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Content 
• Reason #1: ground parasitic is not needed for high-
speed circuit m odel ing.   I t coul d easil y  cause m ore 
prob l em s than sol v e prob l em .   

• W here did the ground parasitic com e from ?
• H ow  is the m isconception of ground parasitic b rok en 
at high freq uency ?

• T he b est and sim pl est high-speed m odel  for is no 
parasitic on ground net.

• Reason #2 : current I B I S  is a three-term inal  dev ice,  so 
it can not correl ate transistor-l ev el  S pice m odel  w el l  
w hen the transistor-m odel  has m ore than 3  term inal s 
carry ing current and the ground net is not ideal .
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Where did the misconception of  ground 
parasitic come f rom?
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E x tracted circuit model at very low  f req uency

R1a 1 b 1

R1a 2 b 2

i1

i2
Rg n d

c 1 d 1i1 + i2

c 2 d 2

G o o d  t h in g s  a b o u t  t h is  m o d e l :
1 . I t  is  v a l id  a t  v e r y  l o n g  f r e q u e n c y  a t  w h ic h  c u r r e n t  is  e v e n l y  

d is t r ib u t e d  a c r o s s  t h e  g r o u n d  p l a n e  a n d  c 1 / c 2 &  d 1 / d 2 h a v e  t h e  
s a m e  v o l t a g e  p o t e n t ia l .

2. Y o u  c a n  a c t u a l l y  p r o b e  t h e  v o l t a g e  a c r o s s  a n y  t w o  p o in t s  in  
t h is  c ir c u it  a n d  it  is  m e a n in g f u l  a n d  c o u l d  m a t c h  t h e  m e a s u r e d  
d a t a  v e r y  w e l l ,  s o  g r o u n d  b o u n c e  ( v o l t a g e  d if f e r e n c e  b e t w e e n  
c 1 / c 2 a n d  d 1 / d 2)  is  w e l l  d e f in e d .

D ie side
P C B  side



© 2 0 0 5 ,  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . 555

D ie side

P C B  side
i1

L 1

W 1

a 1
b 1

b 2
d 1c 1

a 2
c 2 d 2

W 1

W 2

H 1
T 2 S 1

Cutout on 
g r ound  p l a ne

S a m e s tr u c tu r e a t h i g h -f r eq u enc y
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H ow  is the l ow -freq uency  m odel  b rok en at high freq uency ?

• A t high-f req uency,  w hen w ave length is close 
to the structure siz e,  ( such as L  in the above 
f igure) .   T he voltage is not w ell def ined 
betw een die ground and P C B  ground.

• I t is clearly show n that the return current f or 
conductor 1  and 2  are not the same.   F or this 
reason,  it is impossible to have same partial 
parasitic f or tw o dif f erent return paths.
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T he circuit model w ith parasitic on ground net
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P r o b l e m s  w it h t he  ab o v e  m o d e l :
1 . R e t u r n c u r r e nt  i1  and  i2  d o e s  no t  s har e  t he  c o m m o n pat h,  ho w  t he R gnd

and  L gnd c an b e  w e l l  d e f ine d ?
2 . H o w  t o  s e par at e  t he  L 1 ,  L gnd and  M 1  f r o m  t he  phy s ic al  l o o p ind u c t anc e ?   

N o  u niq u e  d e f init io n f o r  L 1 ,  L gnd and  M 1 .
3 . L o c al  r e f e r e nc e  v o l t age  d e f init io n is  t he  o nl y  m e aningf u l  v o l t age  at  high 

f r e q u e nc y .   F o r  e x am pl e ,  V a1 _ c 1 ,  V b 1 _ d 1 ,  V a2 _ c 2  and  V b 2 _ d 2  ar e  t he  
o nl y  m e aningf u l  v o l t age s  in ab o v e  f igu r e .   T he  gr o u nd  b o u nc e  ( V c 1 _ d 1  
o r  V c 2 _ d 2 )  is  no t  w e l l  d e f ine d  and  m e aningl e s s .   Yo u  m ay  s t il l  pr o b e  t his  
v o l t age  in t he  l ab ,  b u t  t he  d is t anc e  b e t w e e n r ight  s id e  and  l e f t s id e  c au s e  
u nw ant e d  pr o b e  l o o p.

i1
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A  b etter  m od el
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C o m par e d  w it h pr e v io u s  m o d e l ,  t he  ab o v e  is  a m u c h b e t t e r  and  ac c u r at e  
m o d e l .   T he  o nl y  d r aw b ac k  is  t o o  m any  c o m po ne nt s ,  e s pe c ial l y  par t ial  and  
m u t u al  ind u c t anc e s ,   and  t he s e  ind u c t anc e s  is  no t  w e l l  d e f ine d .  S inc e  w e  
o nl y  c ar e  ab o u t  t he  v o l t age  w it h l o c al  r e f e r e nc e ,  t his  m o d e l  c an b e  f u r t he r  
s im pl if ie d  b y  m o d e l  r e d u c t io n.
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A  S i m p l i f i ed  m od el
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T his  m o d e l  is  m u c h s im pl e  and  it  is  ac c u r at e  f r o m  D C  t o  v e r y  high-f r e q u e nc y .   
A l l  c o m po ne nt s  in t his  c ir c u it  ar e  w e l l  d e f ine d  and  hav e  u niq u e  phy s ic al  
m e anings .   
T he  gr o u nd  no d e s  c 1 / c 2 / d 1 / d 2  c o u l d  s ho r t e d  t o ge t he r  ( b y  d o ing s o ,  it  l o s s e s  
t he  m apping b e t w e e n phy s ic al  l o c at io ns  and  c ir c u it  no d e s .
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A  model w ithout ground parasitic is better
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R ea s on # 2
V D D Q

I / O
I B I S  M o d e l

G N D

I n p u t

V D D Q

I / O

G N D

I n p u t
H S P I C E  

T r a n s i s t o r  M o d e l

V D D
V t t

V r e f

I_vddq+I_gnd+I_i/o=0 I_vddq+I_gnd+I_i/o+I_vdd+I_vt t _Ivr e f +I_inp u t =0

*  B I R D 9 5  o nl y  d e f ine d  t he  t o t al  c u r r e nt  t hr o u gh V D D Q  no d e .   T he  c u r r e nt  
f l o w  t hr o u gh gr o u nd  no d e  is  c o ns t r aine d  b y  K C L .   I t  s ho u l d  w o r k  f ine  if  
t he r e  is  no  gr o u nd  par as it ic .   I n t he  f u t u r e ,  if  I B I S  w o u l d  l ik e t o  e x pand  t o  
s u ppo r t  no nid e al gr o u nd  c ir c u it  m o d e l .   A  I v s T t ab l e  f o r  gr o u nd  pin c o u l d  b e  
inc l u d e d .   
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P os s i b l e s ol u ti on f or  f u tu r e I B I S
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I_du m m y =I_vdd+I_vr e f +I_vt t +I_inp u t +I_m is c
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