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Purpose

®m Evaluation of HICuM/L2 VA codes with and without internal loop for solving the transfer
current

m DC, AC and CML ring-oscillator simulations
®m Accuracy
® Runtime
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HiCuM revision and simulator

m Tested HiCuM revisions (VA code?)

HiCuM revision Comments

HiCuM/L2 v2.33 Production version

HiCuM/I2 v2.34 | Last HICUM revison. Beta version under evaluation [1]

HICUM/L2 v2.40 HiCuM without internal solver, proposed by TUD [2] with the help of 2 additionnal internal
' nodes. Not approved by CMC HiCuM subcommittee. No runtime improvement.

HICUM/L2 v2.47 il_rl:t(;lrjr':gmghdoem internal solver, proposed by Z. Huszka (AMS) [3] with the help of 1 additionnal

*.OP variables computation not activated in VA code (in fact low impact on runtime)

® Simulations with ELDO ams15.3

= Notation

* Best case in blue
* Worst case in red
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DC and AC simulations (1/2)

m Comparison between HiCuM/L2 v2.33 and HICuM/L2 v2.4Z

m SH=1and NQS =1

® Gummel plot @ 27°C
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Vge (V) Vge (V) Number of points v2.33 CPU time v2.4Z CPU time
-1to 1.1V step 0.001V 0.6, 0.25,0,-0.25-0.8 10500 16s 05ms 15s 43ms

Ic: Is Isus [A]

Ic: Ig: Isus [Al

1020 |

o 1cV233
o lgVv2.33

Ic V2.42
I V2.4Z
Isup V2.4Z

o lgVv233
o lgVv233

Ic V2.42
I V2.4Z
—— lgyp V2.4Z

lc: 1. Isus [Al

o 1cV233
o 1gV2.33

Ic V2.4Z
g V2.4Z
Isug V2.4Z

» Some discrepancies on the collector current
between v2.33 and v2.4Z in the breakdown
region (Vgc = -0.8V)
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DC and AC simulations (2/2)

m fy characteristics @ 27°C (SH =1 and NQS =1)

Vge (V) Vgc (V) Number of points v2.33 CPU time v2.4Z CPU time

0.6 to 1.1V step 0.001V 0.6,0.25,0,-0.25-0.5 2500 10s 62ms 10s 47ms

850 I I I I I

Vpc=0.6V V2.33
Vpc=0.6V V2.4Z
Vpc=0.0V V2.33
Vpc=0.0V V2.4Z
——— Vpc=-0.5V Vv2.33

0.% | 0.75 0.8 0.85 0.9 0.95 1
Vge [V]
m Comments

« Same accuracy between the 2 versions (excepted near and after BV g)

* CPU time too small to see a real difference between the 2 versions
« Test on ring oscillator for more realistic results

’l AKB 20015
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CML ring osclillator

m Simulations at 25°C of CML ring-oscillator of 21 gates at 3 densities of current by
keeping the logic swing constant and equal to 500mV

* Before the f; peak (Ic = 1.4 mA)
* At the f; peak (Ic = 8.5 mA)
* After the f; peak (Ic = 23 mA)

= Simulations done with and without self-heating (SH) -

= Simulations done with and without non-quasi-static
effects (NQS) el

0.1 1 10
lc [mA]

= Simulations executed using single threading (32-bit) and on the same operating sys-
tem (Linux)
« RedHat 5.9 32-bit 3.3 GHz

®m Simulations executed using the default simulator options

m Netlists are available on request (salim.elghouli@st.com)
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SH =0 and NQS =0
m Results
Tail Current Parameter HiCuM/L2 v2.33 | HiCuM/L2 v2.34 | HiCuM/L2 v2.40 | HiCuM/L2 v2.4Z
Number of Newton Iterations 100828 101176 101695 107235
c=14mA Number of accepted Time Steps 14538 14538 14538 14538
Elapsed CPU time 5mn 30s 6mn 19s 4mn 54s 4mn 18s
Period of the CML Ring (ps) 572.28 572.28 572.28 572.28
Number of Newton lIterations 289544 290785 620395 555514
c_8.5mA Number of accepted Time Steps 26344 26414 59048 72080
Elapsed CPU time 15mn 43s 16mn 53s 29mn 49s 43mn 19s
Period of the CML Ring (ps) 163.42 166.12 140.81 141.03
Number of Newton Iterations 249172 252481 586196 944537
o = 23 mA Number of accepted Time Steps 25443 25663 67853 136230
Elapsed CPU time 18mn 01s 18mn 46s 27mn 34s 58mn 36s
Period of the CML Ring (ps) 202.03 200.86 191.88 183.43
V2.33
V2.34 V2,40
\" b
~ - e P
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SH =0 and NQS =0

m Waveforms
e |C=1.4mMA Ic=14mA

. . 0.1
« All versions give the same results ’ : ’ ! ! ! !

v2.33
v2.34
v2.40
v2.47

HH

Output Voltage [V]

«|C=8.5mA 01 l l IczsllsmA l l
« v2.33 and v2.34 give similar results N _ I » ? ? —
* v2.40 and v2.4Z give similar results but different o |  \ [ Vi e q V
than v2.33 and v2.34 P Hunin .
« Explanations? Z o 11N iR
S sk T T
°? ' —
« IC = 23mA | e |
» v2.33 and v2.34 give similar results . | | | i
» v2.40 and v2.4Z give different results and different s o1
than v2.33 and v2.34 5 o2
« Explanations? i s
’l AKB 20015 e

life.augmented



SH =0and NQS =1
m Results
Tail Current Parameter HiCuM/L2 v2.33 | HiCuM/L2 v2.34 | HiCuM/L2 v2.40 | HiCuM/L2 v2.4Z
Number of Newton Iterations 101238 101223 101253 105017
o= 14mA Number of accepted Time Steps 14496 14493 14494 14493
Elapsed CPU time 6mn 28s 6mn 20s 4mn 21s 6mn 02s
Period of the CML Ring (ps) 574.06 574.06 574.06 574.06
Number of Newton lIterations 561060 561820 697655 699376
c_8.5mA Number of accepted Time Steps 56795 56805 68940 90071
Elapsed CPU time 51mn 35s 31mn 36s 32mn 15s 1h 14mn 52s
Period of the CML Ring (ps) 150.10 146.96 143.75 142.9
Number of Newton Iterations 673120 677572 1040411 1269862
o = 23 mA Number of accepted Time Steps 75291 75622 113434 183075
Elapsed CPU time 1h 12mn 36s 49mn 25s 50mn 27s 2h 23mn 35s
Period of the CML Ring (ps) 202.56 189.70 193.68 187.79
V2.34
V2.40 V2.33
\" -
~ - e P
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SH =0 and NQS =1

m Waveforms

«IC=14mA
 All versions give the same results

«IC=85mA
» v2.33 and v2.34 give similar results

* v2.40 and v2.4Z give similar results but different

than v2.33 and v2.34
» Explanations?

*IC =23mA
 All versions give different results
» Explanations?

Lys

life.augmented

Output Voltage [V]

Output Voltage [V]

Output Voiltage [V]

-0.5 -

-0.6
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15 2 25 3 35 4
Time [ns]
Ic =8.5mA

Ic=23mA

-0.1 -

-0.2 -

-03 -

0.4 [~

0.8

1.2 1.4 1.6 1.8 2
Time [ns]

v2.33
v2.34
v2.40
v2.4Z

v2.33
v2.34
v2.40
v2.4Z

v2.33
v2.34
v2.40
v2.4Z
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SH=1and NQS =0
m Results
Current Tail Parameter HiCuM/L2 v2.33 | HiCuM/L2 v2.34 | HiCuM/L2 v2.40 | HiCuM/L2 v2.4Z
Number of Newton Iterations 100828 101176 101693 107224
c=14mA Number of accepted Time Steps 14538 14538 14538 14538
Elapsed CPU time 6mn 17s 7mn 38s 5mn Os 4mn 17s
Period of the CML Ring (ps) 572.28 572.28 572.28 572.28
Number of Newton lIterations 289600 290787 621179 518328
c_8.5mA Number of accepted Time Steps 26363 26440 59118 67176
Elapsed CPU time 17mn O1s 16mn 43s 28mn 46s 43mn 18s
Period of the CML Ring (ps) 163.61 164.41 140.81 140.81
Number of Newton Iterations 251166 252803 580677 952814
o = 23 mA Number of accepted Time Steps 25658 25765 71314 136742
Elapsed CPU time 17mn 56s 18mn 25s 24mn 23s 1h 3mn 57s
Period of the CML Ring (ps) 202.29 204.45 190.52 184.01
V2.33
V2.34 V2,40
N —
1‘ 3



SH=1and NQS =0

m Waveforms

«IC=14mA
* All versions give the same results

v2.33
v2.34
v2.40
v2.47

Output Voltage [V]

e |C=85mMA ot ! ! . BfmA ! ! — v2.33
« v2.33 and v2.34 give similar results 3 | 1 i
* v2.40 and v2.4Z give different results and different s
than v2.33 and v2.34 g
« Explanations? :
«IC = 23mA , I — .
« v2.33 and v2.34 give similar results . S S| — %
* v2.40 and v2.4Z give different results and different _ | | | | | e
than v2.33 and v2.34 .
« Explanations? : T
’l AKB 20015 Time (v
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SH=1and NQS =1
m Results
Current Tail Parameter HiCuM/L2 v2.33 | HiCuM/L2 v2.34 | HiCuM/L2 v2.40 | HiCuM/L2 v2.4Z
Number of Newton Iterations 101221 101221 101253 105002
c=14mA Number of accepted Time Steps 14493 14493 14494 14493
Elapsed CPU time 6mn 14s 5mn 58s 5mn 12s 6mn 33s
Period of the CML Ring (ps) 574.06 574.06 574.06 574.06
Number of Newton lIterations 561688 562262 698591 696174
c_8.5mA Number of accepted Time Steps 56696 56792 69765 89451
Elapsed CPU time 33mn 47s 31mn 13s 33mn 10s 1h 13mn 21s
Period of the CML Ring (ps) 147.82 150.30 143.75 142.44
Number of Newton Iterations 673661 673392 1043992 1300031
o = 23 mA Number of accepted Time Steps 75212 75137 115816 187710
Elapsed CPU time 57mn 28s 44mn 41s 50mn 23s 2h 3mn 40s
Period of the CML Ring (ps) 190.93 196.63 188.51 184.16
V2.34
V2.33 \V2.40
\" b
~ - b PR
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SH =1 and NQS =1

m Waveforms

«IC

«IC

«IC

Lys
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=1.4mA
* All versions give the same results

=85 mA
» All versions give different results
» Explanations?

= 23mA
 All versions give different results
» Explanations?

Output Voltage [V]

Output Voltage [V]

-0.1

Output Voltage [V]

-0.2

-0.3

-0.4

-0.5

-0.6
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v2.33
v2.34
v2.40
v2.4Z
0 2 25 4
Time [ns]
Ic=85mA
T T T T
: : —— V233
: : — Vv2.34
| ——  v2.40
| — v2.4z
1.4 2
Time [ns]
Ic =23 mA
v2.33
v2.34
v2.40
v2.4Z
i i i i
0.8 1.2 1.4 1.6 1.8 2
Time [ns]



Impact of SH and NQS on waveforms

® HiCuM/L2 v2.34

«IC=1.4mA e —
. s s s s s s s ——SHONQS0
* No impact of SH and NQS on the waveforms | ‘ A
s s : : : : ——SHINQS1
2 01}
g -0.2 |-
% 03 |-
-0.4 |--
-0.5
0
Ic=85mA
e |C=85mMA o ! ! ! ! ! —— SHONQSO
. : : : : : ——SHINQS0
* No impact of the SH on the waveforms (Wt i S o B ) 7T —StiNes
* NQS effects impact the waveforms s | | | 10—
La
Time [ns]
Ic =23 mA
e |C =23mMA 0 ——SHONQS
« No impact of the SH on the waveforms o S

* NQS effects impact the waveforms

Output Voltage [V]
o
w
I

0.4 —
o6 i i i i i
‘ 0.8 1 1.2 1.4 1.6 1.8 2
,l Time [ns]
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Comments (1/2)

m CML ring oscillator waveforms are not strictly identical for all versions. Their differences
depend on the current density and are worst if NQS effects are on.

» Explanation?

m Best results (runtime) are obtained with the transfer current solver coded inside HICuM
VA code

= Similar runtime between v2.33 and v2.34 (both version with internal solver)

m Despite the lower nodes number, (-1) used in v2.4Z to solve, by the simulator, the transfer
current, there is no CPU time improvement (and iterations number) in comparison with
v2.40.

* Why?

m At low current (Ic = 1.4 mA), all HICuM versions have the same runtime whatever SH (0
or 1) and NQS (0 or 1)

, l AKB 20015
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Comments (2/2)

171

At medium current (Ic = 8.5 mA) and high current (Ic = 23 mA), the runtime increases

strongly for all HICuM versions and more when the solver is outside the model, the worst
case being HICuM v2.4Z.

 Why? Is it due to the internal solver or the complexity of HICUM equations and derivatives?

At medium current (Ic = 8.5 mA) and high current (Ic = 23 mA), NQS have a strong

impact on the runtime (increase) for all HICuM revisions. In the opposite, the SH has a
lower or negligible effect.

* Why? Number of external nodes to solve NQS effect? Complexity of the HICuM formulations and derivatives?

What is responsible of the increase of HICuM runtime at high currents?

* Is it due to the internal solver?
* |s it due to the HICuM equations and derivatives?
* |s it due to the non optimized C code generated by VA compilers?

How to explain the impact of NQS effects

e On runtime
* On the difference of the waveforms between model version?

AKB 20015
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Summary

® Whatever the proposed solution (TuD or AMS), to remove the internal loop for solving the
transfer current, no improvement of the runtime.

m Using a CML ring oscillator as test bench, shows that the runtime is strongly degraded at
density of currents around and after the f; peak and by the activation of NQS effects

» Explanation?
» Possible improvements?

for further investigation (if needed)?
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