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Abstract

Abstract - Most ASSPs today are mixed-signal systems and this higher level of Analog/MS verification metric definition and implementation

integration means the verification of these ASSPs is becoming more and more We defined the following types of analog/mixed-signal verification metrics.
complex. For the ‘digital only’ SOCs there already exists advanced verification

methodologies are widely used throughout the industry i.e. VMM, UVM, metric * Real number analog assertions
driven verification (MDV). The push in verification is now to extend these The following table shows the features which are suitable to use real number analog
advanced verification methodologies to be used in analog/mixed-signal ASSP assertions to define metrics.
verification as well. :

: i i , . Features Detailed Features and Examples
A recent ASSP in ADI is an example of this trend. The ASSP was a true mixed signal Timing Settling time, none-overlap signals timing
development, incorporating a Cortex-M3 MCU with analog peripherals including, Digital controlled analog  Voltage trimming  Reference/LDO/POR trip point
ADC, VDAC, IDAC and PLL etc. This paper will discuss how we implemented MDV trimming trimming
for the mixed-signal ASSP, how we defined verification metrics for analog/mixed- Current trimming  Bias current trimming
signal blocks and how we built up the mixed-signal constrained random tcrli‘r’rclr‘;in frequency VCO/Oscillator trimming
verification environment. Defining verification metrics for analog/mixed-signal Digital assisted analog ADC offsget fieziin calibrEen
blocks is a key common problem for mixed-signal MDV and a lot of the discussions e Ml DAC offset/gain calibration
will focus on this topic. Algorithm ADC chop, average, redundant, dither...

Critical signal monitors Monitor power supply, reference and bias

Metric Driven Verification Flow
The following code shows a real number analog assertion example: LDO power supply
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The metric driven verification flow is shown as below. rejection performance check.
S Real number analog assertion: LDO power supply rejection performance check
module psr_chk_db
# 1
SpeC VRD A4 LDD PSR spec: -58 db
parameter psr_spec_db = -50,00,
S/ Expected woltage output of the LDO: 1.8w
parameter base_point = 1.8,
S Amplitude of the sine wawve noise: +/-58 mv
parame tTer power_noise = .85,
S Calculated torerance
parameter tolerance = ([ power_noise® 10++(psr_spec_db/20.0) ) /base_point

)

input real wvlp28_a, LS the woltage output of the LDO

input ldo_pd, LSS power down LDO
input sample_clk S5 Sample clock
DO ne v_checker
#( .base_pointi(base_point),
‘ .tolerance | tolerance ),
. \\\\\N .delay check(0)

u_wv_checker

(.compare_wvalue(vlp8_a),
.sample_clk(sample_clk),
.disable_check(ldo_pd),
.compare_enable(l'bl)

Analyze/ anmc e

Measure ; ’  Real Number Functional Coverage

The following table shows the features which are suitable to use real number function
coverage to define metrics.

Features Detailed Features and Examples

Voltage range ADC input voltage range
DAC output voltage range
\oltage reference range

Execute

Current range Bias current range
o po . Clock frequency range PLL VCO clock frequency range
Ver’flcatlon Plan PLL input reference clock range

We used Eplanner as the verification plan tool. An example is shown as below. The system verilog real number functional coverage code for ADC input range is shown

*Z vPlan e “O%LREEE pefinement Mode: local as below.
Perspective: [automatic 10p] U
ﬁﬂ|ﬂfﬂ rea da1n_r;
ElEl - 100% (IF) 2 - automatic_top covergroup re.:-_zl_bin_cg_:
50 EIAEEEwxon  2.1-1001pE adc._in range : covarpoint ain_r {
= [ I 1 oo oF 2.1.1 - Testcases bins Zero = {0} /70
bins HalfS5cale = {1.25}; £/ half scale input
El lﬁ !- oo R Iio_emy_test_normal bins Fullscale = {2.5}; /f Tull scale input
L ey B r-::- Ido_tests. |ldo_enw_test_normal bins OverFlow = {2.75}; // over Tlow input
q 1;;5;; - i bins ain_rangel = {[0.1 :©.25 1}; // 0.1-0.25
: El ““ 0 Idlo_env_test_sin _ bins ain_range2 = {[0.25 :0.5 1}; /7 8.25-0.5
ey I passed Iclo_tests. [do_enw_test_sin bins ain_range3 = {[0.5 :0.75 1}; // ©.5-08.75
E q - 100% ¢OF) |IjD_EﬂV_IEST_FIIEIWEF_EIFI h:!.nﬁ a:?.n_r‘angeﬂf = {[@.?5 :llE] ]}: SOB8,.75-1.0
—— 00| e Ido_tests. Ido_env_test_power_on :i:i :i:—;::ggg ;Hii 1122 ﬁ ﬁ 1251122
- A oo on 2.1.2 - Metrics bins ain_range?7 = {[1.5 :1.75 1}; // 1.5-1.75
N ; bins ain_range8 = {[1.7% 2.0 1y:; #F 1.75-2.0
E| : ¢.1.2.1 - Function Coverage bins ain_range9 = {[2.0 2,25 1} FF 2.0-2.25
. B3 power down function check bins ain_rangel® = {[2.25 :2.5 1}; // 2.25-2.5
- C# Trimming function check ¥ _
endgroup © real_bin_cg
- I8 power supply range function check
% loop stability function check, . .
o B3 abnormal input function check « Memery mapped register function coverage
Fl- [ ready function check . . . . .
e Function coverage of memory mapped register is defined to cover the function of
[ # powver sUpphy rejection function check . .
=~ e o e tha each bit of memory mapped register.
[ S 100% — i o o [ °
= _””f;f‘; L es T e Ao  Toggle coverage of analog/digital interface signals
- o_pd_assertion
w19 EIICIME cooxon - lddo_trim.assertion The toggle coverage of analog/digital interface signals is defined to cover the
- I3 (1o0x [ ERIEROLE ldo_line_regulation_assertion .
---Iﬁ B N : 0% (oF Ido_loop_stahility assertion d]fferent COntFOl SequenceS.
% I oo oF |do_abnormal input assertion
-8 I I 1 00 oF Ido_ready_time assertion ° COde Coverage
- d ([ I 100 oF Ido_enable tirme assertion .
= 3 [CZIMEE 00v0n 1o power supply rejection assertion Code coverage of RTL in analog control blocks.
F- 8 [EEII 100 on Ido_critical points woltage assertion
Conclusions

UVM Verification Environment Build Up

Some simple real-life UVM code is shown as blow. Implementing these advanced metric driven mixed-signal verification techniques on
o nmoreen Tor TR reerm peet our recent ASSP development was a great success and resulted in first pass silicon
success. The initial revision of silicon was successfully sampled to our customers.

S Intertaces
“include "mstr_slv_intfs. incl”

module ldo_enwv_tbh_mod; S/Sintegration module

import uvm_pkg: : *;
“include "uwvm_macros. swvh”

S Acknowledgements

"include "ldo_enwv_enwv. sw”
“include "ldo_enwv_test.sw"

A4 ALL iAnterfaces

typedst virtual ldo megt it v irl Thank you to David Brownell for reviewing and polishing this paper and to Bridge
Dowling for editing and formatting help.

typedef virtual analeog_stim_if w_if3;

S Configure TE / Run Test
initial begin

uwvm _conftig_db #(wv_ifl)::set(null,”","mst_iT",u_ldo_tb_swv.mst_if);

uvm _contig_db #(wv_if2)::set(null,”","sLlv_iT" ,u_Tldo_tb_swv.slw_ifT);

uwvm_config_db #(wv_if3)::set(null,"*. x_analog_stim_agtl®,"analog_agt_it",

u_ldo_tb_swv.x_analog_stim_if@) ; CO nta cts
uwvm_config_db #(wv_if3)::set(null,"*. x_analog_stim_agtl","analog_agt_it", ———————

u_ldo_tb_swv.x_analog_stim_ifl);
run_test();

end
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