NNNNNNNNNNNNNNNNNNNNNNN

Mixed Signal Verification of

UPF based designs
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GN AND VERIFICATION™

DVCOIN Verification for Mobile

* Reducing power consumption is a key design goal
— Power supply schemes are increasingly complex

— Additional logic is required e.qg. isolation cells, level
shifters etc

* Verilog and VHDL do not describe supplies
* An increasing number of designs contain analog IP
* All of the above needs to be thoroughly verified.
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DESIGN AND VERIFICATION™

DYCOIN Mixed-signal Verification

Goals
* Verify what you make
— Avoid ‘hacking’ of netlists

— Avoid inserting ports/blocks into the simulation that do
not exist in the implemented design

* Digital techniques enable a more thorough and
automated verification of the mixed-signal system
— Same SystemVerilog testbench for mixed-signal and

“digital” verification
— SystemVerilog Assertions, functional coverage to
avoid ‘eye balling’ of analog results

— Simulation with UPF to verify power intent
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DV Why Unified Power Format
(UPF)?

* A dedicated format to describe power intent
allows:

— to keep original RTL unmodified

— to automatically insert additional logic (isolation,
level shifters, switches...)

— to simulate ‘power effects’ at RTL level (do not
walt for Back-end stage)

 UPF is part of the design and should be verified as
such
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DV UPF — Used throughout the

design flow wF. ]

s RTIC [ ——0%"

e Unified Power Format | S

— IEEE standard 1801 =7 3

. nthesis

* Annotates power intent Syiit o

e Used by digital engineers in U - <

Desi - /\C:*' 2

— Lesign (Notlst w

— Verification ~w g

— Synthesis ~PeR -

— Layout U g
» We will focus on verification Yt I~ G ||

(Netlist T
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DESIGN AND VERIFICATION™

DvVCON Co-simulation in VCS AMS

Synopsys Mixed-signal
Solution

N

Combines high performance digital &\
analog simulation engines

CustomSim

Direct Kernel Integration
« Single process, single executable

Extensive Netlist support
 Real number models, C-models,
SystemVerilog, Verilog-AMS, Verilog-
A, Verilog, VHDL, SPICE, DSPF, SDF

Optimized partitioning of the design

Automatic insertion of interface
elements optimized for accuracy and

errformance /
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DVELRE Digital Design: no power
Intent defined

Modelling Language

test bench
SPICE -
Verilog
chip e -
VSS vdd
psu
ddd ddd2

‘%.. vqﬂﬁpa %..

sd_adc

vdd VSS)

bias_gen

vdd VS
+ sd_mod+

controller
data store

mod des

decimation filter

-
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DYEELY UPF used to define power

d O m F create_power_domain PD_TOP —elements {chip}
create_power_domain vdddisland -elements {chip/control}
create power_domain vddd2lslandSW -elements {chip/store
chip/decimation_fTilter}

Modelli L i
odetling Language create_power_domain vddalslandSW -elements

SPICE {chipl/sd_adcl/Mod_des}
Verilog
Power Domains :
chip = -
[] pp_ToP psu U
vddd vddana vddd2
|:| vdddisland L L L

I:l vddalslandSW

vddd2lslandSW

sd adc

vdd VSS)

bias_gen

vdd VS
+ sd_mod+

controller
data store

mod des

decimation filter

-
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DESIGN AND VERIFICATION™

" [ | I a
COQMCEBANEEM DEfI create_supply port vdd -domain PD _TOP -direction in

create_supply net vdd -domain PD_TOP
d connect_supply_net vdd -ports chip/psul/vdd
a.n create_power_switch ana -domain PD_TOP -
output_supply port..
set_isolation i1sol -domain chipl/sd_ ..
Modelling Language

SPICE ‘ =
Verilog : :
i |
Power Domains = =—E Em
C Ip VSS vdd
[] pp_Tor psu
vddd vddana vddd2
|:| vdddlisland . .
: vddanai : vddd2
D vddalslandSW vddd 1 —|LJ| T e——
Sttt ! —nJI
|:| vddd2IslandSW : ! """"""" I_\_/c_lcld_Z_S_\_I\t'
1 o I vdd : :
< vddanasw N
Design Elements . —ol ) -vdd =l = @
o 211¢ |@ bias_gen - S
= Explicit Verilog net o [®) = o ml
IS UI vdd vss . © s .
= = UPF net 8 o ) = = ]
c sd_mod S ©
B  UPF port S
T I vss | I
BB Explicit netlist port i H - -
o I
. UPF isolation cells

-
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DV LOIN

CONFERENCE AND EXHIBITION

Modelling Language

UPF driving SPICE

test_bench
SPICE -
Verilog : :
[ [
Power Domains . = V5SS =
chip = -
[] pD_TOP psu ‘%
vddd Vi vddd2
|:| vdddlisland . L
: vddanai :v dd2
D vddalslandSW = -
O No Changes required to UPF
vddd2IslandSW ; - pe=———=
(s ! .
S vddanasw 5
Design Elements S o vdd vss = @
21“ 1@ bias_gen P S
Explicit Verilog net § UI — S ml
c © ©
- = UPF net 8 g vdd VSS = =
c sd_mod S ©
BE  UPF port e
T VSS | :
B Explicit netlist port i
Xplicit netlist po I_ -------------------- !. ------------- _|_______|
VSS
. UPF isolation cells
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RY=E20s UPF driving SPICE

Modelling Language

spicE test bench
UPF supply “voltage” values automatically
V I A (1 A b} )
e translated into an “electrical” voltage for SPICE
Power Domains block
[] pp_Tor - pSu
[J vdddisiand - =
I vddanai 1vddd2
(] vddalsiandsw i _lLJI Iy
—'
I:l vddd2IslandSW || 1§ = ITTTTEEEsssssS IJ'l_\_/c_!cld_Z_S_\_N
1 1
1 1
vddanasw 5
Design Elements = vss = @
< I o
Explicit Verilog net © bias_gen 5 -.J)'I
= = UPF net g vss » © = D
- © 2 sd_mod £ S
S (&
B UPF port - )
r VSS | |
BB Explicit netlist port i ] 1 i
. UPF isolation cells Ak
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DESIGN AND VERIFICATION™

RY==i: Analog supplies can be
explicit nets and ports

Modelling Language

spicE test bench
UPF supply “voltage” values automatically
V I A (1 A b} )
e translated into an “electrical” voltage for SPICE
Power Domains block
[] pp_Tor - pSu
vddd Vi a vddd2
|:| vdddlisland . L
I vddanai 1vddd2
(] vddalsiandsw i _lLJI Iy
—'
I:l vddd2IslandSW || 1§ = ITTTTEEEsssssS IJ'l_\_/c_!cld_Z_S_\_N
1 1
1 1
vddanasw 5
Design Elements . vss = )
< I (@)
Explicit Verilog net © bias_gen 5 -.J)'I
= = UPF net g vss » © = D
" © = sd_mod = S
S (&
BE  UPF port = 2
T VSS | I
BB Explicit netlist port i ] - -
. UPF isolation cells yss
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DESIGN AND VERIFICATION™

RYEELT Sub-UPF can be used to
define analog block supplies

Modelling Language
SPICE
Verilog

Power Domains

[] pD_TOP

D vdddIsland
I:l vddalslandSW

vddd2lslandSW

Design Elements

Explicit Verilog net
= = UPF net
B UPF port
Bl Explicit netlist port

. UPF isolation cells

| |
create supply _port vdd
create supply net vdd
connect_supply net vdd -ports {vdd 10/vdd 11/vdd}
create_supply port vss
create_supply net vss
connect_supply net vss -ports {vss 10/vss 11/vss}

—
: vddan;!- 1 vddd?2
_______ vddd_ | _"_JI ..____le
i
: I vddd2sw
: O o vad i :
-c% :Vddanasw -
| dd VsS =
[ o] (7)) __H" . - 2
=1“ | bias_gen 1 il B
= © - o »
= K i B S ? e

#Sub-UPF 1s loaded from top UPF file
load upf /global/gtseul/casesl/mod des.upf \
—scope chipl/sd _adcl/mod _des

3/2/2022
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DVLLN Modeling the PSU

Modelling Language
test_bench
SPICE -
Verilog : :
i
Power Domains = =m :m
= p VSs vdd
[] ep_Tor psu
d vddana d2
D vdddlIsland \ﬁ
: vddanai : vddd2
D vddalslandSW vddd 1 —|LJ| (A Ep——
ittt ' —nJI
I:l vddd2IslandSW : |mmmmm 1 vddd2sw
! o o vaid : :
< Ivddanasw N
Design Elements . 'ol o __Lydd vss- = @
o 21|¢ |@F Tbias_gen i - S
Explicit Verilog net o =k = I o w
= I . = <| B
—— O I vdd VSS © -—
UPF net 8 Or=- - - = ©
c sd_mod™ K] ©
B UPF port i e
T ?vss | I
BB Explicit netlist port i 1 - -
————————————————————— Lo o o o e -
. . VSS
. UPF isolation cells
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DYEEN PSU Block - SPICE driving
UPF

always @(vdddMult | vdd.state) begin

always @(vdd.voltage) begin vddd.state = vdd.state;
vddMult = vddd.voltage = vdddMult*1e6;
vdd.voltage/1e6; end;
end;
S vdd' T ./" . __,.,-*""
\,\\ pSu L ~ e T
\-\,\'\ // VdddeO vdddMult Supply vddd
\.\‘\, '/,' mOdel
) - reset
supply vddMult 2o
model
vddaLdo vddd2Mult Supply __vddd2_
model
bias vddd2Ldo (datut | SUPPIY L vide,
model
[] Verilog — Verilog real net ™8 sypply net_type port
[ spICE — supply_net_type
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DESIGN AND VERIFICATION™

RVELN State tables define legal
states

add_port_state vdd -state {highv 1.8 2.1} -state {OFF off}
add_port_state dig/digPout -state {active 1.5 1.8} -state {OFF off}
add_port_state vss -state {active 0.0}

add_port_state vddd -state {active 1.0 1.3} -state {OFF off}

add_port_state ana/anPout -state {active 1.5 1.8} -state {lowV 1.3 1.49} -state
{OFF off}

## CREATE PST

HHHH R

create_pst chiptop pst -supplies {vdd vddd2sw vddanasw. }
add _pst _state NormalOp -pst chiptop pst -state {highV active active...}
add pst _state StdBy -pst chiptop pst -state {highVv OFF OFF ... }
add_pst_state PowerSv -pst chiptop pst -state {highV active loww ... }
add _pst _state PowerDwn -pst chiptop pst -state {OFF OFF OFF }

Bl Explicit netlist port

. UPF isolation cells

-
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DVLCOIIN

CONFERENCE AND EXHIBITION

Results: Top level waveforms

5 0 wi

: # [ staie[31:0]
. .;..I]vnlmga[?:l:ﬂ]
" 0 v

# 1 sie[31:0]

& 1 voltage[31:0]

- [ veldana
+ 1 ste[31:0]
+ 1 voltage[31:0]

-ruytids_control[3:0]
- [ veledel2

i1 siief310)

- 1 voltage[31:0]
-rLveddd? _conirol[3:0]

(FULL_ON,2000000)
FULL_ON

2000000
(FULL_ON,1204964)
FULL_ON

1204964
(FULL_ON,1470628)
FULL_ON

1470628

4'ne
(FULL_ON,1064186)
FULL_ON

1094186

4'h3

3/2/2022

Supply change
0000_0003_001e_8430 /
FULL_ON /
2000000 /

0000_0003_0012_62ed

FULL_ON /

1204964 /'
0000_0003_0016_T16b Il oo M:ama_an 16_7084
FULL_ON /

1601899 ]“(' 1470626
4 /;{ 2

0000_0003_0018_716b

/ { 0000_0003_0010_b22a

FULL_ON /
1601899 / ] 1094186
y 4

Control change /

Andrew Milne: Synopsys
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DESIGN AND VERIFICATION™

DVEEN Results: Analog block
waveforms

Block Power Control

- ctitn 3t /

é----nvddalso 3t

i..nuddanasw FULL_ON,1470628) || | 0000_0003 0018 _T16b | 0000_0000_0000_0000 | 0000_0003_0016,_T0a4
11 sk[31 0 FULL ON || | FULL_ON ! OFF | FULLON

D volgefs. 170828 || 1601698 ! 0 400
é----nsd_mod_out st g

é----nsd_mod_nu... atl

Supply value /

Output goes

high impedance |solated version
of output
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DV

CONFERENCE AND EXHIBITION

Analog Input

-\, v{analog_in) 0213116877660971
é----n-vdddzlsm
1612703

b ado_ou] 15:0]

S T vddcsw

(FULL_ON,1094136)
- 1 state[31:0] FLILL_ON
v~ voliage[3.. 1094136

Analog Output

3/2/2022

Results: ADC output

Block Power Control

_,75‘__#_' iy ‘“n___d.f"ﬂf e
*003_p018_716b || 0000_0000_0000_0000 [ 0000_0003_0010_b22s
/IFLJLL ON | OFF ! FULL_ON

7 601598 I 0 1094166
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DESIGN AND VERIFICATION™

DVCON Results: Problem!

a

:....%v(analng_in] 66.26754650541429mV ::E

| {07

b L veldel21s6 S0

Lo rese s10 / /

| - (66000

4D adc_oul[15:0] 16'36d5 | 30000

- :_|E|

S Dviddsw  (FULL_ON,1094166) Ajﬂﬂ_nnuu_num_nm 0000_0003_0010_b22a
o 1 siaie[31:0] FULL OFF / e
+ 1 voltagel3.. 64186 0 ] / 1054 T80
Isolation Control Reset for

decimation filter
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DV LOIN

CONFERENCE AND EXHIBITION

Results: Power state output

_ 0 veld (FULL_ON,2000000) 0000_0003_001e_8460
1 siae[31:0) FULL_ON FULL ON
| & 0 voliage[31:0] 2000000 2000000
% I]'u'drjd (FULL_ON,12040864) \ 0000_0003_0012_62e4
= [Istate[310] FULL_ON | FULL_ON
% 0 voliage[31:0] 1204964 || 1204964
0 veldel2sw (OFF,0) [: *0_0003_0018_716b | *0000_D000 | 0000_0003 0010 b22a
%1 stee[310) off|[[|  FULON [ off | FULL_ON
- & 1 voliage[310] of [ ieotsss T o ) , 1094186
0 vddanasw (OFF,0) [{*u_unua_uma_ﬂsn]:*unan_uoun]{ 0g00_0003_0016_70a4
41 se[310) off [ FULLON | oFf | | FuLoN
- % 1 voliage[31:0] o[ eoises I o | | 1atoees
i- e designState[31-0] swey||[|_ Normaiop | swEy | | LLEGAL
vl veldd2aw veldanasw | vodd vse
NormalOp  [highV(1.95v) active(1.65v) active(1.65v) active(1.15v) active(0.00v
StiBy highf{1.95v) | OFF(off) OFFioff) active(1.15v) |active(0.00v
Faweray  [highV(1.95v) active(1.65v) lowh(140v) active(1.15v) active(0.00v
PowerDwn |OFF(offf  |OFF(off)  OFF(off)  OFF(of) |actve(0.00v Low voltage = lllegal state

3/2/2022
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DESIGN AND VERIFICATION™

DVEEN Conclusions

* Analog blocks can be verified using the “golden”
UPF data that will be used for implementation

* Analog blocks can be treated as just another “hard
macro”

* UPF based mixed-signal verification can find real
design issues

— Confession: not all of the design errors presented
were deliberate

3/2/2022 Andrew Milne: Synopsys 22



\ 2015

DESIGN AND VERIFICATION™

DVEON Thank you

Pierre-Yves Alla
Dave Cronauer
Helene Thibieroz

-
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