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Qutline

1. Introduction: X-ray images and computed tomography

2. Method to extract S-parameters from CT-data
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3. Reconstruction of CAD models using CT-scans

4. Reconstruction technique for thin bond-wires and
characterization with S-parameters

5. Comparison of CT-generated S-parameteres with electrical measurements

6. Conclusion
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q." Introduction — X-Ray Solder Joint Inspection
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"W Introduction — Computed Tomography
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Introduction - Computed Tomography - Example

Top view Bottom view
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Bottom view

(AAAAAAARAARAAAAAAAAARARARARERE
VI

| oBG
488 -~




""""""""""000'00«-
(TP




OO E O T rrrrrrrrrrrnereneenns
L !!!IIIIlIlI!IlIlIIIIIIIIll VICOUOL DO OO0

B




I'""HHH"""HHHHHvvn--

OO
““.‘l‘o...
BRI IR IR IR IR AR IR IR IR IR IR IR IR I IR I I I I Iy '

g
5
;-




ULLAAAAAAAAAAAAAARAAAARARS,
Y

§
:
?
s




ﬂdﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂqﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁ

¥ ‘-.
-

T




neeee
I

f'
-
"
’ —
——r—
-
—
-
-
-
L J—
-—
_—
_—
—_—
R
—_—

|

|

bt

£

aso
¢ o0




i IIIIIII.I.I AN

B ) TIARN Y \ ’n».‘
. B - .e

L
o
o
°
L
o
o
L
a
o
o
o
o
L
>
o
o
Ld
L




" E 4" s o '6- % b8 5 o & 3 e TN

e 2o 00
O

T Ty “W\m‘m? W

”'ﬁ.»"'q T T

—
m—
o m——
-
e
or - - ———
.-
—
o —m—
-
— o
E——— o~
-
— -
C———m— -
— -
————e
— -
e —
— =
—— -
— -
O—— -
— -
—— -~
— -
O ———
e
—— e
—
———
| —
mm——
—
S—
——
O m————
—
| —
—
e o
——
————
—
—
—
E———s
——
—
—
R ——
—
——
e
— -
— —
et
— -
——
m— -~
C——— e
— o
—
Cmm— ==
———
—— =




——
-

AGENSEERITI T W BV S o & T TE

e 29 & 2 »
v
L
.
> »
e

. # 3

' .

|




EGNGNE s e & 6 8 6 8 & o

R R

teerye
i

L

sl

oQ
o0 .
28 8 8 8 st 4




JEGNEEGRTYS ¢ % s 978 6 o o o ed"e WS

s & & o o

——
——
——
or—
——
r—
-—r—
-———
—r——
-
-
-

"
-
-
S
-
—
-
-
-
-
-——
-
—
—
L
>
-
-
-
-
-
| —
e
-
-
| —
-
-—
| —
| —
-
——
=
oo
3

- 4
-




gL bbb

lllllllllllllllmllllmmmmmvmnmmm

L--e - —--— - -
- -.‘0-‘-‘-‘ -
_-o.-VoJ P2 Bl sl e
P SN O -
‘5‘-'.. -
..“‘." .-
— P N
5..- - -
0.-- 1 LIPS —
.'-.-0’.0 ”-
Tt -

$,
L]
.
o
B
.
o
a
B
°
o
&
o
.
-
-
°
°
°




i" AR R bbb

( lllllllllllmmlummmlmmmtmmnnm
© SR I B g

- .
TR S & <
- .

. e ..

- S o -
-

'I"

-l

g

PR T T T r—
- seeseedevews am
o..o..\“.'“.c‘.o.

i
ob M. --

ooo\o - o
P ';mo
ob.qo -
vowe o -
e
- @l o - m——— . -

=l ﬂ‘ 1‘

R

® & 5 & 8 0 9 @ B s " 8" 8"




bbb

llllllllllllIllllllllllllllllllllmlmm.
BB )
t_-_:." 2 . <A

eRepesssvscoes
o....vo Geveeces o8
L

co.cccccccc. -
..Q““Ooo




COrrereneneey

ey




.\.\MM.\HMMM.\MMM ..1.1.1.1.1...........1







1
!.-H-.-'..'.-'..'.ﬁ.'.ﬁ.




----- B




-
-
-
-
-
-
-
-
-
-
-
»
>

[ g
[
—_—_
—_
| —
| —
 —
 —
 —
i
—
T —
T —
T —
T —
| —
T

-

1110
EEEERE

n "

l, -

i\

"lﬂ'l

R mmmmme




!
I\
H

UL

s 9

mmmnmme
-

1)
. 9

f
RN R THIT

-

B LSecccccsscscee
I

'.

‘-

»
-

A AR
L 2}

i




Ty

u“

111

s 5 &
R e e s e e e e R e M e e e

3




SRR TR IT T LT

+

||||'n

.q

I}




"""Qtsvoonrv

IV

-
-
Ty
T
- sd

F

LA A A & B L 2 2 % 2 R 2 R J
LA A & 2 L & 2 2 2 2 2 2 X J
LA R R B L R R X 2 L K22
L B B B R B &L L L J
LA A A L A L 2 L L L A X X J
esese LA A 2 1 J
LA A A X J LA A 2 2]
LA A A X} LA A X 1 J
*esee LA A L X J
LA A R R R R R NN
LA A LR L L L L L LR NN )
LA A A L L L L L L L NENYZY ]
LA AR A L L AL XN LN Z J
G800 seseveseee




KAXRARARERARERRAR R
QI
R 1) =t

LR RN
e

AL

sesscsess =
swsesscsvsecccee

-
L0
- .'
‘..' cesescsssscsss
-
YT I

sesessesssssse
——— sevee
- Seeew Pl it
- — sesees o
— cesee
AR R A R L R R T X E RN
seeccccscsssce

EEREE R E T X EEE X RN
LA A R L L B L R E & X XN J . . . .
IEE R R R R R R R REE Y
.- - . oud
Wy e .- =
L= BN

*rrr
e




T kA AR AR R R R R R R
UL

-

B B
e
B e
B i
B e
.-— - PP
m' - o
- ol s
b:;:’ e
R e
R
i I

§
R '
R )

i

Ty
FE e




AARARARARARARARARRRRRREER RN

aiii LU




-
-
-
-
-
-
-
-
-
.
-
-
-
=
L
w
®
L=
L
R
Qe
L
L
B
T
e
L
T

¢
I




-
-
-
-
-
-
-
-
-
.
-
-
-
=
L
w
®
L=
L
R
Qe
L
L
B
T
e
L
T

¢
I




-
®
-

N
-
L
L
@
&
B
L
-
Lo
Lo
L=
=
=
=3
Fase

I

Ll

L‘.z‘




-
-
-
-
-
-
-
-
-
.
-
-
-
=
L
w
®
L=
L
R
Qe
L
L
B
T
e
L
T

¢
I




T =
Lol L :
edirjrle .
= J
-7 =
11




-i Using a CT-Scanner for Extracting S-Parameters

Specimen

I
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Specimen
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q‘n Using a CT-Scanner for Extracting S-Parameters

Voxel Set 4=
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) Using a CT-Scanner for Extracting S-Parameters
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Using a CT-Scanner for Extracting S-Parameters
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[ ] EM Field
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S-Parameter
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Using a CT-Scanner for Extracting S-Parameters
* Non-intrusive method to extract S-parameters of planar passive circuits.

* Reconstructed models include variations due to manufacturing.

* Method
« avoids complex measurements, like de-embedding

« embedded circuits can be virtually de-embedded by using CAD
operations.

« enables ,cheap” multiport measurements

* number of measurement ports is just limited by storage and
computation time.

« gives visual and electrical information about faults in passive
circuits

* makes device testing easier.

www.uni-stuttgart.de
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Reconstructing CAD Models Using CT-Scans

« Package consist of different parts, with different sizes, e.g.:
» transmission lines: width: 50...250um, height: 17...35um
» solder balls: diameter: 400um, spacing: 500...1000um
* bond wires: diameter: 25um

* Problem for CAD model reconstruction is the resolution of the CT scanner

www.uni-stuttgart.de

As = —, As: voxel size, w: scanned space, N: number of pixels (detector)

 Example:
« Detector: iImage format of NxN=2048x2048 pixels.
« |C-Package: size of approx. 20...40mm
» Typically gives a minimal resolution of around 10...20um
Il size of bond wires is close to resolution provided by
the chosen CT scanner !!!

S. Simon 4/19
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ﬁ Reconstructing CAD Models Using CT-Scans

» Use of different reconstruction techniques for different parts:
« Edge Detection: transmission lines, planes, vias, solder balls
 Thinning: thin transmission lines, bond wires

~www.uni-stuttgart.de

Edge Detection Thinning

S. Simon 5/19



]
©
+—

| -

©

(@)
]
i)

=)
]

P
=

=

=
=
=

Outline

1. Introduction: X-ray images and computed tomography
2. Method to extract S-parameters from CT-data
3. Reconstruction of CAD models using CT-scans

4. Reconstruction technique for thin bond-wires and
characterization with S-parameters

5. Comparison with electrical measurements

6. Conclusion
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m” Reconstruction Technique for Thin Bond Wires

from CT scans.

datasheet)

www.uni-stuttgart.de

‘ CT Scan
y

( Bond Wire ) 3D CAD Model
Locations Generation

» Because the resolution is close to the diameter of thin bond wires,
* just information about orientation and location of bond wires is taken

« Diameter is applied to the model in a different way (X-ray scans or

—(

!
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!
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3D CAD Model
of Bond Wires
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i Reconstruction Technique for Thin Bond Wires

First step:
« Separating voxel volume into slices.
* Applying a thinng algorithm to the separated slices.

» Thinning returns vectors v;(p,,) with several points p,,,, combined to a chain.

« Each ,chain®is aligned along the major axis of the oval formed by the
cross-section of a single bond wire.

Cross Section

ofjnd.Wire'
LG {///'5}".
nﬁ% ’;24:: ;
! e
H . " Lo

S. Simon
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Reconstruction Technique for Thin Bond Wires

=] Second step:
i1+ Assumption: Center point of each cross section is in the center of the
(@) . .
= detected points in the data vectors v;(p.,,).
71« Computation of center points for each cross section by
5
= dim(v;)-1
= _ z . .

V) = —— V; or 0<i<dim(w)-1
; l dlm(vl) : l(pm) f l l ( )

m=

Cross Section g
of Bond Wire

i

v(Pg .- P1s)
S. Simon 9/19

*p(x.v,2)



-i Reconstruction Technique for Thin Bond Wires

Third step:
o . Assign center points to the corresponding bond wires
« Start and end points for each bond wire detected by using markers

« Construction of bounding boxes, aligned to detected start and end points
for doing a collision test.

S. Simon 10/19
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m Reconstruction Technique for Thin Bond Wires

Third step:
« Collision test between each center point v; and bounding box b;.

« Gives vector vgy, ; that consists of all corresponding center points v; of a
single bond wire.

vBW,l' — bi nv

"www.uni-stuttgart.de
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q" Reconstruction Technique for Thin Bond Wires

Fourth step:
 Creating bond wires by interpolation of all points in vector vy, ;

www.uni-stuttgart.de
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Outline

1. Introduction
 Using a CT-scanner for extracting S-parameters
« Reconstructing CAD models using CT-scans
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2. Reconstruction Technique for thin Bond-Wires
3. Comparison
« Comparison of Geometrical Accuracy

« Comparison of Electrical Accuracy

4. Conclusion

S. Simon 13/19



www.uni-stuttgart.de

o] Verification of the Geometric Reconstruction

« CT image data overlaid with reconstructed bond wires

« Visible errors due to
« omitted interpolation points (marker 1 and 2)
« image filtering (marker 3 and 4)

S. Simon
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Demonstration - Electrical Measurement of a Bond Wire

« Comparison of S-parameters obtained by hybrid simulation and VNA
measurement

www.uni-stuttgart.de
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i EM-Simulation of the Bond Wire for S-Parameter Characterization

%’_ « S-Parameters of the bond wire for hybrid simulation are obtained by an
= FDTD simulation
e
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Comparison of the Electrical Measurement and the
' EM-Simulation of the CT-Based Geometric Model
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"ﬁ Conclusion

« Model extraction algorithm for thin bond wires inside IC packages.
» Location and orientation of the bond wires is taken from CT scan.
« Small diameters have to be assigned different either from
« X-ray scans with higher resolution or
* by using values from product datasheets.

« Model is suitable for use in an EM field simulator to extract the S-
parameters

« S-Parameters are can be used for further simulations.
« E.g. hybrid simulation (as presented here)

« Comupted S-parameters are in good agreement with measured
S-Parameters

« S21<-0.05 @ 0...6GHz
« 521 <+0.15dB @ 6...10GHz

www.uni-stuttgart.de
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Thank you for your attention!

13.05.2012 S. Simon  PaS.



