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Abstract 
S erDes di fferenti al pai rs operati ng  i n the mu lti -G H z  rang e are replaci ng  slow er 

sou rce sy nchronou s i nterfaces i n many  hi g h-end di g i tal appli cati ons. I deal di fferenti al 
pai r si g nali ng  can prov i de common mode noi se rej ecti on and ov erall redu cti on i n E M I . 
H ow ev er on a real PC B  tru e di fferenti al si g nali ng  i s di ffi cu lt to achi ev e. Di fferent lay ou t 
techni q u es su ch as bends, lay er transi ti ons, rou ti ng  ov er anti pads, etc., create u nbalances 
w i thi n the di fferenti al pai r. A t G bps operati ng  speeds or G H z  clock  freq u enci es, small 
lay ou t i mperfecti ons su ch as bends or sk ew  cau se i mpedance mi smatch and can create 
u ndesi red local modes and common mode cu rrent that contri bu te to E M I . C omprehensi v e 
and detai led E M I  lay ou t ru les for rou ti ng  hi g h-speed S erDes di fferenti al pai rs are q u asi  
non-ex i stent. A s a resu lt, there i s a strong  need to create a new  set of lay ou t ru les to better 
control the E M I  of i nterfaces ru nni ng  at G H z  freq u enci es. I n thi s paper, u si ng  a fu ll w av e 
E M  nu meri cal tool, w e i nv esti g ate the E M I  cau sed by  v ari ou s lay ou t i mperfecti ons, and 
di scu ss a methodolog y  that w i ll help E M C  eng i neers compare and contrast addi ti onal 
lay ou t i mperfecti ons to dev elop thei r ow n E M C  lay ou t g u i deli nes for S erDes di fferenti al 
pai rs.  
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I nc. su pporti ng  C i sco' s G S B U  and C S I B U  for C ataly st 4000 seri es and S y pi x x  produ cts 
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S e ctio n  I   
I n tro d u ctio n  
 

S erDes di fferenti al pai rs are replaci ng  sou rce sy nchronou s i nterfaces i n many  
hi g h end di g i tal appli cati ons. Di fferenti al pai r si g nali ng  operati ng  i n the G H z  rang e 
(X A U I , X F I , etc) w i ll soon be the si g nali ng  protocol of choi ce betw een back plane and 
li necards, betw een A S I C s themselv es, betw een A S I C s and thei r memori es, and betw een 
A S I C s and front-end transcei v ers su ch as S F P+  and C F P.  

 
I deal di fferenti al si g nali ng  offers common mode noi se rej ecti on as w ell as 

redu ced E M I  lev els. H ow ev er, tru e di fferenti al si g nali ng  i s di ffi cu lt to achi ev e on 
practi cal PC B ’s. A t G H z  freq u enci es, small lay ou t i mperfecti ons, su ch as mi tered 90 
deg ree bends or v i a transi ti ons, cau se u nbalance w i thi n the di fferenti al pai r. S u ch lay ou t 
i mperfecti ons may  g enerate u ndesi red common mode cu rrents w hi ch may  contri bu te to 
E M I . S i nce a S erDes di fferenti al pai r may  hav e a mu lti tu de of small lay ou t 
i mperfecti ons, and there cou ld easi ly  be doz ens or ev en hu ndreds of di fferenti al pai rs i n a 
PC B  (and sev eral PC B s i n a chassi s), the ag g reg ate ex tra E M I  emi ssi on g enerated by  
these i mperfecti ons i n a sy stem may  decrease radi ated emi ssi on compli ance marg i ns or 
cau se non-compli ance. H ence these mu lti -G H z  S erDes i nterfaces w i th harmoni cs that can 
ex tend u p to 40 G H z  need to be carefu lly  rou ted to control sy stem lev el E M I .  
 

F rom a practi cal poi nt of v i ew , rou ti ng  di fferenti al pai rs w i th some deg ree of 
lay ou t i mperfecti on i s u nav oi dable. I ncreased nu mber of A S I C ’s, hi g her board densi ti es 
and ev er more ag g ressi v e cost redu cti ons w i ll force rou ti ng  w i th some i mperfecti ons. 
M ost of these small lay ou t i mperfecti ons can v ery  w ell be accepted by  the S i g nal 
I nteg ri ty  commu ni ty  si nce si g nal enhanci ng  mechani sms su ch as A dapti v e Deci si on 
F eedback  E q u ali z ati on (DF E ) and Pre-emphasi s ex i st.  H ow ev er the E M C  eng i neers may  
not be able to neg lect these lay ou t i mperfecti ons si nce they  can i ncrease E M I  and they  
mu st compensate elsew here i n the sy stem i f these new  E M I  lev els become u nacceptable.  

 
A s a resu lt, the new  rou ti ng  ru les mu st mi ni mi z e E M I  emi ssi on from S erDes 

di fferenti al pai rs w i thou t ov er-constrai ni ng  the rou ti ng . C u rrently , comprehensi v e and 
detai led E M I  lay ou t ru les for rou ti ng  hi g h-speed S erDes di fferenti al pai rs are q u asi  non-
ex i stent. E M C  eng i neers rely  mostly  on old desi g n ru les that w ere desi g ned for common 
clock  or sou rce sy nchronou s i nterfaces operati ng  i n the M H z  rang e. S ome ex amples of 
these ru les are:  av oi d rou ti ng  across a moat, alw ay s reference a trace to a g rou nd plane, 
prov i de a conti nu ou s retu rn g rou nd retu rn path, etc.  A lthou g h these ru les are sti ll 
appli cable, there i s a need to complement these ru les w i th a new  set of ru les desi g ned for 
i nterfaces ru nni ng  at G H z  freq u enci es. 
  

E M I  emi ssi on from mi smatches i n hi g h-speed di fferenti al si g nal and traces and 
cables has been i nv esti g ated i n [ 1] . The au thors i nv esti g ated the common mode cu rrent 
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g enerated du e to delay  sk ew  and asy mmetri es i n transmi tter ri se and fall ti mes. The 
compu ted common mode v oltag e i s u sed to predi ct the E M I  performance of the hi g h-
speed si g nals and cables. Radi ati on from transmi ssi on li ne i nterconnects had recei v ed 
attenti on i n the past [ 2 - 4] .  Radi ati on characteri sti cs du e to acu te bend i n a mi crostri p 
transmi ssi on li ne w ere analy z ed and compared w i th the ex peri mental resu lts i n [ 5] . The 
Radi ati on L oss from a bent transmi ssi on li ne i s stu di ed u si ng  M ethod of M oment (M oM ) 
i n [ 6] . I t w as fou nd that the transmi ssi on li ne w i th a ri g ht ang led bend had the least 
radi ati on w hen compared to other ty pe of bends.  
   
 I n thi s paper w e stu dy  the radi ati on cau sed by  sev eral lay ou t i mperfecti ons i n a 
hi g h-speed di fferenti al li ne. The nu meri cal i nv esti g ati on i s carri ed ou t u si ng  M i crow av e 
S tu di oTM, a Ti me-Domai n fu ll w av e E M  solv er dev eloped by  C S TTM.  A  100 ohm 
di fferenti al li ne w as modeled w i th a stack u p as show n i n F i g  1. F or all cases w i th 
i ndi v i du al i mperfecti ons i n thi s paper, the total leng th of the di fferenti al pai r w as k ept 
constant at 4000 mi ls.  I n order to captu re the radi ati on from the transmi ssi on li ne the 
open bou ndary  condi ti on w as u sed i n ou r si mu lati on and w e si mu lated from 1 to 40 G H z . 
O u r analy ses w ere performed by  calcu lati ng  the total radi ated pow er (TRP) from the 
stru ctu re. The defau lt G au ssi an pu lse w as u sed i n ou r si mu lati ons. The total radi ated 
pow er w as normali z ed to the i npu t sou rce to ensu re eq u al i npu t energ y  i n the si mu lated 
freq u ency  rang e of 1 – 40 G H z . S i nce the total leng th i s k ept constant i n ev ery  case (4000 
mi ls), and the i npu t pow er i s alw ay s the same, i t i s possi ble to compare the lay ou t 
i mperfecti ons accordi ng  to how  mu ch E M I  they  contri bu te at speci fi c freq u enci es.  We 
selected 10.3, 12.5 and 20.3 G H z  si nce these are harmoni cs of freq u ently  u sed S erDes 
data rates.   
 

 
Figure 1 P h y s ic a l  d im en s io n s  

 
We reli ed ex tensi v ely  on scri pti ng  to au tomate ou r w ork .  M A TL A B TM i s capable 

of i nterfaci ng  and controlli ng  M i crow av e S tu di oTM’s V i su al B asi c A ppli cati on macro 
lang u ag e throu g h A cti v eX  and C omponent O bj ect M odels. Thu s, M A TL A B TM scri pts 
w ere employ ed to au tomate the si mu lati ons and to g enerate the plots. F i rst, M i crow av e 
S tu di oTM models w ere parameteri z ed w i th g lobal v ari ables for all phy si cal di mensi ons, 
su ch as the w i dth and the thi ck ness of the di fferenti al pai r. Then, M A TL A B TM scri pts 
controlled M i crow av e S tu di oTM to ru n a seri es of si mu lati ons w i th di fferent parameter 
v alu es pre-prog rammed to the scri pt. A fter each si mu lati on, the scri pt read the 
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M i crow av e S tu di oTM formatted resu lts and ex tracted the i nformati on on the radi ati on 
pattern. F i nally , di fferent post-processi ng  M A TL A B TM scri pts w ere u sed to read the data 
and to produ ce the plots. Wi th the scri pts, si mu lati on resu lts w ere stored after each 
si mu lati on au tomati cally , thu s si mu lati ons cou ld be ru n i ncessantly  and redu ced the 
si mu lati on ti me. 
 
 

I n secti on I I  w e compare the radi ati on from a si mple strai g ht di fferenti al li ne 
u si ng  three di fferent commerci al tools.  I n secti on I I I  w e present the di fferent di fferenti al 
lay ou t i mperfecti ons w e stu di ed 

 
 

1. Di fferent ty pes of bends and arcs 
2. A dj acent di fferenti al pai rs 
3. I ntra-L ay er S k ew  
4. U nbalanced padstack  
5. A  di fferenti al pai r ov er anti -pads 
 

S e ctio n  I I  
C o n f id e n ce  C h e ck  
 

I n thi s secti on w e stu dy  the Total Radi ated Pow er for a si mple 100 ohm 
di fferenti al li ne of leng th 500 mi ls u si ng  three di fferent 3-D fu ll-w av e nu meri cal E M  
tools:  C S TTM M i crow av e S tu di oTM, A nsoftTM H F S S TM and C S TTM’s M i croS tri pesTM.  
The phy si cal di mensi ons and the electri cal parameters u sed i n ou r si mu lati ons are li sted 
i n Draw i ng  1 (w e u sed a mi crostri p di fferenti al pai r for the confi dence check ). The 
pu rpose of thi s stu dy  i s to crosscheck  the si mu lati on setu p.  These tools u se di fferent 
nu meri cal analy si s techni q u es, F i ni te I nteg ral Ti me Domai n (F I TD), F i ni te E lement 
M ethod (F E M ), and Transmi ssi on L i ne M atri x  (TL M ), respecti v ely .  The i npu t pow ers i n 
to the ports for each tool w ere k ept constant to 1 W.  The total radi ated pow er v / s 
freq u ency  i s plotted i n F i g u re 2. . The resu lts obtai ned from the C S T tools correlate 
w i thi n 3 dB  of each other for the freq u ency  rang e of 1 – 40 G H z .   
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Figure 2 .  T o t a l  R a d ia t ed  P o w er v / s  Freq uen c y  f o r a  s t ra igh t  4 in c h  10 0  Ω  D if f eren t ia l  L in e  
c a l c ul a t ed  us in g C S T  M ic ro s t rip es TM ,  A n s o f t  H FS S TM a n d  C S T  M ic ro w a v e S t ud io TM 

 
 
 

 
S e ctio n  I I I  
 
S tu d ie s o f  L ay o u t I m p e rf e ctio n s 
 
The effects of bends 

I n thi s secti on w e stu dy  the relati v e i ncrease i n TRP cau sed by  v ari ou s ty pes of 
bends li k e 45, 90 deg ree and arcs as show n i n F i g u re 3.  I t i s safe to say  that a “90 
deg ree” tu rn as show n i n F i g  3a i s seldom u sed and as a resu lt i t i s neg lected i n thi s stu dy .  
The ou ter corner of the “pseu do-mi tered 90 deg ree” bend (F i g . 3b) i s mi tered (formi ng  
tw o su ccessi v e 45 deg ree bends), w hi le the i nner seg ment i s not (some C A D tools may  
report a small 45 deg ree i nner seg ment bu t for all practi cal pu rposes a 90 deg ree ang le i s 
formed).   I n the “mi tered 90 deg ” bend case (F i g . 3c) both the i nner and the ou ter corners 
are mi tered.  F i nally , i t i s also possi ble to u se an arc to create a 90 deg ree bend (F i g . 3d).   
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Figure 3.  V a rio us  t y p es  o f  b en d s  in  a  l o o p  c o n f igura t io n : ( a )  90  d egree b en d ,  ( b )  P s eud o -m it ered  90  

d egree b en d ,  ( c )  M it ered  90  d egree b en d  a n d  ( d )  90  d eg a rc  b en d  
 
 
I n thi s secti on w e stu dy  a speci al case of bend transmi ssi on li ne i n w hi ch the 

di fferenti al pai rs si destep an obstacle on the PC B  u si ng  tw o su ccessi v e and opposi te 
bends as show n i n F i g  4. The leng th di fference betw een the posi ti v e and neg ati v e li ne of 
the di fferenti al pai r i s z ero si nce the tw o opposi te tu rns cancel any  sk ew . The si destep 
transmi ssi on li ne i s composed of 5 seg ments a to e, see F i g . 4. We v ari ed the leng th of 
the tw o eq u al seg ments b &  d from 10 mi ls to 690 mi ls. S i nce the ov erall leng th of the 
transmi ssi on li ne and also the v erti cal di stance betw een secti ons a &  e w ere k ept 
constant, the leng th of the seg ment v ari ed from 985.86 mi ls to 15 mi ls. The tw o 45 
deg ree bend model consi sted of secti ons b and d of leng th 707.1 mi ls w i th leng th of 
seg ment c eq u al to z ero. 

 
 

  
 

Figure 4: V a rio us  s id es t ep s  c a s es  
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( a)  

 
( b)  

Figure 5.  ( a )  T R P  f o r v a rio us  m it ered  s id e s t ep ed  b en d s ,  ( b )  T R P  n o rm a l iz ed  t o  t h e ‘ t w o  45 d eg’  c a s e 
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The total radi ated pow er for the v ari ou s si de step cases are plotted i n F i g . 5a. The TRP 
normali z ed to the ‘tw o 45 deg ’ case i s show n i n F i g  5b. The tw o plots show  that the case 
w i th the tw o 45 deg ree bends has mu ch low er TRP than the case w i th the tw o mi tered 90 
deg ree bends.  The di fference i s abou t 8 dB  at 10.3 G H z  and 10 dB  at 20 G H z . A s w e 
i ncrease the mi tered leng th from 10 mi ls to 100 mi ls the TRP decreases. A s the electri cal 
leng th i ncreased of seg ment b and d there i s less cou pli ng  betw een the di sconti nu i ti es 
cau sed du e to the 4 bends resu lti ng  i n redu cti on of the total radi ated pow er. A t 690 mi l 
seg ment c i s electri cally  v ery  small cau si ng  less radi ati on compared to other cases. 

 
I n many  cases a di fferenti al pai r has to be rou ted arou nd an obstacle (su ch as a 

capaci tor for ex ample) on the PC B . We refer to su ch a di fferenti al pai r as a “J og g i ng  
Di fferenti al Pai r”.  I n thi s part w e i nv esti g ate the benefi ts of remov i ng  as many  bends as 
possi ble from a di fferenti al pai r ei ther by  relocati ng  the obstacle or by  planni ng  ahead to 
av oi d bends for ex ample.  I n the nex t stu dy  w e compare fou r 45 deg ree bends to a 
strai g ht li ne as show n i n F i g  6.   The 45 deg ree bends w as prev i ou sly  show n to be the 
case w i th the low est amou nt of TRP compared to mi tered 90 deg ree bends.  I n both cases 
the ov erall leng th i s sti ll 4000 mi ls. The total radi ated pow er (F i g u re 7) of the strai g ht 
li ne i s 6 dB  and 14 dB  low er at 10 and 20 G H z  respecti v ely  compared to the j og  case. 

 

 
Figure 6:  A  d if f eren t ia l  t ra n s m is s io n  l in e w it h  f o ur 45 d egree b en d s  
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Figure 7: T R P  o f  a  s t ra igh t  l in e a n d  a  f o ur 45 d eg b en d  t ra n s m is s io n  l in e 

 
 

F i nally , w e i nv esti g ate the effects of replaci ng  a mi tered 90 deg ree bend (F i g u re 3c) w i th 
i ts correspondi ng  arc radi u s (F i g u re 3d).  The relati onshi p can be descri bed as follow s:  i f 
the i nner seg ment leng th i s x , then the radi u s of the center of i nner trace i s 
x / (2* tan(pi / 8))= 1.207x , so a 15mi l mi ter seg ment leng th conv erts to a 18.1mi l radi u s.  I n 
all cases the j og  i s composed of fou r tu rns (ov erall sk ew  i s sti ll z ero).  The TRP for the 
mi tered as w ell as the bend cases are plotted i n F i g u re 8. F i g u re 9 show s the TRP of the 
mi tered cases normali z ed to thei r correspondi ng  arc cases. F or ex ample, the resu lts from 
the 20 mi ls case w i th the arc are su btracted from the resu lts from the mi tered case w i th 20 
mi ls. The resu lts show  a modest i mprov ement of u si ng  arcs ov er mi tered 90 deg ree 
bends.  
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Figure 8 : T o t a l  ra d ia t ed  p o w er o f  m it ered  a n d  t h e a c r b en d s  

 

 
Figure 9: T o t a l  ra d ia t ed  p o w er o f  m it ered  b en d s  n o rm a l iz ed  t o  t h e c o rres p o n d in g a rc  a n d  b en d s  
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The i nfl u ence of a n a dj a cent p a r a l l el  di ffer enti a l  p a i r   
 
I n thi s secti on w e i nv esti g ate the radi ati on cau sed by  the prox i mi ty  of adj acent 
di fferenti al transmi ssi on li nes. We rou ted tw o parallel di fferenti al pai rs, one acti v e and 
the other passi v e, and si mu lated the tw o pai rs at v ari ou s di stances from one another (ai r 
g ap measu rements), as show n i n F i g . 10.  The di stance betw een the di fferenti al pai rs w as 
v ari ed from 15 to 60 mi ls. F i g . 11 show s the relati v e i ncrease i n TRP at v ari ou s 
separati ons normali z ed to the case w here the passi v e pai r i s non-ex i stent.  I n other w ords, 
any  v alu e abov e 0 dB  show s the deg radati on i n TRP w i th respect to the i deal case. When 
the spaci ng  w as 60 mi ls aw ay  the TRP chang e i s i nsi g ni fi cant.  H ow ev er, the TRP 
i ncreases by  u p to 4 dB  at 10.3 G H z , by  almost 2 dB  at 12.5 G H z , and by  1 dB  at 20.6 
G H z  as the g ap betw een the tw o pai rs decreases to 15 mi ls.  A t freq u enci es abov e 25 
G H z , the i ncrease i n TRP i s not noti ceable. 
 

 
Figure 10 : A d j a c en t  d if f eren t ia l  p a ir 

 

 
Figure 11: T R P  R es ul t s  f o r t h e a d j a c en t  d if f eren t ia l  p a ir c a s e 
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The i nfl u ence of tw o a dj a cent p a r a l l el  di ffer enti a l  p a i r s 
 
I n thi s secti on w e stu dy  the effect on TRP w hen tw o passi v e di fferenti al pai rs are rou ted 
i n parallel on ei ther si de of an acti v e di fferenti al pai r, as show n i n F i g . 12. The di stance a 
betw een the top passi v e-acti v e pai r i s k ept constant and the di stance b betw een the 
bottom acti v e-passi v e pai r i s v ari ed from 15 to 60 mi l. F i g . 13-15 show  the normali z ed 
radi ated pow er for a =  15, 25 and 60 mi l respecti v ely . E ach fi g u re i s normali z ed to the 
baseli ne case i n w hi ch the passi v e pai rs are non-ex i stent, and as a resu lt any  v alu e abov e 
0 dB  show s deg radati on i n TRP.   
 
F rom the plots w e can see that w hen the di stances betw een acti v e-passi v e pai rs are eq u al 
(i .e 15, 25 or 60 mi ls) on ei ther si de, the TRP does not i ncrease noti ceably  across all 
freq u ency  rang es. I n all three cases show n, the TRP i s hi g h at low  freq u enci es and 
decreases as the freq u ency  i ncreases noti ceably  below  25 G H z  w hen the passi v e 
di fferenti al pai rs su rrou ndi ng  the acti v e di fferenti al pai r are rou ted asy mmetri cally .   
 
 

 
 

Figure 12: T w o  a d j a c en t  p a ra l l el  d if f eren t ia l  p a irs  
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Figure 13: T R P  f o r t w o  p a s s iv e l in es  o n  eit h er s id e o f  a n  a c t iv e l in e ( a = 15m il )   

 
Figure 14:  T R P  f o r t w o  p a s s iv e l in es  o n  eit h er s id e o f  a n  a c t iv e l in e ( a = 25m il )   
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Figure 15: T R P  f o r t w o  p a s s iv e l in es  o n  eit h er s id e o f  a n  a c t iv e l in e ( a = 60 m il )   

 
 
L oop ba ck  
 
The effects of a loopback  as show n i n F i g . 16 are stu di ed i n thi s secti on. A  loopback  can 
be u sed for leng th matchi ng  sev eral di fferenti al pai rs.  The ov erall leng th for all the 
models w as k ept constant at 4000 mi ls. I n the fi rst part of the stu dy  leng th L  w as k ept 
constant and the spaci ng  S  w as v ari ed from 15 to 60 mi ls. I n the second part the 
di mensi on S  w as k ept constant and L  w as v ari ed from 500 to 1500 mi ls. The i ncrease i n 
spaci ng  S  di d not chang e the total radi ated pow er as depi cted i n F i g . 17. A ddi ti onally , 
w hen the leng th L  of the loopback  (or protru si on) w as i ncreased w hi le k eepi ng  all other 
parameters constant, the TRP i ncreased noti ceably  at freq u enci es below  30 G H z . These 
observ ati ons follow  the same g eneral trend descri bed i n the “I nflu ence of an adj acent 
di fferenti al pai r” case.  The prox i mi ty  of an adj acent di fferenti al pai r creates an 
i mbalance and cau ses the TRP to i ncrease.   
 
 



 16 

 
 

Figure 16 L o o p b a c k  
 
 

 
 

Figure 17: T o t a l  R a d ia t ed  P o w er f o r t h e l o o p b a c k  c a s e w it h  L  c o n s t a n t  a t  50 0  m il  
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Figure 18 : T o t a l  R a d ia t ed  P o w er f o r t h e l o o p b a c k  c a s e w it h  S  c o n s t a n t  a t  15 m il  

 
 
The effect of i ntr a -l a y er  sk ew   
 
Di fferenti al pai rs are u su ally  rou ted w i th the mi ni mu m amou nt of ov erall sk ew  as 
allow ed by  the C A D tool.  H ow ev er i t i s possi ble to hav e u nnoti ced i ntra –lay er sk ew .  I n 
the ex ample show n on F i g . 19, the i ntra lay er sk ew  i s (a-b).  These tw o v i a transi ti ons can 
ex ci te parallel plate modes betw een the g rou nd planes w hi ch cou ld lead to i ncreased 
E M I . I n the case show n here w e stu di ed a di fferenti al pai r that straddles a g rou nd plane, 
w here the g rou nd plane i s hi dden from v i ew  for clari ty .  F i g . 20 show s the i ncrease i n 
TRP relati v e to the case w here the i ntra lay er sk ew  i s (a-b) =  0.  Note that the ov erall 
sk ew  i s alw ay s 0.  The TRP i ncreases noti ceably  as the offset (i ntra-lay er sk ew ) i s 
i ncreased.  The i ncrease i s more promi nent i n the low er freq u ency  rang e (8-25 G H z ).   
A bov e 15 G H z , there i s no long er a clear trend abov e 15 G H z .  H ow ev er, the TRP 
i ncreases i n all cases w hen the offset i s not 0.  
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Figure 19: D if f eren t ia l  T ra n s m is s io n  L in e w it h  I n t ra  l a y er s k ew  

 
 

 
Figure 20 : R es ul t s  f o r in t ra  l a y er s k ew  
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An u nba l a nced p a dsta ck  
 
O ccasi onally  the padstack s on di fferenti al pai rs become u nbalanced as show n i n F i g  21, 
w here an ex ag g erated case i s show n for clari ty .  L ay ou t tools don’t necessari ly  flag  thi s 
mi stak e and i t i s di ffi cu lt to noti ce i t w hi le rev i ew i ng  the lay ou t.  We si mu lated w i th 
v ari ou s combi nati ons of v i a padstack s.  The v i a padstack s are V I A 19RD8 (8/ 19/ 30), 
V I A 25RD10 (10/ 25/ 36) and V I A 40RD20 (20/ 40/ 49) w here v i a/ pad/ anti pad di ameters i n 
mi ls are li sted betw een parentheses.  The resu lts show n i n F i g . 22 are normali z ed to the 
V I A 19RD8 X  V I A 19RD8 case, and as su ch the g raph show s the deg radati on i n TRP w i th 
respect to that baseli ne case.  The TRP i ncreases si g ni fi cantly  w hen there i s a larg e v i a 
mi smatch, and the TRP i ncreases by  abou t 1 dB  w hen the mi smatch i s relati v ely  smaller 
(V I A 19RD8 x  V I A 25RD10) 
 
 

 
Figure 21U n b a l a n c ed  p a d s t a c k  

 

 
Figure 22: R es ul t s  f o r un b a l a n c ed  p a d s t a c k  
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A di ffer enti a l  p a i r  ov er  a nti -p a ds 
 
We si mu lated the effects of anti -pads on TRP as they  are sli d u nder one leg  of a 
di fferenti al pai r, as show n i n F i g . 23.  The anti -pad i s 30 mi ls i n di ameter, and the 
spaci ng  i s measu red betw een the center of the v i a and the edg e of the trace (i .e., w hen the 
spaci ng  i s 15 mi ls the v oi d of the anti -pad i s tou chi ng  the ou ter edg e of the trace w hen 
v i ew ed from abov e).  The TRP v ari es by  abou t 3dB  @  27 G H z  w i th 10 anti -pads as 
show n i n F i g . 24, ev en i f the anti -pads are rou ted completely  u nder one of the traces. The 
TRP i ncreases by  u p to 7 dB  abov e 23 G H z  w hen the anti -pads are rou ted completely  
u nder one of the traces w hen there are 19 eq u ally  di stri bu ted anti -pads along  the leng th of 
the di fferenti al pai r, as show n i n F i g  25. 
 
I n practi ce, the v oi d of the anti -pad i s sli g htly  rou ted u nder one si de of a di fferenti al pai r 
as i t sk i rts a v i a i n the board, and the anti -pads w i ll rarely  be u ni formly  spaced as show n 
here.  I n su ch a case, the u ser w i ll hav e to si mu late for the TRP that i s appropri ate for the 
case at hand.  I t w ou ld not be practi cal to si mu late v ari ou s combi nati ons of anti -pad si z es 
and v i a spaci ng s i n thi s paper.  H ow ev er, as a fi rst order observ ati on, one can say  that 
rou ti ng  one leg  of a di fferenti al pai r ov er an appreci able nu mber of anti -pads can i ncrease 
the TRP by  sev eral dB s i f not more. 
 

 
Figure 23: A n t i p a d  un d er d if f eren t ia l  p a ir 

 
 
 
 



 21 

 
Figure 24: R es ul t s  f o r a n t i p a d  un d er d if f eren t ia l  p a ir 

 
 

 
Figure 25: R es ul t s  f o r a n t i p a d  un d er d if f eren t ia l  p a ir 
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P ro p o se d  L ay o u t R u l e s 
 
A  nu mber of g eneral and practi cal lay ou t ru les for S erDes i nterfaces operati ng  i n the G H z  
rang e can be deri v ed from thi s stu dy .   These ru les can be adj u sted accordi ng  to speci fi c 
needs. 
 
1. M i ni mi z e the nu mber of bends.  Rou te the di fferenti al pai r as strai g ht as possi ble. 
2. I f y ou  mu st tu rn, u se a si ng le 45 deg ree bend i f possi ble  
3. I f y ou  mu st tu rn 90 deg rees, u se tw o 45 deg ree tu rns, k eepi ng  i n mi nd that i ncreasi ng  
the i nner seg ment leng th g enerally  redu ce E M I .  
4. I f y ou  mu st si destep an obstacle w hi le rou ti ng  i n a strai g ht li ne, u se tw o 45 deg ree 
tu rns i nstead of tw o 90 deg ree (or fou r 45 deg ree) tu rns  
5. I f y ou  mu st j og  arou nd an obstacle w hi le rou ti ng  i n a strai g ht li ne, u se fou r 45 deg ree 
tu rns i nstead of fou r 90 deg ree (or ei g ht 45 deg ree) tu rns  
6. Tu rni ng  u si ng  arcs show s modest i mprov ements ov er mi tered 90 deg ree bends, bu t can 
sti ll be consi dered.   
7. The spaci ng  betw een tw o parallel di fferenti al pai rs shou ld be as larg e as practi cal.  
8. Di stri bu te parallel di fferenti al pai rs ev enly  
9. M i ni mi z e i ntra-lay er sk ew  
10. U se the same v i a padstack  on di fferenti al pai rs 
11. A v oi d rou ti ng  one leg  of a di fferenti al pai r ov er an appreci able amou nt of anti  pads.  
S peci fi c si mu lati on may  be req u i red. 
 
M ore ru les can be added by  stu dy i ng  and si mu lati ng  addi ti onal cases. 
A  nu mber of lay ou t ru les can be obtai ned from thi s stu dy .   These ru les can be adj u sted 
accordi ng  to speci fi c req u i rements. 
 
C o n cl u sio n  
 
 
I n thi s paper, w e si mu lated v ari ou s common lay ou t i mperfecti ons from S erDes 
di fferenti al pai rs to determi ne thei r i mpact on sy stem lev el E M I .  I n some cases, w e 
u ncov ered some trends that w i ll allow  u s to mak e lay ou t recommendati ons.  F or ex ample, 
w e determi ned that i t i s better to spread ou t di fferenti al pai rs, to k eep i ntra-lay er sk ew  at 
a mi ni mu m or to av oi d mi smatched padstack s, for ex amples.  I n some other cases w e 
di scov ered the need to fu rther i nv esti g ate and that the fi nal recommendati on may  not be 
strai g htforw ard.  F i nally , w e ou tli ned a methodolog y  that w i ll help E M C  E ng i neers 
dev elop thei r ow n cu stom set of lay ou t ru les   
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