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Hierarchy of Intelligence:

 Machine Learning (ML) — We are stuck here ! A
Lowest level of data mining and classification < ()
 Artificial Intelligence (Al)
Connect algorithms to perform complex tasks T (Al)
1 Cognitive Intelligence (Cl) 1L o
Reasoning and building different concepts (ML)

in a deterministic and logic manner
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Knowledge can be classified into:

Meta-knowledge: involves general cultural and philosophical assumptions
Milieu: is knowledge about the local environment

Tacit knowledge: is rooted in practice and experience.

Informal knowledge: is made up of rules of thumb or tricks of the trade
Formal knowledge: involves theories and proven formulae

Instrumentalities: embedded in tools and instruments

N o Uk WNR

Contingent knowledge: is distributed and apparently trivial information

specific to a particular environment
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What keeps AMS designers up at night ?
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Traditional Analog Desigh Method

[
Initial manual sizing SPICE-Like simulator
No industry No industry Full design 1. Design 2. Sizes & 3. Small Signal 4. Performance
Automation Automation handcraft Parameters Biases Parameters Models
T P b | ! TEMP
1 1 1 1 | | B .
1 ! 1 S [ i V . - - - .
3 2 £ o I A S T - A %1 Ado
o £ S | . < k]
| g -y |3 B! el 2 Vs = 8ds1 g s PM
: - : < (g : *r: o>o éﬂ : ’ > 3 »| VDS,1 » |.|>.l —> gs,1 » B E » »
5! LB | &5 Vour, 2 : T = :
@D =1 , 0 O i~ w
- 2 | | S L; & Wh s gm,n < HIEID
1 1 1 O T i V B _
1 1 1 | ] DD | i | |
| Ve | N
No industry Compare
Automation Manual/Automated Sweep with
boooommom oo . Specifications

Empirical iterations
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Nonlinear DC Analysis in Spice Simulators

el k Aqk — k
1.From NR algorithm : J* Avt = —f(v") 6.Solve the upper triangular matrix by Back Substitution to get Av :

2.From LU Decomposition: Uk Avk = xk

1(0) T :
11 0 0 011 1(;) 1(? 1(1) 7.Finally, we update current variables :
0) (1) 0 0 (o 1 2 52

J=LU=[? 722 23 J24 vitl= pk 4 Apk
© SO 5,2 (3)
31 J32 /33 0 O 1 34
o @ ;@& ;3
41 J42 43 Jag IFO 0 0 1-
3.We get : Lk Uk Avk — _f( vk)

4.Substituting by x* :
xk= Uk Av¥

5.We first solve the lower triangular matrix by Forward Substitution :

L¥ x* = —f(vk)
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Graph Representation of DC Nonlinear Equations

Simultaneous Resolution in Spice:

Matrix—based formulation

- Each iteration requires large number of computations ,

‘. -Fo(V9)/15510-15,9), X, /15,0 .
sz B Fa(VR)5512-05, 0 X 8/05502005, 0 X, K1,
/

- Spice model of computation is complex |
- Jacobian computation becomes a major component \

- Does not follow human design perception
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Human Perception for Analog Design

Structured Resolution :

- No matrix—based formulation

- Each iteration requires only one computation /
- Model of computation becomes very simple N\
- Jacobian computation almost disappears

- Follows well human design perception

- Not easily automatable.
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Intento Design Digitally-Inspired Analog Solver

Scheduler

Allocator

Technology
Mapper
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Intento Design Product Defintion for ID-Xplore™

ID-Xplore

No industry No industry Full design 1. Design 2. Sizes & 3. Small Signal 4. Performance
Automation Automation handcraft Parameters Biases Parameters Models
iS5 T T ! TEMP
| | ! 1 1
! 1 (| 1 ! Vin - B - = - -
" S | g ! L 0 Wy 5 8m,1 Ado
1% | | © | e Veg,i £ \V/ 2 ' v PM
2 T R I 2 GS,1 © 8ds,1 2 S
1E] KR oD Bl o S —»{Vbsi|—» S |—»|Cosi|—» EB | Fr >
1 1 1 - — —_
Y ! s Vouri 2 . = . £3 .
15 12 10 O . S RS [T
P& P2 - Li & Wh 2 8mn & THD
P el L e Vbp i 1 L L,
1 1 ! 1 1 |
- L A ! L Vss |

Compare
with
Specifications

Automated Sweep

END
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From Block Specification to Performance

DESIGN REALIZATION

1 error costs Same error
SYSTEM SPECIFICATIONS © @™ ) 406 ber bug costs TEST MEASUREMENT
\ . 1M$-5M$
¥ er mask
SYSTEM ARCHITECTURE . p MASK + WAFER

MANUFACTURING
SYSTEM SIMULATION

DESIGN CENTERING AND
YIELD OPTIMIZATION

—

BLOCK SPECIFICATIONS

BLOCK ARCHITECTURE

TRANSISTOR
| D-Xp]ore ELECTRICAL LEVEL

Schematic-Centric TRANSISTOR
Block Level Design GEOMETRICAL LEVEL

POST-LAYOUT VERIFICATION

PHYSICAL COUPLING VERIFICATION
ID-Substrate

PHYSICAL VERIFICATION

BLOCK PERFORMANCES LAYOUT IMPLEMENTATION

SIZED SCHEMATIC

v' Shorten productivity gap v Shorten quality gap v Avoid design respins
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Intento Design Cognitive Front-End Design & Migration Tool

Schematic Human Tacit Knowledge Tacit-to-Formal

Schematic XL Constraint Manager

Tacit & Formal

Knowledge in

OpenAccess DB

Verification of
Human Reasoning in the
Analog Design

PO

Structured Design Representation
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Constraint Manager: Tacit to Formal Knowledge

M: schZoomFit{1.0 0.9)

Constraint {6)

Global Parameter (1)

parvgmp110.75
parvgmn18 0.45
parvgmp21 0.65
wvegmn18 0.0.
parvgmni120.35
vegmnp 0.1
vdmnp 0.8
vegmn5 0.1

n All Parameters

Constraint Manager il X|
- - - o “.\vlu: @9 ;3\ & 27
Editing: constraint
Show: All n -
Type (22) Y [ el Ml
Circuit Pin (1) AVSS5 0
Circuit Pin [L:]
Circuit Pin INMN 0.585
Circuit Pin (1) INPN 0.585
Circuit Pin (1) ouT
Global Parameter pariibias 10u -
Global Parameter I_all Tu

FE®RHAB

[various)
Owner Intento_UPLIB_2.0TAD1_UP_RS:constraint
Enabled true
MNotes
Order o

R: schHiMousePoplUp(
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Verification of Human Reasoning

e

Type (21)
OTADT_UP_RS (21)

Circuit Pin (1)

Clreuit Pin (1)
Circuit Pin (1)
Circuit Pin (1)
Circuit Pin (1)
Circuit Pin (1)
Device Constraints (2)

OB B
(o) (3 (3 (3 () i

MMN

Device Constraints (3)
Device Constraints (3)
Device Constraints (3)
Device Constraint:
Device Constraints (2)
Global Parameter [G)
Global Parameter (6)
Global Parameter (1)

Global Parameter (1)
Global Parameter (1)
Global Parameter (1)
Global Parameter (1)

IEEEEEEEEEEE

SRR

Member (1)

n Member Parameters

- & L % 71
constraint
AVDD 0.9
AVS50
8
INNM 0.585
INPN 0.585
out
Order=1

Order=2
Order=3
Order=4
Order=5
Order=6
paribias ...
_all Tu
parvgm..
parvgm..
panvgm,
vegmnia...
parvam.

Order
Biasing Current

Length
Ower Drive Gate Voltage

Yes

§$.paribias * 0.5

58.0_all
§8.vegmnp

14/06/2019

Type (22)
Circuit Pin (1)
Circuit Fin (1)
Clreuit Pin (1)

o--8-3 5
= EEE

Device Constraints (2)

MMHN

Device Constraints (3)
Device Constraints (3)
Device Constraints (3)
Device Constraints |
Device Constraints (2)

Global Parameter ()
Global Parameter (6)
Glabal Parameter (1)
Global Parameter (1)
Global Parameter (1)
Global Parameter (1)
Glabal Parameter (1)
Global Parameter (1)
Global Parameter (1)

PREIEEEEEREEHEE
(0 (3 (3 3 o 3 o o o o o o) [ s

Glabal Parameter (1)

Member (1)

in the Analog Design

- & % |
INMN 0.585
INPN 0.585
ouT
Order=1

© [T
-

Order=2
Order=3
Order=4
Order=5
Order=6
paribias ...
I_all Tu
parvgm..
panvgm,
parvgm..
wvegmnig...
panrvgm,.
vegmnp ...
vdmnp
vegmns ...

n Member Parameters

hd

Order
Biasing Current

Length
Ower Drive Gate Voltage

Drain Voltage

Yes

§5.paribias * 0.5

5%.1_all
§$.vegmnp

Ss.wdmnp
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Setup Design Space for AMS 0.35um with V=5V

Setup Design

Setup PDK

o _UPLIB_2
01_UP

14/06/2019

1u
a\/ | 700m 700m

100u

100m

100m
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200u
4.4

200m
200m

150m
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Setup Design Space for AMS 0.35um with V=5V

Setup PDK \ # adexl_all ¥

Results

Lmin Lmax Multi NFi Max J L@ | Lf_], E g{d vl (4P} = "\.L:;"
| Name | Type | Details | EvalType | Plot | Save | Spec
Loop Gain Phase expr phaseDegUnwrapped|getDatal™... point ~
Loop Gain dB20 expr db{mag(getData("loopGain”® 7re... point ~
DC Gain dB expr value{db{mag{getData("loopGai... paoint L > &0
Band Width Hz expr getData("phaseMarginFreq” fre... point W > 100M
pPaze Margin Frequency Hz expr getData("phaseMarginFreq” Fre... paint 4
Gain Margin dB expr getData("gainMargin® Fresult "st... paint 4
Phasze Margin Deg expr getData["phaseMargin® Fresult ... paoint L > &0
flare Gain Margin Frequency Hz expr getData("gainMarginFreq” 7resu... point "
Current Comp expr abs{pw(™0" *i" Fresult "dcOplinf... point L4
offset expr abs{{w{"fout™ Fresult *dcOp”) - wi... point w < 10m
€ noise_lkhz expr value(getData(™/in® Fresult "nois... point L4
. noise_1MHz expr wvalue(getData(™/in® Fresult "nois... point L4
DCgain_mean expr average{value(db{mag(getDatal™... point L4 )
BandWidth_mean expr average{getData("phaseMarginF... point ~
PhaseMargFreq_mean expr average{getData("phaseMarginF... point 4
GainMargin_mean expr average{getData("gainMargin® 7... point 4
PhaseMargin_mean expr average{getData("phaseMargin®... point 4
‘ GainMargFreq_mean expr average{getData("gainMarginFr... point ~ —S
I0au_ TP CurrentComp_mean expr average{abs{pw{™0" "i" Fresult ... point » (S
test_load_1p_mc offset_mean expr average{abs{{w(*fout™ ?result *dc... point w ‘-')
test_load_1p_mc DCgain_std expr stddevivalue{db{mag(getData("l... point w } Q
test_load_1p_mc BandWidth_std expr stddewv{getData["phaseMarginFr... paint ~ E
test_load_Tp_mc PhaseMargFreq_std expr stddewv{getDatal"phaseMarginFr... paint L4 (o]
test_load_1p_mc GainMargin_std expr stddewv{getData{"gainMargin® 7r... paint ~ E
test_load_Tp_mc PhaseMargin_std expr stddewvi{getData"phaseMargin® ... point w
test_load_1p_mc GainMargFreq_stddew expr stddew{getData["gainMarginFre... point w
test_load_Tp_mc CurrentComp_std expr stddew{abs{pw{™V0"™ "i* Fresult "d... point w
test_load_1p_mc offset_std expr stddew{abs{{w"/out” Presult "dc... point w ‘

Analysis

14/06/2019 Intento Design Copyrights 2015-2019 16



DESIGN
AUTOMATION

= LLARN |RRI. (WAI] FORIRNA

View Design Tradeoffs for AMS 0.35um with V=5V

Solution list esig Performances Transi s Dimensions
Setup Design -
¥ global 0 Name Name ype Value Name Width WidthTotal
¥ global 1 Kbiastail | 500 Band_Width_Hz 125.359M MN12
Setup PDK y biastai 500m a _Hz . 2
|_bias 1u Phase_Margin_Frequency_Hz 125.359M MN13
Run Exploration |_cascode |500n Gain_Margin_dB 43,0083 MN18
dp 1u Phase-Mar-;\in-D-‘:-;\ 0 61.9975 MMN19
par.deltav | 700m Gain_Margin_Frequency_Hz 2.515026 MN3
paribias | 100u Current_Comp 650.933u MN5
vdmnp 4.5 offset e-3 293.953u MN6
Inspection
vegmnl8 |200 noise_lkhz 115.615n MNN

vegmn5 150m noise_1MHz 8.86837n N

Global Exploration Results

Back annotate

14/06/2019 Intento Design Copyrights 20
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Inspect Design Space for AMS 0.35um with V5 =5V

File Controls Csv Help About

Setup Design

Setup PDK

|_cascode Band_Width_Hz

Run Exploration
100 150 200 250 200 250

View Results

paribias Current_Comp

00 150 200 250

vegmn5

DC_Gain_dB

Phaz-’:_l\’\arqin_D—;-q

14/06/2019 Intento Design Copyrights 2015-2019




DESIGN
AUTOMATION

TR0 CHIPS 100 SPSTERS = LARN THGH CRENT TR Rk

Front-End Signoff Simulation with ADE-Assembler for AMS 0.35um with Vyp =5V

Weight | Pass/Fail I

Test Output | Nominal | Spec
test_load_1p_mc DCgain_mean 67.95
test_load_ip_mc  BandWidth_mean 124.9M
test_load_lp_mc PhaseMargFreq... 124.9M
test_load_lp_mc  GainMargin_me.., 43.09
test_load_1p_mc  PhaseMargin_m... 62.04 G
test_load_lp_mc  GainMargFreq_.. 2.536G
test_load_1p_mec CurrentComp_... 651.7u
test_load_lp_mc offset_mean 2.314m c
test_load_1p_mc  DCgain_std 1.316 .
test_load_lp_mc BandWidth_std 3.392M
test_load_ip_mec  PhaseMargFreq... 3.392M
test_load_lp_mc GainMargin_std 443.6m
test_load_lp_mec  PhaseMargin_std 929m
test_load_lp_mc GainMargFreq s.., 105K -
test_load_lp_mec  CurrentComp_std 9.851u
test_load_lp_mec  offset_std 1.68m &
test_loadlp Loop Gain Phase  |= (
test_load1p Loop Gain dB20 o
test_load1p OiC Gain dB 68,06 > Gl Da
test_loadlp Band Width Hz 125.3M > 100M a5 and_Width_Hz
test_load1p Phase Margin Fr... 125.3M e T
test_load1p Gain Margin dB 432 Gain_Margin_dE
test_loadlp Phase Margin Deg 62.13 > 6l pas '
test_loadlp Gain Margin Fre... 2.565G il t il
test_load1p Current Comp 653.3u Gain_Margin-Frequency-
test_loadlp offset 283.7u < 10m pas ‘
test_loadlp noise_lkhz 116n ‘
test_load1p noise_1MHz 8.874n

14/06/2019
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Setup Design Space and PDK For Migration to GF 22nm FDX with V5 = 1.2V

File Controls Csv Help About

Setup Design Select Simulator Select Calculation Type

Multiplier
re /OTAOL_UP_RS/IDX_SIZING/s

Setup Technology Constraints

Run Exploration

‘ Model name Model type Transistor name Wmin per finger Wmax per finger Width precision Lmin Lmax Multiplier Max NFinger Max Model Width
slvinfet_b nmos IDX_SIZING Mn_slv.. 80n 10u

Ui R slvtpfet_b pmos IDX_SIZING.Mp_slv.. |80n 10u

Inspection

Design Space Import

Name Default value Minimurm Maximum Points
Testbench Specifications
M kbiastail 450m 550m 3 M emm Type

W |_bias lu q 1. 1u 3 | /home/raouf.khalil/ID XWORK/gf 2 2fdx/Intento _UPLIB_2/OTAO1_UP_RS/IDX_ADEXL_TESTS/Intento _UPLIB_2/tb_OTAO1_IDT/adex|_all/test_load1p/test_loadlp.scs
B Loop_Gain_Phase

M |_cascode 500n Loop_Gain_dB20

DC_Gain_dB

W Ldp - Band_Width_Hz

F‘haa-’:,Margin,Fr-:-qu-en(-).',Hz

M par:deltaV

/] |33|'3i|3i35 Phase_Margin_Deg

Gain_Margin_Frequency_Hz

W vdmnp 3.6 4.4 )
Current_Comp

W vegmnl8 200m offset

noise_lkhz

B vegmn5 200m H noise_1MHz

Ihomefraouf.khalil/IDXWORK/gf 2 2fdx/Intento _UPLIB_2/OTAO1_UP_RS/IDX_ADEXL_TESTS/Intento _UPLIB_2/th_OTAD1_ID T/adex| _all/ o t_load_1p_mcscs

E DCgain_mean

(]
]
]
Gain_Margin_dB
(]
]
]
]

B vegmnp 150m

= - - = BandWidth_mean
Import Schematic Constraints
Import

14/06/2019 Intento Design Copyrights 2015-2019
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View Design Tradeoffs for GF 22nm FDX with V= 1.2V

File Controls Csv Help About

Solution list Design Point Performances Transistors Dimensions
Setup Design .

Name Value Name ype Value Name Width WidthTotal

Setup PDK L_all 270n DC_Gain_dB 60 74.1151 MN12 38u

par:ibias 90u 33 d z e6 147.461M MN13
e Bl parvgmnl2 4 Phase_Margin_Deg € 65.2085 MN18
vgmnl8 |5 Current_Comp 362.892u MN19
vgmpll | 600m offset - 13.3794u MN3
par:vgmp21 500m noise_lkhz 106.659n MNS
vdmnp 725m noise_1MHz 8.13026n

Inspection
Global Exploration Results

74.1151 147.461M 65.2085 362.892u 13.3794u 106.659n 8.13026n 362.709u 1.41912m 643.064m

v g
¥ g
v g
v g
v g
¥ g
v g
v g
oy
¥ g
v g
v g
v g
¥ g
v g
v g
v g
¥ g
v g
v g
v g
¥ g
v g
v g
v g
¥ g

Back annotate selection
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Inspect Migration Space for GF 22nm FDX with V= 1.2V

File Controls Csv Help About

Setup Design

Setup PDK
Band_Width_Hz

Run Exploration

View Results

vegmnl8 . DC_Gain_dB

vegmnp

Phase_Margin_Deg

offset_mean

offset_std

14/06/2019 Intento Design Copyrights 2015-2019
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Front-End Signoff Simulation for GF 22nm FDX with Vy, = 1.2V

14/06/2019

Intento Design Copyrights 2015-2019

Test |  oOutput | Nominal | Spec | Weight | Pass/Fail |
test_loadlp Loop Gain Phase | |2
tesi_loadip Loop Gain dB20 | |
test_loadip DC Gain dB 69.03 > 60 pass
test_loadip Band Width Hz M2.6M > 100M pass
test_loadip Phase Margin Fr... 212.6M
test_loadip Gain Margin dB 27.73
test_loadip Phase Margin Deg 67.35 > 60 pass
test_loadlp Gain Margin Fre,, 1.B55G
test_loadip Current Comp &07.3u
test_loadlp offset 35.55u < 10m pass
test_loadip nolse_lkhz 114.8n
test_loadip noise_1MHz 8,038n
test_load_1p_mc DCgain_mean 69
test_load_1p_mc  BandWidth_mean 212.BM
test_load_1p_mc  PhaseMargFreq... 212.8M
test_load_1p_mc  GainMargin_me... 27.74
test_load_1p_mc  PhaseMargin_m.. £7.35
test_load_lp_mc GainMargFreq_... 1.86G
test_load_1p_mc  CurrentComp_... 607U
test_load_lp_mc  offset_mean 1.49Em
test_load_1p_mc  DCgain_std 343.6m
test_load_lp_mc BandWidth_std 3.426M
test_load_1p_mc PhaseMargFreq.. 3.426M
test_load_1p_mc GainMargin_std 586.3m 3.43186M
test_load_1p_mc PhaseMargin_std 555.Bm 585.76m
test_load_1p_mec  GalnhMargFreq_s... 80.27M
test_load_1p_mc  CurrentComp_std B.E9Sy
I test_load_lp_mc offset_std 1.22m

23
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summary

v'ID-Xplore™ is the first industrial cognitive software for very fast analog
design and migration of analog IP

v' Itis used to produce first-time right analog IP
v' Cognitive means mimicing human design reasoning

v' The Digital transformation shall promote « Cognitive EDA » versus
« Traditional EDA »

v' Cognitive EDA will drastically boost design productivity, production quality
and time-to-market by at least two order of magnitudes.

v' Cognitive EDA will empower human capacity through efficient collaboration
with intelligent machines
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Thank you for your kind attention.

Ramy ISKANDER, PhD

CEO

INTENTO DESIGN

office :+33142 361459

direct 433972632741

FR-cell :+33695 251509

email :ramy.iskander@intento-design.com
mailing : 10 rue de Richelieu, 75001 Paris, FR
website : www.intento-design.com
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