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Outline

1. Introduction and Background

A. Definition of electronic packaging

• Some examples of electronic packages 

• Common applications for electronic packages

B. Ceramic Substrate Materials(HTCC vs. LTCC)

C. Processes– Fabrication Flow and Design rules

D. Wirebond Assembly Background

2. Wirebond impact on signal integrity

A. Wirebond characterization -- Simple Example

B. Narrowband Impedance Matching Structures for Wirebond Example

C. Broadband Matching: Designer Example for characterizing large signal path with 
wirebonds

3. Conclusions
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Electronic Package Goal is to physically contain a die 
while being invisible to signals to and from die

A package should distribute 
powering currents to the electronic 
device without generating unwanted 
signals or noiseand it must also 
distribute signals to and from the 
chip while preserving the signal 
quality.



����������	
��
��������������
JA 4

Examples of electronic packages
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Second level (package-to-PCB) 
connections can be quite varied...
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Pins for DC Connections; 
However, with controlled 
impedance design-- up to 
8 GHz  simulated
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An Advanced Radar Module is 
extremely design intensive

Reprinted from Military and 
Aerospace Electronics, May 2003.

Thousands of vias

Many cavities

Dozens of unique high 
frequency RF transitions

Hundreds of wirebonds 
(some in RF path)

RF Connectors

High frequency full-
wave structure solver is 
critical requirementfor 
module design
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Market Applications for Electronic 
Packages

Automotive:
Applications

• Sensor -
• ECU Substrate

• ITS

• GPS

• Air Bags
• Collision Warning

Products
• LTCC

• CSP

• HTCC ECU

• ETS Packages
• Planar Antenna

• Air Bag Accelerometer 
Packages

Telecommunications
Applications
• Power Amplifier
• SAW Filters
• Crystals/Oscillators
• Base Stations 
• RF Modules
• Optical Switches
• Core Switches/Routers
• OC192 Devices

Products
• Chip Scale Packages
• Micro Fine Carrier
• LTCC RF Module
• MMW Packages
• SMD Packages
• 10G/40G/80G Packages 
• MEMS Packages

Information Processing 
Applications

• PC

• Servers

• IC Sensors

• Digital Camera

Products

• Thin Film Packages

• Stacked CSP

Packages are everywhere
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Three major components in 
package design

• Understanding the application

• Choosing the material

• Understanding (pushing) the process 
limitations to achieve high performance
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Two types of Cofired Ceramics to 
choose from for a package design

• HTCC—High Temperature Cofired Ceramic
– Alumina 90%-92%, AlN 
– Process temperature ~1600 oC, 1800 oC
– Refractory metals (W, Mo, MoMn)

• LTCC– Low Temperature Cofired Ceramic
– Ferro, Dupont, Kyocera
– Process temperature ~ 850 oC – air or nitrogen
– Precious metals (Au, Ag, Cu)
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Kyocera Materials comparison

(1MHz) (2 GHz) (1MHz) (2 GHz)

A473 9.1 8.5 5 10 6.9 18 400 270 W, Mo, Thin Film

A440 9.8 – 24 – 7.1 14 400 310 W, Mo, Thin Film

A443 9.6 – 5 – 6.9 18 460 310 W, Mo

AO600 9 8.8 10 21 7.2 15 400 260 Cu-W

AN271 8.8 8.6 1 152 4.7 150 450 310 W, Thin Film

AN242 8.7 8.6 1 170 4.7 150 400 320 W, Thin Film

AN75W 8.8 8.9 4 51 4.8 76 430 320 W

GL550 5.6 5.6 6 9 5.9 2.0 200 110 Cu

GL560 6.0 6.0 5 17 6.2 1.5 200 91 Cu

GL660 9.4 9.6 2 17 6.2 1.2 200 100 Cu

GL771 5.3 5.2-10GHz 7 38-10GHz 12.3 2.0 175 75 Cu

DuPont 951** 7.8 7.8 15 5 5.8 3.3 320 120
Au, Ag, Mixed 

Metals, Resistors

DuPont 943** 7.4 7.4 <5 5.0 6.0 4.4 230 150
Au, Ag, Mixed 

Metals, Resistors

Ferro A6S** 5.9 5.9 12 12 >8 2.0 160 92
Au, Ag, Mixed 

Metals, Resistors

Ferro A6M** 5.9 5.9 12 12 7.0 2.0 170 92
Au, Ag, Mixed 

Metals, Resistors

MULLITE ML751 6.5 – 13 – 4.1 4.4 270 190 –

* Data listed above are typical value(s).
** Data listed are supplied and updated by Vendor. 

** LTCC data listed above may NOT be the same measurement method as LTCC supplied by Kyocera Corporation, Japan.

CERAMIC MATERIAL PROPERTIES GUIDELINES - Kyocera Supplied Material*

CERAMIC MATERIAL 
OPTIONS

ELECTRICAL THERMAL MECHANICAL

CONDUCTOR 
MATERIAL

DIELECTRIC 
CONSTANT

Young's 
Modulus 

of 
Elasticity          

CTE (x10 -6)                                  
1/C  (RT-

400oC) 

Thermal 
Conductivity 

(W/mK)

ALUMINA

ALUMINUM 
NITRIDE

LTCC

TAN d d d d  (x 10 -4) Flexural 
Strength 

(MPa)

Air Fired 
LTCC
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HTCC and LTCC Highlights

Multiple conductor (Ag, Au) and 
dielectric (k) tape combinations for 
optimal design and performance

Well-established and reliable braze 
and post-braze technology

Mixed dielectric constant systemsHigh dielectric strength

Embedded inductors, capacitors (hi-
er), resistors, filters, couplers, baluns

Embedded inductors, capacitors, 
couplers, filters, baluns

Low insertion lossHigh thermal conductivity (20~200 
W/mK

Silver, Gold, Copper conductorsMechanically robust

LTCCHTCC
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Electrical Designs are ultimately limited by 
Manufacturing Design Rules (HTCC)

• Typical Manufacturing
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LTCC Design Guidelines
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Multilayer High Temperature Cofired
Ceramic Processing

Tape is soft pliable before firing.
After processing and firing, ceramic is hard and dense.
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HTCC Process

Cofire
BRAZE

Gold plate

Laminate
Great force
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Wire Bond
� Al wedge
� Au wedge
� Au ball

Seal
� AuSn
� Glass Frit
� Epoxy
� Encapsulation / Dam & Fill
� Seam Seal

Lead finish
� Lead cut
� Lead form
� Solderdip

Die
� Si
� GaAs
� SiGe
� InP

Die Attach
� Low Temp. 

Paste
� Ag Glass
� Eutectic

BGA
� CBGA
� DBGA

Package
� Alumina
� HITCE
� Organic
� LTCC

Capacity 
150-200k pcs
per month

Assembly Specifications
· Commercial
· Military Class B&S, Q&V

Component Attach
� Capacitor
� Resistor
� Others - T/E Coolers

Wire Bonding Wire Bonding is a widely used 
die/package assembly technology
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Package Construction for 40 GHz 
package
Seal Ring

FeNiCo Seam seal or 
Combo-lid

Formed Leads

FeNiCo 
Standard Alumina – 92%

Very robust / stable 
material

Cu/Mo Heat sink

170 W/mK

Cu/Ag Brazed

820o C

Ready for 
assembly

Die
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For signal integrity, the entire path between 
systems must be considered......

Board/package transition: Leads, Connectors, Ball Grid Array, Pin Grid Array
Package transitions: RF vias, stripline bends, microstrip bends
Package/die transition; WIREBONDING, flip chip

Wirebonding consideration:
Inductive discontinuityintroduced by wirebonding can degrade the electrical performance of 
packages for high frequency microwave applications.

For narrow and broad bandapplications, the effects of the discontinuity is compensated:
• double and triple wirebonds in parallel
• matching circuit

It is demonstrated for a Ku-band multi-chip package design that introducing nonparallel wirebonds
and controlling the wirebond shape are  key design parameters for obtaining compact, broadband 
impedance matching structures

PCB

BGA
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Key RF questions to keep in 
mind about the wirebond

•What do I do about the wirebond connection between my 
package and the die for Broadband Application? for Narrow 
Band Application?
•Can we ‘dial in’ a specific wire bond shape? There might be 
cases where we want a high loop
•How repeatable are the wire bonds? Affects performance.
•What is the smallest pad we can wire bond 1 wire to?  2 wires 
to? 3 wires to?
•Other wire bond dimensions?
•Is Ribbon bonding better?
•Minimum pitch for 2 wires?
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There are 2 basic wirebond 
configurations to choose from

Ball to wedge–

minimum loop height higher than 
wedge-to-wedge

Wedge to wedge–

smaller minimum pad size 
minimum loop height is 
lower than ball to wedge

Loop 
height
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HFSS full-wave simulations 
can provide great accuracy...

Full-wave EM solver axiom:

If you model what you build and you 
build what you model, simulations will 
agree with measurement.
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How does the length of the wirebond 
matter to electrical performance?

Dimensions:

- Ceramic Height (h_c) = Looked at 2 
heights (20 mil and 60 mil)

- Pedestal Height (h_p) = varied from 1 
mil to flush with the die

- Gap varied depending on h_c and 
h_p (min = 1 mil, max = 85 mil)

10 mil

h_c

Gap

6 mil

h_p

Dupont 943

PEC
GaAs
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A simple structure can be set up to gain insight into signal 
performance vs. configuration of  wirebond connection; 
vary gap and pedestal height

How far can I place my die 
from my package? 

The shorter the wirebond the 
better the performance??



����������	
��
��������������
JA 24

Best Insertion and Return Loss at Shortest 
Wirebond Length. No surprise, however....

 Varying Gap
h_p = 24 mil
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h_p = 1mil
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A simple illustration of return path 
effect; same wirebond length

Vs.

add pec 
block
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Ku-band Multichip Module with different die and associated 
cavities and hence different matching schemes between 
die/package

Dies at different cavity 
depths, different pad sizes:
4 Specific wire-bonding 
schemes required (3 for RF 
transitions)

After Design:
Assemble the pkg, 
and still have it work 
as intended

The little details, 
like wirebond 
shape will matter
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A simple pi model is used to guesstimate a 
matching circuit for wirebond transition from die 
to package

Wirebond portion of 
line

Package 
matching circuit

Die Load; 
Zin = 
R+jXDie Pad

Package 
trace

Package Load 
(Zin~50 Ohm 
at F1 to F2)

From Guesstimate Circuit Model to HFSS Full-
Wave solid model
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Single Wirebond Matching requires a lot of 
area on the package for matching circuit

Can place 
minimum on target

Must take design 
sensitivity into account

Ka-Band Ka-Band

Very tiny pad
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Separating wirebonds in ‘bug leg’ fashion allows another 
degree of freedom (reducing inductance )for impedance 
matching

GKF

Separating the wirebonds 
allows us to “dial” in an 
inductance for our 
matching circuit
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Other wirebond shapes were required for 
impedance matching within allowed volume 
requirements

Separating the 
wirebonds allows 
us to “dial” in an 
inductance for our 
matching circuit



����������	
��
��������������
JA 31

The different die pads and cavity depths in this 
MCM required three unique wirebondings and 
corresponding matching circuit
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Die placement impacts 
performance

Before shifting

After shifting

Before shifting

After shifting

Our wirebond studies led to quantifying required 
accuracy of die placement
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For broadband performance the input 
impedance must be controlled along the entire 
electrical path. 

Zo=50 Ohms Zo=50 
Ohms

Zo=50 
Ohms

Zo=50 
Ohms

Zo=50 
Ohms

Ideal

Zo=50 
Ohms

Zo~50 
Ohms

lead/pkg 
not easy

RF via 
not easy

Zo=50 
Ohms

In 
practice

microstrip                  lead       lead/pkg       RF via    microstrip
Match at board/package, package, package/die

Wirebond??

DIE

General rule of thumb is to keep the wirebond as short as possible
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PKG : Alumina �ä�ä�ä�ä A473�å�å�å�å
Board : Rogers RO4003

�Ø�Ø�Ø�Ø�â�â�â�âr=3.38
�Ø�Ø�Ø�ØDielectric Thickness=0.2mm

Simulation Results without wirebonds might 
miss customer specific application...

(from Kyocera Corporation)
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A measurement with wirebond can 
mask true package performance

KC measurement, KAI simulation
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KAI Designer Blackbox
Simulation
KC measurement

HFSS + Designer

=

Handle a 
electrically 
long structure

Wirebonded 
through line with 
different gaps 
between through 
line and package.

An electrically long signal path can be adequately 
modeled and rapidly simulated with Blackbox option in Designer

50 ohm thru 
line

S-parameters of 
package/wirebond 
transition
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As a package designer you want to be able to dial in the 
wirebond shape for electrical design purposes

What is standard.

What would be a great 
degree of freedom for 
matching circuit design
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Conclusions/Comments

� Care should be used with rules of thumb, e.g. “the shorter 
the wirebond the better the performance” needs close attention 
to return path of the wirebond

� Impedance matching for wirebonds to small pads are 
difficult and require sizeable footprint for matching circuit on
the package.

� Wirebond shape and configuration can be critical degree of 
freedom for compact high frequency impedance matching 
circuits 
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