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What is Chiplet

» Achipletis an IC designed to be combined with other chiplets in a single package

« System on a single package rather than System on a Chip (SoC)

Avoiding one gigantic monolithic die by dividing it into several smaller dies and integrating them into a
single package

Cost-effectiveness, power efficiency (lower picojoule/bit), improved thermal performance, higher yield,

and faster development times

Similar to conventional SiP, SoP, PoP, PiP, etc., but with much higher-level integration based on
advanced packaging technologies such as 3DIC and heterogeneous integration

« Multi-technology integration encompassing high-speed computing, RF, optics, etc

» Foundry-driven integration and standardization activities, such as TSMC 3DFabric and

3DBlox, are significantly shaping the landscape

* Wide reaching applications across various markets

Data centers and cloud computing
Telecommunications and networking
High performance computing (HPC)
Aerospace and defense

And more...
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Open Chiplet: Platform on a Package

High-Speed Standardized
Chip-to-Chip Interface (LCle)

Customer IP and 20X I/O Performance at 1/20% Power at
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Source: UCle Consortium



Performance

Chiplets Improve the Cost vs. Performance of Chip Production

Chiplet Design
Philosophy

Designed: 16 Chips
Produced: 15 Chips
Yield: 97.3%

Monolithic Die
System on Chip

Die

Designed: 12 Chips
Produced: 8 Chips
Yield: 66.7 %

AV KEYSIGHT

Cost + RiIsk
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Monolithic approach
4 different functions in one big die

Fn: A Fn: B
(CPU) (Memory)
Fn: C Fn: D
(I/O) (Power)

Chiplet approach
4 different dies for 4 different functions

Die: C Die: D




The Catch: Die-to-Die Communication is Important for Chiplets

Chiplet Package Monolithic Package

—
N

|

“m Various standards for the die-to-die interface between chiplets
L@] UCle  UCle (Universal Chiplet Interconnect express)
Universal Chiplet * BoW (Bunch of Wires)

Interconnect Express

« AIB (Advanced Interface Bus)
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UCle Module and Data Rates for Std Pkg. and Adv. Pkg.
Standard package

O e

Advanced package

e e

4 Sideband Mainband )
- Data rate:
2| 4GT/s 8GT/s 12GTls
| 16GT/s 24GT/s 32GTis
\_ J
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Standard Package and Advance Package Comparison
PHY dimension depth is an informative parameter and depends on bump pitch.

Standard package die size (to scale)
—————————————————————————————————————

Advanced package die size (to scale) %Z?ZC?TI;? 5(24 GT/s, For compatibility, PHY
o 12 GT/s’, 32 GTls) dimension width must
PHY Width: 388.8 um 16 GT/s) match the spec for the

advanced package

PHY Depth: 1043 um

Packaging Bump Pitch Channel Reach Raw BER

10 mm (Short reach) le-27 (<=8 GT/s)

Standard 100 um to 130 um 25 mm (Long reach) le-15 (>= 12 GT/s)
le-27 (<= 12 GTI/s)
Advanced 25 um to 55 um 2 [0 le-15 (>= 16 GT/s)

Chiplet Signal Integrity Simulation
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Signal Integrity Challenges

 Data is single-ended signal

» Handles different rising and falling edge rates for Single-Ended signals
 Rigorous statistical calculations for Data eye probabilities at arbitrarily low BER
» Check eye contours at target BER (<1015 or <10%7 ) against Data mask

» Account for crosstalk between all signal lines

* Measurements: Eye height, Eye width, Triggered Eye, contour, BER, VTF (Voltage Transfer
Function), etc

 Single-end IBIS-AMI modeling and simulation

= Die-0 =
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UCle Clock

» Each module supports a two-phase forwarded clock.
» Per-Lane Deskew must be supported on the Transmitter at high data rates.

* The Receiver must provide matched delays between the Receiver clock
distribution and Data/Valid Receiver path.

« Transmitter must support quadrature phases in addition to differential clock

Clock freq. (fCK) _ _ Deskew
. Data rate (GT/s) (GHz) Phase-1 Phase-2 (Req/Opt)
Die-1
16 90 270 Required
32
8 45 135 Required
Data - FIFO |~ Serializer —{ FIFo |~
|/ 12 90 270 Required
T i ] i 2/4 Ph 24
: : ases 6 45 135 Required
. ' H 16x / 64x
» /N i a1 16 8 90 270 Required
D k [} ]
eskew Phase 12 6 90 270 Required
Clock Pl Gen
PLL DLL H  + 9 8 4 90 270 Optional
pcc [
4 2 90 270 Optional
Track

Phase
Control

!
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Termination

« Advanced Package
 Up to 2mm and 32Gb/s, TX drive control. RX Termination Map
. . with Minimally Compliant TX
* No RX Termination

16
14
12

10

- Standard Package
 TX Termination

L . I
* RX Termination Map —
—_—

Data Rate (Gh/s)
oo

10 15 20 25
Channel Reach (mm)
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Voltage Transfer Function (VTF) Based Metrics

 Voltage Transfer Function (VTF) based metrics are used to define insertion loss and crosstalk.

Loss
« Loss is defined as the ratio of the receiver voltage
and source voltage

Rix interconnect V,

L(F) = 201ogy0lV () /Va(F)| f IIQ,_C., II %

L(0) = 201log, iE:
Rtx + Rchannel + Rrx

« L(0) is 0 for unterminated channel Aceressort IIc;x o % )
-

1
I R

interconnect V, 5
I R

Crosstalk R
e 19 aggressors included Aggressor IIQ St % .
- -

» Crosstalk is defined as the power sum of the ratios of the

Rex interconnect v,

aggressor receiver voltage to the source voltage Re interconnect V1o
« Based on crosstalk reciprocity Aggressor1s Ir« cuI R
< Ve i (D
XT(f) = 10log z =t
V=140
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Tx AMI

» Transmitter equalization is recommended for 16 GT/s and must be supported at 24 GT/s and 32

GT/s data rates to mitigate the channel ISI impact.

« Tx equalization is de-emphasis only for all applicable Data rates.

Vin(n) 1 Ul

2

[ Vuut{n 1

uuu{nl= Eﬂ I""‘Iin'l.lnl.l + c+1 uintn'l} + I C+1I
|Gol+ [Cal=1
vin{n} = {ur +1}
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Y

De-emphasis = 2000g,,(V./V,)

Setting

De-amphasis

Accuracy

VoV,

0.0 de

0.000

1.000

-2.2 dB

+/= 0.5 dB

-0.112

0.776
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Rx AMI

* Receiver equalization may be implemented at 24 GT/s and 32 GT/s data rates.

» Implementation can be CTLE, inductive peaking, 1-tap DFE, or others. Expected RX equalization
capability is equivalent of 1st order CTLE.

0 S - I
S+ Apcwpq

H(s) = (Upz( n n |

(s (Up1)(5 (Upz) 7
Wy = 21 * DataRate %_3
wpy = 21 * DataRate /4 |
Apc = DC Gain

100 102 104 108 108 1010 1012
Frequency

ANV KEYSIGHT Chiplet Signal Integrity Simulation



How to Simulate Chiplet?



Std Pkg UCle Link Example with Signal Integrity Insights

Standard package

Chiplet Die

Chiplet Bus T-Line

|||||
11111

Chiplet Die
DIE1 MAIN BAND BAI DIE1
64 DATA 53 Y A
2CL0CK
1vaLD
1TRACK
u_lj 64 DATA E
2 2
a 2 CLOCK =]
<] <]
= 1VALID =
nnnnn

ccccccc

EEEEEEE

nnnnnnnn

Signal Integrity insights on

e Crosstalk
* Frequency-dependent loss

« Equalization

Chiplet Signal Integrity Simulation
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Chiplet Simulation

Smart Design Environment

Simulation Mode

Simulation Mode Convolution Other Setup

e Edit Chiplet_Setup Parameters:1 X

ads_simulation: Chiplet_Setup Instance Name

— wemmm si»  Chiplet PHY Setup  Chiplet PHY Simulator

Test Environment Setup VTF Setup BatchSim Setup

Bit-by-hit

[yzer
S-Parameter

Chiplet Type: UCle v Version: 1.0 v

Transient
\TF

Main Band Data Rate: 24 | GT/s (] Use Custom Dota Rate: 1 rd be simulated | 1000

— I i I--_ Chiplet PHY Setup |m| Chiglet PHY Simulstar I
Chiplet_PHY_Simulator

Chiplet_Setup
Chiplet_S=ug
Type=UCk" Mode=Transent
Versian=1.0° StartTime=0.0 ns=c
UseCustom DataRate=na StopTime=200.0 ns=c
DataRate=24 MaaTimeSt=p=10 pzec
SidsbandDataRatm =200

DataModulation Type="NRZ"

PackageType~ Standadd”

ClackMode="Quarterrate”

AutoGenemtsBathny=s

Chiplet Probe

Chiplet Die Chiplet Post-Layout Chiplet Die Chiplet Probe

wuu
oo
oo

HTFTTTIT

Chiplet_Die Chiplet_Postlayout Chiplet Die Chiplet Probe
Chiplet_Die1 Chiget Pastlayouti Chiplet Die? Chiplet Probie

Smart Bus Wire
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| mxcksb |

a8
rickp
Fuckn

Column 7| ColumnB | Columnd | Column 10 [Column 11]

o

Chiplet Simulation- Package Simulation

A sample design example with Standard Package

Chiplet
D2D PHY
Ball Map~
(Module)

| recatash |

H
radatad
radatas

e
radata10
radataiy

Column 0 | Calumn 1 | Calumn 2] Column 3 | Column4 | Column 5 | Column &

radata?

ta
radatad

tadatad

tdatad
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Chiplet

D2D PHY
Ball Map
(Module)
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g
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e

H e
T

E
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Chiplet Channel Simulation

Standard Package Rx Termination

Data rate: 24 GT/s 20 transmission lines 50 O
[ ]
Chiplet Die : Chiplet Die
TxDatab RxDatab —r
» e =1 TxData7 RxData7 gé o :
I_%_. TxData8 RxData8 = I
- o
( J
N n N . .
Signal integrity metrics Signal i . . Signal integrity metrics
e VTF loss

* VTF crosstalk
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Chiplet Simulation— Simulation Example for Eye,
Using Chiplet PHY Simulator with Bit-by-Bit Mode

[ Chiplet Die

e §

| Chiplet Post-Layout

Chipiel Dt

Chiplet_Pos Layout
T highei_Fas Layoull

ml Chiplet PHY Seup

|m[ﬂmﬂtmmww.

Chiplie_Sabun
Chipe_Ssbg

Typm="UC s~

Wampigre="1 0"

U aCutomDisnf menns
DalaRates 5
SidwbandTuis e300
DuinModulmionTypes MR
Pachsgs Type="Standan

Chiplei_PHY_Simulic
Chiplei_PHY_Simulsior]

Sim time = 15min

Chiglet_Dim
Chiglel_Dm2

| Chiplet Probe |

Chipler_Probae
Chiplel_Frobe

AV KEYSIGHT
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Chiplet Simulation— VTF Simulation

Using AC Simulator with BatchSim

Chiplet Die

VTF Loss

ads_simulation:Chiplet_Setup Tnstance Name

Specification Based

ohm

VTF Setup atchSim Setup  Crosstalk Limiter

§-Param Sim Setup

Chiplet PHY Setup

Chiphsl_Sabugp
Chiple_Sata

Type="UC s’

Waniar="1.00

el uiemsnR senns
DuisFistes &
SiaeoanI0a LR Bwea00
T T L T e
Packags Type="Standans™

Chiglel_ D2

Chiplet Probe

Chigle_Frobe

Chiglet_Frobe
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Case: Shorted the Length to Reduce Loss and Pass the Line

For the current material configuration, we can only afford a short-reach channel.

0
1 Spacing = 5x Width
) (Short reach for std. pkg)
Z Length = 10 mm
‘_§ _ P
: e O e ength =20 mm
& 20- 9
25 Length = 25 mm
305 (Long reach for std. pkg)
- |

| | | | | | | |
O 5 10 15 20 25 30 35 40 45 50
freq (GHz)
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VTF Crosstalk (dB)

VTF Crosstalk (dB)

_20__
_30__
40
50
-60 |

-20-

_40
_50
-60

Case Fixing the Root Cause to Open the Eye

y O_- Spacing = 2.2x trace width

Length = 25 mm
(Long reach for std pkg)

0

5 10 15 20 25 30 35 40 45 50
freq (GHz)

VTF loss (dB)

ESpacmg 2.2X trace width
_5_:\
-10
15
-20-
05 Length = 25 mm
30§ (Long reach for std. pkg)
0 5| 1|O 1|5 2|0 2|5 3|0 3|5 4|0 4|5 50

freq (GHz)

The eye is open after we reduced the root causes, the coupling and loss.

0

0

10 Spacing = 5x trace width

Length = 10 mm
(Short reach for std pkg)

0

AV KEYSIGHT

5 10 15 20 25 30 35 40 45 50
freq (GHz)

VTF loss (dB)

| Spacing = 5x trace width

Length = 10 mm
(Short reach for std. pkg)

0

[ \ [ \ \ \ \ [ [
5 10 15 20 25 30 35 40 45 50
Chiplet Signal firegi(Girmation




Key Attributes to a Chiplet D2D Comm. Sl Analysis

"H
L@] UCIe Standard-focused Tx and Rx Termination and Equalization

- - Let the software work for you ) ) .
Universal Chiplet y Explore possible design and solution space
Interconnect Express

Die-to-Die Interconnect Extraction and Modeling
Understand design space and validate design choices

| Chiplet Bus T-Line |

Die-to-Die Channel Link
|dentify problem early, reproduce existing problem

| Chiplet Die |

Chiplet Bus T-Line | | Chiplet Die |

o [ ] [] oe2 [=] [] oes

T

Usability and Integration
Don’t work for the computer
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Summary
It is very important to analyze chiplets from D2D to D2D at a system level

Chiplet Simulation using smart design environment, it can help engineers find and solve
problems as quickly as possible.

Chiplet Package

Chiplet Die | | Chiplet Post-Layout | | Chiplet Die | | Chiplet Probe
Die: B 1 Tk = oo o | Tk

Supports differential forwarded clock in UCle, BoW, AIB standard. ~ Standard Driven VTF Measurements

v Rex interconnect Ve
4 005 vt Crockbarmandng Fatnyont S804 fpage 115 - o x s
‘ ChiplstProbe ] NERA L XD @6 +6OONER|EE wmmemen [ HEE - B Victim Cux Co R
Crgie PHY S| ‘L!:,)[ Chipes P smuator | 'g SE RaDan0 @0iez RaDutat @ Dle2 RaClock @Diez I I
ey iy X B =
Sim time ~ |B= i g
B &H 5\ g s
g g g e P S g msees R interconnect v,
OA V100 @ Die2 RXTRKO @ Die2
~ 1= Q =iy Aggressorl IQx Cx I Rex
| Chiplet Die ] [ Chiplet Post-Layout | [ Chiplet Die ] % Hevmrgmprpeyt. g R interconnect Vo
- = v = RxSB @ Die2 RXCKSB @ Die2
- i T I 1 b Aggressor2 o Cex Ry
i -I = i) e 3 = I : I
:I PR o™ o Rix interconnect V, 19

Chislu_Postapott

a_
Aggressorl9 | Icu Cx I % Ry
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Thank you
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