Mixed-Signal Verification Methodology to Verify USB Type-C cadence

Varun R, Vinayak Hegde, Somasunder Kattepura Sreenath

Cadence Design Systems, Inc., Bangalore, India

» Enhancement of digital DV environment

The Universal Serial Bus (USB) Interface has evolved over
penod of time .to beco.me smaller, thinner, easy to use, and .an 5 AMS UVC: Bridge between digital UVCs and :,E,;;j.,._,ﬁ,h;n : %
interface of choice for high-speed data transfer. The next-generation . . T rrrm —
USB PHY known as USB Type-C PHY consists of Type-C Power mixed-signal components e Com— 1
Delivery (TCPD) PHY, USB 3.0 Super-Speed (SS) PHY, and USB 2.0 . | R
PHY. ﬁlJS(B Typ))e-C PHY supports addition(al }eatures like plug- > Universal connect model (UGM) dynamically 1 Eegmn) : e et L
orientation/cable-twist detection, Downstream Facing Port (DFP)-to- converts analog to digital and vice versa il I i
Upstream-Facing Port (UFP) attach/detach detectio,n and Power 1 r s 2varsls sn
Delivery (PD) communication, in addition to existing USB 3.0/2.0 PHY S [ — sk = {" e
features. USB Type-C PHY features are coupled with analog Monitor/Scoreboara | |
parameters, necessitating enhancement of conventional digital f il S
verification techniques to robustly verify the design. _ ca °‘° ij:jjjjjj:tjjfi.jjﬁj:;‘jjjjj
Here we present a robust mixed-signal verification TCPDUVC T]fgl? - ' S 1 ' Far-End > 1o | ¥ jjﬁj;jjj:j
methodology for USB Type-C PHY using HVL Digital Verification (DV) = <, —= e T T
environment. We demonstrate verification techniques used to verify > USB Typg-C PHY | | f i | : e
the plug orientation/cable twist detection, DFP-to-UFP attach/detach Blgg'gg'gnditg’ g/eiztgltie(;z'\s";triift;cggci ce enumeration { TP L 5
detection, and PD communication of TCPD PHY. This methodology - Multiple data rates and voltage domain support ; ________ [ —— 5 = : e . :
has been used to successfully verify the USB Type-C PHY P in 28nm « Halfffull-duplex operation modes ecove ol aasove | g oremrt : = : : =:
CMOS technology nodes with first-pass silicon success. » Multiple device detection mechanism R - = -

» Pull-up CKT: Represents far-end DFP

 Dynamically adjust pull-up resistance for different DFP advertisement

» USB interface » Pull-down CKT: Represents far-end UFP
» Standardize the connection of peripheral devices » Dynamically adjust pull-down resistance for Ra and Rd connection g
 Replace power charger interface - .
' 'V'O“E thg” 1t0g billion diY'CeSl:”ﬂ?rtetk e > RES UVC: Controls resistance values dynamically during run time - :
u X. omaripnones, pen arives, nara aiSKs, Keypoaras, €tc. '* =% . I g -
a » Functional coverage groups to capture the resistance variation = wonrmigone o (ST
Delivers up to Delivers up to s (/4C1Cié;p£n& ﬂ””gi"lei;RdD )TN — /CU sopent c nnnnn g d&\ l /---——--—-\ - r'_"“r'_"ﬂ"_r:'_' i % : g
> 2.5W power 4.5W power BC‘CZ?E& &Rd&“ccdg 0000000 dtokd \gonnclacctze[;ioR/ & Ccéaisﬁgeim \ Bctchzciie& Q ””””””” Q ””””” ‘“"Rd \j Ccc*lzdtR 4 Ccé P \ -1'F'F' - : 36 LR TX BMAC data -
Support High-Speed perform Attty Support SuperSpeed performait open Q /____ / Y . CO”WEWW/' & open open /‘ ST N\ commede moy’ - j : S 34.5718us 62.04154mV
el frees o _\\\ // /// /// o ‘\\\ \( // / /// N resistor ladder ! JI : y M10: 511.4983us 360.0mV M11: 640
\\ y \\ Y " | 0: 511.4983us 360.0mV :
~ ;-;;‘;—';;,;—-;_:': -;-;;L;JL_-,-_-;-:‘: “—\ 4" ‘ 44 “_ 4" “_ }L’{ “_ 4 ‘ 44 ‘ ‘4 “_ 44 “_ f"‘ “_ 4 RES BOTTOM \p_PHYA.tepd. e ' :
dfp_dﬂ_wj L L dfp_dﬂ_e.,j L L uve or ’ L b b AR R gL e Mg e .
?:wae-Aj TBype-B, Mini-A, Mini-B, Micro-A, Micro-4 and Micro-B SuperSpeed Rl é R2 é Ran-1 é Rn é
and Micro-B connectors and cables connectors and cables
pL’T pon_ﬁgurafioni pL’T pon.ﬁgl.lrat_iuns\
T o )] — (s T;EDE time in minutes)
iversim o o . TCPD Operation modes High Level | Detailed iﬂ;a—ue RTL + USB 3.0 Operation modes High Level | Detailed RTI_j— RTL ~
“D’ ‘ » Enhancements to digital DV environment for USB 2.0 and USB 3.0 PHY Belwvial | Bebavioal | 7L B | sice Bebavioral | Behavioa | L 4| seICE
Support SuperSpeed+ - . , — Cgl € 0_ € - — ode ode :
daateof 10 Glrs verification. e ] e — 151>
- PD Communication 3 - - 0 RX data transfer 5 10 60 480
Dé_{e I."”“ . . .» D_?-»_ucn-.;{s ~_ ;’f---- ?_E“-';"-'Ii_--..-.-‘" If,.a--" _t_l_ "-....HI DUT contigmations
I -..----De- | P s dle .*:I -"II _._!"-:_— ﬁlll' { P ."I , Pull-up USB 2.0 Operation modes Hi;?ievel ngiled RTL-I RTL +
Robust, .Sh'r?z connector with f.ieveif’sz'b}e ldlic_mw_m ‘;:!'J | -x""‘| / — "I / . HOST Chir ;!lKJs N e ——— e Circuit Bﬁmiolral Biljlm;liolral Riio‘;{ilue SPICE
plug orientation and cable Direction TN |_.I HOSTFSTX l DEVICEFSTX ff;trl'_JSTmchlrp mode Eﬁ:lﬂceﬁ l pairs f HOSTHSTK.I‘_-*E:;;DE"*WCEHSTK Monitor / Score board DM P Host Disconnection ] 3 ] 5 - 30
[ " ‘—'|‘—'| ‘—'|"—'|"—'|‘—'|*‘— B ™ data transfer 7 -
> USB - PHY layer w I . § N S
y S , PN comector | . i LS data transfer 2 5 . 5
« Communicates with physical medium AT S MR [T 1T o
* Mixed signal in nature | | | M ™| | | T
= Consists both ‘analog’ and “digital’ o = 1 I [ IR o
components T | | S - " AMS UVC proesseeemmensbenseneacki ol TEEITON % » Enhanced the HVL DV environment for robust Mixed Signal verification of USB Type-
Application Application C
Layer _ Layer
> Verification approaches B 1 » UVM-based DV environment > Developed environment components are reusable
. ificati e - o « Digital-centric environment Monitor / Score board _ » Able to catch mixed signal issues which can not be caught with standard digital
Robust verification methodology 5 , , | N omitorScorebonra
: : P Transport z 2 Transport * Monitor, scoreboard, functional coverage, and imulati
 Multiple domains verification Layer : = Layer constrained random estoases — o I simulations
= RTL, gate-level simulation (GLS), and e ] W e e . . L Uve TCPDDUT | | yye R D - » Can be enhanced to work at sub system level
analog/mixed-signal simulation (AMS) « Difficulties with analog section verification T i arey] COMBEStOr Circuit |, | o N
+ Metrics-driven approach . ‘ — » Logical domain representation ( Ground - ‘0, o PIPE USB 3.0 vem Serial » Enables confidence in first pass silicon success
) Lwer | _ tae Power Supply - 1") . AR B A
b T [ mixea-signa oo annel Selec
. COde.COVGrage I & mpmvetn - - - - + Multiple voltage levels can not be represented ey CRREPOET e eal len e
= Functional coverage T VUV
[] oVcempens e
~ve [ wve [ = Do
. ' ' o . uvce uvcC
» Impact of using digital-centric verification approach - We would like to thank Parag Lonkar, Sumanth Chakkirala, Raju Pudota,
Quality of verification and Digital/AMS verification team members for their input and valuable feedback
during the implementation.




	Slide Number 1

