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Introduce VT Solving

« VT waveforms occur firstly in IBI1S2.0

« VT waveforms describe transient characteristic of
buffer, and be used to solving PU,PD scaling coefficients
In pre-simulation computing.

e The well known 2EQ/2UK algorithm is for two VT
waveforms — one waveform for one linear equation.

Arpad Muranyi: http://www.vhdl.org/pub/ibis/summits/marO06/muranyil.pdf
Bob Ross: http://www.vhdl.org/pub/ibis/summits/jun03a/ross.pdf

» Theoretically, there is no solution for single VT — one
linear equation, but two unknowns.
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http://www.vhdl.org/pub/ibis/summits/mar06/muranyi1.pdf
http://www.vhdl.org/pub/ibis/summits/jun03a/ross.pdf

Introduce of VT Solving
- Recall 2EQ/2UK algorithm

Vwaveform(t)

i Vdie(t)

Ku(t)*Tu(V) Ipe(V)
L fixture R fixture
V(t) Idie(t) A A A

e I(t) V_fixture
Kd(t)*Id(V) Ige(V) C comT C_fixture

' -

GND  GND
0= KU(t) * |U(wam1(t)) + |pC(wam1(t)) - Kd(t) * |d(Vmel(t)) - |gC(Vme1(t)) - |die(Vme1(t))
0= KU(t) * |U(wam2(t)) + |pC(wam2(t)) - Kd(t) * |d(Vme2(t)) - |gC(Vme2(t)) - |die(Vme2(t))

Where Idie(t) can be obtained by VT waveform and *_fixtures.
(Refer http://www.vhdl.org/publ/ibis/summits/sep07a/chen.pdf )

Solution of two unknowns : Ku(t) , Kd(t) i.e. scaling coefficients of PU, PD
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Description of Test Example

Model type 1/O
I

Vinl = 0.650V
Vinh =1.150V
Vmeas = 0.900V
Vref =0.900V

Cref =0.000pF
Rref =25.0000hm

[ typ min max

C_comp 2.911pF 2.841pF 2.984pF

[Voltage Range] 1.800V 1.700V 1.900V
[Temperature Range] 25.0 85.0 0.0

| kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkhkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkx
[Pulldown]

[Pullup]

[GND Clamp]

[POWER Clamp]

[Ramp]

R_load = 25.0000hm

| typ min max

dv/dt_r 0.532V/152.000ps 0.441V/172.000ps 0.600Vv/138.000ps
dv/dt_f 0.532Vv/328.000ps 0.441V/372.000ps 0.600V/296.000ps

[Rising Waveform]
V_fixture = 0.000V
V_fixture_min = 0.000V
V_fixture_max = 0.000V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

|

[Rising Waveform]
V_fixture = 0.900V
V_fixture_min = 0.850V
V_fixture_max = 0.950V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

|

[Rising Waveform]
V_fixture = 1.800V
V_fixture_min = 1.700V
V_fixture_max = 1.900V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

[Falling Waveform]
V_fixture = 0.000V
V_fixture_min = 0.000V
V_fixture_max = 0.000V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

|

[Falling Waveform]
V_fixture = 0.900V
V_fixture_min = 0.850V
V_fixture_max = 0.950V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

|

[Falling Waveform]
V_fixture = 1.800V
V_fixture_min = 1.700V
V_fixture_max = 1.900V
R_fixture = 25.0000hm
L_fixture = 0.000nH
C_fixture = 0.000pF

- For 2EQ/2UK algorithm, VT waveforms with V_fixture = Ov and 1.8v are used
- For Single VT waveform try, the VT waveform with V_fixture=0.9v is used

- In later slides, the same model is used
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2EQ/2UK solutions

Waveforms of Ku & Kd
(V) ts)
2.0
1. Basically Ku, Kd swing between 0 and 1 - ¥ihe)
2.: For rising, Kd decreases to0 earher than Ku mcreases tol; : ; : . ;
3.. For falling, Ku decreases:to 0 earlier than Kd increasesto 1 ; : i ; k)
4. The tlme cost of Kd transmon for rlsmg(or Ku transmon for failmg) is about 15% of total t|me cost
5 v(outibis)
=
delay of Kd tinﬁe cost of? Kd trans@ition deley of Ku
e il Y ] - \ . ; } == i
. total time cost of rising(low to high) . total time cost of falling(high to low)
.05 :
[ | T [ T T | | T T T | T |
0.0 500p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n 6n 6.5n
t(z]
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Two Methods to Solve Single V]
- Method 1: Experiential Way

e For rising:

- construct solution of Kd as simple PWL

- computing Ku by the single VT waveform and Kd
 For falling:

- construct solution of Ku as simple PWL

- computing Kd by the single VT waveform and Ku

) ramp

delay —

Solution of Kd for rising or Ku for falling

Note of two key values in PWL - delay and ramp:

- They can be tuned well to get proper percent value of total transition time.
E.g. Both are15% in the test case.

- But It's hard to apply this fixed value to all IBIS models
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Solution by Method 1

Waveiorms of Ku & Kd
Wy tis)
1.5 5
vikd)
: : L : : L : : L it
Kd:is constructed: for rising g g Ku is constructed for falling o
o Kd TS N4 T . N
E 7| ST O N S S S ..............................................................................
ool KU T W N ——
05 :
I I I I I I I I I I I I I I
0.0 S00p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n Gn B.5n
t(s)
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Buffer Output by Method 1

- Loaded In Series with R and V (1)

) t(s)
il : ) ] ] ] : : viout_2yt)
Vload§= 1.8v§ §Rload — 25bhm FiEeianh
.~ Vload = 1.35v 5 5 5 vlout_tw)
.................................................... VNN WD, SRR W 1:. U PRI SO SO, S
Vload = 0.45v
O s s T V|Oad=0V ............................ " S
= |
V(out_2\f/t) : outpuft by solvihg two VT waveforfms
0 V(out_1v): output:by solving single ViT waveform : : . _ ; _ :
i T T ] T T T T T T ] T T |
0.0 500p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n &n 5.5n
t(s)
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Buffer Output by Method 1

- Loaded In Series with R and V (2)

(] - 1s)
wiout_2vt)

Rloadé = 50f1m ........

wiout_1vt)

2.0+

\f/load :21.8v

Vload =1.35v. i ... e _ e T —

1.5 4

] i & Vload:o'gv 5 5 ; 7 i i i
10 gl 17 i WO T— SO, S . T S T

(vl

\?Ioad :50.45v

\f/load : Ov

0.0 .......... ............. ............ ............. .......

V(out_zivt) : Outpléjt by solving two VT Wavefo}ms
V(out_1v): output by solving single VT waveform : : . : ; : .
| [ [ [ [ [ [ [ [ [ [ [ | [
0o 500p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n Bn G.5n
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Buffer Output by Method 1

- Loaded In Series with R and V (3)

V) i)
viout_2v)
Rload =450hm : |-

viout_1vt)

2.0 4

Vléoad = 18v

VI?oad = 1.35v
Vload = 0.9v

54l A P s S — i —— —— SN . s S SR S

V_I?oad = dv

(V)

el radd  —— S S T— - I— 2 0 S — S I—

00l ; L T N T T “N— o ; | ; T

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output:by solving single VT waveform : . : ; : : :
[ | I T | T | T | T | | | [
0.0 500p in 1.4n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n &n 5.5n
t(s)

054
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Two Methods to Solve Single V]

- Method 2: Impose Constraint

A simple constraint is imposed, with formula:

Ku+Kd=1
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Solution by Method 2

Waveforms of Ku & Kd
(W] - t(s]
1.5 4
; : : : ; : ; : ; ] : : v (kd)
VKUY
E e el s s e s e s s s adbe e S e T sl s e e S s
05-
[ I I I I I I I I I I I I 1
0.0 500p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n an 5.5n Bn B.5n
L(s]
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Buffer Output by Method 2

- Loaded In Series with R and V (1)

(V) t(s)
2.0+

: i : : : g : : viout_2vt)
V|an = 1.8V; _;.“ Rload = 250hm = |
Wmm—135/ : A\ : : : : v(out_1vt)

(V)

EE . X e

W@E’r’@@ A@@W@@yﬂ

I I I I I I I I I I I I I 1
0.0 500p in 1.5n 2n 2.5n an 3.5n 4n 4.50 an 5.50 &N B.5n
t(s)
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Buffer Output by Method 2

- Loaded In Series with R and V (2)

(V) : 1(5)
v(out_2vt)
Vioad=18v .. ~Rload=50hm  j=

viout_ 1vt)

20+

T \Elload--=-51;35v

: : _ \?Ioad :§0.9v : _ _E : _ : ;
104 ............. ....... TR S ............. ‘x‘ ............ ............ ............. .............

e \?Ioad =§O.45v

- T S TR T - S e, SRR S
, 5 ¥ . # ] ¥ i ¥ : ¥ 5

Vload : Oov

00l ; - —— S— s s ﬁﬁh?— _____________
V(out_. 2vt) output by solvmg two VT waveforms

W@T@@ Accgwa@yﬂ

[ I I I I I I I I I I I I 1
0.0 500p in 1.5n 2h 2.5n 3n 3.5n 4n 4.5n 5n 5.5n &n 5.5n

t(s)
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Buffer Output by Method 2

- Loaded In Series with R and V (3)

(V) : tis)

: E ] : ; i ; : ; ¥(out_2vt)
vicad = 28v o ? & Rload = 450hm @ |-
Vioad = 1.35v : A 5 : : v{out_ivt)
Vioad = 0.9v

2.0 5

-
V(out_2vﬁ) : outputéby soIving two VT iwaveformfs : [Fg@ @[U] H:@©yu
i V(out_1v): output by solving:single VT waveform
= | | | [ | [ [ | [ | [ [ |
0.0 S00p in 1.5n 2n 2.5n 3n 3.5n 4n 4.5n 5n 5.5n Bn B.5n
tis)
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Comparison of Two Methods

1. Experiential Way
« Better accuracy if constructed PWL is tuned well
« Hard to find a general well-tuned PWL for all IBIS models

2. Impose Constraint
« Worse Accuracy especially when loading is far way
from R_fixture/V_fixture of VT waveform in model.
 It's a general method and easy to implement

Note:
From testing, more cases show better accuracy with method 1, even
with fixed percent values of delay and ramp w.r.t total transition time
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Conclusions

e It’s not easy to find a general method to get
accurate enough solution for all IBIS model with
single VT waveform.

 For more cases, Method 1(experiential way)
with fixed percent of delay and ramp time can
get better solution than Method 2(impose
constraint)

 Maybe we can offer two tuning parameters for
model extractor in IBIS model file in order to
Improve accuracy of Method 1.
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