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Ripple Effects in S21
Gopakumar P arame s w aran
J e f f  C ai n
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C o ntents

• Description of the problem
• R ipple effect ex a mples in both freq u ency  a nd  time 
d oma in

• R ipple recommend a tions
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P r o b lem

• T he ca pa citiv e effects of the ba ck pla ne connector 
v ia s set u p reflected  w a v es tha t ca u se ripple in the 
S 2 1

• T his ripple correspond s d irectly  to time d oma in 
issu es in the impu lse response

• T his stu d y  is a  simu la tion u sing  A DS softw a re
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Sim plified  m o d el

L i n e c ard B ac kpl an e L i n e c ard

2  ma in method s for a ltering  ripple:
C ha ng e v ia / connector ca pa cita nce
C ha ng e loss ta ng ent for B P  ma teria l
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Q u ick  sim r esu lts

• B y  c h an g i n g  l os s  t an g e n t

R e f l e c t i on  rat i o 
( % )

R i ppl e  A mpl i t ud e  
( d B )

L os s  t an g e n t

3 . 32. 05
6 . 73 . 8. 02
1 0. 95 . 6. 01
1 3 . 570. 005
1 6 . 38. 50. 001
1 7. 1 290

C ap= 2. 7pF  L e n g t h  = ? ? ?
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Q u ick  sim r esu lts

• C h an g i n g  c apac i t an c e :

R e f l e c t i on  rat i o 
( % )

R i ppl e  A mpl i t ud e  
( d B )

C apac i t an c e  ( pF )

1 5 . 482. 5
1 2. 87. 22. 0
1 0. 05 . 71 . 5
6 . 43 . 71 . 0
2. 31 . 40. 5
000

e r= 0. 001  L e n g t h  = ? ? ?
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C h a ng ing  lo ss ta ng ent
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C h a ng ing  ca pa cita nce
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Conclusions

• Ripple in S21 causes time domain effects that are 
outside the tap w indow  for this solution

Where this noise occurs is related to the length of the 
b ack p lane trace
T his is true ev en if y ou are ab ov e the inform ativ e S 2 1  lim it

• Recommendation – consider this ripple as part of 
the total noise 

R ip p le +  C ross T alk  +  J itter
• F irst SW A G  - ~ 5 dB  of ripple should b e accounted


