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• History of  Power Integrity sim ulations with  IB IS
• Sum m ary of  Prob lem s with  c urrent IB IS M odels 

in  Power Integrity  sim ulations
• B IR D 9 5 Prop osal
• Im p lem entation and c orrelation of  B IR D 9 5  using 

HSPICE
• Conc lusions
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T h e  C h a llenge
DesignCon2004 PDN Panel
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Sergio Camerlo (Cisco Systems, Inc) and Istvan Novak 
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Indu stry to solve P ow er Integrity A nalysis th rou gh  
accu rate modeling and simu lation

• DesignCon2004 PDN S im u lat ion Panel p r oc eed ings 
and  m at er ials
h ttp : / / h ome. att. net/ ~ istvan. novak/ p ap ers. h tml
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B r i ef  H i s tor y

• G oa l :  l ev er a g e th e g ood  w or k  a l r ea d y d one b y ma ny ex p er ts    w ith in IB IS a nd  IE C 
• B IR D 4 2 . 3 w a s r ev isited  in ter ms of   Iv sT   ta b l es
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T h e P r op os a l – B I R D 9 5

• B I R D9 5 - Pow er  I nt egr it y  A naly sis u sing I B I S
• T ask # 1

S olv e t h e S S N sim u lat ion c h allenge u sing I v sT
• T ask # 2

Connec t  t o t h e Cor e m od el u sing I CE M
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M a j or  comp onents  of  B I R D 9 5
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V a li da ti on u s i ng H S P I C E

• Part-I I
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Sum m ary of  Prob lem s with  Current IB IS M odel in 
Power Integrity sim ulations

• Pre-driv e c urrent is c om p letely ignored
• O n-die p arasitic  c ap ac itanc e b etween p ower 

and ground is not inc luded
• X-b ar c urrent is c om p letely ignored,   or not 

c orrec tly m odeled
• Ex isting IB IS SSN  sim ulation c ould eith er 

ov er- or  under- estim ate  th e p ower noise



101010© 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 . B I R D 95 a n d  P o w e r  I n t e g r i t y  V a l i d a t i o n ,  J a n 31s t  20 0 5,  I B I S  S u m m i t

BIRD95 P r op os a l

I/ O  pin

VDDQ

G N D

VDD
Other power or 
c on trol  pi n s

Input Pre-D ri v e C i rc u i t
I_ s ig

I_ c bI_ t erm

I_ b ypas s

I_ pre

N o t e:   E n c ry p t ed  c i rc u i t  m o d el  c o u l d  i n c l u d e el em en t s  s h o w n  i n  t h e d a s h ed  b o x  
( b l a c k  b o x ) .   A l l  i n f o  i n  B I R D 9 5  i s  ex t ra c t ed  f ro m  t h i s  b l a c k  b o x  t h ro u g h  V D D Q ,  I / O  
a n d  G N D  p i n s .   I n t ern a l  d et a i l s  a re n o t  n eed ed .  

Iv s T , Z_ VDDQ
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D ef i ni ti on of  I v s T  a nd Z _ V D D Q

• I v sT  is t h e t ot al c u r r ent  f r om  t h e V DDQ  w h ic h  is 
c onnec t ed  t o id eal DC v olt age sou r c e

• T h er e ar e t ot al 6  I v sT  t ab les ( 3  d if f er ent  I / O  
load ings assoc iat ed  w it h  r ising/ f alling ed ges)

• Z _ V DDQ  is t h e f r eq u enc y -d ep end ent  im p ed anc e 
d er iv ed  w it h  t h e c or r ec t  DC v olt age ap p lied  at  
V DDQ  p in and  op en-load  c ond it ion

• Z _ V DDQ  inf or m at ion is p r op osed  t o b e p r ov id ed  
t h r ou gh  I CM  m od el
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I m p lem ent at ion and  Cor r elat ion of  B I R D9 5  in H S PI CE

• Sim ulation desc rip tion
• Ev idenc e of  th e p rob lem s with  c urrent IB IS 

m odel ( Ideal Power Sup p ly c ase)  
• BIRD95 im p lem entation sc h em atic s
• R esults with  added Iv sT   ( I v ersus T )
• R esults with  added Iv sT   and  Z _ Vddq
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S i mu la ti ons  des cr i p ti on

• An impedance-co nt r o l l ed 1 . 8 V  H S T L  o u t pu t  b u f f er  is  u s ed as  an 
ex ampl e

• I B I S  mo del  is  ex t r act ed f r o m H S P I C E  t r ans is t o r  mo del  
• B o t h   I deal   and  N o n-ideal   po w er  s u ppl y  cas es  ar e anal y z ed 
• H S P I C E  B -el ement  is  u s ed t o  s imu l at e t h e I B I S  mo del
• BIRD95 I v s T   inf o  is  impl ement ed w it h  ideal  cu r r ent  s o u r ce in 

par al l el  w it h  B -el ement
• B o t h  cas es   w it h   and  w / o   Z _ V D D Q  ar e anal y z ed
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Evidence of the Problems with Current IBIS Model: 
I/ O  V olta g e ( Idea l Power Sup p ly )

R_fixure=50, V_fixture=1.8V, Rising

6.00E-01

8 .00E-01

1.00E+ 00

1.2 0E+ 00

1.4 0E+ 00

1.60E+ 00

1.8 0E+ 00

2 .00E+ 00

time

Vo
lta

ge

Pad voltage from
T ran s i s tor model
Pad V oltage from
I B I S  model

R_fixure=50, V_fixture=1.8V, Falling

6.00E-01

8 .00E-01

1.00E+ 00

1.2 0E+ 00

1.4 0E+ 00

1.60E+ 00

1.8 0E+ 00

2 .00E+ 00

time
Vo

lta
ge

Pad Voltage from
T ran s i s tor model
Pad Voltage from
I B I S  model
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Evidence of the Problems with Ex isting  IBIS Model: 
T ota l Current from Power Pin ( Idea l Power Sup p ly )  ( 1 )

R_fixure=50, V_fixture=1.8V, Rising

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

time

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el

R_fixure=50, V_fixture=1.8V, Falling

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

time

cu
rre

nt

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el
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Evidence of the Problems with Ex isting  IBIS Model: 
T ota l Current from Power Pin ( Idea l Power Sup p ly )  ( 2 )

R_fixure=50, V_fixture=0V, Rising

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

time
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t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el

R_fixure=50, V_fixture=0V, Falling

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

3.00E-02

3.50E-02

4 .00E-02

4 .50E-02

time
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rre
nt

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el
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Evidence of the Problems with Ex isting  IBIS Model: 
T ota l Current from Power Pin ( Idea l Power Sup p ly )  ( 3 )

R_fixure=1e8,V_fixture=0V, Falling

0.00E+00

5 .00E- 03

1 .00E- 02

1 .5 0E- 02

2 .00E- 02

2 .5 0E- 02

time

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el

R_fixure=1e8,V_fixture=0V, Ris ing

- 5 .00E- 03

0.00E+00

5 .00E- 03

1 .00E- 02

1 .5 0E- 02

2 .00E- 02

2 .5 0E- 02

time

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el
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BIRD95 implementation schematics

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
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I v sT *  and  par asitic components
• 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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T otal C u r r ent f r om V D D Q  pin

R_fixure=50, V_fixture=1.8V, Rising

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

tim e

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q

R_fixure=50, V_fixture=1.8V, Falling

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

time

cu
rre

nt

Total Current from
Trans i s tor mod el
Total Current from I B I S
mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q
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T otal C u r r ent f r om V D D Q  pin ( cont’d )

R_fixure=50, V_fixture=0V, Rising

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

3.00E-02

tim e

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from I B I S
mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q

R_fixure=50, V_fixture=0V, Falling

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

3.00E-02

3.50E-02

4 .00E-02

4 .50E-02

tim e

cu
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t

Total Current from
Trans i s tor mod el
Total Current from
I B I S  mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q
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T otal C u r r ent f r om V D D Q  pin ( cont’d )

R_fixure=1e8,V_fixture=0V, Falling

0.00E+00

5 .00E- 03

1 .00E- 02

1 .5 0E- 02

2 .00E- 02

2 .5 0E- 02
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Total Current from
Trans i s tor mod el
Total Current from I B I S
mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q

R_fixure=1e8,V_fixture=0V, Rising

-5.00E-03

0.00E+ 00

5.00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

tim e

cu
rr

en
t

Total Current from
Trans i s tor mod el
Total Current from I B I S
mod el
Total Current from
I B I S + I v s T mod el
Total Current from
I B I S + I v s T+ Z _ V D D Q
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V oltag e N oise at V D D Q  P in
R_fixure=50, V_fixture=1.8V, Rising

1.40E+00

1.5 0E+00

1.6 0E+00

1.7 0E+00

1.8 0E+00

1.9 0E+00

2 .00E+00

2 .10E+00

time

Vo
lta

ge

Pad voltage from Transistor model
Pad V oltage from I B I S  model
Pad V oltage from I B I S + I vsT model
Pad V oltage from I B I S + I vsT+ Z _ V D D Q

R_fixture=50, V_fixture=1.8V, Falling

1 .4 0E+ 00

1 .50E+ 00

1 .6 0E+ 00

1 .7 0E+ 00

1 .8 0E+ 00

1 .9 0E+ 00

2 .00E+ 00

time

Vo
lta

ge

P a d  V oltag e from Trans i s tor mod el
P a d  V oltag e from I B I S  mod el
P a d  V oltag e from I B I S + I v s T mod el
P a d  V oltag e from I B I S + I v s T+ Z _ V D D Q
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V oltag e N oise at V D D Q  P in ( cont’d )

R_fixure=50, V_fixture=0V, Rising

1.40E+00

1.5 0E+00

1.6 0E+00

1.7 0E+00

1.8 0E+00

1.9 0E+00

2 .00E+00

2 .10E+00

time

Vo
lta

ge

Pad voltage from Transistor model
Pad voltage from I B I S  model
Pad voltage from I B I S + I vsT model
Pad voltage from I B I S + I vsT+ Z _ V D D Q

R_fixure=50, V_fixture=0V, Falling

1.40E+00

1.5 0E+00

1.6 0E+00

1.7 0E+00

1.8 0E+00

1.9 0E+00

2 .00E+00

2 .10E+00

tim e

Vo
lta

ge
Pad Voltage from Transistor model
Pad Voltage from I B I S  model
Pad Voltage from I B I S + I v sT model
Pad Voltage from I B I S + I v sT+ Z _ VD D Q
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V oltag e N oise at V D D Q  P in ( cont’d )

R_fixure=1e8,V_fixture=0V, Falling

1.40E+00

1.5 0E+00

1.6 0E+00

1.7 0E+00

1.8 0E+00

1.9 0E+00

2 .00E+00

2 .10E+00

time

Vo
lta

ge
Pad voltage from Transistor model
Pad V oltage from I B I S  model
Pad V oltage from I B I S + I vsT model
Pad V oltage from I B I S + I vsT+ Z _ V D D Q

R_fixure=1e8,V_fixture=0V, Rising

1.40E+00

1.5 0E+00

1.6 0E+00

1.7 0E+00

1.8 0E+00

1.9 0E+00

2 .00E+00

2 .10E+00

time

Vo
lta

ge

Pad Voltage from Transistor model
Pad Voltage from I B I S  model
Pad Voltage from I B I S + I v sT model
Pad Voltage from I B I S + I v sT+ Z _ VD D Q
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V oltag e at S ig nal P in

R_fixure=50, V_fixture=1.8V, Rising

6.00E-01

8 .00E-01

1.00E+ 00

1.2 0E+ 00

1.4 0E+ 00

1.60E+ 00

1.8 0E+ 00

2 .00E+ 00

time

Vo
lta

ge

Pad voltage from Transistor model
Pad V oltage from I B I S  model
Pad V oltage from I B I S + I vsT model
Pad V oltage from I B I S + I vsT+ Z _ V D D Q

R_fixure=50, V_fixture=1.8V, Falling

6.00E-01

8 .00E-01

1.00E+ 00

1.2 0E+ 00

1.4 0E+ 00

1.60E+ 00

1.8 0E+ 00

2 .00E+ 00

tim e

Vo
lta

ge

Pad Voltage from Transistor model
Pad Voltage from I B I S  model
Pad Voltage from I B I S + I v sT model
Pad Voltage from I B I S + I v sT+ Z _ VD D Q
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V oltag e at S ig nal P in ( cont’d )

R_fixure=50, V_fixture=0V, Rising

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

time

Vo
lta

ge

Pad voltage from Transistor model
Pad voltage from I B I S  model
Pad voltage from I B I S  I vsT model
Pad voltage from I B I S + I vsT+ Z _ V D D Q

R_fixure=50, V_fixture=0V, Falling

-2.00E-01

0.00E+ 00

2.00E-01

4 .00E-01

6 .00E-01

8 .00E-01

1.00E+ 00

1.20E+ 00

time

Vo
lta

ge

Pad Voltage from Transistor model
Pad Voltage from I B I S  model
Pad Voltage from I B I S + I v sT model
Pad Voltage from I B I S + I v sT+ Z _ VD D Q
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V oltag e at S ig nal P in ( cont’d )

R_fixure=1e8,V_fixture=0V, Falling

-5.00E-01

0.00E+ 00

5.00E-01

1.00E+ 00

1.50E+ 00

2 .00E+ 00

2 .50E+ 00

time

Vo
lta

ge

Pad voltage from Transistor model
Pad V oltage from I B I S  model
Pad V oltage from I B I S + I vsT model
Pad V oltage from I B I S + I vsT+ Z _ V D D Q

R_fixure=1e8,V_fixture=0V, Rising

-0.5

0

0.5

1

1.5

2

time

Vo
lta

ge

Pad Voltage from Transistor model
Pad Voltage from I B I S  model
Pad Voltage from I B I S + I v sT model
Pad Voltage from I B I S + I v sT+ Z _ VD D Q
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C onclu sions

• BIRD95 can be easily implemented in HSPICE and 
o th er  ED A  to o ls

• BIRD95 can g r eatly impr o v e th e simu latio n accu r acy 
o f  po w er  no ise in SSN  and o th er  no n-ideal po w er  
su pply simu latio ns w ith  IB IS mo dels

• O n-die Impedance betw een th e po w er  and g r o u nd 
is v er y impo r tant in po w er  r elated simu latio ns

• BIRD95 pr o v ides a f easible so lu tio n to  ev alu ate th e 
po w er  no ise impact o n sig nal timing
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Q u estions and  A nsw er s
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