ackage Co-design

"y

— e

==
- =
- o = e —
.
- =

——

— ~ Lei He, UCLA. lhe@ee.ucla.edu
: Shauki Elassaad, Rio Design Automation
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round and :

) ——
— -

i -

<age Co-design Flow

o
i

| Integrity

— Simultaneous Switching Noise

i

=
"*ﬁewer Integrlty
= — Plane impedance and resonance

® Conclusion
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geneous Systems
-

i -

Novel System Integration
*Human-computer interfaces
*Enhanced capabilities

(eg. smart sensors and actuators
*High complexity
(eg. bio-complexity)

— Advanced Packaging
: Seamless integration
- Embedded Passives

=

r e
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—= __fi_f- -

_-—'-5'_‘.-—

— “ie' (‘IO gells -> RTL routingy

—
-

PRk

® -> package (bumps -> escape routing ->
balls)

®.= board ’






T—

e tools very separated:

S ——
/O Locations
e IBISModels

rrrrr

Package Physical Design

I

—

= IC Modeling/Smulation
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C
=

TN E esign@oncerﬁg,—-"
| onCEr:ﬂk'

S|

Netlist Connectivity (logic cells to 10 cells)
/5[em(r nectivity (10rcells to package)
OWer Network Design

CLr| cal Concerns
ore Timing Constraints

Iem Timing Constraints
== Power Budget

$ Sighal Integrity and Reliability Constraints

» Supply voltage scaling imposes very tight noise margins on
chip and package designs

» Significant noise contribution from core switching
» But greater on-chip exposure to package-side SSN

|_
=
—
‘\/
(V2
‘&R

f

(D

Y VW
@

[
i

J/p (W (‘D

?{j
'\f |

A n:‘}\

VY

1
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Phys] Call' FQ Cermse
”'_“ F’ackage Cost
J“ Stack-up Layers

mize Decoupling Capacitance

o E Tﬁcal concerns

—
i
P

= *"'f:-f> Reduce AC Noise Effects
- »low Impedance Power Distribution System
»Meeting Timing Constraints
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ackage Desi
. a— - "
Pad/package Iteratin: P&R of IO/Pad cells,

Pins; Pwr/gnd and inter-cell connections;
PCB pin locations (X,y);

Package/Pad/IO Rule checking (PRC):
Floorplanning of 10/Pad/Pins; SI, timing, clocks, 10 voltages,
Define Netlist hierarchy/manipulations assembly rules, special regions

Manufacturing and NRE Costs; : - ,
Verify user specified requirements and rules;

= Die, Substrate, Package PCB pins, Power grid, # VSS/VDD,
— / decoupling caps, EMI, ESD, Vias

= =

Defining Interfaces, Signals,
PLL, Power, Clock, # pins, #10s

Package/Substrate Architecture Exploration

(start ~4/5 months before Tapeout)

ISQED'05 SRS
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NEEGS for Co- ‘g
-frequency. Designs
"MHz bu 1g common

|p exposure to package noise
| Itaneous switching noise
_ckage resonance
=4 hter Turnaround Time
fj:; > Package design convergence
== System design convergence

. , p A~
' '

-l'.'.'
= ——

..-'
= |
-—_"'

- . _____..:-_’___

* High Density Packaging
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SIEINDET y Pac‘kagmg IEndsE
Snort Term

= nereased. | tion of Direct Chip Attach (DCA

(JJ flé C’é ‘ fle ] A-50ale =

* On- chip design and functionality suffer due to

L"é— Increased scope of package-induced SSN
= Layout difficulties due to high pin count systems
J__. “® Routing resources becoming very tight, flip-chip
.~ escape routing Is difficult

s—
—— == i

f;‘; *'Eong Term

e — Package technology adding value to the system
® High density, low-cost packaging
® Meet design constraints for both SI and Pl

| SQ ED'05 (From P. Franzon) 11
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s e e
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Jn FIova-\i-th RIOMagLC.

PCB/Package DESIaf .

GHIP. Design

ol
Architecture Specs - ~. Design Planning
: =

o

RTL, Logical FP, Synthesis Package/Substrate selection;

: »_Power/Thermal
B ypioration,

Physical Floorplannin Sigloeiaye)cjise PCB Pin order, signal
/ _ . Ne a.O”J“ #=tt ) rassignment, XY coords

i)

— P&R, Timing, Sl N y Package & PCB routin
= dFlnaI Routing/Timing/Buffer 7 Substrate Extraction &

_HF:.: = & Extraction Simulation

—

=

i— —
4 |-

IO/Pad/Bump: (Order, Finalize Package Pin
P&R, Sl) order, Signal Assignment

l 1

Full chip LVS/DRC/ERC Final Package & PCB
Verification route, extraction and ERC
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(:r"F)lDEH:kgffifﬁfﬁy_

eg rity

nu neous Switching Noise

‘Pﬁewer Integrlty
E '- — Plane impedance and resonance

® Conclusion
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ISQED’05

Optlmlze by |terat|ng on
1.
2.

<3.

5.

Signal plnIpad/bump location

# de-caps & its value & its
position

#ground/p:awr pins

Series resistance and its
value :

Different packages during
architectural phase

e l.u_LI

‘H‘

5




“'!."..:g

L —

c—

s e EScape ReuiNinG
:_sgw oUtingrot e pads imposes chip
@i package design constraints

Top View Cross—5Section

' ' Solder Bumps

Signal Layers
— Ref plane

Need more signhal
lavers to break out
motre pins
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Ring Planning
SNEIR=Chip Design: A@_Q’vs Peri
»Area IO breaks-up most current CAD tools
>Per]ph! 0: cost-efrective to transtform from wire-
seRding to EC
—PEeliplieral 10 forms a ring
- JQ r<Jr g Planning
> 1@ locations (placement)
= ,..,4- eape routing (escapability analysis)
Sgnal IO vs PG cells/bumps (core power supply)
:"F'“} = > Satisfy SI constraints (SSN)
e Needed early in the design to enable the chip-
package co-design
» System Level Timing Constraints
» Chip Level Timing Constraints
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® Placement of 1/0 sites
® Placement of 1/0 cells
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T

-

-

=xeiple oflO,placem

oi—

E?:grgzi}n Dc:-a" — Regular Bump
74 pattern iIs preferred
_ 7 ammE e |0 sites are decided
5505 OOt by proximity
héz//z ® |O sites are more

T eoion than 10 cells
f'%/; ///'/f/ﬁ7 " e Power domains are
— XY 5 :
SR 6 €] defined
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i

BT SUPPIY Distriggiign,
— - -

. Voltagedrop isgiven by

IR=J.,r

Z' m,sh

2 2
P Toying Py
P W,
Given the maximum

@ Q @ Q allowed IR drop, it is
= _ff_;i. Q @ Q @ possibleto solvefor I' , 4,

— therequired metal
—— : : coverage, iteratively.

— : However, IR drop
apted from: ]
Power Supply Distribution and Other constraint should not be a

Wiring Issues for Deep-Submicron ICs . - ssU . |
by W.T. Lynch of Semiconductor Research maJ or | € fOf FC deSI gn'

Corporation
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—

ower Routin

——

——  Wire-bounding 10 Power Route Flip-chip IO Power Routes
__1-_'_:1‘9-‘1-.3;6 Cellsembedded in 10 Ring to feed No P/G Cellsin 10 Ring
signal 10s

- *Still Need ESD Cells
*|O P/G Cells contain ESD cells

1

*P/G bumps cells feed 10 Ring
*Consumes a lot of spacein Ring

(constrains pad-limited designs) *More Saving on Die Size (especially for pad-

limited designs)
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; = == Plane impedance and resonance

® Conclusion
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Compact RLC
Model <

v

— ‘P‘éi_ékage pins, signal traces, and stack-vias exhibit inductive effects
-~ = Power/ground bounce effects limit the performance of design

* Noise effects become more prominent: Ldi/dt
— Higher clock speed

— More number of 1/0 drivers switches simultaneously

ISQED’05 23



ssed by:Signal to PG Tatios (SPG) in the

=

A

ACEOUntS O PACkage ey termination, powerandlgrounc
DONain by domain: multiple-domain design is not un-usual
SRSPE Estimation

Acclrate and efficient driver model

> \acro models: (1BIS)

Ti'v'e Inductance modeling for signal traces and package

= (Which yet to be designed)

———

=, Pre-characterized package templates

—

_‘_—-..u-:"'
——

o
-

f
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aneous Switching Noise-

e
IO Ring IBIS Modelsi= Trace Pattern Package
Power Domains | Inductance Table Tech File

di/dt _
| Estimation Effective L
= Estimation

Domain
SPG

o dl/dt =1(IV, R _term, VT)
« Effective L assumed Common Excitation for All Ports
« SPG value assumes all drivers switch simultaneously
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Legend o brov2:R:l & broviiRiL % OUtiR:

4.00e+00

foe

Ole+ . s . L
(. 00e+00 2.00e-09 4.00e-09
1.00e-09 3.00e-09

T

= - (HA (HD (D (Il (= BB IS /I
— L
= ot F A S _F. 58
“Design: PEEC-based characterized models are B e s s 5 S
ernpl Oyaj for SSN est| mation WAV VA Vi B Ve V) ™

[}
[\
U
-
-
[\
e
[ (]
[ (]

Verification: Detalled PEEC extracted models are
employed for SSN analysis

0D N B) B N N K B
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turn Path Mod
C to model mese

OC‘

ent distribution depends on routing path and
itch ng pattern

ol 1 " .
-‘_

5 .q;-.-_,,. 1y stages no package routes or power planes exist,
1d estimated models are devel oped

- eRather pessimistic than optimistic

Efficient, with reasonable accuracy

ISQEDO5 27




Path Moddling =

| a conservative (pessimistic) model

.
S S¢ S¢

;"': L+ Lg 3 2Lsg tsg IL_g LLgp
' P S¢ p

— =

—Effective Inductance Modeling: based on early

e —
—

ﬁ-«- C models (accurate with computation cost)
'_" ~+Based on Impedance/Admittance ~ Twe Point Inductance
= 1 Yin
2pf Im(Y;,)
_ Frequency
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More ground balls

e N —
] —‘f-;'ﬂ.?{ ;‘{"'_‘—-\.\_—_-,_-_r:_'\--:—"_"-'-r—u_- T e e T T T e e T e T i e < | -
-200m s —

|IIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII.
0 1n Zn In dn an bh in fn 9n 10n
Time (lin) (TIME)




—

* . ol

age Co _design Flow

- .-'"- !

£y
e
-

I Integrity

| _4__;;::- neous Switching Noise

S .-.-—-:.... .
- —
= _,-.‘-‘_--

————
- -

= - .
o

-

® Conclusion
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_:.; Ddeﬂmg fior EMI

-—l!_"'-—-

*__,a*ﬁd SSN-analysis

"_E"-_

— _EL\/II Analysis

= = Package Plane
Resonance

ISQED'05

&
Signal integrity
Signal'Noise Analysis
coupled with power
plane models
Superposition of
Power Noise on
Signal Noise

IBIS, SPICE and
PEEC models are
employed

POWEYr &
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______'II||_____.___-__————I'I e

|""-—:———— I
Ground |

(rlobal Power
(rlobal Ground

Detailed Network Modeling is needed for
accurate analysis of Core and 10 Power
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- f‘_have no holes or perforations
ct Microstri p or Stripline Patterns

_- N edance Iswell conditioned

'-ll-u.

._,_—-— -

-
.ﬂ:’
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Sle)) oovv# QJ |
\sisilef] Oﬁﬂ o domams V18 V25, Vanalog,
NPEC LJe___vﬁ stapling
- Jm;_' e power delivery
= --9-.5%:: current loop and eliminate noise

vgn P/G balls

...--

-._'
.

.-'-—-

—
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PDS C¢

= DE Col CEISs
SAORECHIPHIR Jroo
— Nyl el 9,}.,, concern in FI|p chlp Designs

=N Prw'/'rn IR Drop
ZAmpor _nt put still very small

> - F'@a IR Drop

:-i--—

-*—‘ cn:i | be ignored

-- ~e C'Concerns

2 Low impedance Network across a broad frequency
spectrum

» Reduce inductive effective to reduce SSN

» Control Chip/Package resonance

—

1
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ISQED’05

Vdd plane voltage

Mumber of chirlcns running

B —_—

0.001325

0.00133

Time (s)

0.001335




> larger current 0.05" Vy,

\;I""I';

SR
.
‘lln

dth

transient

"-I..

"'—-t-
— e
- . . ;.;

~Dex ﬁ‘eon Decap Allocation

-thh speed drivers draw current from nearby decoupling
- capacitors
*Decoupling capacitors reduce the size of the current loop

ISQEDO5
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i —
ctance and capacitance

= a—

Capacitor becomes inductive
= e beyond its self resonant
frequency, f(SR)

»
>

frequency

! e
— 1
o ——
—

—_—— ~Resonant frequency is T, =
= —— 2p\/2kangkg

Need a set of capacitorsto cover small,
medium, and high freguency ranges
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. RL CH netlist
I

e | Circuit Pruning I
e —
SdERRkER: .
SEENN=—- ' RL CK netlist
Modd Order
Reduction

reguency-domain ' _ Ime-domain
_ < Analysis — :
Analysis Analysis
40
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onclu‘smn —

eed 10 SJgn“Ia ng reqwres package-

9 C —_— A1V J)=ulc U

e aware chip 10 planning improves
argence and turnaround time

—  Or -fChIp devices are increasingly exposed to
— Ckage effects

.1-"'-:-‘

= Power Integrity Is getting harder

® Efficient and accurate macro models are
needed to enable chip-package co-design

ISQED’05 46



