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Agenda

* QOverview of MathWorks and Cadence Platform Integration

e Using MATLAB with Cadence Virtuoso ADE for Data Analysis and Visualization
— Data Mining, Post-processing and Visualization

e System-level Modelling in Simulink
— Modelling Analog and Digital Components

* An Integrated Design Flow for Mixed-signal Systems

* Including Transistor-level Models with Cadence Virtuoso AMS Designer

— Co-simulation
— Validation and Refinement of System-level Models

e Exporting Models from Simulink to Cadence
— Behavioural Models and Testbenches for Mixed-signal Verification
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MathWorks and Cadence Platform Integration

AMS Designer

Fixed-Point Modeling Event-Based Modeling Physical Modeling

Rapid Prototyping and Verification, Simulation Graphics
HIL Simulation Validation, and Test and Reporting

c.
SIMULINK Vi‘rtuoso® ADE Product Suite

Simulation and Model-Based Design

Virtuoso Virtuoso
ADE ADE
Explorer Assembler

Parallel Computing
MATLAB

The Language of Technical Computing

Virtuoso
Variation

Option

Virtuoso
Math, Statistics, and Application Database Access and ADE
Optimization Deployment Reporting Verifier
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Using MATLAB with Cadence Virtuoso ADE
for Data Analysis and Visualization
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New MATLAB Integration

 New MATLAB integration to Cadence” Virtuoso® ADE Explorer and Assembler
* Create circuit performance measurements using MATLAB
* All Virtuoso ADE Explorer and Assembler simulation data exposed to MATLAB

* High-level query interface enables powerful data mining and post-processing
capability

* Interface with MATLAB
— Open MATLAB interactively after simulation

— Or create Virtuoso ADE output expressions to evaluate automatically at
simulation run time

2017
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Using MATLAB with Virtuoso ADE Explorer and

* Open an interactive MATLAB session
— Open MATLAB toolbar button

1l ~repace @2 4 [E@ ' o B @ %

Assembler

Cner

| Weiaht

Pac<iFail |

* Query results using the Virtuoso ADE interface

SYSTEMS INITIATIVE

iid

Trials> myconstraint

= Qutput() == 'GCain’

MATLAB R2016a - trial use (on sjfqos021)

Rl Pog @

Trials> adelnfo.adeRLE.results(' constraints',myconstraint)

& Parameter('tenperature' ) = 30;

dns =
Point DataPoint Qutput Result Test Corner

1.0000e+00 1.0000e+00 "Gain' 1.1192e+01 PAC! "Maminal'
1.0000e4+00 2. 0000e+00 "Gain' 1.1482e+01 YAC! 'Co_1!
2 . 0000e400 4 0000 e4+00 'Gain' 7922 2e400 AL "Mominal'
2. 0000e400) & D000 e4+00) 'Gain' 8.1742e400 AL 'Co_1!
= 0000e400) 70000400 'Gain' L E05Ze400 AL "Mominal'
2.0000e+00 20000 e+00 '"Gain' L.B23Be+00 PAC! 'Co_1!
4, 0000e+00 1.0000e+01 'Gain' 1.4124e+01 PAC! "Mominal'
4, 0000e+00 1.2000e+01 'Gain' 1.4419e4+01 PAC! "'Co_1!

[ 4| L | [ |
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MATLAB Expression Results

* In this example, the MATLAB output computes the mean value of Gain across
all sweep points and corners

Outputs Setup | Results
t_Detai B L;,J l\;_.,l | Filter ... B [ru '| E = Replace BL_@ ﬁ
- | Parameter | MNominal | | coo | co1 |
temperature 23 -4 a5

i
| Outpt | Nominal | coo | co1 |
| Al AC Gain_mean_all 1717
il
1520 rows
Pont ~| Test | Outpw | Nominal | PassiFai |  COO cot

n n

Parameters: rc=200

1 AC FregResponse k= = =
1 AC Bandwidth 41976 460305 3517G
1 AC Gain 1543 1484 15.7
Parameters: rc=225
2 AC FreqResponse | |2 ke L=
2 AC Bandwidth 40465 4.46305 3.355G
2 AC Gain 16.46 1586 16.73
Parameters: rc=250 DESIGN AND VER?FQJTZON"
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Create MATLAB Expression Outputs

* OQutputs are evaluated automatically at run time

e (Call custom or built-in MATLAB measurement functions

e Results are displayed in the Virtuoso ADE results table — per point or across all points

SYSTEMS INITIATIVE

Outputs Setup Re sults

fg} . |%‘r':l:er nr@“j E ?ﬂ"ﬁ ,.| ._;.. £

ﬁ f{) Expression
- g l= signal

AC £ OCEAN script
AC L MATLAB expression
AC

[Br MATLAB script

[:'.‘] Area Spedification
l£ Op Region Spec
¥ vidlation Filker

% OP Parameters

| Details |
dblvfreqac "fout1"))
bandwidth(vfreqf'ac "/out1")3 "l...
value(dblwregf'ac "fout1")) 300...

MATLAB expression

/
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Test |  Name
AL FreqResponse
AC Bandwidth
A Gain
AC Gain_mean_all

Type | Details

expr dbivfreqiac"fout1"]

EXpT bandwidth(vire g’

EXpr value(d bivire gl g "fout 1" )) 900...
matlabexpr mean_acress_all"Gain’)

8

"fout1")3 ...

EvalType | Plot | Save |

<K K<
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MATLAB Expression Return Value

e Results from MATLAB can be waveforms or scalar measurement result values

Outputs Setup | Results

Lé »r K |T|?I:el'..nr:@|Eﬂ‘ Q E.?'#ﬂ& v| u L
2 rows

Test | Name | Type |  Detals | EvalType | Plot| Save|
= =

i i

ENY constplot matlabexpr | constellation{'vin') point L5
BNV signal fvin point e
3m
Outputs Setup Results Y
: G :
Detai - R =Y -
k -
2 rows s
Test | Outpw | Nominal | ‘
=] :
BNV constplot
4
ENV fin |
”" X 35 3 = 5 4= z L” ““.'!I'I“I "I ““I-:l 20]7
I DESIGN AND VERIFICATION™
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MATLAB Visualization

e ADE results can also easily be plotted in MATLAB

Read Delay

Delay

2017
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Introduction to System Modelling in
Simulink
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Mixed-Signal Design and Verification Challenges

SYSTEMS INITIATIVE

SPECIFICATION

N v

DIGITAL DESIGN ANALOG DESIGN

Difficult design
trade-offs

Limited IMPLEMENTATION IMPLEMENTATION
analog/digital _
links B
VHDL, Verilog Spice-like
A
SRS I P!OTOTYPE / INTEGRATZN
iterations
© Accellera Systems Initiative 12
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Limited analog
design
abstractions

Specification
isolated from
verification

Disconnected
teams
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Focus on Algorithm Design

SPECIFICATION

Rapid design Easier analog
construction \ v v / modeling
ANALOG & DIGITAL DESIGN
Limited — Specification
analog/digital isolated from
links = verification
IMPLEMENTATION IMPLEMENTATION A
Qo
VHDL, Verilog ‘ Spice-like ‘ ﬁ
T
X
. \ 4 \ 4 - -
Slow design o Disconnected
terations PROTOTYPE / INTEGRATION he e
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Anticipate Impairments at System-Level

Rapid design
construction

v

SPECIFICATION

v

ANALOG & DIGITAL DESIGN

Fixed-Point ‘\ Physical
~a ol y

Multi-domain

simulation
IMPLEMENTATION IMPLEMENTATION
VHDL, Verilog Spice-like
Rapid deSign ® F:OTOTYPE / INTEGRAT;N
iterations
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Easier analog
modeling
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Continuous Verification

SPECIFICATION

Rapid design Easier analog
construction 4 4 modeling
ANALOG & DIGITAL DESIGN
: : ——
Multi-domain Integrated
simulation specification
IMPLEMENTATION IMPLEMENTATION
VHDL, Verilog Spice-like
Rapid design v v Improved team
iterations PROTOTYPE /INTEGRATION communication
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Integrated Design and Verification of Mixed-Signal
Systems

SYSTEMS INITIATIVE

SPECIFICATION

v

ANALOG & DIGITAL DESIGN

4

Rapid design
construction
V.
Multi-domain
simulation
IMPLEMENTATION
VHDL, Verilog ]
Rapid design v
iterations

© Accellera Systems Initiative

IMPLEMENTATION
Spice-like ]
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Easier analog
modeling

Integrated
specification

Improved team
communication
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A Next-Generation Workflow for System-Level Design of
Mixed-Signal Integrated Circuits
By Kunihiko Tsuboi and Nobutaka Okumura, STARC

In the competitive world of mixed-signal design, project delays are deadly for profitability. Design cycles are short, and the market moves
very quickly, giving a competitive edge to any company that manages to accelerate its design process. At the Semiconductor Technology
Academic Research Center (STARC), we have been given the mission of finding a way to cut design time in half and eliminate costly

respins for our supporting companies. We have achieved this goal with our new system-level design flow.

Our system-level design flow (which we call STARCAD-AMS) starts with rapid and extensive behavioral modeling in Simulink . Once
we have a design that works at the system level, we generate C code from our Simulink models and import it into Cadence Virtuoso ,
where it is simulated using AMS Designer. We use our C code to verify the correctness of our circuit-level designs. We have
benchmarked our STARCAD-AMS flow using a sigma-delta analog-to-digital converter (ADC) design. Our results show that design

time is cut in half.

http://www.mathworks.com/company/newsletters/articles/a-next-generation-workflow-for-system-level-design-of-mixed-signal-integrated-circuits.html

oo 217
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http://www.mathworks.com/company/newsletters/articles/a-next-generation-workflow-for-system-level-design-of-mixed-signal-integrated-circuits.html

Analog / RF Behavioral Modelling

 Mixed-behavioral and circuit design IR

 Modelling in the electrical domain

e Describe the architecture of the
analog front-en

Resistor3 Resistor4d

= Elc=tri=ibcesferdn@sferences

sfix16_En15

figl6 Ent4 Sfix16_Ent5
Ci )y pn" e e
In1
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DESIGN
Algorithms
Digital Analog -
m
(7]
Fixed-Point Physical ;
- <
m
A
V. T
IMPLEMENTATION g
o
VHDL, Verilog Spice-like Z

FPGA  ASIC | ASIC |SMPS

v
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Mixed-Signal Modelling with Simulink

* Analog and digital in same model
SPECIFICATION
 Time handling

v
DESIGN

e Multiple solvers / schedulers

Algorithms

\C Configuration Parameters: SD_ADC/Configuration (Active) (==
Selact: Simulation time -
Start time: 0.0 Stop time: inf Fp
Data Import/Export Dlgltal Analog -
> Optimization
. Dbgnectis Solver options m
Hardware Implementation Type: Variable-stap ~ | solver: [odazst (mod. stiff/Trapezoidal) - m
Model Referencing q
-+ Simulation Target Max step size auto Relative tolerance:  1e-3 H N H H
+ Code Generation Fixed-Point Physical
Min step size: auto Absolute tokerance: | auio R0
Simscape
SimMechanics 1G Initial step size auto Shape preservation: | Disable All ) || 4 <
> SimMechanics 2G 3
. HDL Code Generation Solver reset method: |Fast -] m
Number of consecutive min steps: 1 m
—
Solver Jacobian method: [2um ] v il
+y sp_ADC EE=] —
Tasking and sample time options File Edit View Display Diagram Simulation Analysis Code Tools Help I M PLE M E NTATION o
Tasking mode for periodic sample times: . . - iF — e >
[7] Automatically handle rate transition for datg ’W‘ :l
[T] Higher priority value indicates higher task prl @ o
dcubiel - . -
VHDL, Verilog Spice-like 4
B scope [B=8 [B=B =)
8¢ B+ BER Das * Freteseserwe s T
e R T FPGA  ASIC | ASIC |SMPS
9 T S = S T e

_ Ts = —
flog TPFilter Qaantizer

Is
1/ (2e3%64) 1 (8e3)

— | v
INTEGRATION 2017
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Example: AD9361 Agile RF Receiver

http://www.mathworks.com/hardware-support/analog-devices-rf-transceivers.html

m:‘_.,_._.,\ Manuall ndesc
SLOW — 1 78
| — ¥ v e a] T
MGC e e P -—Outt
= E —{ Out2 “I
AGC (O o .
~ Ty R -
~ J f
\J J
Indesx
Programmable ([
gain table N[ - 7
Eﬂir'\ EgEZ %
Table . . - - E
==::| Tunable . Third order .
[ 1] RF receiver Delta-Sigma ADCﬁ#

L GainlL NA /EE nLFF B/ LFFGain \

| GainDemod
% GainTlA Ot | L2 FlﬁL
L GainlPF = In Chut

- qF Out im ::,-_.~
/? /
CW, LTE or 5017

DESIGN AND VERIFICATION™
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Multi-Carrier Envelope Simulation for RF

carriers

Complex envelope of
modulated input signals ... MHz ...GHz ... fer

frequency

Circuit-envelope

simulation

... MHz ...GHz ...
I

0 Ifrequency

f02+fc‘l

harmonic tones
Complex envelope response

around the selected carrier

..MHz ...GHz ... f 4, signal envelope
| | 2017

accellera ! | frequency e 2O
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RF System-Level Simulation With RF Blockset

e Design the architecture and specs of the RF front-end

* Integrate RF with adaptive algorithms such as DPD, AGC

e Test and debug the implementation before going in the lab
* Provide a model to your colleagues and customers

. / Anput Wavef... [ |[ = |EE3]
I Outport File Tools View Simulation Help
% " oe (& &< & |REE| &l ER T
R_RF\I?_ ® Out In [>.:>L: " RF s—(D) |or®| =@
Lo 80
é oor Fop R_mé
Wane Moes|
=
L sl R e+ =i In Out AG 1
9{ 5 e : F“’ .
Inpart Tra b = Gnd
RF4§
! ; In oot f_g 160 b I|i’i -qlwlh '|J~M-|'\ et 4
AR = ® Out [>- RF si—(2) |z r'[.""'|Jl'lk"H\”"LI‘f'iﬁ\'" w“ lﬂ'll‘ i f'l'lF i rﬂ'ﬂ' "ﬁ'rf h"‘q't.’f“\"ﬁ
RF  |Configuration T 0 o
TNF Qutport
MierQ
RRRRR 96 2 O'l 7

IF Q
2446 2. 2.44 449 X X X X
Frequency (GHz)
RBW=23.44 kHz |T=0.000!
ll NNNNNNNNNNNNNNNNNNNNNNN
cce e NNNNNNNNNNNNNNNNNNNNNNN
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Refining and Validating Models with Interfaces to
Cadence Virtuoso AMS Designer
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Model Development Is an Iterative Process

e Start with the available
information

— Data sheet parameters, design specs

e Refine the model

— Include results coming from IC
simulation or measurements from
prototypes

* Validate
— Test the model with new signals

© Accellera Systems Initiative 25 R T
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What Is Digital Pre-Distortion?

Pout [dBm]

Linear characteristic PA characteristic

(deSired) ,,f"———---:‘ (actua|)

------- T Compression

>

DPD characteristic

2017
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How to Design a DPD Algorithm?

e Characterize the PA using wideband signals (e.g. LTE)
— Measurements

— Circuit level simulation

» |dentify an accurate model of the PA (e.g. Volterra series)
e Validate the PA model

* Design the Digital Pre-Distortion algorithm

IIIIII
P In out »
PA
DPD
PA Model SimRF > Spectrum ~ ) -
Analyzer %0 E-UTRA Ac!_iacent Ch'annel Leakage Rat‘lo

Output Power dBm & 80F
=
Pavg g 70
g
InputWaveform out 2 % 6ol
PD Panac 32.87 =) [60.15 dg]
-
™ 50|
Digital pre-distortion PA Model SimRF PowerQUT Output Power MAX dBm g
E
E
]

InputPower dBm

accellera Lep=1 ]

- -1 0 1
Adjacent Channel Offset
SYSTEMS INITIATIVE
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o
=l
o
o=

W
=l

(AdAdAdAddd e

SMR(DE)
Cperating band 7

Channel number 20900
Channel bandwidth LI - |
todulation type [EEIA ~ |

Resource block allocation Full B

o [ o (oo o [oc (o[ [0 (O =]
aEEREREEREERIED |E

[ ok JEE=ELEE] Apply Drefaults Previous I et Help

Wireless standard-compliant ‘
- Zigbee

« 802.11n | The latest additions

« 802.11ac|* Bluetooth LE

« LTE « 802.11af/ah/ad

« 802.11a |°* 802.15.4g (smart meter)
- 802.11p |° 802.11b

Msource

Powerful modeling technology

Proprietary fast envelope analysis
Efficient result post-processing
Standard-specific post-processing
EVM, BER, spectrum available
directly with minimal or no setup

2017
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File Edit Wiew Graph fAxis Trace Marker Measurements Tools Window Browser Help cadence
P ¥ I X Layout.Lﬂ > |warkspace: (Ln = @J
B/ Q Q » Data Point 1000000
Pl windowz B

|/Q Signals

Constellation

ol L - B

e
i

Automated post-processing setup in Virtuoso® A

Spectrum/ACPR

Scatter Plot

2017
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PA Characterisation and the DPD A

4| DPD

—_

pp

Digital PreDistortion App

Load data file

Data file CACurrentWorkiTM Workiconferences\CONLive\2016\RF_\|| Display graph

Analyze PA characteristics

Number of points 122881| | Locate PLimitin ] [ Dizplay PLimitin |
Model PA
Memory length 3| Degree 7| Training length| 20000 Model P4

PA, error 0

Model DPD
Memory length 5| Degree §| Training length 20000 Model DPD

DPD error 0 Display DPD

Model inear rezponse

[ Maodel linegar response ]

Dizplay results

F‘H}tspec’[rum] [ AN-AM ] [ AN-PK l[ Display linear ] Qutput coeffs

Status

Done

0.12

0.1

0.08

Fout (W)
=
3

0.04

0.02

Measured input and output power.

_________________ ;’1_ _—— f _—
Psat = 0.111268 S e
P N
i P
/
/ |
s [
/ [
- / [
J [
/ [
s [
/ [
L / [
by [
p/ [
[
[
[
i [
[
[
[
[
- [
[
: PLimitin = 0.002162
[
1 1 1 1 I 1 1 ]
0 05 1 15 2 25 3 35
Pin (W) %1073
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Validation of the PA Model

Mild non-linear conditions
Reference results Order = 5

File Tools View Simulation Help

Beo| ais| HEE| e MmN

Input QPre wm
ReferenceWavelor Felerence |
elerence\WWavelonm i > . .
Strong non-linear conditions
Dutput SDBClI’U-’TI — ectrum Analyzer
Analyzer Order - Eile Tools View glmman slp s

(A & R X W EN
@) | o>

Qutput Power dBm

Pava|—»

InputWaveform Oout »
Input Output Pmax 32 67
PA Model SimRF Output Power MAX dBm . Py
PowerQUT
Strong non-linear conditions |
— n Spectrum Analyzer
InputPower dBm Order - File Tools View Simulation Help

|aQf & | HEE| e WG N

Pavg 0.8454 QP @®| 2w RBW=90  T=0.0004

Pmax |-
PowerlN InputPower MAX dBm

RBW=90 T=0.0006

2017
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PA Model Validation Using Cosimulation

aaaaaaaaaaaaaaaa

Simulink testbench Link to Cadence DUT Seum: nowiaass

e W e > Out_RF
e lcadence| o> D
SimulinkCoupler > E‘
o[
SL RF In I>Out RF  SL SA?nzcl;rzuen:
- Inport Outport
PA
RF PA Model
Baseband (IQ) test si Cclmﬁgmmn Link to Simulink testbench
asepan est signals BB to RF
. LTE RF to BB
 Dual CW tones
DUT

IIIIIIIIIIIIIIIIIIIIIII

accellera
“Real” PA
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InputWaveform

Digital Pre-Distortion

Reduction of spectral leakage

in the adjacent band

Input

[

L Out >
PA
PA Model SMRF OPD Spectrum
Analyzer
Output Power dBm
Pavg
1 in PD_Out > n Out »
Input DPD — 32.87
Digital pre-distortion PA Model SimRF PowerOUT Output Power MAX dBm

InputPower dBm

Pavg
Pmax

Powerln  InputPower MAX dBm

ACLR (PA)

© Accellera Systems Initiative
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Figure 1

file | Edt  View [nsent Tools Desktop Window Help

LOPEL- 08 no

E-UTRA Adjacent Channel Leakage Ratio

ACLR (DPD+PA)

-
&

Adjacent Changel Leakage Ratio (dB)
N ow o w @ N ®
s & s 8 &8 s 8

=)

o

58.60 dB|

59.37 di

[43.41 [43.93 dB|

w
w

-2

=L 0 1
Adjacent Channel Offset

-

m &

Adjacent Channel Leakage Ratio (dB)

ile  Edit

i d

©
=3

P
=)

~
=)

@
=S

n
=)

N
=)

w
=)

~
=)

-
o

o

Ready

Spectrum Analyzer
File Tools View Simulation Help

B@| < &|kCE| Xl EN
O R

RBW=390 |T=0.010

View Insert Tooig

Figure 3

Desktop  Window  Help

2 KRR OREL- S| DB | =D
E-UTRA Adjauznt Channel Leakage Ratio

fe0.15

52.99d

52352 d
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1
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Adjacent Channel Offset

2017

DESIGN AND VERIFICATION™

DV O

CONFERENCE AND EXHIBITION



Exporting Models from MathWorks Tools to
Cadence

Y/ o 2017
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SystemVerilog DPI-C Component Generation

SYSTEMS INITIATIVE

Data Component
Source ™ y Model

A\ 4

Environment
Model

Algorithm

|

Component
Model

bk

SystemVerilog

HDL Verifier
Embedded Coder

© Accellera Systems Initiative

35

Develop

— System components (IP and test benches)
in MATLAB and Simulink

— Model, Simulate, and Verify

Export

— Components as C code with SystemVerilog
wrappers

— Fixed-point or real number interfaces

Integrate
— DPI-C components in Virtuoso and Incisive

Verify

— Verification of the complete system design
2017
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Using C Code Generation and the DPI-C Interface

 Make your model compliant with C code generation
* Generate C code from your Simulink model or MATLAB code
* Automatically wrap the C code using the DPI-C interface

* Import, build and simulate an equivalent behavioral SystemVerilog
model in your IC design tool 2. SystemVerilog wrapper

‘immlmz D
Si ”" ulink | "
dddddd Outl . » In t -
\

agcellerd) 1.C Code s

SYSTEMS INITIATIVE
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Benefits of C Code Generation and DPI-C Export

* Fast simulation using the native SystemVerilog DPI-C API

e Customizable approach supported by MathWorks

* Leverages mature C code generation technology

* Most suitable for testbench generation and IC verification
* Support discrete and continuous time signals

BEE
cadence

)
IR FELETE

10

=1 O e L T S TR S S e

. Simulink 2017
| 5 ; ; ; DV O
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Export of Mixed-Signal Models

e Continuous time signals

e Discrete time solver

Solver options

ode3|
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From Variable to Fixed Step Solver

* Chose a fixed sample time that it is small enough to give correct results
* Tradeoff accuracy and simulation time

Simulation Data Inspector*

Block Path 1

@  ADC_DPICLink/To Workspace
@ ADC_DPICLInK /Decimator

[l T ] - EH 3
Slgnal Bandwith = 3e3 To WOrkSpace
double doubl| double| QOubIe
) Outl P Inl Outl Out In : g 20 7
- l—\\ output - DESIGNAND ICATION™
acce /ga B il DVCLIN

S s CONFERENCE AND EXHIBITION
- ource Analog_LPFilter 1
SYSTEMS INITIATIVE o 1/(8e3*64) 1/(8e3)




Summary

* QOverview of MathWorks and Cadence Platform Integration

e Using MATLAB with Cadence Virtuoso ADE for Data Analysis and Visualization
— Data Mining, Post-processing and Visualization

e System-level Modelling in Simulink
— Modelling Analog and Digital Components

* An Integrated Design Flow for Mixed-signal Systems

* Including Transistor-level Models with Cadence Virtuoso AMS Designer

— Co-simulation
— Validation and Refinement of System-level Models

e Exporting Models from Simulink to Cadence
— Behavioural Models and Testbenches for Mixed-signal Verification
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Questions

Finalize slide set with questions slide
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e Virtuoso ADE Matlab Integration Rapid Adoption Kit
— https://goo.gl/GCZXLv
* A Next-Generation Workflow for System-Level Design of Mixed-Signal Integrated Circuits

— http://www.mathworks.com/company/newsletters/articles/a-next-generation-workflow-for-
system-level-design-of-mixed-signal-integrated-circuits.html

« AD9361 Agile RF Receiver
— http://www.mathworks.com/hardware-support/analog-devices-rf-transceivers.html
* Adaptive DPD Design: A Top-Down Workflow

— https://uk.mathworks.com/company/newsletters/articles/adaptive-dpd-design-a-top-down-
workflow.html

* Solve RF/AMS Design Challenges Using the Cadence Virtuoso Solution and Tensilica DSPs
— https://ip.cadence.com/uploads/1063/TIP WP Pipeline ADC Calibratiion and Testing FINAL-pdf
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