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Sensor Applications

 Automotive
+ Steering
+ Engine

* Transmission

+ Hybrid/Electric Motor
+ Seat Belt

*  More!

- Consumer Applications
* Industrial Controls
 Current Sensing




An Overview of Allegro’s MBD Success

We Started taking a serious look at Simulink MBD for ASIC
Development in 2014

Team Adoption hit the “knee” of the curve in 2015

A total of 8 device digital control systems and signal paths auto
generated from Simulink

Interpolation engines

Digital filters

Signal Processing Algorithms
Digital PLL's

Digital Sigma Delta DAC’s

DOoO00D0

Silicon Evaluation has demonstrated ZERO bugs from auto
generated code to date.
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The Evolution of Allegro’s Model Based Design (MBD) Flow

Automotive

: Code Gen and
‘ Automation,
inti UvM
Scripting and | 4 ]
Methodolo Verification
Simulink Imorovem QH):: Integration
. Signal Path provements

HDL Auto-gen

Simulink
Signal Path
® and Fixed
Yy ] Point
Digital Filter Code Modeling

Auto-gen

The The Industrial Exponential
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“The Dark Ages”
Traditional ASIC Design

RESEARCH REQUIREMENTS
SPECIFICATIONS Requirement Documents
: : ) . Difficult to analyze
| [ . Difficult to manage as they change
— 1 on f y A

| just found out my
algorithm is wrong

Physical Prototypes

) DESIGN . Incomplete and expensive
and we are releasing n — . PNt:vonunptdn:mbon
. Igorithm . system-level tes
in 2 weeks!! Design MCAE - i
Floctncal Fmbeddable Meachanical
Components Algorthms Components
Manual Coding
. Time consuming
* Introduces defects and variance
+  Difficult to reuse
IMPLEMENTATION
VHOL, Traditional Testing
Verilog eompononu ! «  Design and integration issues found late
Embedded and »  Difficult to feed insights back into design
Hardware Sileorc hardware process
. Traceability

INTEGRATION AND TEST
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The Enlightenment: Model Based Design

)
Research ] [ Requirements ]»
1 1 QO Architecture and Algorithm
Algorithm and Architecture Design g::::gi:i:avt‘i,::‘:\imto Executable

[ Continuous } Discrete
Time Time

|

Implementation
[CustomAnang} [ Verilog and }

U Front load testing and
verification

0 Development is “parallelized”

0 Continuous Equivalency
Testing is utilized
Transistor Level Software

uoneslylsA ‘bunss] ‘buidfioloid

0 .... And of course auto-
‘ generated production code

[ Physical Implementation and Integration }0




ASIC Sensor Components



Mixed Signal ASIC Components

4 O
Power Analog /Pad and Power Ring\
System System
Chip 1/0
NS /
[ Transducer )
\ )\ /
4 . )
Digital System Digital Top

Bias and Memories Standard Auto-
Support RTL generated
RTL

- /
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Precision Automotive Magnetic Sensor

VCC
Analog Support T Memory
Charge
ESD Level _ Regulators/ EEPROM Pum%
] Detect X POR
.
Clock Voltage ./ Temp | 12
Generator _l Ref “\Sensor| > Master & - -
Control Serial Serial
\1' \1, \1' Interface RX
D$o|| N — 13 | Linear- | 22 : ESD o OUT
iver 16 16 S iaii #>{Clamp
FE ADC I —\ , Compen- 7 1zation
Hall Amp ’ ’ sation J
Driver BW select PWM/ Slew Il:) Output
Control ! Driver
Hall plates 14 SENT
w/ coils _\ £
- Analog | |EEPROM Logic Current
Analog Front End Coil Calibration BIST BIST BIST Limit
Digital Controller Digital Output

GND °_<5



ASIC Sensor Simulink Modeling

O How do we handle the memory
(EEprom configuration)

O Simulink Model Types
O Spec Model
1 HDL Gen: Stateflow
1 HDL Gen: Matlab Function
O Validation Model
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Memories: Automatic Register Generation

. . Synthesizable RTL
Register Map > IDesignSpec > mimory controller
MS-Word (IDS) -

and registers

UVM register models
(with cover groups)

A 4

0 The Word based register map is the single point for documenting all registers

0 RTL is generated using the Agnisys IDesignSpec tool

0 Register models required by DV (Design Verification) are generated using the
Agnisys IDesignSpec tool
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Memories:
Link Simulink Model to Memory Map

e W1
™ Simulink Library Browser - - l = (5] & Source Block Parameters: scan_mede ﬁ
- rhrEro =@ Inport (mask) (link)
AST Simsink HOL Operators
o Simulink ) 1 |
i Commanly Lsed Blocks - :',_ = E} 3 4 |> Parameters |
- Controms — ! —
Oashisoard [ [T bR Fin Description
O i 1 3 "
i fb f2} Ecan mode
:_g&‘; :’:::_‘M s bitwra_ard biwia_or [rem—— " |
Math Cparatiors e} i= 1 Reset State — Scan State —
Poded er fization = 2 o |
Model-wide Liskties To_rmb et aoome =y TofFrom Simulink |
Forty B Subershems r L]
Sl Attrikastes L . ol b .
il fstrg ‘| bl Eﬁ ,I} Type |Scan: Scan related /O g
S el ] ot h - -
Sources e — s Main | Signal Attributes ;'
User-Defrod Funcions g =] - E
Ackifional Math & Discroie -4 1 | 1 ! Port number: |
& W57 Smulrk o _haif
DS ] 3
7
Dacs i, . -
r— I Icon display: Port number
Tiry Taivg Latch input by delaying outside signal
“erificanon .
L Latch input for feedback signals of function-call subsystem outputs
< Interpolate data
1 EEPROM
se_dis_load i
b
e
' OK Cancel Help Apply
ee_prog - —

0 Custom Inports and Outports with attributes where created

0 Additional attributes are used by Matlab Report Generator for
automated document generation
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Simulink Spec Model

U A Spec Model is the “golden
Slow Fault Math | model” of what you are trying
ADC-DAC adust -

to achieve.
U Easy to read

EL_p SP.5F_DAC_SLOPE e @&_pcma @ﬂpcmh Convert ﬂp@ D Simple as pOSSibIe
R comvet to double1d satirare sf sabrge s 08C oomert fo doubledt L
it U Requirements are linked to

the spec models

SPSF_DAC_OFFSET }% U Avoid
Tl U HDL optimizations

U Keep data types as doubles

fﬂ%m where possible
sf_ofiset frim

convert to_doublet2 - -

Podale O Using DPI-C , System Verilog
models are created from the
spec models

24P SF_TRIM_FRACTION

sf_fraction
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U Stateflow is a universal tool

Yreset sm If active

Q0 Stateflow allows for efficient control
logic design that is self documenting

s ot sope and translates to efficient RTL(**)

O SAR ADC Controller

U Multiplier Sharing

U Stateflow can be used as a verification
driver (handles asynch events)

U Stateflow can be used to model analog
switched capacitor charge transfer!

[ U Stateflow charts can be embedded
within Stateflow charts
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p| ternp_msbs temp_slope =
Qy =
temp_offset P Vy ="'
Ey=
——— | scalar_consts -l
temp_index - |
temp_index
temp_ad] \
P_ad] coeffb i
——— coeff
N
coeffa i
coeffa
—® coeff_bin bin_ diff
- bfin_|dif
temp_ad]

Flexibility of Matlab Function Block

z' Editor - Block: segment_processor/fixed_point_coeff_temp_calc/temp_adj

fixed_point_coefl_temp_calc/temp_ad] [+

function [temp_slope,temp_offset,tenp_index,coeffb,coeffa,bin_diff] = tenp_
%#codegen

tenp_slope = fi(0,0,9,4)
tenp_offset = £1(0,0,4,0)
tenp_index = fi(0,0,2,0)

hin_diff = £i(0,0,3,0);

for i = 0:3
if temp_mshs >= coeff_bin(i+l) && temp_msbs < coeff_bin(i+2) || ...
i==0 && temp_mshs < coeff_bin(i+l) || ...
i==3 && temp_mshs = coeff_hin(i+2)
temp_index = fi(1,0,2,0);
bin_diff = fi({coeff_bin(i+2)-coeff_bin(i+1),0,3,0);
temp_slope = scalar_consts(bin_diff+l);
temp_offset = fi(coeff_bin(i+1),0,4,0);
end
end

if bin_diff == 0

bin_diff = £1(0,0,3,0);
end
if bin_diff » &

bin_diff = fi(5,0,3,0);
end

coeffa = coeff(temp_index+1);
coeffh = coeff(temp_index+2);

Code generation is not limited
to Simulink fixed point and
Stateflow

Many functions and operations
are more efficiently written as a
Matlab function

Floating point functions
U coder.approximate

Simulink is your canvas
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Simulink Validation Model

N

Front End Back End
ot Ee

Hall Flate + Driver

0 A validation model generates “evidence” that specific requirements are met
0 Automated regressions require that a pass/fail criteria be used

0 Asserts are your friend!
U We hope to see the asserts pass through to the auto generated HDL
very soon!



Simulink Code Generation for Digital
(and Analog ?!)
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Digital Example: SDM DAC

sficl1 1 5 foct 1
= »+  |intte _
In : - La int16 N Eﬁjd'rad"}zﬁéts =i N
Unit Delay Add] > - pper oo - ufixt . 1_ ufixt ;
Addt3 - 0 z (1)
Extract Bits » . Out1
sfxl6_E1 Constant Relational Unit Delay3
Qy=Qu>>0 . Operator
Vy=WVu* 21 | Nultiply2
3 — 6
intd
FulPos
: : ¢ e o
- n - - - = * 2, ~=
L it = int18 e STG_EB V|¥y: B is I e T
Unit Delay1 Unit Delay2 Addt2 Data Type Corversion Mitph256
¢ we|
Swich FulNeg
1536 ”
Display1
: Qy=Qu>=>0
bin 0000 0110 0000 0000] \{3:{ =Vu*2E ey 6
_sﬁxB_EB y= Eu +8 intd
Display2 Data Type Conversion1 s TestMumber Ignored dun'ng
Arithmetic1 code generation
bin 0000 0110
Display

O Fixed Point Modeling is VERY powerful in Simulink

U Fixed point optimization and area/accuracy tradeoffs are rapidly analyzed



™ B

MicroSystems, LLC

Digital DAC: Code Generation Video

silemp_ccnr’np_l?’SCl’—Simulinl( = [ Bl |
File Edit View Display Diagram Simulation Analysis Code Tools Help

B % rTET v |8e-3 Mormal - - -
Model Browser = | temp_comp_1730 | Sequencer SdmDac_0 dss_1730
4 % temp_comp_1730 ® |[Patemp_comp_1730 » =
[P2 DML_Plot
P Ezprom sensE Qv | gy =
iﬁ[ SDM_Analog_Filters
4 [ba) dss_1730 [E3 li uint32 untE | e 10 Bits |10
[P sdmbac_o I]}Im » Convert > U
|k | = pper End
IE]; SdmDac_1
[Pa| Seginterpolate_1730 Counter Data Type Caonversion Extract Bits
IE] Sequencer [El Limited
O
sfix?
Out1 double
[emp [% > Int outt
sfix7? 4
out2 a0
ufxt
sfix7 |
out3 —‘ pial Outt SDM_OUT |
STix7 4 EX double 1
Outd —| P In2 Out2
| EE)
STix7
outs Ly as
STix7 SDM_Analog_Filters
Outé b1
sfix?
Out? > 02
ufixt
sfin? 03
Outd <
STix7 e !
Outo b0
>
sfix?
Out10
dss 1730 -
@ | EEPROM_SENSE_QVO Ve
4 [T | » X |« [ m ]

Ready View 4 warnings 160% oded5
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Simulink Analog Models using DPI-C:
Passive Filter with Noise and Delay

> 1 > RO

10e-6s+1
In1 i . A Out1
ain ranspo
Transfer Fcn P
Delay
M U Model analog components based on functional requirements,
not implementation!
Random U Generate C code from these models to be used as “real number
Number models” in circuit simulator and verification environment

U This will allow for traceability and equivalence checking under
the 1S026262 Automotive Specification.

U Analog designers will feel a strong attraction to SimElectronics.
Leave the implementation for the circuit simulator (Cadence,
etc.)
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Generate the System Verilog / C-code Model

& Configuration Parameters: untitled/Configuration (Active) & - 0OX
ElList -
Select: Target selection
Solver
Data Import/Export System target file] | systemverilog_dpi_ert tlc Browse...
» Optimization
» Diagnostics Language:
Hardware Implementation i ;
Model RefereFr:cing Description: System\erilog DPI Component Generator
b Simulation Target .
Code Generation Build process
Report ) :
Comments Toolchain settings
Symbals
Custom Code Toolchain: Automatically locate an installed toolchain - Validate
Debug o
Interface GMNU gecjg++ v4.4 .x | gmake (64-bit Linux)
Verification Build configuration: | Faster Runs ~ | Show settings
Code Style
Templates Minirize run time

Code Placement

Data Type Replacement

Memory Sections Data specification override
Systemverilog DPI

Ignore custom storage classes Ignore test point signals

Code Generation Advisor

Prioritized objectives: Unspecified Set Objectives...

Check model before generating code: | Off - Check Model...
Generate code anly Build
Package code and artifacts Zip file name:

7] oK Cancel Help

. . . P —
Analysis J#ES Tools Help

C/C++ Code 3 &3 Embedded Coder Quick Start

HDL Code » | i Code Generation Advisor
Data Objects > Code Generation Options...
External Mode Control Panel e Build Model

| \Verification Wizards »

Code Generation Report

USelect “systemverilog_dpi_ert.tic”

UFiles to be generated
U Model_name.sv “wrapper”
UModel_name.so

Ctri+B
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The System Verilog Wrapper and the System Object Functions

UWithin AMS Options, add the path to the

irun_options file

// File: /home/jhaas/Subsystem_build/Subsystem_dpi.sv
// Created: 2015-11-11 23:18:45
// Generated by MATLAB 8.6 and HDL Verifier 4.7

timescale 1ns / 1ns

module Subsystem_dpi(

Category Cell il View
: th_demo | irun_options
| [sDM_1CH_dpi : View <
Simulink_Demos ams_custom_rules
Subsystemn_dpi ams_default_rules
tb_demol ams_statel
th_demo2 44 config

4 schematic

input clk,

input clk_enable,

input reset,

input real Subsystem_U_In1,
output real Subsystem_Y_Out1l

jhaas@nhbl ):

irunoptions | ____

jhaas@nhbl

File Help

cadence

-allowredefinition
-lieq
-spectre_args "+lgt 8"

# The path below is the build directory of linux Matlab
# where the .so file is generated
# TODO: How to change this to a relative path?

# Sample time for electrical inputs
+define+Tsample_E2R=125e-9

-sv_lib $CDS_CHECKOUT /dpi_c_demo/Simulink_Demos/demol/Subsystem_build/Subsystem.so

chandle objhandle=null;
// Declare imported C functions

im

import "DPI-C" function void DPI_Subsystem_output(input chandle objhandle, input real Subsystem_U_In1, inout real Subsystem_Y_Out1);
ort "DPI-C" function void DPI_Subsystem_update(input chandle objhandle, input real Subsystem_U_In1):

initial begin
/ objhandle = DPI_Subsystem_initialize(objhandle);
end

always @(posedge clk or posedge reset) begin
if(reset == 1'b1) begin
objhandle = DPI_Subsystem_initialize(objhandle);
end
else if(clk_enable) begin

import "DPI-C" function void DPI_Subsystem_terminate(input chandle objhandle);

L1 €1

DPI_Subsystem_update(objhandle, Subsystem_U_In1);

DPI_Subsystem_output(objhandle, Subsystem_U_In1, Subsystem_Y_Out1);

end
end
endmodule
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Note: Notice:
: ; e f ; imulation time difference
Sarmple Clock must mateh Model with s—domain first order filter simutatic ! !
discrpéte carmble beriod of (tau = 1Be—8) Whgm rthh|s 'rreS|stor Is connected.
Sool modF;I P (Still "fast” but much slower...)
clk ut our
ok enable u clk Subsysterm_Y_Outl = & R
= u Ik o] . =1M
reset - © _im © Subsystem_dpi '
N rese
period = 1252—9 1 L Subsystem_U_In1
pulsewidth = B2.5s—%
delay = @ nn wdo=2,
Y3 V4 .
t1=g 1= = gnd
; vi=2.8 MM v ‘_? Ideal Comparison
n S o —
g tvpairs=3 tvpairs=3 o OUT_RC
gnd gnd
ca
c=123p
/ O “Subsystem_dpi” is a System Verilog “Wrapper” that \
gnd

calls the compiled C code generated from Simulink
Q0 The Simulink Model can be changed, the C code
regenerated and the Cadence setup needs no update!
0 Makefile is automatically called upon Simulink
\ Code Generation /
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Cadence Simulation of Simulink “C” Model and Ideal RC

Tiansient Response Thu Oct 27 23:23:20 2016 1

11 5 11 —
1OUT “ E ]
M /OUTRC & E E
1.0 4 1.0 -
09 4 09
0g 9 08 -
07 3 07 -
06 5 06 -
Eo5 4205 4
= 1= B
04 9 04 -
03 4 03 -
02 35 02 —
01 4 o1 -
00 3 00 -

o013 oM

L B i e o o B B B B o L R R R R R A A AR RS R R AR AR SRS RS R EE R
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
time (us)
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Simulink Analog Models using DPI-C:
Continuous Time Sigma Delta ADC

Y. . 'M_1CH * - Simulink trial'use a-0OX
File Edit View Display Diagram Simulation Analysis Code Tools Help
L = (» - iii
-8 <« 4 mmEe-E-= 4 e b Iy ~ [2125e3 Normal @~ &~
th_SDM_1CH ADC8 » | SDM_I1CH x
® [a/tb_SDM_1CH b [Pa|SDM_LCH » A
@
Sampling freq: 16MHz
Bl Ingut range: -1.1W = 1.1V
Wref = 1.2V
=
— — -
—ER ] e
.
O
317 s
] i1 om —(1)
Dout
ADCE Q-to-Bin
I 1 L I L
L I
Delay Zero-Order
l-H] Hold!
»
Ready Wiew diagnostics 93% FixedStepAuto

U Make sure and "comment out" any elements in the
subsystem that you do not want in the generated code.
0 Those elements are shown inside the red box.
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ASIC MBD Summary
Present and Future

O Simulink and Matlab have been instrumental in the development of
an agile Automotive Mixed Signal ASIC Sensor Flow

Q

Q

High level model exploration allows for accelerated insights
and convergence on architecture and algorithms

Traditional duplication efforts (model — spec — another model)
are minimized

Upfront models expedite the verification efforts and front load
issue discovery

Powerful Real Time Simulation Platforms (Speed Goat) allow
for testing algorithms in the lab before design team is heavily
engaged!

Powerful modeling, automated code generation and robust
traceability are paving the way for agile development in an
1SO26262 world!



Thank You!

For more information:
http://www.allegromicro.com

Email:
jhaas@allegromicro.com


http://www.allegromicro.com/

