Discontinuity Regions in Package

» Channel: bonding wire = PKG trace = via = solder ball > PCB trace
» PKG traces & PCB traces: uniform transmission lines

» Bonding wires, vias & solder balls: discontinuity regions - bandwidths depend on the 3-D structure’s design.

Bonding Wire
PKG Trace

/ Via

1“? SOW PCB Trace

m\ TE RA I(I.\IST Terahertz Interconnection and Package Laboratory 13
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Problems by Power/Grounil Noise

@ ) « )
Logic Failure Timing Delay, Skew

Power "

Ground
\ , S .

Active Device (IC)\A IR drop .-'&&z

Signal Traces

w
=]

32.1dBpV/m@55.11 MHz

5
=]

=]

Raditted- Eftission [{Buv/m]

=

50 100 150 200 250 300

Frequency [MHz]
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Power/Grouni Noise Retuction Methotl

Discrete Decoupling Capacitor on PCB Low Inductance Capacitor on Package

Chip

Bulk Capacitor
[ P T ) S W Pl 1
[ | | VRM| £ Ground
o o ¢ *
- Power
N
' Wire Package Ball PCB
Chip Al . Bonding/‘ 777777777777 ‘\ P/G Network Bonding P/G Network VRM
"\/\/\, .................................................................. e f\”"‘]_
N H R :
NN~ AT L s l |
Decoupling Capacitor A R Decoupling Capacitor X Decoupling Capacitor X Bulk Capacitor
On-chip On Package On PCB Near VRM

* Decoupling Capacitors — Low Impedance Current Path

TERA KAIST

Ini e_rﬁnnection and Package Laboratory
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IC Design/Verification

Pre-layout

Simulation
-Design Rule Creation

Circuit Design
-Schematic Entry

Post-layout

Simulation
-SLPI Verification

Physical Design
-Placement
-Routing

Package Design/Verification

Pre-layout

Circuit Design Simulation

-Schematic Entry

Post-layout

Simulation
-SLPI Verification

Physical Design
-Placement
-Routing

siwave

=Design Rule Creation

PCB Design/Verification

Pre-layout

Simulation
-Schematic Entry -Design Rule Creation

Circuit Design

Physical Design  Post-layout

-Placement Simulation

-Routing -SLPI Verification
Allegro & Slwave

System Level IC-Package-PCB Co-simulation

m\ ection and Package Laboratory

Ansoft Designer

KAIST
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mne'rﬁnnecton and Package Laboratory

TYPE| HxV (mm) | P/G Height Dielectric Plane
(mm) Capacitance
IC [2.4x24 0.00137 SIO2 (Er:4.0) | = 149pF
PKG | 18 x 18 0.1 FR4 (Er:4.0) | = 115pF
PCB | 80 x 50 1.0 FR4 (Er:4.0) | = 142pF
KAIST Terahertz Interconnection and Package Laboratory 17




siwave Simulation for Plane Gapacitance

09 Aug 2007 Ansoft Corporation 20:45:36 Yi=0—
XY Plot 3 mag(Z_(Poet_c:
pkg_pi pkg_pi
ad G 4 D
Ll at Center Position N —
mag(Z(Port_ce
Import4
100.00
XY :0.01 174.
10.00-, —
>_
1.00
0.10-
0.00 0.01 0.10 1.00 10.00 100.00
Freq [GHZ]
XY: 75.560 3964.745X1=52.36  |X2=7.94 X3=1.79
Y1= 0.63 Y2=21.54 Y3=48.01

TE RA I(I.\IST Terahertz Interconnection and Package Laboratory 18
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Test Board Design for Go-Simulation

Signal_In

Power_In
SMA

Bulk_Cap

Stack_Up
ms1 —
GND ][ H1=0.09
st1 -‘fz:o !
AN
oR e 30-09

Signal_In
m’\ TE RA K’l_IST Terahertz Interconnection and Package Laboratory 19
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IG Deign for On-chip De-cap Test

Chip layout for Verification

Hynix 0.25 Um process

I/0 voltage (V) : 3.3V

Gate length : 0.34um (for 1/0)
Gate Oxide (t ) : 71A
Vi:0.74V

Ripeet ¢ 3-58/0

Die Size : 2.4mm x 2.4mm

¥ 3 B 7

C,(n = 778.14pF

]

RN
RN

m\ TE RA ICEIST Terahertz Interconnection and Package Laboratory 20
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erConnection and Package Laboratory

2



Capacitor design Review

5i0,

—V) W

~KQ/1

R, will be dominant unless W/L is big.

R....: gate (ex. poly) sheet resistance

| . s I ’ Iﬂ M, : electron mobility (~300cm?/V+s)
- V, : gate bias voltage
P-SUB V. : threshold voltage
X SEE &Y LA =2

Terahertz Interconnection and Package Laboratory 21
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schematic with Virtuoso of Gailence

Inverter 100EA & Symbol All Block Schematic

invdrter_188

inverter_199

inverker_184

Sel: 0

sign Window Edit Add Check Options

invarter_199

wonFit(l. 0 0.9

TE RA I'Cf.’tlST Terahertz Interconnection and Package Laboratory 22
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Layout with Wirtuoso of Gadence

Inverter 100EA

1st Inverter 100EA

TE RA I(f.’tlST Terahertz Interconnection and Package Laboratory 23
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2.9\ GMOS Inverter with 4 stage of 0.o1; 83X @200M

e5electPt()

: schHiMousePopUp ()

S #EE

tran analysis ‘tran’ was 40 ms.

T T Ml 5
E] 94,3 %), step = 200 ps (2 =) no 12;
5 (98.3 &), step = 200 ps (2 %) no

steps = 200. no
mn time = 0 s.

time = 40 ms. o IQ

rating point information to rawfile.
nodel parameter walues to rawfile.

= parameter values to rawfile.
output parameter wvalues to rawfile.
netlist parameters to rawfile.
itives to rawfile.

aits to rawfile.

TERA

Ini e_rﬁnnectian and Package Laboratory

% . Aaanie tage_x3_500 schemal
Edit Graph Axis Trace Marker

F 8 E P

v 2d 3 X = B

Transient Eesponse

=1

HE/net20 Efnetzd El/net2s E/netz0 =iouTl

3.0

0 2.5 5.0 7.5 100
time {ns)

Terahertz Interconnection and Package Laboratory

24




Package Design Process with Catlence Tool

m  Allegro Design Entry CIS (schematic)
= Allegro PCB Editor (layout)

® Backanotate

Schematic Package
Symbol Symbol

v v
® Footprint @ Netlist

® Enviroment setup
(Library, Tech File Link)
o Design spec. fix
(Cross-section , Rule Set)
Outline, Route Keepin line draw
Placement
Rule-based Routing
Power, Ground Plane draw
DRC Check
Gerber

CAD Flow
TERA KAIST

Manufacturing > Verification

v

e Stack up Info. ® Section
® Gerber ® Open-Short Test
® Notice Info. ® Impedance analysis

: (coupon)

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]

Design For Manufacturing

Terahertz Interconnection and Package Laboratory

Wirebonding
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Schematic N\ IzE ]!
Symbol Symbol

TR 'R OO0 B ERF S EEEOEEREEE SRR R

..1I I A I E . § I H I N §g 5 S A EEEEEAEBNE .
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Schematic Lavout '
Symbol Y °
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Layout (Test Board-A)

Schematic La : ,
Symbol °

Test board A

im Eun-Jung

Bas

TE RA ICEIST Terahertz Interconnection and Package Laboratory 30
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Test Board and Wire Bond

Schematic : ' . )

Test board A r - = 7
Wire length = 1.0 mm

Test Bogrd A
Rev. : 0.1

Ea?e : Eﬁﬂ?.ﬂi. Er
igned b .l
el Igrgf. j n‘r-"un l.lﬂq

\' 'lt'

BSPGS L N .ur..)a«SGPS

Wi e ™

o e Q1 a2

EQE]E]E]
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Pl analysis related to De-cap Value

€ Test Condition
> Test Board A

v’ C25; 100pF, 1nF, 10nF, 100nF Probing Point
v C11nF

v Bulk Cap;330uF Bulk_Cap

v’ DC: 3.3V - | C25 Value

v' Signal; 1V, Tr 2.5nS, 50MHz Square Wave Power_in

> Probing Point (C22); Z plot

C1
T E RA I(I.\IST Terahertz Interconnection and Package Laboratory 32
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Pl analysis relateil to De-cap Walue

malE | #Tje-is0 e B BRI MO AR/ a | LR VI W &

4 Circuit Elements ] [z Selection ]
Layers l 458 Nets |
2| H o w el %
CEURFACE | R W ¥ ¥
COGNALl M R MV VM
& GND ORFFFRF
CEGNALZ I R MV MR
CBASE I MMM

Circuit Element Properties

Capacitors ]Inductors | Resistars | Ports | Valtage Probes | Current Sources | Yaltage Sources |

# | Active | PartMu,,, [Fefles | Capacitance,., | Parasitic ... | Parasitic i (.., | Positive Termina,,. | Megative Termin,., | Capacito ~
| Mo CO603 C2a 1E-007 1E-009 00,0001 E_OUT OUT_GMD

X Mo CO603 C21 1E-007 1E-009 00,0001 E_OUT ouT_WoD

X Mo CO603 C22 1E-007 1E-009 00,0001 OUT_GMD auT_WoD

x| No CO603 CE3 1E-007 1E-009 00,0001 OUT_GMD ouT_WoD

* Mo 1E-009 00,0001 OUT_GMD

0603 Cad 1E-007
CORNS £

COR03 5 1E-007 1E-009 00,0001 OUT_GHD _
X Mo C0B03 Ce6 1E-007 1E-009 0.0001 OUT_GMD auT_ VoD
X Mo CoR03 czl 1E-007 1E-009 0.0001 OUT_GMD auT_ oD
X Mo CoB03 Czs 1E-007 1E-009 0.0001 OUT_GMD auT_WoD ""'
X M C0R03 c2 1E-007 1E-009 0.0001 OUT_GMD OUT_WOD b
ocd [£. | ===
Modify Properties,.,, Maodify Layers,., Delete Fit Selection Activate | Deactivate |
=il B
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simulation & Measurement Resuit

& Probing Point(C22); Z11 measurement vs Slwave simulation

1608 1000 I 1.0,

' No Decap [lonfer | 100 pF_C25

1.9
e,
= ™
=
L

—— Simulation

: Measurement

Fraq [MHI]
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Time Domain Measurementyvs Simulation

& Probing Point(C22)

50 MHZ: 50 MHZ: 60 — NO Decap
ﬁ | —. 10 NF_C1
| | |
, A Pl ——: 100 pF
T % )I/'- 5.00 I — 1 Nk
I .
0.1 \ | | . 10 nF
WI | : £ 100 nF
I 1
I . |
0 | Dle 00:00 }(J/ 10]

Frea IMHz1 Freq [MHz]
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Pl analysis related to Numberof Gapacitor

€ Test Condition
» Test Board A
v 10nF Cap; added to C23/C24/C25/C26/C27 Probing Point
v" Bulk Cap;330uF
v DC: 3.3V
v' Signal; 1V, Tr 2.5nS, 50MHz Square Wave
> Probing Point (C22); Z plot

Number of Cap
Bulk_Cap

Power_in

I E RA wsr Terahertz Interconnection and Package Laboratory 36
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Pl analysis related to Numberof Gapacitor

¢ Circuit Elernents ] [z Selection ]

3 Layers ] 42 Nets |
2l B o u el

URFACE _ | ] W W v v

IGNALT mml [X] W W v ¥

iND ] [ 2 2 2

IGMALZ ] ] ¥ W ¥ ¥

ASE ] [ 2 2 2

Circuit Element Properties

Capacitors | Inductors | Resistors | Ports | Voltage Probes | Current Sources | Voltage Sources |

# | Active | PartMu,, | RefDes | Capacitance.,, | Parasitic ... | Parasitic R (.., | Positive Termina.., | Negative Termin,,. | Capacito»
[ Mo C0B03 cz20 1E-007 1E-009 0.00Mm E_OUT OUT_GND
T CO&03 c21 1E-007 1E-009 0.00Mm E_OUT ouT_WDD

(x| Mo CO5 c2e

Ll
o

X Mo
M Mo
<

C 0503

Modify Properties,,,

cz
29

Modify Layers,,,

1E-007

Delate

OUT_GND

Fit Selection

QUT_WDD R s I:I

Activate

stack Hams: RRELUL_ASUALITOU

TERA

KAIST

| Deactivate |
=gl =
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Time Domain Measurementvs Simulation; at 90MHz

¢ C22 Probing Point

dB(Z(1,1))

1E7  1E8  1E9  1E10,,. -
10.
TERA feq Hz w2 e ek

100

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



Time Domain Measurementyvs Simulation; at S0MHz

¢ C22 Probing Point

3EA

10.00

§3OMHz

bea
i 4ea
: 3ea

Mﬂ

| | 0.00|

1E8 1E9 1E10

0

0.00

Frquidl-lﬂ
KAIDS

Interconnection and Package Laboratol

freq, Hz

T 100 1ol ' 100

Freq [MHz]
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