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DESIGN AND VERIFICATION™

DVCON Introduction

Assertion-based verification approaches have been making great strides
into mixed signal verification environments.

* By using vunit, verification engineers can bind assertions to abstract
models of analog or interactions between digital and analog models.

* There are scenarios where an analog block is not modelled and is run in
schematic form and verification checks needs to be performed in a
complete analog domain.

* The work shown in this paper specifically targets such scenarios and
shows how assertion techniques can be used for verifying analog
parameters.
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DESIGN AND VERIFICATION™

DVCCIN Vunit Declaration

[/ Vunit declaration with module name based binding to PM_TOP
vunit pm_top_vunit{PM_TOP) {

17/ declaring ports of PM_TOP explicitly of type electrical on which assertions are coded COde ShOWing Vunit

electrical REF_1p2, REF_2p5, REF_2p5_DAC, REF1p2_HV, HV_REF_Op6, DVDD_OUT; deCIaration and

[/ internal nets can also be included in assertions but they need to be ports of internal hierarchical cells % epriCit port

electrical IREF_GEN.VREF_2p5V, IREG_DVDD.EN, IVREF_IB_GEN.SD, IREF_GEN.IPTAT_1U, IVREF_IB_GEN.IPTAT_1p6u; deCIaration on WhiCh
assertions are planned

electrical REF_1p2, REF_2p5, REF_2p5_DAC, REF1p2_HV, HV_REF_Op6, DVDD_OUT;
= // Checking if Analog signal is in expected range and converting it into a digital signal
Macro COde ShOWIng [/ Converting REF_1p2 —> ref_1p2_in_range which can be used in assertion.
: H "V_IN_RANGE(REF_1p2,high_thr_limit,low_thr_limit,"vdelta, ttol, vtol,enable_v_assert_trigger,ref 1p2 in_range)
conversion of signals -
H [/ Checking if Analog signal is in expected range and converting it into a digital signal
from contlnuous to [/ Converting curr_iztc_500n -> curr_iztc_500n_in_range which can be used in assertion.
H H “I_IN_RANGE( curr_iztc_500n,high_thr_limit,low_thr_limit, idelta, ittol, itol,enable_i_assert_trigger,curr_iztc_500n_in_range
discrete domain HIN_RANGE( curr_iztc_S00nhigh._thr_ B8 ge)
—~—_ . !__,,/" B

Accessing Current
signals

—>| ‘define curr_jztc_S00n ‘pet_abs{Scgar(“<Hierarchial_DUT_path=.1ZTC_S00n","flow"})

e
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DVC.ON Domain conversion macro code

Voltage Conversion

‘define ¥_IN_RANGH Hode,hthr,lthr,vdelta, ttol, vtol,enable,digout)
always @{absdelta{V{Hode),vdelta ttolvtol,enable)) begin
if{{V{Mode) = hthr) | | (W{Hode) < Ithr)) digout = 0; %,

else digout =1;

Pnil

Current Conversion

r"
‘define |_IN_RANGHexp,hthr,Ithr,edelta ttol,etol enable digout) *, y
always @{absdelta{exp,edelta ttol,etolenable)) begin ',
ifi{exp = hthr) | | {exp < Ithr}) digout = 0; %,
else digout =1;
\, 7/

S
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DvC:on Example -1 Assertion Code

ff Veltage Assertions

Examiple = 1
ff CHECKER: when VDDPSV in expected range me=> Chack for REF_1p2 in expected range
£ psl pm_top_ref_1p2_ assert: assert always (((wddpSv_In_range) == (ref_1p2_in_range))) @{ref 1pZ_in_range);

VOItage Example -2 Where absdeita is used to create events to trigger assertions
0 ; ff CHECKER: when REF1p2_HV B& VDDSV_POR && DVDD are in expected range ==== -0,01<DVDD_MOMN_OV<D.01
Asse rtlo n ff psl pm_top_dwdd_mon_owv_assert:  assert  abways  ({({reflp2_bv_in_range B& wddpSv_por_in_range && dvdd_in_range) ->
{(VIDVDD_MON_OV) > -0,01) && (V(DVDD_MON_0OV) = 0.01)}]) @{absdelta(V{DVDD_OUT), vdelta, ‘ttol, viol,enable_v_assert_trigger));

ff Current Assertions

Example -3 Assertbon showing expected blas current chieck

ff Checkar: when VDDPSY is in range ===> chack current on IPTAT_10 iz at 1ul

C u rre nt ff psl  pm_top_refgen_1p2_lptat_lu_curr_assert:  assert  always ({vddpSv_in_range) -> ([curr_refgen_1p2_iptat_lu_in_rangel)
@ {curr_rafgen_1p2_iptat_1u_flag or vddpSv_in_range_dly);

—

Assertion

e
3/1/2022 Srinivas Aluri -- Texas Instruments Inc. 6



2017

DESIGN AND VERIFICATION™

DvCOn Example-2 Assertion Code

Example code
showing Analog
Output Testmux

Assertion.

3/1/2022

V

£/ Checking Decode Test mux control signal is Asserted and is in required voltage range
“Y_IN_RANGEEN_TOUT_2pS_BUF,top.»ddp5y_hth,top.vddp5Sy_Ith,{top.vddpSy _typ* vdelta), ttol,(top .vddpSy _typ* v
tol),enable_v_assert_trigger,tmux_out_en_1)

/4 Oreate a tmux out valid signals based on condition relevant to the design

always @(*)

begin

check_tmux_out_valid = vddpSy_in_range && porb_release && out_of sd && tmux_out_en;

end

£/ Digitizing expected tmux out value for specific mux selection which will be used in Assertion

always (TOUT_MUX_CTRL) begin

case{tmux_ctrl)

5do ;..

5'di6 : tmux_out_ref 2p5S = ‘get_abs(V{TOUT_REF_2p5_BUF) - 2.5) = 0.01) ? 1:0;

5'dé : ...

endcase

£ TMUX out Assertion

£/ CHECKER: when 5D is released and TMUX_DOUT is enabled with TMUX_OUT ctrl 10000 then TMUX_DOUT gets
REF_2pS_BUF with TMUX_OUT_EN<1= high

£/ psl tmuzx_out_en_1_assert: assert always ({check_tmux_out_valid && (tmux_ctrl == 5'd16))-> (tmux_out_en_1)}
@{posedge{mux_ctrl_change_dly));

A4 psl tmux_out_1_assert: assert always {(check_tmux_out_valid &3& (tmux_ctrl == 5'd16) ) -> {tmux_out_1_ref_2p5))
@{posedge{mux_ctrl_change_dly});
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DV Analog value fetch PSL V/s SVA

/;NALDG VALUE FETCH FOR PSLAND SVA \

PSL

VYoltage --- Bind Yunit to subckt and use voltage access functions W(). This can be used in PSL Assertions

Current --- “define curr_iztc_S00n_0 ‘pet_abs{Scmav(™<Hierarchial _DUT_path=.1ZTC_S00n[0]",“flove™))

sva <

Anraloq domain not possihle in SVA assertions, use anafoq fetch functions to get analoq vafues into real
variables and use them in assertions.

oltage --- ine v_refgen_1p2 ‘get_abs{Scgav({™-Hierarchial _ _path=. _S00n[0]","potentia
Volt "defi efpen_1p2 “pet_abs{Sczavi™<Hi hial_DUT_path=.1ZTC_500n[0]",“potential™))

Example code
showing analog
value fetch and

usage in PSL

and SVA
assertions

\mrrent --- “define curr_iztc_S500n_0 ‘get_abs{Scmav(“<Hierarchial _DUT JJath}.IETE_Sl]l]n[l]]","fluw“}}/

AA Assertions topology

endmodule

U

Top.vams: //SVA assertions module
TOPOIogy for Module top () module sva_module(....);
US I ng SVA > /[/instantiate SVA module real analog_v, analog_i
. sva_module sva_module_i (...... )H analog_v = Scgav(“signal_path”, “potential”);
asse rtlons endmodule analog_i = Scgav(“signal_path”, “flow”)
// SVA assertion using above real variables

assert property (@(trig) (cond a) |-> (analog_v > vth));

\

/
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BGN\}NOVEE.F.Q,LZW|ntegration of PSL assertions
T Into virtuoso environment

Fotsior

AMS option form
in ADE showing

N

Code showing how to
pull in multiple
assertion files

arguments to pull
in assertion files

[

\4

.

-assert -propfile_vlog celll.psl
-assert -propfile_vlog cell2.psl

A To pull in multiple assertion files with one common file
-assert -propfile_vlog cell2.psl

e
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CONFERENCE AND EXHIBITION

A () AMS Options PEE ®
" Main Netlister Messages PLI SDF Timing Miscellanegus
Files on irun command line D5 _Latest/ams/set/top. vams |
= =
Include paths (-incdir) 3/tiva ${CDS_VLOGA_INCLUDE} .. | P u I I I n g I n top -Va ms
VERILOG h = h t .
which contains sva
Library files (-v) jlib /ms1270/PAL dp fudps . v
module
File extensions for -y (-libext) By

TIMESCALE OPTIONS

Global sim time 1
Units for global sim time ns
Global sim precision 1
Units for global sim precision ns

DISCIPLINE OPTIONS
Default discipline logic

Use detailed discipling resolution

I

LIBRARY COMPILATION OPTIONS

Pre-compiled libraries {-reflib) Seftings

Run-time library compilation (-makelib) Settings

OTHER OFTIONS

Enable line debug to use with SimVision

S . Declaring parallel top
Additional arguments le -allovredsfinition -top top < Ievel hiera rChy

@I  Concel | Defauls | _apply  _Help

A\

e
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DV Simulation Results

Current and Voltage Assertion Checks Page 1 af 1
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voltage assertion
checks
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DvVCCN Assertion Statistics

Assertion browser
showing assertion
statistics.

N
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