINV IN1=0, SEL1=0, SEL2=1, ZERO=0 0. 10 3. 02 1. 20 6. 91 2. 20
0. 50 10. 27 3. 78 23. 45 7. 84
1. 00 19. 39 7. 03 44. 85 14. 02
2. 50 46. 69 16. 78 109. 00 34. 25

ZERO OUTINV IN1=0, IN2=0, SEL1=0, SEL2=0 0. 10 2. 55 0. 96 5. 05 1. 61
0. 50 8. 45 2. 62 18. 84 4. 69
1. 00 15. 70 4. 73 35. 81 9. 09
2. 50 37. 49 10. 94 86. 72 20. 74
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inv2to1muxzero

4/2 4/2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

4/2

ZERO

ZERO

SEL2

SEL1

IN2

IN2

OUTINV

SEL1

IN1
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i nv2to1muxone Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

IN1, SEL1 OUTINV IN2=0, SEL1=1, SEL2=0, ONE=1 0. 10 2. 04 1. 56 4. 23 3. 06
0. 50 5. 76 4. 43 12. 30 9. 18
1. 00 10. 39 7. 99 23. 11 16. 59
2. 50 24. 20 18. 53 55. 39 39. 24

IN2, SEL2 OUTINV IN1=0, SEL1=0, SEL2=1, ONE=1 0. 10 2. 04 1. 34 4. 36 2. 61
0. 50 6. 27 4. 14 13. 86 8. 83
1. 00 11. 57 7. 72 25. 97 16. 26
2. 50 27. 33 18. 29 62. 62 38. 91

ONE OUTINV IN1=1, IN2=0, SEL1=1, SEL2=0 0. 10 1. 54 1. 47 3. 29 3. 05
0. 50 4. 70 4. 31 10. 56 9. 18
1. 00 8. 59 7. 86 19. 33 16. 57
2. 50 20. 20 18. 42 46. 23 39. 23
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IN2

5/2

ONE

ONE

5/2

IN1

SEL1

OUTINV

SEL2

IN2

SEL1

SEL2

5/2

5/2

5/2

5/2

5/2

5/2

inv2to1muxone

4/2

4/2
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i nconmx other Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

CNTL1/ OUT IN=0 CNTL4=0 0. 10 1. 52 1. 32 1. 25 0. 89
CNTL2 CNTL3=1 0. 50 2. 92 2. 36 4. 36 2. 57

1. 00 4. 67 3. 50 8. 39 4. 76
2. 50 9. 89 7. 02 20. 57 11. 50

CNTL3 OUT CNTL1=1 CNTL2=0 0. 10 1. 55 1. 35 1. 25 0. 89
CNTL4=0 IN=0 0. 50 2. 95 2. 38 4. 37 2. 56

1. 00 4. 69 3. 52 8. 39 4. 75
2. 50 9. 91 7. 04 20. 56 11. 49

IN OUT CNTL1=0 CNTL2=1 0. 10 1. 23 1. 08 1. 17 0. 81
CNTL3=0 CNTL4=0 0. 50 2. 63 2. 06 4. 32 2. 48

1. 00 4. 37 3. 19 8. 37 4. 70
2. 50 9. 60 6. 70 20. 55 11. 48
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OUT

19/2

7/2

inconmx_other

6/2

6/2

10/2

6/2

6/2

10/2

10/2
IN

CNTL1

CNTL2

CNTL3

10/2
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i nconmx l sb Leaf cel l Propagati on Del ays
IN OUT Condi ti ons Load Tpl h Tphl Tl h Thl

CNTL1/ OUT CNTL3=0 CNTL4=1 0. 10 1. 52 1. 32 1. 25 0. 89
CNTL2 IN=0 0. 50 2. 92 2. 36 4. 36 2. 57

1. 00 4. 67 3. 50 8. 39 4. 76
2. 50 9. 89 7. 02 20. 57 11. 50

CNTL4 OUT CNTL1=1 CNTL2=0 0. 10 1. 55 1. 35 1. 25 0. 89
CNTL3=0 IN=0 0. 50 2. 95 2. 38 4. 37 2. 56

1. 00 4. 69 3. 52 8. 39 4. 75
2. 50 9. 91 7. 04 20. 56 11. 49

IN OUT CNTL1=0 CNTL2=1 0. 10 1. 23 1. 08 1. 17 0. 81
CNTL3=0 CNTL4=0 0. 50 2. 63 2. 06 4. 32 2. 48

1. 00 4. 37 3. 19 8. 37 4. 70
2. 50 9. 60 6. 70 20. 55 11. 48
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Leafcell Circui t Di agrams

Thi s documentati oncontai ns the transi stor- l evel ci rcui t di agrams f or the l eaf cel l s used i n the
bl ocks descri bed i n the previ ous secti ons, as wel l as simul ati on resul ts f or cel l perf ormance
under vari ous l oadi ng condi ti ons.

In general , the l oads chosen were 0. 1, 0. 5, 1. 0, and 2. 5 pF, pl aced at the outputs of the
l eaf cel l s. Suppl y vol tages were set a 5V; i nputs were pul sed between l owto hi gh val ues wi th
2nsec ri se/f al l times. In cases where the l eaf cel l s are to be cascaded i n mul ti pl e stages (eg.
the adder), output l oadi ng was al so simul atedwi th the i nput gate capaci tance of the "next"
stage.

For the tabl es, al l "Load" val ues are i n pF, al l time val ues are i n nsec. The i nterpretati on
of the del ay val ues i s as f ol l ows:

� Tpl h: time f rom50% at the i nput (2. 5V) to 50%of ri se at the output (2. 5V)

� Tphl : time f rom50%at the i nput (2. 5V) to 50%of f al l at the output (2. 5V)

� Tl h : time f rom10%to 90%ri se at the output (. 5Vto 4. 5V)

� Thl : time f rom10%to 90%fal l at the output (4. 5Vto . 5V)

Al l simul ati ons were done wi th the SPICEci rcui t simul ator. The f ol l owi ng spi ce model
was used:

*

* Typical model

*

.option reltol=.01 abstol=1.0e-8 pivtol=1e-18 vntol=1mv chgtol=1e-11

+ gmin=1e-8 limtim=500 cptime=900 limpts=1000

+ tnom=65 nomod lvltim=1

.width out=80

* remove LDEL and WDEL from models

* and add their values to the L and W of all devices.

*

.model n nmos level=2 vto=0.7 tox=490e-10 nsub=4.5e15 xj=0.35e-6 ld=0.31e-6

+ uo=690 ucrit=0.82e5 uexp=0.16 vmax=5.0e4 neff=4.4 delta=3.6 rsh=22

+ cgso=2.20e-10 cgdo=2.2e-10 cj=90e-6 cjsw=675e-12 mj=0.45 mjsw=0.35 pb=0.60

*+ ldel=-0.1e-6

*+ wdel=-0.90e-6

*

.model p pmos level=2 vto=-0.7 tox=490e-10 nsub=4.3e15 xj=0.10e-6 ld=0.4e-6

+ uo=255 ucrit=0.71e5 uexp=0.28 vmax=3.2e4 neff=2.7 delta=0.95 rsh=86

+ cgso=2.8e-10 cgdo=2.8e-10 cj=195e-6 cjsw=385e-12 mj=0.51 mjsw=0.36 pb=0.70

*+ ldel=-0.1e-6

*+ wdel=-0.90e-6

*

.end
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