


Why mm-wave silicon design?

»nm CMOS mm-wave device synthesis
>> Automotive radar 77-81GHz
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Source: NXP, CES 2016

» Long range and short range radar around vehicle for
advanced driver assistance systems (ADAS)

» Existing solutions in SiGe and now CMOS
» Demand for ADAS is massive ~ Millions of units/year




mm-wave silicon with Helic

» Helic's PCell synthesis inside Cadence Virtuoso
» mm-wave Transmission Lines, Bends, Junctions
» mm-wave Couplers
» DRC, LVS clean SKILL PCells
» Schematic and layout views for Cadence PVS flow

» RLCk and S-par models suitable for frequency and
time domain analyses within Virtuoso ADE

» PCell synthesis down to 7nm/10nm/16nm CMOS




Where does Helic come Into play?
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» mm-wave device synthesis integrated in Cadence
» Transmission lines, bends and couplers
» DRC, LVS clean PCells ready for mm-wave design




mm-wave Device Synthesis
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CMOS Transmission Lines

Simplified 40nm CMOS BEOL
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Where Is the challenge?
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» CPW T-line example
» Parametric analysis @ 60GHz




mm-wave T-line Synthesis

]

» Synthesis

defined constraints

» Layout, schematic, and symbol views including
RLCK model at your finger tips

returns multiple solutions matching
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Registered DFIl views
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» Automatically generated testbench

» Device model suitable for frequency and time
domain analyses in ADE




PCell verification using Spectre
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Integration to Physical Verification

Spectre(RF)/APS

PVS

Virtuoso Schematic

Composer
Cadence I i .
Analog Design Virtuoso Layout

Editor

VeloceRF
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» PCell inserted in top-level layout
» User runs PVS DRC, LVS as usual in top-level layout

» Quantus QRC invoked from layout for extracting parasitic
components of entire circuit




Are mm- “wave passives relevant?
- e s (3] (3] [ [
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» T-lines and mm-wave couplers (e.g. Wilkinson divider)
are key building blocks

» Physics for nm CMOS design are complex
» Automated and constraint driven design is needed




Helic's unigue mm-wave flow

» Example 1
» Synthesis of Wilkinson divider by VeloceRF
» 77-81GHz tuned divider

» Fully customizable PCell in Cadence (DRC, LVS,
PVS compliant)

» Example 2

» Custom Wilkinson divider design based on Helic’s
mm-wave PCells (T-lines, Bends and Junctions)

» 77-81GHz tuned divider

» Custom device for Cadence verification flow




Example 1 — Divider PCell

|7 () HelicCentral - 4.0

{ Divider

m |'Single-5piral StructureTMuIti-SpiraI StructureTT—CoiI StructureTTransmission Line\ Coupler

| Topology Selection |

Branchline Coupler

|: Design Goals :I

@ Wilkinson Divider

| Geometry |

Area:

0.0871mm?

[ License center |  Frequency (GHz) (50000

|. Settings .| Bandwidth (GHz) |: 2.00 ) B @ @

( - ] I d Ze| (O

[ Process configuration | mpedance |Zc| (01 5000 | — e

|' View Techfiles | I: Constraints :I P 1 ‘
min | 8.00 | max [ 1800 ] Line Metal [ 34

| Quit | Width (um)

Number of parallel jobs: 2

Number of iterations per job | 400

x

: £ start |

(© virtuoso® Analog Design Environment (1) - PCell_QA Wilkinson_Divider_orig single_sim_sch ® @ ®@
Launch Sgssion Selup Analyses Yariables Qutputs Simulation Resulis Tools Helic Help cadence

(=X =1V SR N =N =

¢ 7 8 x| —
LTI (N ~ ~ - Design variables Analyses e e
[ Tupe | Enable| Arguments | =8
Marne | Walue | sp v 50G 100G 1G Linear Step Size Start-Stop @
b\?) VR INFO: Peak memory used: 2.7GB H:.
VR: INFO: Total extraction time: 22.4s 1
=] Raptord: ‘'fintranet/nfs/nfs-h/array/HelicTools/cad2/helic/hel ®
@ VeloceRaptor finished (12 Jan 2016 12:09:41) Q
Outputs z,g,z,\@
Mame/Signal/Expr | Walue| Flot | Save| Save Optians
h 521 wave W | I':_u
2 531 wave | w | _
5 532 wave | W |
;S‘H wWave | W |
5 522 wave | v
- 533 ~ 7]
~ . ) ‘E_ W WAWE. -
- _— .
= Results in ... ¥NCivic_sim/Wilkinson_Divider_orig/zpectre/single_sim_sch | P10t afer simulation: | Auta B rioting mode: (#ppend -] |
) Al |to | I I ate d al I d & (O Virtuoso® Schematic Editor L Editing: PCell_ QA Wilkinson_Divider orig single_sim_sch V) (= [£3)
Launch File Edit ¥iew Create Check Options Migrate Window Calibre Help cadence

faster synthesis

» Schematic /
Layout view

» Simulate
device in ADE

U &G ld 0 mE%QTE e -7 UK L QBT L L e R
F=)

onspa o PEE SR Lo Bl Bl
Havigator -
¥ Default nv

Marme
= Wilkinson_Divider_orig
fe G 10 (WilkinsonDivider)
) PORTI (port)
() PORTZ (port)
() PORTS (port)
RO (res)

gnd!
L nett
L netz
L nets

Property Editor el S

7' Ll -7

=]

u)

Phase (degq)

Magnitude (dB)

-30

-40

70 75 80
Frequency (GHz)

-60

-80

-100

-120

-140

50

70 75 80
Frequency (GHz)

95




Example 2 — Custom Design
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mm-wave 40nm CMOS test chip




mm-wave Silicon — CPW
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mm-wave Silicon — SCPW
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mm-wave Silicon — Semi-lumped
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T-line Theory & Testbench

Theory

Testbench

T-line metrics calculated from
ABCD parameters

C
8.6859 - R(cosh™1(A))
(180/7) - (cosh™1(A))




Driverless needs mm-wave nm CMQOS

Autonomous cars sales forecast
(million cars)
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Source: Morgan Stanley Research

» Every car will be equipped with 10-20 radars to
move on Its own




