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Mobile Devices, Today & Tomorrow ()

Smarter
Features




Mobile Devices, Today & Tomorrow (ll)

Higher graphic resolution
Heavier application

HD: 1280x720

2K: 1920x1080

4K: 3840x2160
8K: 7680x4320

Less Power,
Always-on & Connected

“More density, higher band-width

LPDDR3 @2ch x32 x1600Mbps @12.8GBps
LPDDR4 @4ch x32 x3200Mbps @51.2GBps

Denisty:16GB/24GB/32GB

Thinner and Lighter

1]

11.2 9.3 7.1 62 58...
(mm)
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Mobile DRAM will Exceed PC DRAM Performance

68.2GBps

51.2GBps

25.6GBps

12.8GBps

6.4GBps

51.2GB/s oRA
(128 10 * 3.2Gbps)

( PC Client

- PC DRAM
- x128 (2ch x64)

Module \

( Smart Phone

\ = Mobile DRAM
EE@“ = x64 (2Ch x32)

*1PKG

2011 2012 2013 2014

LPDDR2 LPDDR3

38.4GBps

Portable Client
( Tablet PC
Super Phone

‘ + Mobile DRAM
- 128 (2ch, x64)
+ 1~4PKG

2015 2016

LPDDR4
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Lower Power Design and Power Trend
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Power Signoff Challenges of Mobile Chips

COST High

DOWN Performance

. Less Design
Margin
User Experience
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Power Integrity Analysis Collaborating Across Team

i i
il d

IC Power Analysis Package Electrical
Designer Analysis Engineer

‘ Designer’ s Job

System Electrical
Analysis Engineer

PI is not just IC

— ®
8 © 2013 Cadence Design Systems, Inc. All rights reserved. C a d e n C e



System/IC-Centric Pl Co-simulation

Voltus

PowerDC/PowerSl Voltus Static/Dynamic IRDrop/ Rail Analysis

_____ /,/____-_Ba_“_m_ Bum __/71__ Bum Die Power Model/DPM
o Switching Current

PMIC __ | Package Parasitic On-Die PDN

DC-DC —1— PPMModel @ ’ \ A Power Grid

_____ / /_____&W_ LK\ Bump __/ _leum [ Cdie /Rdie
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Schematic representation of a Chip/System Co-simulation
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Flipchip Baseband /Application Processor Case

- Ball: 492

Bumps: 1537

Power Net: VDDCORE 0.9V (TT)
. VDDARM 1.0V (TT)
Ground Net: VSSCORE
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System-Centric DC IR-Drop simulation with DPM

£ Workspace Distribution Edit View Setup Teools Window Help
NE =&~ > =3 - - | i3 | = | @ b :ixl ar @@ &@CEE: & All
=R s H = = [&] Egs) -0 o Fl @l ) g @ B
Workflow: PowerDC b4 8 . | \
o viode
IR Drop Analysis ]
Initial Setup )
Load a Mew/Different Layout
Check Stackup
Via Plating Thickness Setup
Select Pwr/Gnd Mets
Include Thermal Effect
Voltage Drop Analysis Setup I{\_'
Setup Interconnects 1
Other o o
Constraints Setup %]
Simulate =)
Check Errors / warnings
Start Simulation
Report
Show Results (™)
¥ CEmreE Mapping File |: Positive Pin (VDDARM/VDDCORE) -+ || Node Mame Met |~ Current {A) | Total Current
+-(€) BUMP_PAD.EUMP. 2 (VDDARM) = 100811 160:: DDARM 0.0 3
52 +-(C) BUMP_PAD.BUMP. 4 (VDDARM) [T T IS LT B e HIEST
+© BUMP PAD.BUMP.S (VDDARM) Node021010!!162::... VDDARM 0.0243867
¥ 1€ BUMP_PAD.BUMP. 5 (VDDARM) Node02101111164::... VDDARM 0.0193067
+ G OLME PAD.BUMP.S (VDDARM) Node02102511184::... VDDARM 0.0217267
v . , | A )
¥ = +1-(E) BUMP_PALTZ™E. 28 (VDDARM) Node02102611186::... VDDARM 0.0282467
v @) BUMP_PAD.BUMP.30 (VOSamm) Node021028!1188::... VDDARM LLIPE SR 5]
+© BUMP_PAD.BUMP. 31 (VDDARM) Node02102911 190:: VDDARM 0.0192967
i o P 1
Veoltage Drop Analysis Setup -> Setup Sinks
Tolerance Unit | %% -
Fr L . L L " | . -
Sink Mame Model Mominal Voltage (V) | Power/Ground MNet Upper Tolerance{+%:) Lower Tolerance(-%c) = P/F Mode Cu rent (A) | Current Mapping File
:Unequal Current -

SINK_BUMP_VDDCORE... Egual Voltage 0.9 VDDCORE_VWSSCORE 1 1 Worst

Egual Current

Not In Use
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System-Centric DC IR-Drop simulation with DPM (cont.)

cadence [_]7]x

S -l s O@ECERE: A HE® S @ A& )& | AlEnabled Net(s) ~ @ = N T e =M 2 ® kg EE]

@ ¢ s @ E

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 (1] 0.5 1 15 2 2.5 3 3.5 4 4.5 5

5 6 6.5 T

Circuit/Linkage Manager

-

o 'A 'th Mame 'Model Mame
[B] Bl & BGA_PCB
[A scaocsos i BGA
""""" A &
Ckt Node(®) Phiet(s) Pegmy  [T¥ (om) Pin(?) Ckt Node(®) Phiet=) Pm) " (mm)
— 2 — VDDARM -2.1475 -2.2622
— 3 — VSSCORE -2.1475 -2.0622
— 4 — VDDARM -2.1475 -1.8622
— 5 — VDDARM -2.1475 -1.6622
— [ — VDDARM -2.1476 -1.4622
Definit | — g —
. p; — 9 — VS5CORE -2,1475 -0.8622
' — 10 — VDDCORE -2.147% -0.6622
q. — 13 — VS5CORE -2,1475 -0.0622
] M =
; ame — 17 — VSSCORE 21476 0.7378
: - .. - 1 P - - - I ~a P P . P - 1
1 External Modes: [10 100 1000 1015 1023 1034 Mew Edit Delete signalC
1 1035 104 1040 1041 1042 1046 = ; i
L 105 1052 1057 106 1080 1061 Model File
i - . - " 1085 1068 1088 1074 1075 1078 TyPe: | MCP - Sigrity Model Connection P1 | ~
- i .
*. - - - Definition : File Name : | |
‘ - - = & -
: - e MCP Selector MCF Connection: I:I 123 U
' a5 10
l ® s 182 1
- - - Internal  File: |D:'\Codesign'n,sharld'n,ddrphy'n,tshark]_pkg_ZD 140623\die_pkg_0619_dpm.ckt | Select MCP = MCP 118 1
- L Bl 11
Circuit: i C tion: i
- . P ircuit: | die_pkg_0619 | Connection | | Edit FEsies Eroiar ] Read-only i?,ulé
] Choose a connection by double-dicking the list item: ¥ ExtNode — 10 100 1000 1015 1023 1 55 12
Ckt Name Ckt Model Mumn of Pins Type + 1041 1042 1046 105 1052 1057 106 10 [=)| 2801
sssemsane ; + 1069 1074 1075 1078 1079 108 10821 1130
ewen | + 1055 1093 110 1103 1107 1111 1115 1 3261
BGAOS19 BGA 492 BGA + 113 1135 1139 114 1140 1143 1151 11
_________________ + 1162 1163 1167 1169 1170 118 1180 1
+ 1188 1189 119 1193 1197 121 1217 1z
+ 12356 124 1244 1248 125 1252 1255 1z
+ 1272 1273 1274 1275 1273 128 1280 1
| 1l |
=(+%%) . Lower Tolerance{-%&) 'P,."F Mode . Current (A) P \)
Ok Cancel
1 1 Waorst Not In Use
L] 0 Worst (1]
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Package Bump Pad Current
(without and with DPM)

Substrate Bump Pin Substrate Bump Pin
Current Current

Equal Current | Unequal/Distributed Current
without DPM with DPM
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Package Bump Pad IR-Drop
(without and with DPM)

1.940042mY 738887 mY

Tmy
1.8my

l N
SINK_ BUMP_VDDARM VSSCORE
SINK_BUMP_VDDARM_VSSCORE  Worst 1.8y Avg:658 4ul Worst:1.0mV  Avg:561.4uV
SINK BUMP VDDCORE VSSCORE | SINK_BUMP_VDDCORE_VSSCORE
Worst:1.7mV  Avg:334.5uV Worst:7.4mV  Avg:604.4uV

BO.276T AN 15.207 210

Equal Current without DPM Unequal/Distributed Current with DPM
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Package Current Density Distribution

(without and with DPM)

Current Densityimmz)
400

350
a00 = - I ann
250 SRS m K 260
: [
i :

200

150 = 4 160

100

a0

Current Density Current Density
without DPM with DPM

0
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Chip-centric Static/Dynamic IR-Drop Simulation

GDS/LEF Laymap EF AN Die Power Model
e i¢ -(E:urrenlt profile
g - - -Equivalent parasific
Extraction Technology File of QRC Ve — AN D= IV\ Cdie/Rdie

Physical

: & Common Power
i Engine

Power Library Tlmlng
Characterization Power Grid View Types ¥ SDC dB
Voltus

Power-grid

— 4 Extraction & Rail

Tech—Only

Common
Timing
Engine

Early View

Power grid IR View
Views

EM View

11

RATOp FIIGE
" ECO

— set_power_pads -net VDDCORE -format xy -file VDDCORE.ppl.pkg ]
— set_power_pads -net VSSCORE -format xy -file VSSCORE.ppl.pkg Die Power
Model

— analyze_rail -type domain -results_directory Dynamic_Result ALL

— ®
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Link PPM Model with Voltus in IR-Drop Simulation

Rdl 402 LD1
Rdl 402 LDl
Rdl 404 LD1
Rdl_405 LD1
Rdl 406 LD1
Rdl_407 LD1
Rdl 408 LD1
R_11577 DrN156

.SUBCET die pkg 0619

+ die top 2
+ die top 4
+ die top 5

BEROG1S ULl

i Py E B Pt £ Y, adence

Do | D Db gl ] Bl ] By
. %y TR /-

LD402
D403
LD404
D405
D406
LD407
D408

DrN104

R 115378 DrN137
R 11575 DrN158
R 11580 DrN139%9
R 11581 DxN1leO0
R 11582 DrNlel
R 11583 DrNlezZ

DrN104
DrN104
DrN104
DrN104
DrN104
DrN104

0.25745%9
0.26485%
0.245644
0.238175
0.307955
0.25056%9
0.26358

11%.331
101.84%
65860.7
733532.9
3594555

635%6.1
11e613.6

LDEE
LDE7
LDGA
LDES
LD70
LD71
Lo72
LD73
LD74

die_top_18
die top 36
die top_ 38
die top_ 44
die top_ 48
die top 62
die top_ 64
die top_70
die top_72

DrNE&
DxrN&e7
DrNG8
DrNGS
DrN70
DrN71
DrN72
DrN73
DrN7T 4

*[Connection Type] BGA
- P =, [Power Neoo]

. E—— *Ull BGROE1S Ull VDDARM —0.00160W

*Ul2 BGROE1S U1l VDDAERM -0.0012000
*The following is the Cadence MCP(model connection protocol) +713 BEROE1S Uil VDDZEM —0.0008000
Section “y11 BGAOE1S Ull VDDARM -0.0016000
ke ek sk ke ke ke ke “y12 BGAOELlS Ull VDDARM -0.0012000
* [MCP Begin] *¥1l3 BGROE1S Ull VDDARM —-0.0008000
*[MCP Ver] 1.1 *W1l2 BGROE1S Ull VDDAERM -0.0012000
*[Structure Type] PEG *Wl3 BGROE1S U1l VDDARM —0.0008000
*[MCP Source] Cadence Design Systems, Inc. XtractIM 13.0.2.05231 *Wl4 BGROG15_Ull VDDARM —-0.0004000
6/19/2014 *¥11l BGROE1S Ull WVDDAERM —-0.001e000
- *¥12 BGROE1S Ull VDDARM —-0.0012000
e o oo I I *Y13 BGA0E1S U1l VDDARM -0.0008000
- *¥14 BGROe1S5 U1l VDDAERM —0.0004000

e —
“[REM]The following is the info for component connection die_ top *212 ggig:iz—gig gggggig _g:gggiggg
:ECDnnect%Dn] die]_top die_top 1263 TOta| *K16 BGAOELS K13 VDDCORE  0.0004000

Connection Type] DIE . . *K17 BGRO613 K13 VDDCORE 0.0008000

FTPower Nets] D|Str|buted *L16 BGA0E1S K13 VDDCORE  0.0004000
w2 die top 2 VDDAEM -0.0021476 -0.002262 *L17 BGRO61S_R13 VDDCORE 0.0008000
v die top 4 VDDARM -0.0021476 -0.0018622 *L18 BGRO61S5 K13 VDDCORE 0.0012000
w3 die top 5 VDDAEM -0.0021476 -0.0016622

-
-0.0008000
-0.0012000
-0.0012000
-0.0012000
-0.0016000
-0.0016000
-0.0016000
-0.0020000
-0.0020000
=-0.0020000
-0.0020000
.0020000
0020000
.00z20000
.00z20000
.00z20000
0016000
0016000

0
0
0
0
0
0
0
0.001e000

.47554e-10
.05247e-10
.06801e-10
.2710%e-10
.17681e-10
.81627e-10
.77682e-10
.56305%e-10
.40645e-10

*[REM] The following is the info for component connection BGROE19

e e et e e e e e e et e S e e sbe Sl Sl e e e

*[Connection] BGAOELS BGR 452
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Chip VSSCORE Static IR-Drop

(without and with PPM)
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Chip VDDCORE Static IR-Drop
(without and with PPM)

VDDCORE@0.9V . VDDCORE@0.9V
3  Min: 0.881V , Min; 0.879V

Without PPM | 3 With PPM
_ i .
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Summary

* The new Co-simulation methodology bridge cross domain
(Package and IC) database interchange easily and effectively

 DPM model enables to predict more accurate current
distribution on each bump pad, week design region and
optimize the substrate design before chip tape

* Dynamic IR-Drop with PPM helps to find more real transient
voltage and ripple noise, enable IC designer to optimize the
on-chip Power Grid design
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