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• Review of Key Points in BIRD95.5
• I m p l em enta tion S tep s
• M u l ti-b u ffer  S S N  S im u l a tion
• S im u l a tion Resu l ts
• C onc l u sions
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Review of th e k ey p oints in B I RD 9 5 . 5

• Added [Composite Current] keyword to represent 
th e tota l  c urrent f l ow th roug h  b uf f er V D D Q  node

• U sed S eries M odel  T ype keywords f or O n-die 
pa ra sitic  a ssoc ia ted with  V D D Q  ( possib l y I CM  
model  c a n b e used in th e f uture)

• G a te M odul a tion wil l  b e a ddress b y B I R D 9 7
• X-b a r c urrent c oul d possib l y b e a ddressed b y 
a noth er B I R D



555© 2 0 0 1 ,  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 .P r e s e n t a t i o n _ I D

BIRD95 I m p l em enta ti on S c h em a ti c s

I/O pin

G N D  pin

V D D Q  pin

V D D Q

1 nH 0 . 1 Oh m

Iv s T *
C

ESR

ESL

Z _V D D Q
Ca s e  1 :  B -e l e m e nt  o nl y
Ca s e  2 :  B  + Iv s T *
Ca s e  3 :  B +Iv s T * +Z _V D D Q

N o t e :  Iv s T *  is  d if f e r e nt  w it h  Iv s T  t a b l e  in 
B IR D 9 5 ,  b u t  it  is  d e r iv e d  f r o m  Iv s T  t a b l e

R_ D C



666© 2 0 0 1 ,  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 .P r e s e n t a t i o n _ I D

D ef i ni ti on of  I v sT a nd  Z _ V D D Q

• I v sT is th e tota l  c urrent f rom th e V D D Q  wh ic h  is 
c onnec ted to idea l  D C v ol ta g e sourc e

• S ix  I v sT ta b l es ( 3  dif f erent I / O  l oa ding s 
a ssoc ia ted with  rising / f a l l ing  edg es)  a re not 
req uired,  b ut rec ommended

• Z _ V D D Q  is th e f req uenc y-dependent impeda nc e 
deriv ed with  th e c orrec t D C v ol ta g e a ppl ied a t 
V D D Q  pin a nd open-l oa d c ondition

• Z _ V D D Q  inf orma tion is proposed to b e prov ided 
th roug h  I CM  model
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I v sT *  a nd  p a r a si ti c  c om p onents
• IvsT* = IvsT (BIRD95 t a b l e ) -IvsT* *  
• IvsT* *  i s t h e  t o t a l  c u r r e n t  f r o m  t h e  V D D Q  b y  u si n g  e x i st i n g  
IB IS  m o d e l  w i t h  Z _ V D D Q  c o n n e c t e d  i n  p a r a l l e l .  

• A l l  c u r r e n t s h e r e  a r e  u n d e r  i d e a l  p o w e r  su p p l y  a n d  st a n d a r d  
l o a d i n g  c o n d i t i o n s.  

• Tw o  se t s o f  IvsT*  a sso c i a t e d  w i t h  r i si n g  a n d  f a l l i n g  e d g e  
w e r e  d e r i ve d  b y  a ve r a g i n g  d i f f e r e n t  l o a d i n g  c o n d i t i o n s i n  o u r  
e x a m p l e s.   M o r e  c o m p l i c a t e d  m o d e l  c o u l d  b e  d e r i ve d  f r o m  6  
IvsT*  t a b l e s t o  c o m p e n sa t e  t h e  l o a d  va r i a t i o n  e f f e c t s.

• E S R ,  E S L ,  C  a n d  R _ d c c a n  b e  e x t r a c t e d  f r o m  Z _ V D D Q  t o  
m a t c h  t h e  i m p e d a n c e  i n  f r e q u e n c y  d o m a i n

• Th e  E S R ,  E S L ,  C  a n d  R _ d c i s j u st  o n e e x a m p l e  o f  t h e  
p o ssi b l e  c i r c u i t s t o  m a t c h  Z _ V D D Q .   It  c o u l d  c o ve r  m a j o r i t y  
I/ O  b u f f e r s’ o n -d i e  p a r a si t i c  c o m p o n e n t s.
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M u l ti -b u f f er  S S N  S i m u l a ti on

• A n  i m p e d a n c e -c o n t r o l l e d  1 . 8 V  H S TL  o u t p u t  b u f f e r  i s u se d  
a s a n  e x a m p l e

• IB IS  m o d e l  i s e x t r a c t e d  f r o m  H S P IC E  t r a n si st o r  m o d e l  
• H S P IC E  B -e l e m e n t  i s u se d  t o  si m u l a t e  t h e  IB IS  m o d e l
• BIRD95 IvsT  i n f o  i s i m p l e m e n t e d  w i t h  i d e a l  c u r r e n t  so u r c e  
i n  p a r a l l e l  w i t h  B -e l e m e n t

• 4  i d e n t i c a l  b u f f e r s a r e  u se d  t o  si m u l a t e  t h e  S S N  n o i se
• 5  d i f f e r e n t  sw i t c h i n g  m o d e s a r e  st u d i e d
• N o n -st a n d a r d  l o a d  (6 ” 5 0 O h m  t r a n sm i ssi o n  l i n e  w i t h  5 p F  
a n d  5 0 O h m  r e si st o r  t o  V D D Q / 2  a t  r e c e i ve r )  i s u se d  i n  
si m u l a t i o n s.
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S i m u l a ti on sc h em a ti c s

6” 5 0 -Oh m  T -l ine

1nH

5 p F +
_

V D D Q / 2+
_

V D D Q

0 . 1O h m

5 0 O h m

in0 B 0
B 1

B 2
B 3

in1

in2
in3

L L L LH L L LH H L LH H H LH H H Hin3 2 1 0
Input date pattern

V pa d V r c v

V D D Q  &  I_v d d q
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Case with input pattern of HHHH
V D D Q V pa d

I_V D D Q V r c v

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5
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Case with input pattern of HHHL
V D D Q V pa d

I_V D D Q V r c v

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5_ _ _  H SP I C E

- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5
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Case with input pattern of HHL L
V D D Q V pa d

I_V D D Q V r c v

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5
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Case with input pattern of HL L L
V D D Q V pa d

I_V D D Q V r c v

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5
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Case with input pattern of L L L L
V D D Q V pa d

I_V D D Q V r c v

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5 _ _ _  H SP I C E

- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5

_ _ _  H SP I C E
- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5_ _ _  H SP I C E

- - - - - I B I S o n l y
_ _ I B I S+ B I RD 9 5
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Conc l u si ons

• Multi-b uf f e r  S S N  s im ula tio n  c a n  b e  h a n d le d  
b y  us in g BIRD95

• W ith  BIRD95,  th e  I B I S  m o d e l m a tc h e s  th e  
H S P I C E  m o d e l v e r y  w e ll f o r  a ll s im ula te d  
c a s e s

• N o -id e a l lo a d  c a n  b e  h a n d le d  w e ll b y  
BIRD95
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B a c k  u p  S l i d es

• I v s T ,  I v s T *  a n d  I v s T * *
• W h a t’s  im p a c t o f  e x te r n a l lo a d  o n  I v s T ,  
I v s T *  a n d  I v s T * *
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I v sT

Transistor Spice Model Rising

0.0E+00

5 .0E- 03

1 .0E- 02

1 .5 E- 02

2 .0E- 02

2 .5 E- 02

0.0E+00 2 .0E- 1 0 4 .0E- 1 0 6 .0E- 1 0 8 .0E- 1 0 1 .0E- 09 1 .2 E- 09 1 .4 E- 09 1 .6 E- 09 1 .8 E- 09 2 .0E- 09
tim e

cu
rr
en

t

Pull-up Rising
Pull-d o w n Rising
O pe n Rising

Transistor Spice Model Falling

0.0E+00

5 .0E- 03

1 .0E- 02

1 .5 E- 02

2 .0E- 02

2 .5 E- 02

3 .0E- 02

3 .5 E- 02

4 .0E- 02

4 .5 E- 02

0.0E+00 2 .0E- 1 0 4 .0E- 1 0 6 .0E- 1 0 8 .0E- 1 0 1 .0E- 09 1 .2 E- 09 1 .4 E- 09 1 .6 E- 09 1 .8 E- 09 2 .0E- 09
time

cu
rr
en

t

Pull-up Falling
Pull-d o w n Falling
O pe n Falling
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I v sT * *

IBIS Model Rising

-5.0E-03

0.0E+ 00

5.0E-03

1 .0E-02

1 .5E-02

2 .0E-02

2 .5E-02

0.0E+ 00 2 .0E-1 0 4 .0E-1 0 6 .0E-1 0 8 .0E-1 0 1 .0E-09 1 .2 E-09 1 .4 E-09 1 .6 E-09 1 .8 E-09 2 .0E-09
time

cu
rr
en

t

Pull-up Rising
Pull-d o w n Rising
O pe n Rising

IBIS Model Falling

-5.0E-03

0.0E+ 00

5.0E-03

1 .0E-02

1 .5E-02

2 .0E-02

2 .5E-02

0.0E+ 00 2 .0E-1 0 4 .0E-1 0 6 .0E-1 0 8 .0E-1 0 1 .0E-09 1 .2 E-09 1 .4 E-09 1 .6 E-09 1 .8 E-09 2 .0E-09
time

cu
rr
en

t

Pull-up Falling
Pull-d o w n Falling
O pe n Falling
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I v sT * = I v sT -I v sT * *

Icomp @  F a l l i n g  E d g e

0.0E+00

5 .0E- 03

1 .0E- 02

1 .5 E- 02

2 .0E- 02

2 .5 E- 02

0.0E+00 4 .0E- 1 0 8 .0E- 1 0 1 .2 E- 09 1 .6 E- 09 2 .0E- 09T i m e

Cu
rr
en

t

Pull-up
Pull-d o w n
O pe n
A v e r a g e

Icomp  @  R i s i n g  E d g e

0.0E+00

5 .0E- 03

1 .0E- 02

1 .5 E- 02

2 .0E- 02

2 .5 E- 02

0.0E+00 4 .0E- 1 0 8 .0E- 1 0 1 .2 E- 09 1 .6 E- 09 2 .0E- 09T i m e

Cu
rr
en

t

Pull-up
Pull-d o w n
O pe n
A v e r a g e
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Impact of external load on Iv s T ,  Iv s T *  and Iv s T * *

• Under ideal power supply condition, the external load has 
im pact on I v sT , I v sT *  and I v sT * * .   

• S ince I v sT *  is the dif f erence b etween I v sT and I v sT * * , BIRD95 
can com pensate m issed current com ponents in existing  I B I S  
sim ulators.   ( I v sT *  and I v sT * *  can b e dif f erent am ong  
dif f erent E D A  tools)

• Under nonideal power supply condition, I v sT *  can b e adj ust 
according ly to m odel the f irst-order ef f ects.   (  R v sT , Z v sT , 
C v sT and sim ilar proposal as B I R D 9 8  can b e used)

• I naccurate loading  dependent xb ar current is the m aj or 
reason b ehind the dif f erent I v sT *  under dif f erent load 
condition.   T his issue can b e solv ed b y f uture B I R D .   T he 
new B I R D  and BIRD95 will not conf lict since the new b ird will 
only im prov e the accuracy in I v sT * * .
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Q u esti ons a nd  A nsw er s




