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Introduction

B Analog simulators typically utilize a scheme known
as “Dynamic Time Step” control (aka DTS)

€ Provide adequately spaced time steps during active
portions of simulation (signal edges, oscillations)

® Tightens-up time steps when matrix solver has difficulty converging
on a solution (i.e. lots of NR iterations to converge)

€ Reduce the amount of calculations performed during
Inactive portions of simulation (stable signals)

® L oosens-up time steps when matrix-solver finds it easy to converge
on a solution (i.e. few NR iterations to converge)

B In general, DTS does a good job, most of the time

B The technigues presented here can help overcome
some troublesome situations
& These are only a FEW of the “helpers” I've created
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Introduction (cont.)

B Am | “picking-on” Saber?
¢ No

® | am attempting to point-out to the developers (and users) of AHDL
(aka AMS) simulators that this has been an issue in the past, and
needs to be addressed in anything they create for the future

® Saber's MAST language is the predecessor of VHDL-AMS

* | am afraid that these deficiencies will become a part of the Next-
Generation (aka AMS) simulators

® | want to offer solutions to AHDL (AMS) users to problems they
might encounter
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The Problem

B DTS algorithms can perform inadequately

€ Loosen-up time steps too quickly
® \Waveforms appear “jagged” or “steppy”
® Oscillations decay-away too abruptly
€ Generate insufficient time steps to produce “smooth”
waveforms
® Oscillations appear “segmented”

B An inaccurate answer, obtained quickly, Iis often less
useful (or even more harmful) than no answer at all
€ Can validate false assumptions
€ Can lead to invalid conclusions
€ Can cause more “design turns” (wasted time)
€ Can give false optimism that circuit/system works OK
& Can give false pessimism that circuit/system won’t work
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The Problem (cont))

B Given a simple test case: Solenoid Driver

Top-Level
Circuit

Solenoid

Driver

Mswitch
Vtrl NMOS FET Generic

I J_: Rds_on:100m Vsd:2 _| Crh
SI m ple F ET L‘?L%(é{ V_br_dss:100 G_clamp:10 ~T~ 1000p
freq:10 Ildss:1u Vds:80
Macro Model duty-0.10 Coss250p  Cress0p

td:Tm :4.5n §:7.5n
Toff_slew:10u Ton_slew:10u

Primary FET Element Body Diode & Avalanche Output Capacitance Package Parasitics

Ld

F]oD
swl 14

CLAMPbod
{Rds_on} | {Vdsk{ldss} ol

L Cds

6 SF——\ swia & ™ {Cossp—{Crss}

{ton_slew) | <tof_slew’

IDD< L.PH1
Automotive Systems

17-OCT-00



The Problem (cont.)

B The circuit should have the following characteristics:
€ Natural Resonance Frequency (NRF)

— — » 153.2kHz

FReS
2P /L coil (Crp +Cps)

€ Decay (or Damping) Time-Constant

t becay = 2 Lol , 200ms

Coil
€ Time to decay to %2 of peak amplitude

T%Amplitude =0.69315*t Decay 138.6n%

& Apparent Resonance Frequency

» v153.2kHz? - 795.8Hz2
» 153.197kHz
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The Problem (cont.)

B The text book answer:
€ Post-avalanche ringing

s====2s22852215 2 (Shoud be about 15010 156KHz dus to ‘C of Zene)

—E 1l 1% ]43”5
® as produced using PSPICE (without effort)

® Saber requires considerable “adjusting” to obtain
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The Problem (cont.)
B Saber results with default DTS settings:

Basic Test Circuit (FET—switched Inductive Load)
Default Settings: 163 Time Steps (0.5 sec run time}

@Turn-Qn:

T T T T T T T T T 1
0.001 0.00125 0.0015 0.00175 . 0.00225 0.0025 0.00275 0.003 0.00325 0.0035

@Turn-Off:

0.0+

[ I I I I I I I I 1
0.011 0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118 0.0112
t(s)
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The Problem (cont.)

B Saber results with Trapezoidal Integration:

Basic Test Circuit (FET—switched Inductive Load)

_ Trapezoidal Intg’n: 689 Time Steps (1.6 sec run timed
@Turn-On:

T T T T T T T T
0.001 0.00125 0.0015 0.00175 . 0.00225 0.0025 0.00275 0.003

@Turn-Off:

0.0+

[ I I I I I I I I
0.011 0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118
t(s)
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The Problem (cont.)

B Saber results with 10X finer Truncation Error:

Basic Test Circuit (FET—switched Inductive Load)
TruncErr 10X finer: 397 Time Steps (1.0 sec run timed

@Turn-Qn. |

T T T T T T
0.001 0.00125 0.0015 0.00175 0.002 0.00225

@Turn-Off:

T 1
0.00325 0.0035

e —see ek " " -

"

[ I I I I I
0.011 0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116
t(s)

IDD< L.PH1
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The Problem (cont.)

B Saber results with “All” Truncation Type:

Basic Test Circuit (FET—switched Inductive Load)
TruncErr All: 315 Time Steps (0.8 sec run time}

@Turn-Qn:

T T T T T T T T T T 1
0.001 0.00125 0.0015 0.00175 0.002 0.00225 0.0025 0.00275 0.003 0.00325 0.0035

@Turn-Off:

se—det—e—de " " " - -

0.0

[ I I I I I I 1
0.011 0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118 0.0112
t(s)
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The Problem (cont.)

B Saber results with 10 same-size time steps:

Basic Test Circuit (FET—switched Inductive Load)
SameSize 10: 259 Time Steps (0.7 sec run time}

@Turn-Qn:

T T T T T I T T T T 1
0.001 0.00125 0.0015 0.00175 0.002 0.00225 0.0025 0.00275 0.003 0.00325 0.0035

@Turn-Off:

. " " "

0.0

[ I I I I I I 1
0.011 0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118 0.0112
t(s)
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The Problem (cont.)

B Considering four major and two minor control

parameters:
Table 1 — Saber DTS Control Settings

# of
Parameter Settings

Truncation Default + 1 decade
Error

Truncatmn Method tn use

(Dynamic, Static, All) Major
Truncatmn Controls
Normalization

Integration Method to use
Method 2 (Gear, Trapezoid)
Number of Default + 2 decades _

Same Points 3 (1,10, 100) Minor

Sample Point Default + 2 decades Controls
Density (1,10, 100)

] C 9?2 A VERY many combinations

B “Calibrating the simulator” can be a very daunting
task: there are TOO MANY combinations to try!

17-OCT-00




Solution #1: Limit Step-Out

B Limit Step-Out (LSO) performs these tasks:

& At the end of each time step, the template calculates the
size of the current step (Time_Step) by subtracting the
current time (time) from the time it was when the last time
step was finished (Last_Time).

€ The current time step size is multiplied by the user-
specified relaxation rate (StepOut_Factor) in order to
determine how large the next time step can be
(Desired_Step_Size).

€ The DTS is constrained (via step_size system variable) as
to how large it can make the next time step
(Desired_Step_Size).
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Solution #1: Limit Step-Out (cont.)
B |.SO added to the original circuit:

Test Case
(Limit StepOut)

freq:10
duty:0.10
td:1m

€ Simply place on top-level schematic
® Needs no “connection” to circuit
® Provides three user-adjustable (optional) parameters
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Solution #1: Limit Step-Out (cont.)
B Results: Step-Out Factor=1.05

Basic Test Circuit (FET—switched Inductive Load)
@Tu rn Limit Step—>0ut 1.05X: 640 Time Steps (1.05sec run time’

n:

I
0.001 0.00125 0.0015 0.00175 0.002 0.00225 0.0025 0.00275 0.003 0.00325 0.0035

@Turn-Off:

T T T T T T T T T 1
0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118 0.0112
t(s)

& All other DTS parameters set to “Defaults”
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Solution #1: Limit Step-Out (cont.)
B Results: Step-Out Factor=1.01

Basic Test Circuit (FET —switched Inductive Load)

Limit Step—0ut 1.01X: 1955 Time Steps (5.3sec run time
@Turn-On:

T
0.001 0.00125 0.0015 0.00175 0.002 0.00225 0.0025 0.00275 0.003 0.00325 0.0035

@Turn-Off:

T T T T T T T T T 1
0.01102 0.01104 0.01106 0.01108 0.0111 0.01112 0.01114 0.01116 0.01118 0.0112
t(s)

& All other DTS parameters set to “Defaults”
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Solution #1: Limit Step-Out (cont.)

B Results: Step-Out Factor=1.01 -vs- No Assistance

Basic Test Circuit (FET —switched Inductive Load)
Limit Step—0ut 1.01X —vs— Saber Defaults
V) :t(s)

vout (Limit StepOut 1.01X)

vout (No Assist)

=5.0

[ I I I I I I I I I 1
0.01102 0.01103 0.01104 0.0110% 0.01106 0.01107 0.01108 0.01109 0.0111 0.01111 0.01112
t(s)

€ Post avalanche ringing
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Solution #1: Limit Step-Out (cont.)

B Results: Step-Out Factor=1.01 -vs- No Assistance

Basic Test Circuit (FET —switched Inductive Load)
Limit Step—0ut 1.01X —vs— Saber Defaults
(V) :t(s)
105.0

vout (Limit StepOut 1.01X)

vout (No Assist) 100.0

95.0

90.0

85.0 -

80.0

75.0

70.0

65.0

60.0

55.0—I ‘ | |
0.011013 0.0110135 0.011014 0.0110145

€ End of avalanche interval
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Solution #1: Limit Step-Out (cont.)

O Results Varlous Step- Out Factors

wilmit_ StepOuwt
Max Stq:rﬂut Factor=1.1 : : : : : : ;
. Max TimeStep_Size=ims : : : : : : ?

 wilimk_Siepout | 109
- Max_StepDut | Faclur-1 05
- Max_TimeStep ! Bim-‘lma :
. 798 slepai20me :
©o1vesec

Note: : : ;
. Even W|th Mox StepOut Foctor-l 05
rg . : ULeTOVERY restrlctwe COnd|T|0nj
2201 mm, ' Mast of which occurdunng the - we ot:-tcuned essentially the same
pcsst flvbcm:k ringing. (I £ NOT. here} ----- answer. GDGUT54X faster than when
we tlghtened up TruncErrI

' Saber Defaults:
Very Coarse
Overshoots Target

Very Fast Answer (0.35sec)
- Saber w/“Cranked Down” TruncError:
Very Fine
No Overshoot
: oo : : : : : Slow Answer (9.5 sec)
ooss T—Lil— i i i i i LSO @ 1.05 (Very Restrictive):

00155 0.0156 00157 00158 00158 24018 00161 Ve ry Fl ne

No Overshoot

@ Current build-up at turn-on Fast Answer (1.76sec)
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Avutomotive Systems 20 17-OCT'OO




Solution #2: Target Crossing

B Target Crossing (TC) operates as follows:

€ The user specifies up to ten voltage levels at which time
steps should occur (Targets).

€ The voltage between the inputs (P and M) are monitored
(using when(threshold()) construct).

€ \When any of the ten thresholds are crossed, an analog
time step is forced (using the schedule next_time
construct) at the point in time (time) which the built-in
linear interpolation routine estimated the threshold was
actually crossed.

€ The analog simulator throws away the data for the just-
calculated time step and goes back to the specified
(interpolated) point in time.
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Solution #2: Target Crossing (cont.)

B Target Crossing (TC) illustrated:

€®Time step #3 Is O =Time-Step Thrown Away
calculated, but @ =Time-Step Kept (Used)
signal crossed
Target[1] level.

& Estimated time
of crossing Is
Timel, so DTS
forced back for
time step #4.

& Time step #5 OK.

€ Time step #6 causes signal to pass through Target[2], so
cross time is estimated to be Time2, and time step #7
Is forced to occur there.

€ Time step #8 OK, so simulation continues.
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Solution #2: Target Crossing (cont.)
B Target Crossings (TCs) added to schematic:

Test Case
(Target Crossing)

[90,80,70,60,50,40,30,20,10,0]
[100,99,98,97,95,92.5,87.5,85,82.5,75]
[7,4,2,1.5,1,0.5,-0.5,-1,-1.5,-2]

Solenoid

Driver

Mswitch
Vetrl o NMOS FET Generic
LOGIC_4 I A Rds_on:100m Vsd:2
CLock X V_br_dss: 100 G_clamp:10 T
. Idss:1u Vds:80
freq._w Coss:250p Crss:50p
duty:0.10 Ld: ;
td:Tm :4.5n Ls:7.5n
’ Toff_slew:10u Ton_slew:10u

Run simulation for 200ms

Plot:
Axis1:09 to 3.5ms
Lcoil current @ 0.29 to 1.01A
Axis2: 11.0to 11.2ms
Lcoil current @ -0.2 to +1.1A
VYout voltage @ -10 to +110V

3 TC blocks added: 30 target voltages

< L_PHII
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Solution #2: Target Crossing (cont.)

B TCs at 10V intervals (during avalanche):

Basic Test Circuit (FET—switched Inductive Load)
Target Crossing 10’'s: 198 Time Steps (1.0sec run time)

Missing points

0.0

e —
0.011 0.011002 0.,011004 0.011006 0.011008 0.01101 0.011012 0.011014 0.011016 0.011018 0.01102
t(s)
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Solution #2: Target Crossing (cont.)

B TCs at 10V intervals overall & finer at upper corners:

Basic Test Circuit (FET—switched Inductive Load)

Target Crossing
(V) :t(s)

vout (10’ and Hi's)
Basic Test Circuit (FE'ImI :
Target Crossing 10’s & Hi's:

1200

T T T T
0,011004 0.011005 0,011006 0.011007
t(s)

| Cofner st
[ A abrup

0.0 a e ® A ............ ............ ............ ............. ............ AT L L

[ T | T T T | | | T |
0.011 0.011002 0.,011004 0.011006 0.011008 0.01101 0.011012 0.011014 0.011016 0.011018 0.01102
t(s)
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Solution #2: Target Crossing (cont.)

B TCs at 10V intervals overall & 1V at bottom corners:

Basic Test Circuit (FET—5 (10's oniy)
Target Crossing 10’s: 198 Tip———————

vout (No Assist)

-20.0
T T T T
0.011014 0.011015 0.011016 0.011018 0.011019 0.01102

0.0

|
0.011 0.011002 0.,011004 0.011006 0.011008 0.01101 0.011012 0.011014 0.011016 0.011018 0.01102
t(s)
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Solution #2: Target Crossing (cont.)
B TCs at key levels from GND to V¢ pp, v:

Target_Crossing’ (Targets @-.5, 0, .5, 5, 7.5, 10, 12.5, 15, 19,5, 20)
@Turn-Off:

@ Beginning of FlyBeck

T T T T T T T T
0.0100071575 06100016 0.670061625 001000165 0040001675 0000077 0.0 G001 725 6010009175

@Turn-Off: °

& Ending of FlyBack

T T J T T
00100 0.0100712 0.010014 Q.001E 0010018 0.010022 0010023 0.010028 0.01002B 0.01003

@Turn-On:

@ Briver Turn-On
(Coil starting to "Chargea’)

0.0

T T g T T
0.07145505 60150005 0.015601 0.0450015 04015002 0.0150025 G.07150062
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Conclusion

B Using AHDL coding, it is possible to enhance the
generation/control of time steps so that more
calculations are performed during active intervals.

B More calculations In active intervals leads to more
accurate rendition of waveforms

@ Oscillations become apparent
@ Rising/Falling edges don’t erroneously overshoot target
€ Rising/Falling edges approach target smoothly

H All AHDL (AMS) languages should provide
mechanisms for allowing the model-writer to

manipulate time steps from within device models (as
Saber's MAST does).
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