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Outline

Dolphin

e EDA Solutions by Dolphin

 Overview of SMASH
Verilog-A for Compact Modeling

 Next step: direct use by designers

 Benchmark of Verilog-A vs. SPICE

e Verilog-A Limitations (for Compact Modeling)
Verilog-A Compact Models in SMASH

e Examples of additions during integration
Need for a standard subset of Verilog-A

Conclusion
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150 9001 *  Astrong synergetic potential between

—  Silicon Intellectual Property Products
¢  Embedded memories SRAM, ROM
e Standard cell libraries, low power, high density
*  Mixed signal: ADC, DAC
* Power management
e  8b, 16b microcontrollers

%

—  EDA Solutions

—  Dolphin Delegation Services

e Five professions in growing demand for design in
Microelectronics
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—  Turnkey SoC Design
* low power, mixed signal ASICs

*  Since 1985, now 175 including 145 engineers
*  On Alternext stock-market

. 11.5 M€ sales turnover

S —

ra .

s

2D I EERERERER  EERAN!

Dolphin Integration
Meylan - France

Dolphin Integration GmbH
Duisburg - Germany

DOLPHIN :

INTEGRATION www.dolphin-integration.com
medal@dolphin-integration.com T

April 3, 2009



aaaaaaaa
-----
2200005 L [

@ SLED — Schematic Link Editor
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é 3 SMASH™  — Mixed-Signal Multi-Language Simulator
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3 :} SCROOGE - Mixed-Signal Power Consumption Estimator
= I — Powered by SMASH™

SoCGDS - Layout Analyzer & Processor
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MOS-AK / GSA Workshog
IHP, Frankfurt (Oder)

Overview of SMASH

= SWASH 5121

 Mixed-signal
— Analog
— Logic
e  Multi-language
—  SPICE (including flavors)
— Verilog
— VHDL
— Verilog-A
— VHDL-AMS
- C
e  Multi-level
—  Structural / Gate
— RTL
— Behavioral
Multi-platform
— Windows, Linux & Solaris
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e  Wide range of integrated Compact Models
— BSIM3, BSIM4, EKV2.6, EKV3, ACM, PSP, VBIC, MEXTRAM, MMO...
e Since 1989...
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Dolphin’s Experience
Integration of Compact Models

W Help: m_models_model_psp102_2. dll.htm PSP102 (release 5.13.0d2 of Mar 12 2009)
* More than 85 device models ESCTE T
Lontents \M Instance Parameters: parsed and available with ' IN(<instance name>.<parameters)' function: 4
—_— H I e ra rc h I ca I a p p roa ch @ @ Parameter Name Default Yalue Unit  |Description
" i Parallel multiplicity
| @ SPICE Models FaTAL ERROR if less than or equal to O
@ C - Capacitors P 1 | P
@ D - Dindes EIEIG
. @ E - Voltage Controlled e W MODEL: 1 [ Width for M=1
[ ] S P I C E fl avo r h a n d I I n g @ F - Current Controlled ot FATAL ERROR if less than or equal to O L |
@ G - voltage Controlled G ) Length
[ . b . I . . h @ H - Current Controlled Yo L MODEL L ™ |FaTAL ERROR if less than ar equal 1o 0
(%)) - CO m patl | Ity Wlt g ;ig::‘r:t‘!tns:;cizns‘st s 1 meg  |BOtom area of source junction
pad competitor specificities B St o wres o ar vt
B w p p @ L - Inductors i 1 g |BO00m area of drain junction
= @ M - Mos Transistors FATAL ERROR if less than 0
-D ( H S P I C E; E I—DO; PS P I C E see ) l m_madsls: model_sw - 10 - Ferimeter of source junction
O m—mﬂjals‘ mﬂ:e:—:e‘ FATAL ERRCR i less than D
m_madels: model_les
- ' [l Perimeter of drain junction
— dels: model_les
< e ol o u ™ |FATAL ERROR if less than D
s . : madel_re| GNOTSE | MODELIGNOTSE Noise gain
* Part h iy
. S a r n e rs I S ' :z:::-:' . . Nurmber of fingers
(D : model_m
‘.— — E KV2 AC M E KV3 : model_an Sh [u] m Distance between OD-edge and poly from one side
eee
\ x 4 4 ' m”:e:—“ SB 0 m  |Distance between OD-edge and poly from other side
: model_mr
¥ C : model_ps SD 1} m  |Distance between neighbouring fingers
< (g0} model_ps s o \ntegral of the first distribution function for scattered well dopants
i | . . 5 FATAL ERROR if less than D
|.|_ b C I nte rfa Ce madel b Integral of the second distribution function for scattered well dopants
(Vp) m_madels: model_bs SCB i " r
- it F&TAL ERROR if less than O
al m_madels: model_bs el
o_ —_— BSI M 3 BSI M 4 M M 9 M M 1 1 m_models: model_bs ace 0 Integral of the third distribution function for scattered well dopants
7 ’ ’ 7 model_bs| FATAL ERROR if less than O
E I E KV2 ' m”:e:—:zs sc 0 m  |Distance between OD-edge and nearest well edge
— eee : model_bs
5 . model bs DELVTO 1} W Threshold voltage shift parameter
model_bs Zero-field mohility pre-factor
m_madels; madel_ek FACTHO ! FATAL ERROR if less than O
] m_madels: madel_ek
. . Bottomn area of source junction
dels: madel_ek ABZOURCE bt me2
e Verilog-A with ADMS XML Efsonire i (AT SROR s
) m_models: model_ek
m_models: model_sk LESOURCE u - STI-edge length of source junction
@ Q - Bipolar Transistars FATAL ERROR if less than 0
- PS P, E KV3, J U n Ca p 2, H I C U M @ R - Resistors Fp—— W m  |Fateedge length of source junction
8 i . tED‘TEe FaTAL ERROR If less than 0
- Lossless
Bottom area of drain junction
U-Lossy T Li ~
g " Vzlstler:gj::jm ! ABDRLIN p M2 |EaTAL ERROR 1f less than 0
@ 1 - Mixed Macromodels STl-edge length of drain junction
LAPRALN u ™ |FaTAL ERROR if less than D
| & ‘ | LGDELIN u m|G3t=-edge length of crain junction L]
Done
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MOS-AK / GSA Worksho
IHP, Frankfurt (Oder)

Verilog-A for Compact Modeling

e Advantages of Verilog-A

— Standardized

— More viable than C (with simulator specific interfaces)

Modeler

Standard language

No simulator specific
interface

Derivations handled
automatically

Fewer bugs in models
(derivations, parameter
default values...)

Integrator

Standard language
Fewer bugs introduced
during integration
Simplified integration
Leeway for introducing
proprietary additions

Faster availability of new
Compact Models

Desigher/Foundry

Implementation quasi-
identical in every
simulator

Faster availability of new
Compact Models in a
wider range of simulators

April 3, 2009 ‘
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Next step: direct use of Verilog-A

models instead of SPICE models

e Directly distributing Verilog-A models would have
several advantages

Modeler/Integrator Foundry Designer
* No integration needed, Use a standard language for: || * Identical in every
direct distribution to . simulator

Customizing model
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foundry and final users

AN\

Must be compatible with
existing SPICE level design
kits, schematics, and
netlists

features (replacing TMI
and CMC API)

Adding parasitic behavior

Describing statistical
models

Describing macro-models

e Faster availability of new
models and design kits in
a wider range of
simulators and foundries

T ®» Based on Dolphin’s experience, we will present the

issues that must be addressed to reach this goal

Dolphin Integration
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MOS-AK / GSA Workshop
IHP, Frankfurt (Oder)

Benchmark of Verilog-A vs. SPICE
Conditions

Test bench:

e Configurable CMOS delay (400, 4k or 40k MOS)

e Use default values for the parameters of the MOS models
e Use two models: one PMOS and one NMOS

e Computed iterations 2550+5

e Use TRAP method for integration

Dolphin Integration ~ p@#—=12"% DOLPHIN
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Benchmark of Verilog-A vs. SPICE

Memory
Memory usage SMASH Simulator B Ratio
(MB) Verilog-A
SPICE Verilog-A SPICE Verilog-A | /SPICE
Circuit #1
400 MOS 38 MB 75 MB 15 MB 19 MB 1.2
PSP Circuit #2
Model | 4k mos 55 MB 407 MB 65 MB 96 MB 1.7
Circuit #3
40k MOS 204 Mb X 566 MB 854 MB 4.1
Circuit #1
400 MOS 39 MB 68 MB NA 15 MB 0.4
EKV3 | Circuit #2
Model | akmos 51 MB 305 MB NA 62 MB 1.2
Circuit #3
40k MOS 166 MB X NA 436 MB 2.7
| oo e %‘ﬁj DOLPHIN R »
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Benchmark of Verilog-A vs. SPICE
Speed

Simulation time SMASH Simulator B Ratio
(seconds) Verilog-A
SPICE Verilog-A SPICE Verilog-A | /SPICE
Circuit #1
400 MOS 1.2s 32.4s 3.1s 28.5s 23.1
PSP | Cireuit#2 | 4 5 5 675.4 40.3 405.1 22.9
Model | akmoas 7S As 3s ds .
Circuit #3
40K MOS 216.5s x 421.1s 8565.8 s 39.6
Circuit #1
400 MOS 2.1s 47.7 s NA 30.15s 14.2
EKV3 Circuit #2
Model | 4k mos 30.5s 872.9s NA 339.2s 11.1
Circuit #3
40K MOS 375.2s x NA 6676.7 s 17.8
| oo e %‘ﬁj DOLPHIN I !
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Verilog-A Limitations
Memory Consumption

e Model / Instance size / Instance

XML scripts J Verilog-A J
i ¥ &
{ADMS XML @ } {Verilog-A Compiler @ }

.y nus

P Instantiated for each instance -

~40 % | Instance Module
Instantiated for each set of
~10 % | Instance size 4= instances of the same size
) 100 %
~40% | Model <— Instantiated for each model
~10% | Local variables -« Local variables used when the Variables J
; instance is evaluated 7

E INTEGRATION www.dolphin-integration.com

April 3, 2009
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Verilog-A Limitations
Simulation Speed

 Implementation dependent

— Flow/Potential branches 1 to a
— Derivation/Integration 85)( -
— Bypass/Linearization -

— lteration specific code vs. specific code (initialization, noise)
Hidden states

— Extra nodes -
e added for correlated noise due to ADMS XML limitation

e Language (or coding) standard dependent
— lteration specific code vs. specific code (output variables)

MOS-AK / GSA Workshog
IHP, Frankfurt (Oder)
I

E

— Conditional nodes (collapsible nodes) -

E INTEGRATION www.dolphin-integration.com

April 3, 2009
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Verilog-A Compact Models in SMASH
Integration

XML scripts
SMASH specific

4 4

Verilog-A

Vi
et

s
5 O
Gt .
e | adaptat ° O
i Manual adaptations ; :> ADMS XML
g . .
[T Aé e Differentiate model parameters and
é © instance parameters
wn L e Link Verilog-A ports with SPICE ports
CED 5'-: e Define “key” parameters il

el e type (nmos/pmos), w, |, ad, as, pd, ps, w, .

multiplicity...
e Define output variables C model files

e gm, gds, power...
e Define the ‘conditional nodes’

k(collapsible nodes) / = 777

Dolphin Integration i DOLPI I IN
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Verilog-A Compact Models in SMASH
Auto-documentation

_models_model 102 (release 5.13.0d2 of Mar 12 200%)

o 40 BE A
Canterts | Index | Search Instance Parameters: parsed and available with ' I (<ins tence namer.<paramsters)' function: e
(bookmarks) @ @ Pararmeter Narne Default Yalue Unit  |Description
u i Parallel multiplicity
t t, I I t | @ SPICE Models FATAL ERROR If less than or equal to O
* Q - Capacitors
Automatically generate i 5 alao or
y g ‘ Q D - Diodes -
% @ £ - Yoltage Controlled Yo W MODEL : 7 m width for M=1 - |
H F - Current Contralled Cy FATAL ERROR. if less than or equal to 0 =
* Model documentation 48
Q G - Yoltage Controlled C L MODEL:L Length
% H - Current Controlled ¥ ' M |FATAL ERROR if less than or equal to 0
H . 1- Current Sources
[ ] D I g Bottom area of source junction
J - Junction FET Ti t AS -
lalog to customize @ J- Junction FET Transis 1p M2 |EaTAl ERROR if less than 0
0 K - Inductor couplings
o) pe rati ng poi nt fi Ie - Jrductars D 1 mrg  |PotDm area of drain junction
=) M- Mos FATAL ERROR if less than O
i m_madels: modsl_sw
. m_madels: modsl_le
[} D I1a Iog to t race an _rodels: model_le \! This dialog box can be used to customize the operating-point file )
m_models: model_les PO u - 'SHORT' parameters are output when the user selects 'SHORT', 'DEFAULT' or 'LONG' information, P
. . - 'DEFALLT' parameters are output when the user selects 'DEFAULT' or 'LOMG' information,
m_madels: model_ek i h f h
I n te r n a p a ra m ete r - 'LONG' parameters are output only when the user selects 'LONG' information.
m_models: model_re GHOISE MODEL: | - WONE' parameters are never output ko the operating point file,
=] m_models: model_ac
C m_mo:e:s: mo:e:_mr HF 1] Spice maodels Operating paint parameters
m_models: model_mr
m r_models: model_an SA 0 4E mnde\_hs!m3v33 e Parameter Type Unit Description a
X AL model_hsimdwz
qlif m_madels: model_st: =g ol " -
AL model_bsimds NF short Number of fingers
m_madels: model_mr . o
L =D ol AL model_bsimd4 POWER. | default Dissipated power
m_madels: model_ps I model b . 4
& m_models: model_ps e mode‘_h5|m4\"5 0| default DC camponent of the Drain current
o = PR SCa 0 model_bsimd6
HL model_bsimdvel 4(IDC)dEYDS)
Add traces
I — R EaBRHD model_eky3_nas Biulk transconductance: d{IDC){YES)
=6 ®0-DELAVID A| Help | createBus Seecial | 1L model_ekid f Saturation volage
. o Internal Instance Parameters: 2y jE mﬂ:e:_e:\’g_”“ Paralel mulplciy
K :; o o MocE S m Width For M=1
fip- M3 ~
M4 L
v [ imple) modificati d additi
. Requires (simple) modifications and additions to
M7

AC M2 - MMOS

attribute_instance attributes (comments) in Verilog-A code

Apply

R S = =T
iy s AD 1p m*2  Bottom area of -
| < NOFILTER > "” amply drain junction m Gate-edge length of source junction

FATAL ERROR if less than 0
[]Case sensitive [ show bus elements BS 4u (i) Perimeter of — .

source junction o Bottorm area of drain junction
Bus Radix FD 4u m Perimater of drain FATAL ERROR. if less than 0
(&) Binary O Hexadecmal (O octal Junction " STl-edge length of drain junction
) Decimal O signed decimal () ASCIT THR o Wi2iHz  Output power b FATAL ERROR if less than O 15 / 20
Nbar 3, 2009 m Gate-edge length of drain junction v

I DUISDUT]




SWIFT Linear Optimization

i Pater]ted linearization ppp— SWIFT acceleration
algorithm to remove the o
discontinuities W SPice [ ]
|i!! x 3.44 times faster
Y * Acceleration 2 to 3 times for all RS422_EMMITER
transistor based circuits in
transient analysis 1 |
SRAM MEMORY
* Reduced loss of accuracy (less
than 0.1 %) T |
[SWITCHED CAPACITOR
. . . FILTER
* No counter-indication
concerning the applicable class
of circuits RING OSCILLATOR
] e - . |x 1.55 times faster
. S;\mplrl]fl?éj seltup Wi
threshold value . . . .
Requires a “pure” Verilog-A model implementation

e Continuous dynam (coding guidelines) for integration of the optimization
speed-accuracy tra

Relative simulation time

eyian- France i DOLPHIN i
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MOS-AK / GSA Worksh
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Verilog-A Compact Models in SMASH
Transient Noise

Transient
t=57.83ns, dt= 57.93ns, y= 20,121 m, dy= 20.121m, frequency = 17.262MEGHzZ, slope = 3BT Tra nS|ent nOISE S| mu Iatlon
/

700RB00RA00r 0 1101201 301 400150 1.6u1.7u1.8u1.9u
woun £ - ¢ . . . o

408my
407my
0BmY

a0

AERRY | B TR || A P L TP 1 A O IS P I R A [andmy
: : .: o Q03 hl; | |

- -[902my

901y
.-V Algoomy

Ao |Bagmy
a98my
297 my

BIBMY 1k 26f

: ! : : ! : : RECinoize)
: : : : : : : : : : : : : Basmy DB{OMOISE) |
< \ >

SMASH can simulate in small signal asin\b[ FFT & 1

transient any noise of form:
> f.(time)* g, (freq
Where:

10k 100k TMEG 10MEG

f is a function of time (g

L 7

g, is a function of frequency
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Need for
A standard subset of Verilog-A

DR o \What is missing for direct use of Verilog-A Compact Models
| to be as efficient as SPICE for the final user?

— Definition of a Verilog-A subset for the Compact Modeling

» do not use state variables, Ssimprobe...

— Differentiate model parameters and instance parameters

e paramsets are a better solution only for Verilog-A netlists
— Normalize the definition of ‘conditional nodes’ (collapsible nodes)
— Be able to link Verilog-A ports with SPICE ports

Q
®)
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(%)
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IHP, Frankfurt (Oder)

— Be able to define “key” parameters
e type (nmos/pmos), w, |, ad, as, pd, ps, w, multiplicity...
— Be able to define “key” variables

e gm, gds, power...

®» Target speed and memory occupation similar to SPICE
v & e i DOLPHIN 1
N

E INTEGRATION www.dolphin-integration.com
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Conclusion

e Adoption of Verilog-A for Compact Modeling presents
numerous benefits for all actors

— Modelers, Integrator, Foundries, Final Users

i %  Adoption of Verilog-A models in place of SPICE models by
§ 352 the final users requires

é, E — Like for synthesis, definition and standardization of a subset of
é o> Verilog-A and of coding guidelines for Compact Modeling

— Improvement of existing Verilog-A compilers to catch up with SPICE
simulators

— Extraction strategy for model parameter sets in Verilog-A?

E INTEGRATION www.dolphin-integration.com

Dolphin Integration GmbH . .
medal@dolphin-integration.com MRS
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Thanks!
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