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C ontent 

• A s s um ption and s om e finding s  with Micro 
b uffer

• E x traction of Ivs T under ideal voltag e
• E x traction of Z vddq inform ation and 
im provem ent 

• Multi-b uffer s im ulation conditions
• Multi-b uffer s im ulation res ults
• Q & A
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Micron Output Buffer

• Micron buffer needs several powers and control signals.  They 
are V ccq ( 1 .8 V ) ,  V cc( 1 .8 V ) ,  V ccp( 3 .3 V ) ,  V ref( 0 .9 V ) ,  V tt( 0 .9 V )  and 
other control signals

• Micron I B I S  m odel rem oved som e data points at the beginning 
of V T tables.  I n order to m atch I B I S  and H S P I C E  in tim e delay,  
additional delay tim e is added to I B I S  input signals

• F or TY P I C A L  corner,  Micron I B I S  m odel has C _ com p of 
2 .6 7 pF .  B y additional studies,  we change the value to 2 .2 8 pF  
( 0 .5 7 pF  to V ccq and 1 .7 1 pF  to ground) .

• 4 ,  8  or 1 6  Micron buffers could share a decap of 3 0 0 pF  with 
3 ohm  series resistance.  F or this study,  8  buffers are assum ed,  
so 3 7 .5 pF  capacitance with 2 4 ohm  series resistance is added 
to each individual H S P I C E  buffer m odel.

• The full-drive strength buffer at typical corner is studied.
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E x tr a cti on of  I v s T

5 0  O hm  t o  G N D

5 0  O hm  t o  V D D Q

O pe n L o ad
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Current waveforms under ideal power conditions
Pull-up rising
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Compensation current waveforms

Rising Edge
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E x traction of Z vd d q
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Improvement on Z vd d q i mpl emena ti on

• R emoved  th e C _ c omp ef f ec t f rom Z vd d q .   
C _ c omp a nd  g a te res i s ta nc e s h ou l d  not b e 
d ou b l e c ou nted  s i nc e th ey  a re a l rea d y  
i nc l u d ed  i n H S P IC E  B -el ement

• S epa ra ted  th e i ntri ns i c  pa ra s i ti c  f rom 
a d d i ti ona l  d ec a p c el l
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Z vd d q resul ts

Z_total f r om  V d d q an d  g n d p i n s Zv d d q af te r  r e m ov i n g  C _c om p an d  
p u an d  p d  e f f e c ts Z_v d d q f r om  i n tr i n s i c  p ar as i ti c  on ly
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I mpl ementation of BIRD95 in H S P I CE

B-element
DC

I/O pin

G N D  pin

V D D Q  pin

V D D Q

1 nH 0 . 1 Oh m

I_c o m p

37.5pF

2 4 O h m

Z _V D D Q
C a s e  1 :  T r a ns is t o r  l e v e l  m o d e l
C a s e  2 :  IB IS  o nl y
C a s e  3 :  IB IS  w it h  B IR D 9 5

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
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S imul ation sch ematics

6” 5 0 -Oh m  T -l ine

1nH

5 p F +
_

V D D Q / 2+
_
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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 S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 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 S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5
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Case with input pattern of HHH( Q H)
V D D Q

V 1 pa d

I_V D D Q V 4 pa d
_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5
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Case with input pattern of HHH( Q L )
V D D Q

V 1 pa d

I_V D D Q V 4 pa d
_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5
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Case with input pattern of L L L ( Q H)
V D D Q

V 1 pa d

I_V D D Q V 4 pa d
_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5
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Case with input pattern of L L L ( Q L )
V D D Q

V 1 pa d

I_V D D Q

V 4 pa d
_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5

_ _ _  H S P I C E
- - - - - I B I S  o n l y
_ _ I B I S + B I R D 9 5
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Q & A

?


