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IP Significance in Modern ASICs GUC

The Advanced ASIC Leader

»High-speed Interface IPs play a key role in enabling advanced ASICs
— Al / HPC / Automotive / Networking SoC becoming bigger and more complex
— billion gate count, reticle size (~800mm?), hundreds of IP blocks

— High-speed Interface IP speed/bandwidth doubles each generation
— PCle, USB, DDR/LPDDR, SerDes...

— Key factors: power and area efficiency, backward compatibility, interoperability, IP readiness &
robustness

»Automotive grade IP requirement for ADAS and V2X ASIC
— 1S026262 ASIL
— AEC-Q100/104
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High-Speed Interface IP Adoption

GUC

The Advanced ASIC Leader

» Synopsys IP used in GUC customer’s ASIC

PCle G5
PCle G4
PCle G3 Bifurcation

Bifurcation
PCle G4
LPDDRb5x
LPDDR5
DDRA4 HBM3
HBMZ2E

112G
SerDes

/[ PCle G3

LPDDRA4x

HBM?2
SerDes

HBM4

224G
SerDes

2018 2024

LPDDR6
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High-Speed SerDes IP GUC

The Advanced ASIC Leader

»Synopsys 112G SerDes Cosim Result

PHYO0_TXO0 PHYO_TX3 PHYO0_RXO0 PHYO0_RX3

7 DFE eye DFE oye Xolelolet, OFE oye

Code (n)
a2 o @

0 o 0 028 s 0
time (U1) time (U1) W (L)

Calculate BER Result SPEC
PHYO_TXO0_SScorner 1.785708E-06
PHYO RXO SScorner 1.785708E-06
= = <1.000E-05
PHYO_TX3_SScorner 1.785708E-06
PHYO_RX3_SScorner 1.785708E-06

»Synopsys 224G SerDes Evaluation

— Healthy eye opening

R

— Exceed spec RX performance



GUC Spec-in SoC with Synopsys IPs

» Full Spec-in design service from Spec to Silicon to Production

— Provide one-stop spec-in service covering architecture optimization, IP solution, IP/subsystem/chip
integration/verification, SW service, and system emulation

GUC

The Advanced ASIC Leader

CA55x10, Customer Octa Al engines

Al performance

1 Al Datacenter 5FF PCle5, HBM3, Thermal sensor, Voltage ~5000M Complex PCle5 bifurcation, HBM3 sub-
monitor, Process detector, PVT system
2 Al AR/VR TFF CM55, CU55, MIPI, Customer Al engine ~13M MIPI TX/RX SS
3 Networking 12EEC CA53x4, DDR4, PCle3, SATA3, Ethernet, ~35M SG_ngtwo_rklng bus matrix bandwidth
USB2 optimization
Customer Al engine, N Al engine performance
4 Al Data Center 12FFC PCled 1000M Complex HS IPSS
CA35x4, CA5, Crypto, PCle3, Critical bus timing
5 8K Camera 12FFC HDMI2.0, DP1.4, DSI, MPHY, ~160M DDR access efficiency
LPDDR4x, customer ISP Complex HS IPSS
CA35x4/x1, Crypto, PCle3, _ Critical bus timing
6 8K Camera 12FFC LPDDRA4x, customer ISP 80M DDR access efficiency
. Customer engine, ADC N High speed ADC
7 Automotive 16FFC MIPI, SerDes, LBIST 30M LBIST in automotive
8 HBM2/CoWoS 16FF+ CA72x2, HBM2, PCle4 ~50M HBM, CA72 performance
CoWoS flow
9 Al Vision 28HPC4+ Customer Al engine, ~85M DDR access efficiency

CA5, H264, PCle3, DSI/CSI

Bus matrix optimization
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Synopsys IP - Al accelerator example GUC

The Advanced ASIC Leader

@  Secure port =T, | .
——- g S ¢ SoC Top-Level design,
ock Domain Crossing g -
SEPU verification, FPGA,
" HBM > emulation, Firmware,
T [ board design, silicon
Stream sl IPIRGs ) ; A ]
CPL;;:LJHs]ter ], CIC : = errom bring-up, and validation
pr—) e 1 600 |« Customer
ICachestk catert | [ bl 14 Block - -
Dotk Dk : 264 — ¢ CA-55 10-core subsystem
2.2 LA R I whir DMA330 Pooe
- L (S 8 channels C?;Fz’to i § HBM » & PCle5 subsystem
L3 :2MB === T HRLL
¢~ SYS addr ext !
P | | Gen5 [\ | L ¢ HBM3 subsystem .
a 40512 AXI4 i
AXI4x2 JTAG AXI3 21000 32512
AXl4 APB3 AXI4 B4y 2 H H - é
g?:agg" 40128/ 50Miz A0i64/ CIM)iZ ’;\;Eg 4AE>J<I|2455.f ?é?%f 1800 ‘ Chlp sSiZze : 632mm2 é
(AWID=6bit PEB X 2 W NS) 41rs0 e 12000{ 12/100 =
o - <0y iy - * Power : 400W \
NIC
(1.0GHz)
AXI3 AXI3 AXI3 APB3 APB3
APB292 APB3J2 APBIj APB3 APB3J2 APB3 APB3 lock  APB3
SMHE SO 0N 2DDM 20 SDMHi 5OMH fget 25MHI %SJ ?g;ﬁg E;;SSI et 5”“’”"21
GPIO || uART Jf 12¢ | spi || ospi || TMeR SCU+ eFuse || Secure IPC
el o e oo Lo L e PLL | 05| L sran || sram J|_ROM || _"OT J| PCTRL
a
PWMI 054 JTAGI .
X2 ‘eFuseﬂpﬁ
» SNPS IP Used
« HBM, Thermal sensor, Voltage monitor, Process detector, PVT controller
SNUG SILICON VALLEY 2024 8




GUC + Synopsys (Total Service Package) @GUC

The Advanced ASIC Leader

»|P Configuration based on Customer’s spec
— Complex IP has hundreds of configurations
» Subsystem Integration
— Integrate the PHY, I/O, controller, system bus, clock, reset, glue logic...etc
— HBM, DDR/LPDDR, PCle, USB, HDMI, MIPI...
»Design Verification
— Verify IP subsystem from block level to chip top function
— Synopsys Verification IP (VIP), VCS
» Software & Prototyping
— Driver, Software, FPGA, prototyping
— Synopsys daughter board (PCle, SATA...)
» Testing & Qualification

— Chip level DFT design and ATE pattern
— Synopsys TestMAX family
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GUC

The Advanced ASIC Leader

Agenda A ;

Success Stories of Automotive ASIC Collaboration
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Automotive Product Requirements 1S026262 GUC

The Advanced ASIC Leader

—What is 1SO262627 B Systems like airbags, anti-lock
brakes, and power steering require
— 18026262 is a functional safety standard an ASIL-D. Failure of these systems
for automotive products. pose the highest risk
— 4 ASILs (Automotive Safety Integrity B Components like rear lights require
Level) establish a risk classification only an ASIL-A grade. Head lights

system—Dbased on the probability and

acceptability of harm. and brake lights generally would be

ASIL-B while cruise control would

_ 4ASILs> A B. C, and D. generally be ASIL-C.

Instrument Cluster
Rear Lights 3 of Critic Airbag
th Sid I ASIL-B idverten
— ASIL A represents the lowest degree. : ASIL-A ASILD
. Rear View Camera . Engine Management
ASIL D represents the highest degree of No Valid Sensor Dat 7 . vanted A
. ASIL-B - ASIL-Cto D
automotive hazard. —
=8 z N PN HeadLights
Brake Lights 7 \ f
th Side Failur w7, [N T Al BothSid
[ v X - A ASIL-B
ASIL-B ' ‘\ @ =/
Anitiock Braking \ \;’? - Radar [,[Ulo.t '(,onlml
ASIL-D A
Active Suspension Vision ADAS Electric Power Steering
ASIL-BtoC ASIL-B ASIL-D
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Automotive Product Requirements AEC-Q100/104 GUC
>What |S AEC Q100/104 r) The Advanced ASIC Leader

B Qualification criteria covers failure B AEC Q100 defines four temperature
mechanism based stress tests, minimum grades from 0 to 3. These ranges are
stress test driven qualification requirements based on operating range of ICs.

and test conditions for qualifying ICs

. . . . . 0 - 40°C to +150°C

B The idea is to determine devices which can
pass the defined stress tests. This provides L i o tiesC
devices which can offer certain level of quality 2 - 40°C to +105°C
and reliability in the application. 5 U

AEC-Qioo0 includes 4 temperature grades. (Table: Synopsys)

B AEC Q104 covers stress tests and its qualification requirements
based on failure mechanism for Multichip Modules (MCM). It also
mentions reference test conditions. Single MCM consists of
multiple electronic components in single package enclosure. This
document can be applied to MCMs which can be soldered
directly to PCB.

B Based on pass/fail criteria, multichip modules are chosen which
can provide certain level of reliability and quality in the application. NG SILICON VALLEY 2004 10




Success Story - ADAS Example GUC

The Advanced ASIC Leader

»CPUs e e -

T T T e 1
|
— Cortex A35 (1.57GHz) s e |
L11$32KB | L1D$32KB L11$32KB | L1D$32KB ITCM(256KB) | CLKGEN RSTGEN IO Module
— Cortex M7 (785MHZ) L11$32KB | L1D$32KB L11$32KB | L1D$32KB DTCM (1MB) : PLL
> Enable dual lock step L1I$32KB | L1D$32KB L1I$32KB | L1D$32KB Luseaks | LDseaks || S $ ________
L1I$32KB | L1D$32KB L1I$32KB | L1D$32KB LLIS64KB | L1D$64KB ==f===
— Cortex M33 (131MHz |
] ( ) > > CM7bI AXIDMA AHB DMA GIC GPIO ||
> Design for dual core lock step (qcores) (Redundant) (DLS enable) |
|

A
1

> Reliability for Design

N
DCLS fail event
to SoCCFG

|

I

I

I

|

|

I

I

I

|

|

I

I

— Manual Coding for SM I
> ECC for SRAM |
» ECC & parity check for bus I
> Bus monitor :
|

|

I

I

|

|

|

I

I

|

|

|

I

I

I

|

DCLS fail even DCLS fail event

to SoC CEG to SoC CEG on |
BUS Murﬁ From CM7 Eﬁz mon I | APBMUX |
Y ROM (SRAM) RAM M
64Kx128b 16Kx128b 32Kx64b ‘ - - - _

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| ¥
|
I ECC RAM ECC RAM ECC RAM
LBIST/MBIST I
: saledlEls LECLE 32Kx8b 4 Timer DTimer WDG UART UART1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

> Clock monitor

— SMinserted by Synthesis tools
» TMR/DMR inserted
» Failsafe FSM coding
» ECC/EDC & parity inserted
» Function safety island
— Self test by CM33
> LBIST/MBIST for CPU & TOP
— Safety monitor & management

% DCLS fail I
event v

BIST CA35 CA35 cMm7 CM33

RTC

ECC/PAR ECC/PAR

(self test) CFG CFG CFG CFG ||

Hand coding DCLS

AHB2APB

| | dual core lock step I |
v | IR

RAM

64Kx32b .
ECC RAM macae™

64Kx8b Function Safety Island

I CLK_MON

|
TIMERS woes (| [l o o ., e
|| GPIO f=r=9» SysCtrl DMR | =P
|
|

DCLS fail event
to CM33CFG RNG

(x4) (x4)

[

|

|

|

|

| L /ﬁ ROM :
: < CM33 Ehadow) 64K MailBox
[

|

|

|

[

|
| (Fsm) | ST s0C CFG

(safety fail events)

e e e . — i — — — — — — o e e, e e e, e e
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DFT Approach for Low DPPM GUC

The Advanced ASIC Leader

General Product Automotive Product
Digital | SAF > 98.5% * SAF > 99% (1) [AEC_Q100 Standard]
* Transition > 80% * Transition > 85% (2) 1.SAF > 98% (97% if IDDQ is
* Pseudo Stuck-at IDDQ fault > 80% (3) included)
* Small Delay (Optional) 2.Transition > 80%
* Bridge (Optional) 3.Pseudo Stuck-at IDDQ fault > 70%
7N\ March 68N * March 68N Automotive qualified memory IP is
* Checkerboard & Inverse * Checkerboard & Inverse background [required
background data data
* Physical mapping * Physical mapping
ROM * ReadOnly 2N * ReadOnly 2N Automotive qualified memory IP is
required
GELT: 8" Functionality check * Functionality check 1.Internal reference voltage
* Specification check * Specification check monitor
* Increase analog testability (1) 2.Analog bias tuning setting to
* Analog test modes built in (2) touch performance boundary
* Analog BIST (3) 3.Analog loop back

SNUG SILICON VALLEY 2024 14




DFM Approach for Reliability GUC

The Advanced ASIC Leader

»DFM Technology for TSMC process nodes

DFM Technology 40LP 28HPM 16FF+ | 12FFC | 7FF | 5FF 3FF
40G 28HPC+ | 16FFC (roadmap)

Dummy Fill Insertion

LDE Consideration \% \% \ \% \ \% \%

Process Control Pattern \ \% \ \ V V \

(TCD /1COVL)

DFM via V V V V V V V

Extended Physical Rule Check V - V V V V V
Eghtened EM Specifications ] \% \ \ \% \% \ \%

V : General Product
V : Automotive Product

SNUG SILICON VALLEY 2024 15




Mission Profile & Sign-off Reliability GUC

The Advanced ASIC Leader

»Aging Effect
— Re-K aging timing library to guard-band the digital circuit design timing in setup critical corner
— Add aging mismatch OCV to consider clock variation

Slow
Micsion m Voitage | Time | cum. NI

profile 125 1.1*Vnom 3 years 0.0001% [ setup IR

4 Provide waveform info for AC aging (frequency, duty cycle, etc.) ) I’—_ j” =
clk
DC aqging (BTI onl AC aging (BTl + HCI Y SSGNP_age — (aging mismatch OCV + incr. OCV)
TSMC QR m AVth @99.9999% AVth @0.0001% AVth @99.9999%  AVth @0.0001% Slow en ceonp o
prOVide AVth NMOS-SVT al A1l a2 A2 corner |
NMOS-LVT b1 B1 b2 B2 DI o< | @_-—.

| >
clk M

SSGNP + (aging mismatch OCV + incr. OCV)

TSMC/GUC Pick either DC or AC aging to do lifetime corner (LC) simulation
Lib Re-K = Get (1) stdcell & SRAM aging timing Lib. (2) Aging mismatch OCV

(turn on LC mode:.param Icflag=1, set AVth by Ic_dvtlin_ parameters) ) c':,?.s\:z ) S EEGNP capture
S —— N e
Setup time aging mismatch OCV = Dgc/Dyc ——

" >
Hold time aging mismatch OCV = 1+D,.-Dgc clk ?bs-A’—Do—bf

DWC = DelayWCIDeIaYTU! DBC = DeIaYBCIDeIayTO Y FFGNP + (aging mismatch OCV + incr. OCV)

SNUG SILICON VALLEY 2024 16




Safety Mechanism Handoff (for implementation)y GUC |

The Advanced ASIC Leader

»SM spec handoff for DFT design and physical implementation
— SSF (Safety Specification Format)

» Implementation results output for 1ISO26262 report (work product) reference
— Safety status report, DFT test coverage, ...

ISO 26262 Development Chip Implementation
Safety Plan FMEDA Chip design spec plan
Hardware safety RTL Design Design
requirement/goal SSFE

_ Verification
Safety Mechanism

nicoverage | 55 £ SM aware physical Verification
injection/coverage i i repuos 1

. fault tolerant registers: 0
analysis
Work Product

SNUG SILICON VALLEY 2024 17



Safety Mechanism Aware Implementation Flow GUC

The Advanced ASIC Leader

»Follow SSF to implement, maintain, and verify Safety Mechanism

Safety

Mechanism

Safety Register
(TMR, DMR)

Verification

Dual Core Lock Step
(DCLS)

Redundant Via
Insertion (RVI)

DUAL CORE LOCK STEP

System
Chutpast

Mizmatch
Emorf
Safe State

. Diagnostic A

.

Synopsys | Flow Enable Feature

EDA
\% Synthesis — Voter logic synthesis
(FC) P&R — Radial distance separation; TMR well, rail
separation; TAP cell isolation
\% Logic verification — Formal EQ check
(Formality, ICV) Physical verification — Independent FFI check
\% Core place separation
(FC) CTS-aware clustering of FFs
Routing separation
\% RVI-aware routing
(FC)

DCLS Core Place Separation DCLS Routing Separation

o
4285 ..

TMR

FF1
>

—
FF2 — 5 Majority
—» voter

FF3
>

Triple modular redundancy (TMR)
Each identified register is replaced by 3 registers
and its voting logic, output is self-corrected

DMR

FF1
>

==

Dual modular redundancy (DMR)
Each identified register is replaced by 2 registers
with error detection

FF2
>

Dual Core Lock Step (DCLS)

DCLS improves system reliability by running two
identical logic cores in parallel and parses

their outputs through a comparator logic

SNUG SILICON VALLEY 2024 18




Safety Mechanism Design Analysis aUC

The Advanced ASIC Leader

. [ ] spyGlass Explorer: top.prj Py
> FuSa Analysis : L9 N ,
Fie, Tooks, Design Setup Goal Setup | Analyze Resulls Repors_
D Aun Gondt Incremental Mode EBwvs  Eis  Fiweve  Floesg
- - , R T | 1 module nessenger_clk_gea ( - 28
— Soft error analysis using S lass e = ===
i |18 ixi clock, ahb_clock, apb_clock, cads_fclk, cadss_folk, ca?_gcik, Descripaon:
. 1 apbdbg pelk, calbdbg pelk, sadizdbg polk, axi_scc_clk, -
B axi: el ahb_sce_ akb_nen_belk,
9 axi_daa_sclk, ahb_dma_kelk, axi_bus_sclk, ahb_bus_helk, gpic_helk,
S - - - - - - 18 gic_aslk, spbbrg_pclk, wdt_pelk, tar_polk, dtar_palk, sart_palk,
— Static analysis ensures minimum impact design ~ | SR S
1 1k, uart_tlk, Gartl clk, tm_cik, wdt_clk, calb_sclken,
u aclken, calsdbg_polken, calSrdbg_pelken, aalk_cliedge.
5 1 Lken, apb_bus_clken, akb_nea_clken,
.. . . . 15 _clken, animem_clken, axi_scc clken, bus_clkadge
. 16 och_i,
schedule and efficient design improvement : 0
: 1% L. AVDD2, AVSEl. AVESI, DVDDL, DNDD2. DVESL, Dves:,
e Setup Report Tools Preferendy | . 1/ Ingues
e @) ooch_clk s, cacl_clk_i, por_rat_n, div_resst_n, reset_n, Areast_n,
- 1] b pes = 31 reset_n, preset s, clkmax mel o, clkgitedd o, clkgatedd a,
- - - . Ba W £ | By pllo 83 &, pllo Ba o, pllo fr 3, pllo mux o, pilo es o, -4
— SPFM (Single Point Fault Metric) report = iyt | et
{5 I0_MODULE (I0_MODULE) |z e T
RSTGEN (RST_BEML) 5 Groun By [Goal by Rute s Cesn & 8azEo
= u_clk_gen (messenger_clk_ge| Wessage | Fie. | Lot | Comement =
- . - B \ core (core. 1) TS Wtssagn Tree | Toll 19, Oisplayed: 19, Waved 01
- - B &3 Design Read (9
Ba
g B3 inb_DADebuDsta 1) - Rspert i debug data (schema
15 D8 nw_oin « o Fe
J ¥ ! caton f
E 0 na_son ot Reparting or ceTut .
- - - - 2
— Find combinatorial paths that are crossi ng clock T ® oo TGRS NCOWECTED1 - Smoers o TED 3 T SO DGO ]
o AVS52 B X_UART_DXDn ~{" SYNOPSYS_UNCONNECTED_10 ~{ SYNOPSYS_UNCONNECTED 29 [ SYNOPSYS_UNCONNECTED 47 +|
. . . . i OVDDL B X_UART_DSAn ={" SYNOPSYS_UNCONNECTED_11 »{" SYNOPSYS_UNCONNECTED 3 ~{" SYNOPSYS_UNCOMNECTED 88 ={
i DVDOZ By X_UART_GTRA +J" SYNOPSYS_UNCONNECTED_12 | SYNOPSYS_UNCONNECTED_30 »{” SYNOPSYS_UNCOMNECTED 49 +{
omains W|t 0] ut svncnroniz at| on S ] e e e e ]
P Ovss2 5 UART BTER " SYNOPOYS INCONMEETED 14 - SYNCBEVE |INCONMEETED 13 I SYNODEYS LINCOMMECTED S0 .8
P X GFO{15:0] SoftErrorBrowser:MESSENGE
B X GPOMODELLSA * Hie  View  Help
G f | I h h h 4y | “Single Point Fault Metric Report |
enerates report tfor all paths that user can then : e
. g el inslance Hierarchy [ Module Name | Safely Crifical | SPFM Contibuion | LambdaReg | Diagnostc Coverage | Probabilly |
N 0000000 1.000000
u I Z 3 £ 1.000000
\Wessage d... [RTL_FDCE N 0.01 0.000000 1.000000 0.00
\Message_d... [RTL_FDCE N 001 0000000 1.000000 000
\essage_d__. [RTL_FDCE N 001 0000000 1.000000 000
. . \essage_d... [RTL_FDCE N 001 0000000 1.000000 000
> C 0 - 287 of total 287 objects \Wessage_d .. [RTL_FDCE N 001 0000000 1.000000 000
O n S t r al n 't e C I n \Wessage_d... [RTL_FDCE N 001 0.000000 1.000000 0.00
\Wessage d . [RTL_FDCE N 001 0000000 1.000000 000
\Message_d... [RTL_FDCE N 001 0000000 1.000000 000
\WMessage _d._. [RTL_FDCE N 001 0000000 1.000000 000
\essage_d... [RTL_FDCE N 001 0000000 1.000000 000
. . . \Wessage_d .. [RTL_FDCE N 001 0000000 1.000000 000
\Wessage d... [RTL_FDCE N 001 0.000000 1.000000 000
— Check constraints prior to RTL synthesis =
\Message_d... [RTL_FDCE N 001 0000000 1.000000 000
\WMessage _d._. [RTL_FDCE N 001 0000000 1.000000 000
\essage_d... [RTL_FDCE N 001 0000000 1.000000 000
\Wessage_d .. [RTL_FDCE N 001 0000000 1.000000 000
- - - \Wessage d... [RTL_FDCE N 001 0.000000 1.000000 000
\Wessage d . [RTL_FDCE N 001 0000000 1.000000 000
— Check constraints syntax and for timin re
\WMessage _d._. [RTL_FDCE N 001 0000000 1.000000 000
\essage_d... [RTL_FDCE N 001 0000000 1.000000 000
. - . . . \Wessage_d .. [RTL_FDCE N 001 0000000 1.000000 000
\Wessage d... [RTL_FDCE N 001 0.000000 1.000000 000
I I - X I I V I \Wessage d . [RTL_FDCE N 001 0010000 0000000 1.000000 000
\WMessage d... [RTL_FDCE N 001 0010000 0000000 1.000000 000
\WMessage _d._. [RTL_FDCE N 001 0010000 0000000 1.000000 000
. \essage_d... [RTL_FDCE N 001 0.010000 0000000 1.000000 000
\Wessage_d .. [RTL_FDCE N 001 0.010000 0000000 1.000000 000
u \Wessage d... [RTL_FDCE N 001 0010000 0.000000 1.000000 000
\Message d... [RTL_FDCE N 001 0010000 0.000000 1.000000 000
upc_out_req[0] [RTL_FDCE N 0 0010000 0.000000 0000000 000
upc_out_reg[L] [RTL_FDCE N 0 0010000 0000000 0000000 000
upc_out_reg[2] [RTL_FDCE N 0 0.010000 0000000 0.000000 000
\ipc_out_req[3] [RTL_FDCE N 0 0.010000 0000000 0.000000 000
incout_reald] |RTLFDCE N a 0010000 0000000 0.000000 000
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GUC

The Advanced ASIC Leader

Agenda b " :

Test Requirements for Automotive IC
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Test Requirements for Automotive IC GUC

The Advanced ASIC Leader

» In-System test is important for Automotive and Safety-critical applications
» Logic BIST and SRAM BIST are often leveraged for system BIST design purposes

In-System Test 1
Management

Design for High “Highest Possible™ ||T In-System and ! High Compression
P with Fewer Test Pins

Test Quality Quality ower-On Self-Test

Predictable Quality Ultra-Low DPPM Safety-Critical Test Self-Correction

hdow Pat

IEEE 1500

Low Power Decoding & Gatin

nnnnnnnnnnnnnnnnnnnnnnnn

mmmmmmmmmmmm
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In-System Test Challenges GUC

The Advanced ASIC Leader

» LBIST/MBIST in safety function scenarios decision: Power on, In system, ...
» Safety target to meet : Test coverage, system test time for each safety function scenarios

» Various Test architectures and Access interface selection
— star/ring/hierarchical, JTAG/Smart/AIT/APB

» Tradeoff between test time, test coverage and power

Various architectures and access interfaces Conflict between test time, test coverage, power

Test Test Power (IR)
time coverage
Test time 71 71

Test coverage \ \
Power 71 7

» Need a systematic method to implement system BIST

SNUG SILICON VALLEY 2024 22




Prioritize Test Structure GUC

The Advanced ASIC Leader

»Determine Priority (test time, test coverage, power) for each System test scenario

Power On | | Initialize Load | | Power-On _{ Function l In-System | v | Function Power-Off

Reset 1 PLL ) eFuse Test Operation| | Test | Operation Test

Power-On Test In-System Test Power-Off Test
Test Time Priority-1 (limited) Priority-3 Priority-3
Test Coverage Priority-2 (low bound) Priority-1 (high) Priority-1 (high)
Power Aware Priority-2 Priority-2 Priority-2

»Power-aware DFT plan (consider power consumption for each test scenario)

— Lower the power by grouping, serial test, limiting parallel test objects
Power-On Test In-System Test Power-Off Test 0 [ —
MBIST 5 groups, 4 rings in each group Under 58 BIST processor Under 58 BIST processor E’H I—ﬂ E":l Eﬂ
Test in serial by each group active at the same time active at the same time ‘ @ ‘ @ A E
XLBIST 6 groups, 12 LBIST in each group  Under 12 LBIST controller Under 12 LBIST controller i |-4£ é é
Test in serial by each group active at the same time active at the same time — _— .




Power-On Test GUC

The Advanced ASIC Leader

LBIST Implementation Decision for Test Time/Coverage/Power

» Priority of Power-On test scenario Optimization for test coverage
— Test time first, test coverage with low bound criteria, oo oo ISeed 1-5 with best coverage |
toggle for power consideration 57005 Seedvs Coversgs =tri=t e
. e
> Budget for pattern number o oeom /”f
— Base on test time spec to define each block pattern & T B ——seean_s
number budget (under 25K) sr e | Re-seed .
oo | searching under .
C . o P pattern # budget \pattern # budget : 25K !
» Optimization for test coverage criteria R A e e et
o s000 10000 15000 Zoooo 25000 soooo [(Pattern)

— By re-seed searching, determine the sufficiency seed#

which meet coverage criteria e .
J Optimization for toggle

97.15% Power ~ 30,50 meet

100.00% - Shift power vs, Coverage

» Optimization for toggle e — e | jcoverage criteria_ |
— By different toggle constraint trail, determine the best 5500 | /;/, it _power_20_ssed.S
toggle which meets coverage criteria Eielll /4 S S

—chift_power_S0_seed_ 5
FO.00%

65.002 I

60002

T T T 1
DDDDD 15000 20000 25000 (Pattern]
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In-System, Power-Off Test GUC

The Advanced ASIC Leader

LBIST Implementation Decision for Test Time/Coverage/Power

» Priority of In-System/Power-Off test scenario Optimization for test coverage

— Test coverage first, toggle for power consideration, oo i

more test time budget . = % ISeed 1~20 with best coverage I\

e

Re-seed searching T

e

under pattern # “:d‘;fji

» Budget for pattern number
— Base on test time spec to define each block pattern

number budget (under 100K) oo budget . L
(pattern # budget : 100K
» Constraint toggle target -

— Refer Power-On test toggle result as constraint

» Optimization for test coverage criteria

— By re-seed searching, come out the sufficiency seed#
with best coverage
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LBIST Results GUC

The Advanced ASIC Leader

»Optimization for test coverage under budgetary pattern number and toggle target
— The toggle target is 30% for stuck-at and transition test

— Improve test coverage by re-seed searching
— Maximum seed numbers may not get better test coverage under budgetary pattern number

Power-On Test In-System, Power Off Test

Block # of Pattern # of Seed Coverage # of Pattern # of Seed
Stuck-at Block-1 25k ) 96.41% 100k 20 97.66%
Block-2 35k 10 96.92% 100k 25 97.62%
Block-3 35k 10 93.95% 100k 20 94.90%
Transition Block-1 100k 12 86.72% 500k 25 91.98%
Block-2 120k 15 87.53% 500k 25 91.85%
Block-3 120k 15 84.19% 500k 25 91.40%

SNUG SILICON VALLEY 2024 26



GUC

The Advanced ASIC Leader

Agenda b " :

Trends In Automotive Semiconductors
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Chiplets for Automotive Semiconductor

Exponential growth of computing power for increasing Autonomy

» Industry is moving to ADAS level 3 and 4

High performance computing required

» Automotive Semiconductor are following
HPC trends of embracing chiplets and HBM

High memory bandwidth required
Large die area (cost and yield)
High power consumption

Scalability and flexibility

for PPA

Die partition for optimal chip sizelyield and system

scalability/flexibility

UCle standard for chiplet interoperability
HBM for high memory bandwidth requirement
Advanced packaging (CoWoS) for minimum link

power consumption

TERA SCALE

GIGA SCALE

Mega SCALE

GUC

The Advanced ASIC Leader

Super Computers

Multiple 5¢Cs

Advanced Micro controllers

NCAP Micro Controllers

LEVELS OF DRIVING AUTOMATION

Human driver monitors the driving environment

Automated driving system monitors the driving environment

0
NO AUTOMATION

The human driver
weriorms all the A‘pl}(‘
of the dynamic driving

task.

&

1

DRIVER ASSISTANCE

The human driver
perfarms the driving
tack with some deiving
assist features

é‘,

2

The vahicle has oma
funcuons like scceleration

and steering, The wr <hill
manNtors A dnving tasks

and can 1ake cortrol at

ANy Umes

PARTIAL AUTOMATION

3

CONDITIONNAL
AUTOMATION

take the control of the
th

vehiche at all times wi

notes

&

HIGH AUTOMATION FULLA

a

INerveNntion Is NSt NGCassary,

but thea driver's attention ©

The driver

TOMATION

The vehicle performs
all the &
under all con
intervention

Cr attention is Not gt

still regquared S\ oae e
pecad required

5

ving tasks
ditions.

Explos

ion of compute Requirements for ADAS computers

Source: IEEE Hot Interconnect 2023
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Chiplet for Automotive Semiconductor GUC

The Advanced ASIC Leader

» European Automakers are planning ADAS chiplet platforms, including center communication
chiplet, CPU, ML accelerator, and HBM3

» Japanese Automakers have formed semiconductor research group ASRA (Advanced SoC
Research for Automotive) to provide cutting-edge technologies to next generation vehicles
including combining different semiconductor types in the SoC design, to achieve advanced
computing power with safety and reliability.

Base Computing Chip

Al Chip

Computing Extension chip
Added per

erformance requirement
. . Al Extension Chip

Added per
performance requirement

i NENEER
| REEES

Graphic Extension Chip
Added per
performance requirement

10 Complex
PCle

Custom Interposer

ADAS Chiplet Configuration
SNUG SILICON VALLEY 2024 29
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GUC Advanced Package Technology (APT) GUC

The Advanced ASIC Leader

* Hybrid-bump Planning
« Interposer design 7.2G e 3D stack PV * Cross-die STA signoff * Local Silicon Interconnect
» eDTC insertion * Multi-die IR * Multi-die IR & 3D stack PV « eDTC insertion
» 3D stack PV & Multi-die IR * Thermal analysis « 3D stack PV & Multi-die IR

>

* TK1 pilot * TK1 pilot
» Bottom Die: N28 SoC * Bottom Die: N7 SoC
Top Die: CLO13 DTC Top Die: N7 Cache Memory

3D hierarchical low power
design

o LI @m&w ok Inlztjjl':i?i:)ozrce)%az 1_4-7% for | . SRAM bie e CTS plan for cross-die OCV
2§ p-up Hybrid bump - reduction, MMMC-STA
< * Improve Vmin 20mV in Lo%ic Die critical corner analysis
| | bsecde  ACSCAN ATE test o — O | e PG TSV #/pitch plan, BTSV

array macro design
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Summary GUC

The Advanced ASIC Leader

» Synopsys provides a wide portfolio of high quality IP’s to enable the design of high end
SoC'’s for Al, HPC, Networking, and ADAS applications.

»GUC services include IP, FE design, System level design, SoC testing and production,
using TSMC'’s advanced process and packaging technologies.

»2.5D/3D chiplet is a trend for ADAS level 3 and above. GUC partners with Synopsys to
provide customers with high performance, reliable SoC’s.

+ HBM3 Controller & PHY

*» GLink-2.5D (Die-to-Die)

* GLink-3D (Die-on-Die)

« Subsystem integration

» |IP customization IP Solution TSMC

& FE 3DFabric™
Technology

« COWo0S-S/RI/L, InFO,
+ SoIC-P & SolC-X

* GUC patented interposer
& RDL design

& Production
Management

» 3DBlox design flow

+ System level co-design:
interposer-substrate-PCB

« 2 5D/3D SI/Pl/Thermal SNUG SILICON VALLEY 2024 31

* Qualification
» Characterization

+ 2.5D/3D manufacturing
. management & production
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