


Motivation

The AURIX™ microcontroller family is targeted at Automotive applications, both for
Powertrain and Safety. It contains a comprehensive on-chip trace solution to aid debug.

The TRACE IP supports concurrent trace of many different on-chip sources - via a complex
multiplexing infrastructure.

Functional verification of correct integration at subsystem and SOC level is a big challenge
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= TRACE IP contains adaptation logic to handle multiple trace source protocols
endtorend check - = Integration of all sources with the TRACE IP is at subsystem/SOC level.
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Challenge

= Existing methodology comprises platform tests manually coded in C, coupled with scripted checking to verify trace output.

= Disadvantages of this approach:

» Maintenance and reuse of these test suites across multiple chip derivatives is both time consuming and expensive.

= Test programmer has to manage system resources — avoiding conflicts between code running on multiple CPUs in parallel

» Legacy scripting checking flow is hard to maintain and not scalable.

= Need to improve efficiency for test generation and reuse - investigated

testcase automation solutions.

= The Accellera Portable Test & Stimulus Standard (PSS) gives a
framework to define your high level verification intent in a model

(stimulus and test scenarios).

= Verification engine generates testcases targeting different integration

levels, platforms and chip derivatives.

= Variety of PSS tools available

= Chose Cadence Perspec System Verifier PSS tool - already in use at

Infineon.

= Intention was to automate our testcase generation for reuse in:

= Different derivatives.

= Different integration levels (Subsystem, SOC).
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= Different platforms (simulation, emulation, validation).
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Solution

= Created a model of the TRACE functionality. ‘ TRACE Model ‘ OMA Model ‘ ‘ CPU Model

=  Written in Perspec SLN (System-Level Notation), one of the bases for Accellera PSS. l l
Y

Constraints (for Derivative and Integration level)

T 1 T

= Existing models for other key system IP, such as the CPUs and DMA already exist at |
Infineon. Can be used in conjunction with the new TRACE model to provide trace stimuli.

. . Generated Testcases
= Example constraint code in the TRACE model: Y Y
#define MCDS_POBX_SRC_LIST CPUO,CPU1,CPU2,CPU3,CPU4,CPU5,LMUO,OLDA,OTGB,0TGBM,NONE; —L‘—% %
#define MCDS_POBY_SRC_LIST CPU1,CPU2,CPU3,CPU4,CPU5,0TGBM,NONE; Derivative A Derivative B Derivative A 50C
| Subsystem level Subsystemn level level
#define MCDS_POBZ_SRC_LIST CPUO,NONE; LU ey —— — IPx | DMA - by
#define MCDS_CPUx_SRC_LIST CPUO,CPU1,CPU2,CPU3,CPU4,CPUS5; l l
action pobx_a like ob_base {
I 1222222
constraint ob_typ == OB_POBX; UX0 MUX4
pobx_a
constraint src '= NONE => trc_in.idx == ob_typ.as_a(uint); |_‘
end-to-end check
constraint tmux_out.ob_typ == OB_POBX; —
Adap(ancn Layer I
) ) v v v
constraint src in [MCDS_POBX_SRC_LIST]; _ ‘ |
Observation Observation Observation Observation Observation
Block 0 Block 1 Block 2 Block 3 Block 4
b
TRACE

Trace
Qutput

constraint (src  in [MCDS_CPUx_SRC_LIST]) => tmux_out.tcmux_typ in [CPU_DTRACE, CPU_MEMSLAVE];
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TRACE Model - Implementation example

CPUO CPU1 CPUS IPx

3 The existing IP models are constrained to generate
appropriate traffic for our generated scenario

constraints

AR A AR A WAy

A test is generated choosing a random trace source for MUXD
1 all Observation Block (OB) MUXs, CPUJ[0-5, DMA, etc.]

MLIX4

constraints

¥ ¥ 1L
2 An appropriate TRACE configuration is programmed Dh;fnfi ::m" Dbasfnr:: Tm Obasﬁ:f tzim |0h;ir::§m’ Dhéﬁ::: o
- > TRACE

Trace

Output
MUXO0 MUX1
Select CPUO trace source Select DMA trace source
Program TRACE OBO registers for a CPU program tracing configuration Program TRACE OBL1 registers for a DMA data tracing configuration
Instruct CPU model to generate CPUO traffic Instruct DMA model to initiate transfers
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Checking Flow

Easily generate hundreds of tests but legacy scripting based verification flow is not
scalable.

SVA Assertions are used to prove trace connectivity

CcPU1 CPUS

The TRACE IP testbench environment is a constrained random environment utilising cPUO
Specman €, with a reference model enabling end-end verification of the TRACE flow.

1Px

The IP reference model is instantiated at the integration level in passive mode to verify the
trace flow through the TRACE IP.

SVA asserions AR R222222

Other PSS models in our integration verification include checking, however the TRACE
checking is independent.

Existing Verification IP model was available for reuse - saving effort. ) !
: Y v _ _ v

Observation
Block 1

Observation
Block 4

Observation
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Verification IP model is simulated at integration level, potentially highlighting wrong e-model Observation —

. R . Block 0
assumptions made in IP level modelling.
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Coverage

» Basic metric for integration verification is Design Implementation Toggle Coverage, ensuring all

IP interfaces have been exercised.

» This only provides a measure of activation of the implemented features/connectivity and does

not identify those missing.

= On top we specify Functional Coverage, ensuring system features are exercised and interesting

scenarios covered.
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vy

Hit (Full) Hit(Rise)
= The PSS tooling provides Generation Functional Coverage, allowing us to know before 1 1
regressing what will be stimulated and hence if all required scenarios will be covered by a Y :
generated test suite. . L
= This Generation Coverage is then converted into Runtime Coverage
[ | Cover Gro..
Type (default scope) : & pobx_a
I Overall Local Grade: T 25.45% | Functional Local Grade: [T 25.45% | CoverGroup Local Grade: [T 25.45% | Assertion = ﬁ
Cover Gro.. Ex UNE IName Overall Abstract Expand 4 B
Average Grade ez bt [Name Owerall Overall Score
2 5 Average Grade  Covered .
Ex LKE [Name Overall Average Grade Overall Covere | Abstract Expand 4 B & generated Ers258% 1 |
¥ Ex i |Name Owerall fverage Grade Owverall Covered & ended [ m— ¢ = DU ] — 1 0f1i0%) O a
I generated [ 50.91% 204 97 (20.629% ¥ = = DTU 100% 1/11(100%) 46
I: ended I— o 097 (0%) == CPUD 100% 141 (100%) [=] 1q | O] = PTU 100% 141 (100%) 15
a = CPUL 100% 1/1{100%) i = OTU —Jo% 0/1(0%) ©
<] DN = CPUZ 100% 1/10100%) o =5 WTU I— o 0/11(0%) 0O
Showing 2 tems = CPU3 100% 1410100%) Ex It [Name overall i = TC_ACT I—1 0% or1io%l 0
= == CPU4 100% 141 0100%) sverage Grade (¥ =2 TSU_REL I—Joe% 0/1(0%) O
= = CPUS 100% 1/10100%) [=]
Ex NE Mame Qverall Average Gradiv = LMUD 100% 141 (100%) = ob sel ) TR = 4] o
|: =5 OLDA Uz 1/11100%) | poEx_trace_unlt E—128.57% : ST U S
& src =11 81.82% =] g 1 % X "
T ——— e e e [
& cpu_memslave 100% = NONE 100% 141 (100%) Attributes [l Source 4B
wE cross__srr__rpu_memslave [ q | E|E Col # |[Mame & value i
A<B cross_sro_ cpu_memslave_sr.. [ 11.52% R i R
Showing 11 tams a
= 1] DN Cover Group generated IE
4] E|_ Showing 3 tems CoverGroup Average Grade 286.5714% E‘
Shawing 5 kems attributes [ Source 4@

TRACE Configuration Functional Coverage

Trace path Functional Coverage

2018-06-14 Copyright © Infineon Technologies AG 2018. All rights reserved.



Coverage

= Toggle coverage can only be measured in simulation but Generation Functional Coverage (at
interface level) gives a good idea of expected toggle coverage.

I—b PSS Model(s)

Update l
Type (default scopel: & pobx a Generation —_
Overall Local Grade: lonal Local Grade: [T 25.45% | CoverGroup Local Grade: [T 25.45% | Assertion .
Constraints
Cover Gro.. Generate tests
Ex MR Name Overall Average Grade Overall Covere | ahstract Expand 4 0B
*lex Mk [Name ©Overall Average Grade Overall Covered
B generated =1 50.91% 20/ 97 (20,629~ K ' ) '
B ended I—lox 0797 (0%) f == CPUD 100% 1/1(100%) ’ [= Add new
= == CPUL 100% 171 (100%)] - :
=
1] ] D = CPU2 100% 141 0100%) Generation Simulate
Showing 2 items == CPU3 100% 141 (100%) Coverage for the
= CPU4 100% 141 1100%)
=5 CPUS 100% 171 1100%) holes
1Px DMA Ex LUME [Name Overall Average Grade - LMUD 100% 171 (100%)
\ = OLDA 100% 171 (100%)
& src E=Ts182% ]' = OTGE I—o% 071 to%) | Analyse Toggle
oo e . =3 OTGEM I—o% 0/1(0%) Coverage
& cpu_mermnslave 100% \ =5 NONE 100% 171 (100%) J )| <100% g
ME cross_src_cpu_mems|ave = 54.55% [~] Identify holes
- = <] D]
AB cross_sre_cpu_memslave sr.. [___11.52% N .
— == - Showing 11 items y g
4 ;

=
a o l
Shaowing 5 ftems Attributes [ Source 40 B

MUX1 ~
end-to-end check . , , = An iterative development loop allows stimuli generation to be updated for improved toggle coverage.
| ‘ Adaptation Layer I
L 4 2 + * + n e_g_
ObSEN:tiOI'I Obsrr\ratiul‘l Observation Observation ’ Observation
Block 0 Block 1 Block 2 Block 3 Block 4 . .
» toggle coverage shows the error signals are not toggling
TRACE . . .
= Add error generation to the model and add generation coverage of this
Trace
loutput = Then we will know in advance of regressing whether error signal toggle coverage will be 100%
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Conclusions

= Development of the PSS model flow has shown real benefits, including quick setup of new product derivatives and reduced workload for test
maintenance.

= Very quick to generate 100’s of tests and associated functional coverage shows completeness.

= Easy to generate a lot of stimuli but we need robust checkers and coverage - Reuse of IP checkers enabled this

Real benefit reusing existing PSS models of other IPs — can come from other subsystems or SOC level.

= Developers don’t need to understand full functionality of the models being utilised.

=  Future Work

= As new trace sources are developed, their accompanying PSS models can be reused for stimuli in TRACE integration verification with
minimal overhead.
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