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The number of transistors doubles
every two years

Moore’s law slowing down over the
last decade

Market requirements more and more
aggressive

 Performance, cost, time-to-market

Architectural optimizations are key to
drive IC enhancements

Introduction

Moore’s l d\\ The number of tr dIlSlSLOl S on mluoclnps (1oul)les every two years [SlaWeIL
Moore's law de the empirical regularity ::":"\"" umbe ransis £ el Jits do H oximately every two years. in Data
This J“.,H\L‘,"H,‘ t i im yortant for other aspects o \ nologit gu-w;,w ss in com :‘Hh‘:‘ ~ Sk w,h as proc ,‘m;; speed or the price of computers
Transistor count
50,000,000,000 o
o °
10,000,000,000
)0,000 §
°83° g &
o © ’82 30
1,000,000,000 °
° 9,
500,000,000 o o
og °
100,000,000
50,000,000
0,000,00( 0000 o
8o 4
10,000,000
AR A 8o°
5,000,000
A
¥ | e
1,000,000 o ©
500,000 ° o
Y L4
° °
100,000 ° o
50,000 °
°
oo PR
10,000 S P
s000 ¢ 4
° ‘o
°
1,000
ST PP\ T T SR S T SINE A I SR OB S S NS I AN AT I
2\ XY & QP AP P TP IS
ST RN RN N N N N N N N LO > “9\ “D\\ "D‘¥ S S S S S
(Wikiedia s Wil Tansistor county Y ear in which the microchip was first introduced




ST Automotive and Discrete Group - Smart Power R&D

Serving all automotive applications New market perspective of Smart Power

Traditional Automotive
ICE powertrain, Chassis & Safety, Body, Infotainment

/

a3

Isolated gate driver . ‘ Power managementIC
Battery management y
system ‘ ‘ DC-DC converter

New Trends D cor-Zore & ol
Hybrid & battery electric vehicles, ADAS and new E/E DO e System Basis Chip
. output HS/LS driver
architectures

Engine management. ‘ Voltage regulator
system
Alternatorregulator . ‘ Motor control

life.augmented



Architectural Optimizations

« Enhance system-level architectural exploration
« Simulation
« Analysis
 Verification (also reduces bug lead time!)

« Reuse system-level collaterals within the rest of the design flow
 Avoids overall additional effort

SYSTEM LEVEL CHIP LEVEL SILICON )
SPEC DEFINITION AND DESIGN AND IMPLEMENTATION
VERIFICATION VERIFICATION |
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System-level design model




System-level design model
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System-level design model

« Device Under Test (DUT, Main Measurement Unit) is modeled and verified using
Simulink platform

« Model includes both analog and digital components
* Voltage input is modeled as ideal voltage generator

* The analog blocks are modeled using real numbers in discrete-time domain with high sample rate
compared to digital clock

« Digital blocks are modeled in a fixed-point, bit-accurate and cycle-accurate way

« The rest of the IC components are not included in the system-level Simulink
model

« 12C interface is implemented with ST standard circuits
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System-level verification




System-level testbench

« Allows DUT verification before its corresponding RTL code and SPICE
netlist are available

SEQUENCE / STIMULI DUT SCOREBOARD / MONITOR

signal_inf= |_signal_| ad
adc_avg_sel™ i_adc_avg_sel
adc_enable™ i_adc_enable o_adc_data_valid
sc_enable= _sc_enable
sc_filter_sell= _sc_filter_sel _data_out
adc_gain_adjust_reg i_adc_gain_adjust_reg
o_sc_data_valid
adc_gain_adjust_nvm i_adc_gain_adjust_nvm

i_adc_offset_comp_nvm
o_sc_data_valid_fast

i_sc_offset_compensation

i_az_enable o_tm_adc_out_pre_calib)

i_chop_freeze value

i_tm_adc_comp_dis o_adc_out_max_precision==

i_tm_sc_comp_dis

i_tm_chop_swap o_tm_sc_out_pre_calib
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I_signal_in

i_adc_avg_sel

i_adc_enable

i_sc_enable

i_sc filter sel

i_adc_gain_adjust_reg

i_adc_gain_adjust_nvm

i_adc_offset_comp_nvm

Stimuli block

L[d ble D1
joubie ' "CD .
signal_in
ufix2 D1
D
adc_avg_sel
boolean D1 N
adc_enable
bool D1
io0lean
sc_enable
fix3 D1
LT, ..@
sc_filter_sel
uintl6 D1
. h@ -
adc_gain_adjust_reg
int16 D1
i ' -GD .
adc_gain_adjust_nvm
intd D1
in
adc_offset_comp_nvm



System-level stimuli

« Stimuli block drives the following DUT inputs

« Analog voltage input (real number)

Configuration parameters («control from 12C for ADC» box in the fig)
Digital correction for ADC errors («control from memory» box in the fig)
Debug configuration («control from SPI» box in the fig)

« DUT inputs are constants except for the Vin and the ADC’s enable signal

« Parametrized stimuli are not randomized (future enh.)
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Scoreboard

« Scoreboard is a verification component that contains checkers and verifies the
functionality of a design

Functional checks in the system-level verification

boolean D1

¥ adc_out_signed adc_out_wrong

Check Range

ntlé D1
( 1 :r 1 —P» data wrong
ade o intlé D1 |
adc_out adc out signed *

boolean D1
(2 ) » 2 — check_wvalid
adc valid

Sampler Check Assertion

boolean D1
———— P data_wvalid 1

Check Valid
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Assertion

e UVM assertion is a check embedded in verification, that validates the behavior of
design during simulation

* Use Assertion Simulink component to:
« Assert a simulation error during system-level verification
 Insert an uvm_error in chip-level environment

Assertion for DPI-C (mask) (link)

Assert that the input signal is non-zero. The default behavior in
the absence of a callback is to output an error message when
the assertion fails.

When generating a DPI-C component this block gets translated

into a native Systemverilog assertion that throws the specified

assertion fail message or executes the specified Systemverilog
i d

command if ‘custom® severity is selected.
Parameters
. v| Enable assertion
Simulation callback when assertion fails:
!

Stop simulation when assertion fails

=

=/ DPI-C assertion options

Assertionl

Assertion custom commanﬂlvm_error("","CHECK ERROR"):”)

J Cancel Help Apply
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Reuse of system-level verification IPs

within the UVM testbench




What is UVM?

 UVM (Universal Verification Methodology) is a standard methodology for IC verification

« Advantages:
* Modular verification IP
* Reusable verification environments
» Scalable testbench structures

» Reference: _https://www.chipverify.com/uvm/uvm-tutorial

R
DUT
Testbench based on classic SV approach Testbench based on UVM approach
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https://www.chipverify.com/uvm/uvm-tutorial

Reuse of system-level verification IPs

* The system-level verification test cases need to be re-run at chip level

« System-level testbench reused using Simulink UVM generation

« HDL Verifier (MathWorks tool)
« Avoid duplication of effort

« Simulink DUT doesn’t correspond to full IC: adaptations needed
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Generated UVM files

cm_model_for_UWHM_mw_plkg . swv
DFI_dut
] 1talDUT_dpi ﬂ--,su
talDUT _dpi.
" -:_11'-|-| DT =0
scorehb l4r1
md_ Hr'|=|]|‘|"r1"11'—|1 DUT _scoreboard.
|||'

VisualChecke
isualChecker_dpl_pkg.sv
':I_ alChecker.so
SEOUENC

Mild_ HH11u=

r||-l Hr'|—41
nw_Hﬂal
mid_F |
i _F

e

mid_F
mid

md 2
mld_ Hﬁq]ﬁ“rl“1fq1ﬁlT_TﬁqF:.Ev
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UVM testbench generation

* Generated UVM testbench is a stand-alone verification environment
* In case DUT corresponds to full IC, it is possible to use it without modifications

« Simulink generates also UVM behavioral model for DUT
* Ignored in our chip-level verification environment
» Used RTL generation for digital portions, Verilog models for analog ones

« Each testcase corresponds to a single sequence

» To generate a single sequence, it is necessary to generate the full UVM testbench
environment

» To have a good verification coverage, it needs a lots of sequences
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Digital chip-level testbench environment

TEST TOP_CHIP
UVM_ENV Digital domain
s DUT
5 =
g v
n
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Integration of generated UVM components & objects

« Some manual modifications are needed to integrate the UVM components
generated from Simulink within the chip-level UVM testbench:
» Adapt files generated to UVM environment

» Insert an interface decoder to sniff the output of DUTIF to generate existing high level
transactions

» Trigger insertion to synchronize the start of generated sequence with the starting time at
system level




Reuse of system-level design model




System-level design model

TOP_CHIP — _
Digital domain
DUT
Voltage I
/| wpuT [ siomaDELTA || SISMADELTA
Stage MODULATOR + FILTERING
12C I/F ucC
HOTHERANALOG\ ‘ OTHER LOGIC \
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RTL code generation

RTL (Register-Transfer Level) is a design abstraction which models a synchronous
digital circuit.
» A synthesis tool is able to generate the real schematic starting from RTL

Reuse also for digital part system-level design model (green block in the figure)

Simulink add-on “HDL Coder” generates RTL code

Both Simulink testbench components and design models are reused at chip-level
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ENTITY adcv_corr IS
PORT{ i clk

END adcv_corr;

LEEELE

std logic;

std logic;

std_logic_wvector(lS DOWNTO 0); -- wintlé
std_logic_wvector{l1? DOWNTO 0): -- sfixl
std_lomqic:

std_logic_vector{19 DOWNTO 0) -- sfix2i)
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ARCHITECTURE rtl OF adcv_corr IS

51 n__F.f“?E_E_-

SIGMAL
STGMNAL
SIGMNAL
STGMAL
STGMAL
SITGMAL
SIGMAL
STGMAL
STGMAL
SITGMAL

BEGIN

i_ade_signed
1_adjust_unsigned
Productl_cast
Productl nul temp
Productl outl
Extract Bital outl
Gainl cast

Gainl outl
gwitchg outl

Unit Delayé outl

! signed(ld
: unsigned{1S DOWNTO [):
: signed(l6
! signedi3c
: signed{35
! signed(34
! signed(3b
: signed(19
: signed{1?
: signed{ld

-- fescale down to the original Fixed point

-- and
i adc signed «=

i_adjust unsigned <= unsigned{i_adjust);

Lruncate

signed{i adc);

DOWNTO 0);

DOWNTOD (0);
DOWNTD (0
DOWNTO 07;
DOWNTO 07
DOWNTO 03);
DOWNTO )
DOWNTOD 03 ;
DOWNTD (01

Productl_cast <= signed{resize(i_adjust_unsigned, 17}):

Productl_mul_temp <= i_adc

+ Proguctl cast;

Productl outl ¢= Productl mul temp(35 DOWNTO 0);

Extract Bitsl outl <= signed{Productl outl{34 DOWNTO 0}):

Gainl_cast <= resize{Extract Bitsl_outl, 36);

Gainl c:utl <= Gainl_cast{34 DOWNTO 15);

Switch8 outl <= Gainl outl WHEN i_comp dis =

i ade_signed;

Unit_Delayb _process

BEGIN

IF i_reset n = '0' THEN

: PROCESS (1_clk, i_reset_n)

Unit Delayé outl <= to_signed(16200000#, 20);

‘0" ELSE

== sFraai)

-- wrntlb

-- afrxl?
== SFra3 T
-= sfixiE

sFix3ds

- Jf.i..-"’..?f_ﬂaf:

-- sfixZ0
-- sfrxid
-- sfrxZ




RTL code generation - Advantages

Avoid human errors in converting Simulink models to RTL
Ensure alignment between Simulink and RTL simulation
Bug fix at system-level model

Improvement workflow efficiency




Results and future enhancements




Results

RTL verification time cut in half

Avoided duplication of effort between system-level and RTL-level verification

Saved RTL coding time, reduced chance of human errors within RTL

Single source of test cases and design models
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Future Enhancements

« Simplify integration of generated UVM components within chip-level environment

« Test case management, options
* Multiple Simulink testbenches
« Simulink parametrization, different scenarios from the same testbench

« Randomization, options
» At Simulink level
 Introduced after UVM generation
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Conclusions




Conclusions

 Shift-left untimed and loosely-timed portions of verification
* Moving them to system-level

 Avoid duplication of effort
* Reuse system-level verification IPs within RTL environment
* Reuse system-level design models, converting them to RTL

 Early detect bugs, such as
* Functional and performance issues in algorithms, state machines, etc.
» Poor interactions between domains
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