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Why Analog Coverage matters

Motivation Challenges
* Growing complexity of mixed-signal e Continuous nature of analog signals
systems * Dynamic behavior

* Limited observability at schematic level

* RNM helps, but schematic-level
Analog verification lacks structured coverage is still underdeveloped
coverage

Digital verification uses MDV successfully

* No scalable, unified approach for RNM
Prior work: + schematic coverage

e RNM + UVM flows exist

* Some require schematic
instrumentation or rely on abstraction
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Proposed Solution

UVM-based top-level testbench for mixed-signal verification

Cross-compatible coverage for:
* Real Number Models (RNM)
* Analog schematics

Convert analog signals = discrete real values for monitoring

Define SystemVerilog covergroups from IP specifications

Scalable approach for AMS & DMS environments

= Unified infrastructure = Non-Intrusive Approach
= Reusable components = Consistent Metrics Across Configurations
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Methodology Overview

|dentify key analog signals and nodes
Convert analog signals - real values
Route the signals to SV interface
Define covergroups based on IP specs

Merge coverage data from DMS & AMS
simulations

th_top

DUT
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Signal Extraction

 |dentify critical analog signals and nodes

e Use proprietary sampling code (MS-Sampler) to
extract signals from DUT boundaries

e Convert analog signals = real values for
monitoring

* Route real-valued signals to SystemVerilog
interface

* Broadcast interface to UVM components via
uvm_config_db

e Supports both DMS and AMS simulation modes

BEGIN
INPUT : STRING PATH, LOGIC HI, LOGIC_LO
OUTPUT : DISCRETE REAL SIGNAL, LOGIC SIGNAL

READ PCORT FROM STRING PATH
IF ANALOG PORT
IF CURRENT MODE
SAMPLE CURRENT @ ANALOG STEP
CONV TO DISCRETE RERL -» OUTPUT REAI SIGNAL
ELSE
IF LOGIC MODE
SAMPLE VOLTAGE @ ANALOG STEP
CONV TO LOGIC USING LOGIC HI, LOGIC LO =» OUTPUT LOGIC SIGNAL
ELSE
SAMPLE VOLTAGE € ANALOG STEP
CONV TO DISCRETE REAL —> OUTPUT REAL SIGNAL
ELSE
IF LOGIC MODE
SEND DISCRETE FROM PATH - OUTPUT LOGIC SIGNAL
ELSE
SEND DISCRETE FROM PATH - OUTPUT REAL SIGNAL
END
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Coverage Plan

= Analyze IP spec & align with designers
= Gather key parameters: voltage, current, timing

= Define SV package for real-type attributes
= Create coverage plan: items, behaviors, spec relevance

Block Coverage Item Functional Behavior Specification Relevance
cp LDO A sel Selection bits exercised Selection Settings
LDO A cross LDO A sel x SUPPLY Impact of output voltage Output response match
selection selection setting
cross SUPPLY VOLTAGE x POR_TRIGGER Expected PORI1 triggers for Validate voltage trip
different supply voltage region window sensitivity
PORI1 cp RAMP TIME Fast, Nominal and slow _ o .
= — . . Capture ramp sensitivity
ramping of input supply
cross RAMP DIRECTION RAMP TIME Fast and slow ramping i both - :
— — — - o Power Sequencing
direction
cross SUPPLY VOLTAGE x UV A OUT TRIGGER UVA supply threshold match Expected UV condition
Uv with output response trigger
cross RAMP TIME x GLITCH DETECTION Rejection and Glitch Exercise Corner Case Stimulus
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Covergroup example

covergroup cg POR A

option.per instance = 1;
cp_SUPPLY VOLTAGE : ccverpolnt dut monitor ams vif.POR A SUPPLY {
bins LOW = {[0. : PCR A LOW] bi ///> ‘\\
bins THRESHOLD = ({ [pOR_A_':':—:RESH_LL : POR_A THRESH UL] RE Cover items with bins as p|anned:
bins NOMINAL = {[POR A THRESH NOM LL : POR A THRESH NOM UL]}; }
// Coverage for how fast voltage ramps up/down @) Supply VO|tage
cp_RAMP TIME : coverpoint dut monitor ams vif.ramp time | 2
bins SLOW = {[POR A SLOW RAMP LL : POR A SLOW RAMP UL] }; o Ramp time
bins MID = {[POR A NCM RAMP LL : POR A NCM RAMP UL] b 1 1
bins FAST = {[POR A FAST RAMP LL : POR A FAST RAMP UL] };} o Ramp directions
// Voltage ramping direction up/down o) Trigger
cp RAMP DIRECTION: cowverpoint dut monitor ams vif.ramp dir {
“bins rise = {1}; B -7 B o Crosses between the above
bins fzll = {-1}:} \\\‘ 4,//
// Whether POR trip ocutput assserted
cp_POR_TRIGGER :coverpoint dut monitor ams vif.POR A OUT {
bins yes = {1};
bins no = {0};} . . .
cross RAMP TIME x POR TRIGGER: cross cp RAMP TIME, cp POR TRIGGER; //gnorE_b’ns exclude irrelevant

combinations to focus on
CroS5s_ SUP]?LY VGLTEGE X PDR TEIGEZER: Cross Cp_ SUPPLY VOLTPLGE; cp_ PC}R TEIGGER {

ignore bins ignore 0 = binsof (cp SUPPLY VOLTAGE.LOW) && binsof (cp POR_TRIGGER.no) ; Spec-ﬁﬂevafﬂicases;
ignore bins ignore 1 = binsof (cp SUPPLY VOLTAGE.NCMINAL) && binsof (cp POR_TRIGGER.yes);} e.g.: POR\NHIahNaysbetHggered
\_When supply reaches LOW J

cross RAMP DIRECTION RAMP TIME: cross cp RZMP DIRECTICN, cp RAMP TIME;
endgroup: cg PCOR A
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Simulation Flow

1.

DMS runs — all analog coverage enabled
task ams fcoverage::run phase(uvm phase phase) ;
o RNM for Speed super.run phase (phase);

fork
o ldeal for early-stage stimulus validation — aim 100% functional coverage (ifdef AMS SIM

// Invoke Sample Task for Covergroups
‘ifdef LDO A SCHEM

AMS runs —selective analog coverage enabled ._C9_Lbo_A_00T_sample () ;
o Schematic level simulation for accuracy — same testcases as on DMS run ‘iggﬁﬂi‘i’i_iﬁﬁﬂ) _
o Coverage sampling only enabled for selected schematic IP jendif
ifdef UV A SCHEM
o Avoid mixing RNM and schematic data GV A sample ()
. . . ‘else
Merge of all coverage database across configuration mix c9_LDO_A OVT_sample () ;
cg POR A sample();
o Reuse coverage models across RNM and schematic setups 29IV A sample();
o Use spec-based parameters for corner-aware AMS runs join_none

endtask: run phase

o Merge results for consistent comparison and observability
o Avoid mixing RNM and schematic data for same IP
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Results — Coverage Insights

| List tabs — Cp_SUPPLY_'M’rOLTfLGE List tabs = CP_RA."I"IlF'_Tl‘\"IlE
g __== Bins Bins HE =2 Bins
x UNE Mame Overall Average Grade Ex UNE Name Overall Average Grade
== LOW 1009% == SLOW I3 100% / . . 0o . \
=5 THRESHOLD 100% = MID 100% Full activation of Individual coverpoint cg_POR_A
=5 MOMINAL ERa 100% =5 FAST 100%
- a) supply voltage

: b b) ramp time
List tabs c) ramp direction
d) POR trigger status

List tabs

& cp_RAMP_DIRECTION & cp_POR_TRIGGER

i1 fim = Bins m fin

=8 Bins K /
Ex LNE Mame Owverall Awverage Grade E- UME Mame Overall Average Grade
=3 Fise 100% = yes DO
o 00% i
=5 fall R 100% = no A 1 00%
c d
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Results — Coverage Insights

Ex UM Mama

List tahs #2B cross_RAMP_TIME_x_POR_TRIGEER
EET ] ] = Birns

cp_RAMP_TIME

- = Crverall
o POl E
SRlEs e Average Grade

ves 100% / \

=5 SLOWY, yes SLOW
=2 SLOW na SLOW no 1 0
=5 MIDyecs MID yes 1 00%
=3 MID,no Mo no 1 009
< FASTyes FAST 100% Cross-Coverage Results for POR Analog IP
=5 FAST no FAST no 100% . .
a) ramp time x por trigger
a

b) supply voltage x por trigger

o

E List tabs

inj =2 Eins

x NG Mame

B cross_SUPPLY VOLTAGE x_POR_TRIGGER

cp SUPPLY VOLTAGE

\ /

cp_POR_TRIGGER E'J?':r?é_"e Crade

= LOW,yes LOW yes 1004

= THRESHOLD,yes THRESHOLD yes 1004

= THRESHOLD,no THRESHOLD no 1004

= MNOMINALno NOMINAL no 1004
b
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Results - Coverage Comparison

4 FF m_ams_fooverage [ R 2 It m_ams fcowverage I OG5
d oo LDO_& OUT 3 0% 4 b ocg DO A OUT 100%
& cp LD0_A SUPPLY 1 0D L ep LOD_8_OUT 3 100%
& ocp LDO_A_sel T 100 & cp LDO A sel 100%
&8 cross_LOD_A_sel_w_SUPPLY 1% A8 cross_LDO A sel_s_ 0T 100%
4 @nocg PORA I 00N 4 Iy cg PORA I 100%
2 cp SUPPLY WOLTAGE |~ RIGIED & cp SUPPLY WOLTAGE 1003
& cp RANP_TIME 1 0D & op_RAMP_TIME 3 100%
& cp RAMP_DIRECTION I 1005 & cp RAMP_DIRECTION 100%
= cp_POR_TRIGGER Ik & cp_POR_TRIGGER 100%
& cross AAMP TIKWE « POR TRIGGER 100N =B cross_RAMP_TIME = POR_TRIGGER I 100
Al cross_SUPPLY_VOLTAGE <_POR_TRIGGER |~ RIGIED Ak cross SUPPLY WOLTAGE x POR_TRISGER 1003
8 cross AAMP_DIRECTION_RAMP_TIME 1000 A8 cross_RARP_DIRECTIOMN_RAMP_TINE 100
A4 g LIV A [ S 4 bcg Vs I ©0.7 4%
= Cp_SUPPLY YOLTAGE 00% & cp SUPRLY VOLTAGE 100%:
& cp RAMP TIME_GLTCH I 00N & cp_RARF_TIME_GLITCH T 6.6 7%
& cp RAMP_DIRECTIOMN 1 (R & cp RAMP DIRECTION 1003
& cp GLIMZH_DETECTION 1000 & cp GLTCH_DETECTION 1004
S ocp UW_A SEL [ S & cp UV_A_SEL 100%
= cp UNV_A_QUT TRIGGER 00% & cp UV_A_DUT TRIGGER 100%:
&k cross AAWNP DIRECTION x RAMP TIME GLITCH « GLITCH DETECTION R 1005 #=B cross_RAMP_DIRECTION x_AAMP_TIME_GUTCH x_GLTCH_DETECTION s =
A cross_ UV A _SEL x_SUPPLY_VOLTAGE «_UN_A_DUT_TRIGGER 1% Ak cross 1V A SEL = SUPPLY WOLTAGE x LW A OUT TRIGSER 1003
A8 cross SUPPLY VOLTAGE = UV A OUT TRIGGER 1009 A8 cross SUPPLY WOLTAGE < LW A OUT TRIGGEA 10013

a b

a) DMS Simulation — 100% coverage across all b) AMS Simulation — partial coverage due to
bins schematic-level effects
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Conclusions

* Adapted digital coverage strategies for mixed-signal environments
* Unified MS-Sampler enables reusable access to analog signals

* Consistent coverage across DMS and AMS platforms AMS captures real-
world effects

 Validates both functional intent and schematic integrity during pre-silicon
verification




Questions

Thank you!
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