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Three Key Elements of Digital System Integrity

Radiated Emission
Conducted Emission

......

Power Delivery Network (System)

N e < Module [«
Chip . =Package< e MB L System
CLK/Data Channel

Coupling/Conduction

SI/EMC are based on PI

Digital Signal = X Analog Signals
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| @5; Trend and Challenge — (1)

~ o
= High-Speed = S| (3D X-talk, Return Current Path)
= High-Current / Low Power » PI (Spec., SSO Noise, On-chip PDN)
= Small Size » EMC (In-System EMI, Noise Immunity)
= MCP / SiP / SoC » Modeling / Simulation
= Hybrid » PKG Design (Esp. MCP/SIP)
Trend Key Tech. Challenge

)

= Differential Signaling (EMI, Common-mode Noise)
= Current Mode Driver (Noise)

» Emphasis/De-emphasis (ISI)

= On-Die-Termination (HF/BB Impedance Matching)
» Phase-Locked-Loop (Low Jitter)

» Offset Cancellation (Parasitic, Process)

= Power Distribution Network (Design/Analysis)

= MCP/SIP Design and Analysis
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Trend and Challenge — (2)
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; * ITRS (International Technology Roadmap for Semiconductors)2003
t Increase of Current
O nerease of SSI\! - 1AV =ZxAl 1 Increase of Clock Frequenc
7)) Decrease of Noise Margin quency
< Z (PDN Impedance): the only controllable parameter
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PDN Design Issues

P MCP/SiP

O More Serious PKG Issues
O Noise Coupling

(C2C Direct Coupling, CE)
O EMS (In-system EMI)
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%¢  On-chip PDN Design

Issues: Voltage Drops (Static, Dynamic), SSO Noise, Power
Domain Crossing, EMI/EMS

Target: Impedance (Z,,, Z,,), Return Current Path

Key Elements: Pad (Location, Number), PKG, Power Mesh
(Material, Width, Number), De-cap. (Size, Location, Frequency),
Floor Plan

Challenge: Cost vs. Performance, Accuracy vs. Time (Modeling)

Tool: Excellent Tools are Available for Off-chip. However, Not a
Right One yet for On-chip (only available for ASIC)
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VDD

PDN Modeling Challenges

— MB DIMM PKG

On-chip Current
PDN <+> Sink

Modeling Scheme

MB: MHZ 0|5t Model, Cavity Resonance (==& MHz0| &)

DIMM: ==& MHz 0|3t Model, Cavity Resonance (== 2MHz0| &)

PKG: ==& MHz 0|t Model, Broadband Model (Off-chip Driving), ==2% JH 015t2| Ports
On-chip PDN: Broadband Model, ==& 0t J§ 0| &t2| Ports

Current Sink: Current Profile vs. MOS Model, ==&/ 2+ Jf 0| & 2| Ports

Choose the Right Model to meet the Purpose
Purpose: PI, SI

Target Frequency: Current Sink Spectrum, Signal Spectrum
Interest: On-chip, PKG, DIMM
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‘é; Choose the Right Modeling Tool: Off-chip

Modeling: Analysis + Model Generation
Analysis: Dimensions (2D, 2.5D, 3D), Domain (Frequency, Time)

Model Generation: Lumped , S-parameters, Macro, Analytical, Scalable

Tool Requirement: Speed, Accurate for Complex Structures,
Several Hundreds of Ports

Model Requirement: Not Heavy, Broadband

1E2

im3
ifreq=1.387MHz
ag(RCF_100nF_TuF _P1)=0.017

SIWave Result Ji  DDR2 Module PDN Analysis

Why SIWave in Mudule Analysis?
: To Require Broadband, Speed,
Multi-layer (Cavity Resonance),
Frequency-dependant, Accurate
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. , Generation and Reduction of Power Noise — (1)

Ideal PDN
VchipszD'AV
1 V4
VDD — Al

O

AV =AlxZ =0
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Non-ldeal PDN w/ R and L

- R VchipszD'AV
AAA AAN
Voo _____ Al
L R

AV = Al
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b2 Generation and Reduction of Power Noise — (3)

Non-ldeal PDN w/ Ideal De-cap.

L R VchipszD'AV

NN AAN

- Cde-cap_ T
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Non-ldeal PDN w/ Non-ldeal De-cap.

L R VchipszD'AV
AAA AAN
e =Z
Vop _____ Coe-cap T — Al
L R I—ESL g

1/ jaC)
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Typical On-chip PDN Impedance

MB DIMM Chip
.8 NG L
) N SocKg LPower Mesh
- : :
- : : :
o ESRug ESRpivm Renip
; = MHz & MHz 4 GHz
=
(¥ i
Q Frequency [Hz]
7p
-
<
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¢ ~ On-chip Voltage Drops

Frequency: Static, Dynamic (DvD)

Periodicity: SSN, SSO Noise

Current Driving: On-chip, Off-chip

PWR/GND Noise Phase: In-phase, Out-of-Phase

Current Sink Time: Resonance (if unsynchronized and periodic)
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I—PKG Roff-chip V..
W jh
‘ .......................................................................................................................... ’:
S R > .4. ......................... 7\
y P 2. LF Current Path i 1] HF Current Path
i Off-chip L . |(on-chip Loop)
5 (Off-chip Loop) ( — ocm)§ Ron-chip
Vop —//
:Con-chip
S y :
qeeeeaseeeeeaseeeesaseseesaseesesaseesesesoeee S EERE S RS SN RN S S BT - oo y

Lrkg: Package Inductance

Rost.chip: Current Sink= = &1 Off-chip Current Loop2l X & (Rpen+Rpkat ---)
Ron-chip: Current Sink 2 = E4 On-chip Current Loop2| X&' (R en+ESR)
Con-chip: ON-chip De-coupling Capacitor

I hip: On-chip Current Consumption

Vpp: External Supply Voltage

Venip: Voltage Level at Current Sink Location
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Simple PDN Model and Current Flow: Off-chip Driving

Z Z
VSS VDD LVDD
NN
: ---------------------- }:4 -------------------------------------------------------
g lyss i lvop

E : ISignal
= » V.
P — 1 vYvDD
C Cchip } Ahd T
Ly
Lvss
e eneeat e e ea et e a e eae e en et e e ea e as e eneeas e et en e e e e s e eae e eneear s

Alypp = Al Signal Zyss | (ZVDD +Zyss )
Alygs = Al Signal © Zyop / (ZVDD + szs)

AVypp = Alypp - Jobypp + Alygs - Jaoly, :> In-phase
AVyss = Al - Joolyss +Alypp, - Jooly
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Classification of Power Mesh by Current Flow

- 2201 AFE ot
(kag'Cde-cap

-2 & = De-cap. =
Recharge otJ| ®I8t 8=

S
(LokgCoe-cap 2 X =1 0]
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Four Steps of On-chip PDN Design

Current Profile Analysis, De-cap. Floor Planning

I/O Pad, PKG, De-cap., Power Mesh

Z, Resonance, Voltage Drops @Key Operating Conditions

I/O Pad, PKG Inductance, De-cap., Power Mesh
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sre L3 mouseSingleSalecePr i LeSiHon aePoiie (1

Voltage Drop
Display Cell Matrix

Power Mesh @ACPERI

16

n 1 rr1 -~ 711 1 ~~""°°

; DQPERI '|!  ACPERI ;
2
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Max.: 76 mV
Min. : 21 mV
Avg. (DQP): 64 mV
Avg. (ACP): 40 mV

Max.: 200 mV

Min.: 85 mV

Avg. (DQP): 164 mV
Avg. (ACP): 123 mV

®¢ Voltage Drop @PERI

Target Voltage Drops @IDD4R

- Static: 60mV
- Dynamic: 150mV

EO T O ED

M

(3]

boCcon

i

EEESSREEREY

— —

Static VVoltage Drop

Dynamic Voltage Drop
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How to Optimize On-chip PDN?

PKG Inductance: Ball Map-Pad Location Optimization, The Number
of Pads, Optimized PKG Design

Chip-PKG Resonance: On-chip ESR, PKG L

Static Voltage Drop: Power Mesh, The Number of Pads,
Circuit-Pad Location Optimization

Dynamic Voltage Drop: Power Mesh R, On-chip ESR (De-cap. Size,
De-cap. W/L Ratio)
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F f, ‘ .h %
ko 4

- Circuit-Pad Location Optimization — (1)

Inductance Before After
Lyvop 460 pH 440 pH
Lyss 275 pH 266 pH
L., 151 pH 162 pH
Max.: 76 mV “EEEEH | 5
Min. : 21 mV E —H = T e
Avg. (DQP): 64 mV = H el EEE ==
Avg. (ACP): 40 mV = T T AREEEN) 1 + 1 -
Max.: 56 mV Z H
Min. : 19 mV N |
Avg. (DQP): 46 mV - . R

=

Avg. (ACP): 31 mV
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o Max.: 56 mV = x o Max.: 174 mV s
< = Min. : 19 mV <. Min. : 65 mV B
o - Avg. (DQP): 46 mV S la) Avg. (DQP): 134 m B
[ Avg. (ACP): 31 mV : Q- Avg. (ACP): 91 mV B
= a2 Max.: 51 mV 2 = - Max.: 156 mV B
S Min. : 22 mV I Min. : 33 mV S
a) 3 Avg. (DQP): 42 mV RERG a - Avg. (DQP): 92 mV EVES
o Avg. (ACP): 35 mV - (Al Avg. (ACP): 44 mV e
o : Max.: 79 mV s E = Max.: 182 mV
a i Min. : 19 mV o .. in -

. Avg. (DQP): 61 mV cos 0 Qenp A
9 - o g. AP - a1 my . QO -t Avg. (DQP): 95 mV

- vg. (ACP): Ko = EEESSSS. Avg. (ACP): 76 mV

. ng.: 57 mV go0ms g f L HH | Maxc 177 mv
M~ .- Min. : 22 mV . ~ = Min. : 70 mV
e Avg. (DQP): 48 mV =ss O :fE | Avg. 0QP): 127 m
= - Avg. (ACP): 36 mV s O | : 9 '

- o = TH i Avg. (ACP): 99 mV

Static Voltage Drop Dynamic Voltage Drop
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"¢ De-cap. W/L Ratio Optimization — (1)

Case 1: Fully Low ESR

Case 2: Mixed ESR Opt.1
Case 3. Mixed ESR Opt.2
Case 4: Mixed ESR Opt.3

Z . Case 5: Fully High ESR
2 2
S s G, 1.57
(¢D] (¢B]
(&) (&]
[ [
(4] (4]
3 ——__ Casel ~ __ D ———— Casel AN |
Qo 1 Case 2 = Case 2 S~
§ - Case 3 § - Case 3 |
................. Case 4 s Cgse 4
llllllll Case 5 EEEEEEEES Case 5
0.5 0.5
10° 10’ 10° 10° 10° 10’ 10° 10°
Frequency [HZz] Frequency [HZz]
DQPERI Center PERI
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0 £

¢ De-cap. W/L Ratio Optimization — (2)

2 S

Max.: 174 mV

Min. : 65 mV

Avg. (DQP): 134 mV
Avg. (ACP): 91 mV

- A a2
N8 D 0 0 N & D

Max.: 133 mV

Min. : 49 mV

Avg. (DQP): 104 mV
Avg. (ACP): 40 mV

- A a2
N8 0 0 0 N &0
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- Summary of Voltage Drops @IDD4R

1o Pad
o IDD4R - Pad Relocation
(unit : mV) Original Relocation + W/L
waiha Optimization
12
S
ﬁ Static 76 56 56
X
—
g Dynamic 200 174 133
Q
n
-
<
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Things To Need To be Prepared

Ssilejpl Mieiinlele]e)|eje)/

- » High-Speed L .
F4 _g P = Power Specification = Optimized De-cap.
’ = High-Current/Low Power : -
7 , » Target Jitter/Timing = Low-L PKG
X = Small Size » Noise Sensitivit = Resonance
* MCP / SiP / SoC y :
_ » By Frequency » Cost-Effective
= Hybrid

HUuman Resource:

Modeling

» PKG/On-chip/PCB
» Accuracy/Efficiency
= MOR = SI/PI/EMC All-rounded

= Simulation Tool

= More SI/PI/EMC Enginee
= Co-Simulation g

= Broadband = Multi-chip PI/SI/EMC
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