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Nonlinear Circuit
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Diode Circuit — lterative Method

... or use the Newton-Raphson method... AW — f
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Where v© is the value of V, at the kth iteration

Procedure is repeated until convergence to final (true) value of V, which is the
solution. Rate of convergence is quadratic.
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Newton Raphson Method

(Graphical Interpretation)
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Newton Raphson Method

If initial guess is not close enough, NR will
lock into oscillations and solution will not
converge

i) 4
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solution solution
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Limitations

* |IBIS data can be unpredictable

* Transient response requires solution of
nonlinear system

* Most simulators use Newton-Raphson (NR)
technique combined with modified nodal
analysis (MNA)

° NR may not converge
°* NR may slow down simulation
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Why LIM?

* LIM does not iterate on nonlinear problems
* There is no convergence issue
 MNA has super-linear numerical complexity

* LIM has linear numerical complexity

* LIM uses no matrix formulation
* LIM has no matrix ill-conditioning problems
* LIM is much faster than MNA for large circuits
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Latency Insertion Method**

Each branch must have an inductor”*
Each node must have a shunt capacitor”

Express branch current in terms of history of
adjacent node voltages

Express node voltage in terms of history of
adjacent branch currents

*If branch or node has no inductor or capacitor, insert one with
very small value

** J. E. Schutt-Ainé, "Latency Insertion Method for the Fast Transient Simulation of Large Networks," IEEE
Trans. Circuit Syst., vol. 48, pp. 81-89, January 2001.
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LIM: Leapfrog Method
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Leapfrog method achieves second-order accuracy, i.e., error is
proportional to At?
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LIM Algorithm

 Represents network as a grid of nodes and branches

Branch structure
Node structure

* Discretizes Kirchhoff's current and voltage equations

Ci‘/in_l/z i N, i
/2 At - kZ—I: u + AT (i n+l/2 n
VR = = = =1+ —(v" -y —R ")
C.c Lij j " if
At

 Uses "leapfrog” scheme to solve for node voltages and branch currents

* Presence of reactive elements is required to generate latency
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LIIVl

branch
loop
time
loop
node
loop

ECE-Illinois

is Easy to Code...

For time=1, N,

—For branch =1, N,

Update current as per Equation:
+£(‘/in+1/2 _an+1/2 _ RZJI: + El;l+1/2)
ij

_ Next branch;

— Fornode=1, N

Update voltage as per Equation

n-1/2 M,
Vi > L=

Vn+1/2 — At l k=1 g=1 !
G + G,
At
— Next node;
Next time;
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LIMis Fast...

Comparison of runtime for LIM and SPICE
per 100 time steps.

e i
0.0058 s 0.0005 s
1709 4243 0.369s 0.041s
4850 13880 1.94s  0.184s
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... and gets faster as circuit size increases

LIM v.s. SPICE

Speedup Factor

0 0.5 1 1.5 2
Log Size (normalized to 2,000 nodes)
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LIM has NO Convergence Issues

L R
Introduce latency in diode circuit TIOWMWW— 3
through a small inductor L o T
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... then use colocation and leapfrog:

n n+l n+2
V, sV vyt

n=1/2  yn+l/2 pn+3/2 with V' =L
[,—=>1," ", 1, ,1,7",.. L

g2 _ i

At
...and if time steps are sufficiently small,

Current =1, (eVS’VT —1)
solution o
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LIM Suffers from Stability Issues ...

Transient Response (At = 0168 ns) Transient Response (At = 0277 ns)
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...but they can be controlled...

1 32.2 vH 5.3 Ohm 4

> The LIM algorithm is conditionally stable
> No faster than speed of light propagation

22 nH 4530m 5 21.2uH  21.2 Ohm

N - . .
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Application of LIM to IBIS

° IBIS Data Processing

* Ku/Kd Extraction

* |BIS Standard Formulation

° LIM-IBIS Formulation

° LIM-IBIS Solutions

° Extension to Gate Modulation Effects
* Conclusion and Future Work
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IBIS Data Processing

1. Arrange static IV data

2. Pulldown data (current vs voltage) = I,;, m 4 points

3. Pullup data (current vs voltage) = I,,, m , points
4. Ground clamp data (current vs voltage) = I, , m,. points
5. Power clamp data (current vs voltage) = I,., m points
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IBIS Data Processing

* Next Get VT data. VT data is presented as: Rising
waveform:

* Voltage versus time for V;, low = Vy,, m,, points

* Voltage versus time for Vj;, high =» V,, m,, points: Falling
waveform:

* Voltage versus time for V;, low = Vy;, mg points

* Voltage versus time for Vj;, high = V,, m, points
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IBIS Ku/Kd Extraction™

Pwrpin  Pwr clamp pin

)
K mlpu( comp) 0 pc(vcnmp) [
comp it Vout Rﬁxt Viixt
Y\ . ~MMAN—o
Kd(t)lgd(vcomp)T loc(Veomp) out fixt —— lfixt
Gnd-pm Gnd_-clamp pin )
] _ VOMI Vflxt ] —C Vout (t) Vout (t At)
Jixt — R cap —  fixt A
fixt [
Al
_ out .
VCO’"P - LﬁXt At T VOW Iout - Icap + Ifixt
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Ku/Kd Extraction

We need to extract K, and K,
Procedure is well documented*®

* PickvalueV,,,,

* Find closest corresponding currents in static IV data
* Set themasl,,, I, I,;and I,

* PickvalueV,,,,

* Find closest corresponding currents in static IV data

* Set themasl,, I, I,,and I,

* Ying Wang, Han Ngee Tan "The Development of Analog SPICE Behavioral Model Based on IBIS Model",
Proceedings of the Ninth Great Lakes Symposium on VLSI, GLS '99.
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IBIS Circuit Analysis

2 equations, two unknown system

~L =K+ K, +1

outl u” pul

pcl + Igcl

Lo =KD + Ky I 0 +1

out? u” pu?

pc?2 + Ich

Rearrange as:

K, +K,1,,=-I

u~ pul ourl Ipcl B Igcl — IRHSI

K I +Kd1pd2:_lout2_1p02_1g02:IRHSZ

u” pu?

or

{Ipul Ipdl}{Ku} :|:IRHS1:| Solve for
4 K, and K

RHS?2
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Example of Ku and Kd
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IBIS Simulations

Pwrpin  Pwr clamp pin
o)

KOLyVeomp) c(vcomp)
pu ® p "
comp P g Vext
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K1, (Vo JHK L (Ve V¥ L (Voo )+ 1o (Vi)

u comp comp comp comp

+1,,.(V )”cwm,, (v )+1Gwmp (V.yy ) =0

comp comp comp

Nonlinear system =» use Newton-Raphson
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...or Better: Use a LIM Formulation

Pwrpin  Pwr clamp pin
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IBIS-LIM Solution

Pwrpin  Pwr clamp pin

o
Ku(t)lpu(VCDmp) C'D Ipc(vcomp)
V|;:c-rnp RPI\'g kag Vext
» AMW—YTN .
N ey G — .
comp —— I Coay——
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172 -1/2
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Ccomp A " + 2 (Vcomp + Vcomp ) =—1 out 1 dev
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At 2

Ic?ev = Ku[pu (Vcomp ) + Kdlpd (Vcomp ) + Ipc (Vcomp ) + Igc (Vcomp )
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Transient Simulation Examples

NR and LIM give same results...

altera-crnos33-cio-r25c tut

3 T T T T altera-cmos33-cio-r25c.tud
3 T T T T
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Transient Simulation Examples

... in some cases Newton-Raphson fails to converge...
NR: failed convergence

Falling ¥avefarm /

LIM

y ‘ ]
15 2 K 3 ]
Time (ns)
LIM

NR: failed convergence
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Handling Gate Modulation Effects
(BIRD 98.3)

LIM-IBIS formulation
can easily be modified... Gpug %Gm ... to handle SSN

L (Vi)
sspu Vu = — -
Vo) =700

u
KV, K Ol

Vdx gd Leg

Gnd pin ng
T gd Ibgd
% T
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Gate Modulation Effects

(BIRD 98.3)

simpleisaS.txt

25 . .
YEOMP-ISSR
Large power | S o olene i
. = = =%/PU-NO IS5P
supply inductance : ;
. 15 ——
Small decoupling  _
capacitance 3
S
045
L,, =5nH
C,, =0.001 nF 0
a5 : ' ' : ' : :
a 0.4 1 1.5 2 25 3 34h 4
Time (ns)
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Gate Modulation Effects
(BIRD 98.3)

simpleisaS.t}{t
15
Small power = YVCOMP-ISSP
. il — — —COMP-NO ISSP
supply inductance ——PU-ISSP
. I — = = YPUND ISSP !
Large decoupling 1
. = | i
capacitance -
= o8t |
£
0.4t _
Lpu =0.005 nH
02t |
C,y =0.1nF
0 ¥
02 ' ! ' , ' ' '
0 0s 1 15 2 25 3 35 4
Time (ns)
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Conclusions

> We demonstrated that LIM can be used to simulate IBIS-
based circuits with optimum accuracy.

» Because of the inserted latency, LIM does not use an
iterative scheme to solve nonlinear equations and thus
does not suffer from convergence problems

» LIM-based simulations were successful in instances
where the traditional Newton-Raphson technique failed
to provide a solution

» LIM is expected to be several orders of magnitude faster
for large circuits containing a multitude of IBIS models.
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