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Abstract: 
 In the past, many companies have spent a great amount of effort 
to develop methods and processes for Known Good Die (KGD). 
However, due to various reasons such as high cost, technical 
difficulties in testing through high-density fine pitch bond pads in 
today’s silicon technology, market for KGD has been reduced 
significantly. As a result, most KGD vendors have stopped 
engaging in KGD business. However, there are still many 
companies, primarily in the Hi-Rel field, that require KGD for 
their MCM or module systems due to space and weight 
objectives, and they are working around the technical 
challenges. 
 
The objective of this paper is to introduce a viable alternative 
screening solution for devices that may be technically difficult or 
impossible to screen in bare die format. 
 
Package configuration, structure, manufacturing issues and 
solutions will be discussed. 
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1. INTRODUCTION 
Known Good Die (KGD) has been around for a long time. There 
have been various methods (such as DieMate, Silicon Carrier, 
Reusable Ceramic Carrier with Soft-Bump, etc….) developed to 
test bare silicon dies at a reasonable cost and with high 
reliability. However, as the silicon technology migrates to the 
sub-0.25um technology nodes, the bond pad pitch is getting 
small to the point that screen testing through the bond pad is 
extremely difficult and reliability is a concern. 
 
 In the Hi-Rel space applications, it is critical to have KGD due 
to space and weight limitations in the module systems. KGD 
(die-level) solutions allow the integration of different die 
technologies from multiple companies all on the same board 
(known as multi-chip module). Die products that have equivalent 
quality and reliability as packaged parts help achieve high yield 
at the module or board assembly level. 
 
Antifuse metal to metal technology FPGA is well known to the 
Hi-Rel community, and requires controlled voltages and currents 
for reliable programming. For sub-0.25um technology devices, 
programming through the bond pad is extremely difficult, and is 
not a highly reliable method. Chip Carrier (CC) has been 
developed to solve the programming concern while maintaining 
the overall size close to that of the bare silicon die. This paper 
provides background on this Chip Carrier (CC) package, its 
configuration, structure, manufacturing issue and solution.  The 
256 pins ceramic Chip Carrier Land Grid Array (CC256) with 
external bond fingers will be used for discussion in this paper. 
 

 
2. BACKGROUND 
Antifuse technology offers the highest performance and highest 
reliability in the FPGA. The connection is electrically and 
thermally initiated. However, once made or fused, it becomes a 
mechanical connection, and is highly resistant to electrical noise 
and virtually immune to single-event effects (SEE). It is this 
superior performance and the ability to withstand SEEs that 
makes antifuse technology the programmable logic device of 
choice for the space community. 
 
The programming of antifuse devices present some unique 
challenges for the designer as semiconductor processes scale in 
feature size.  Accurate programming currents are required to 
obtain the correct metal-to-metal antifuse resistance distribution. 
These currents are controlled during the forming process of the 
conducting link. Stray or uncontrolled programming currents and 
voltages can stress these devices whereby the results could lead 
to poor connections or damaged fuses. Programming of 
packaged parts, however, delivers controlled voltage and current 
right to package pins via a low socket impedance. On the other 
hand, programming at die level is not easy, as the electrical 
parasitics of long wires connecting the probe needles to the 
programming equipment, and photon-induced currents due to 
lights renders control of signals difficult. 
 
 Actel has solved the dilemma of programming at the die level 
with a new advanced packaging solution called the Ceramic Chip 
Carrier (CC) as an alternative solution for KGD. The CC was 
developed with the space community in mind, to deliver close-
to-die size FPGA packaging.  The Chip Carrier FPGA can be 
integrated into applications requiring integration of incompatible 
device technologies at the board level, using either multi-chip 
module, hybrids or other exotic advanced packaging solutions.  
 
3. CHIP CARRIER PACKAGE FEATURES, 

DESIGN AND STRUCTURE 
 

3.1 Features 
The CC256 is a multi-layer ceramic package with the following 
attributes: 
1. Dark ceramic or other type of ceramic material 
2. 256 bond fingers on top for routing signals when it is   
   assembled either in a multi-chip module or a system  
   board 
3. 256 land pads on the bottom with a 1.0 mm pitch, which  
   are used for testing and programming the devices 
4. Body size is 17 mm square for CC256 
5. Ceramic thickness is 1.397 mm 
6. Total package thickness is 1.847 mm 
7. Wire bond interconnect is normally used to connect silicon to  
    the package. But the Flip Chip configuration can also be used. 
8.  The die cavity is on the top side of the package and  



Kuang 2 206/MAPLD 2004 

    hermetically sealed with AuSn eutectic material  
   (Lid is connected to GND) 
 
3.2 Design and Structure 
The Chip Carrier Package (CC) was developed to have two 
external terminals, land grid pads on the bottom, and bonding 
fingers on the top.  The land grid pads are mainly used to test and 
program the devices properly for Antifuse metal-to-metal 
devices.  The top bond fingers which are distributed around four 
sides of the package are for end users to route the signal out to 
their MCM boards via the wire bonding method. Please see 
Figure 1 and 2 for detail.  Each bond finger on the top has a 
corresponding land grid pad on the bottom. 
 

 
Figure 1. Outline Drawing of CC256 

 

 
 

Figure 2. Top and bottom view of CC256 
 

 
 

Figure 3. Close up view of CC256  
External Bond Fingers 

 
 
  

 
The minimum size of the Chip Carrier is 6.5 mm plus the bare 
silicon die size for wire bonding version. For the flip chip 
version, the minimum is 5mm plus the bare silicon die size.  The 
land grid pad pitch can be in any dimension, and the arrangement 
is typically in an array format similar to BGA. However, it can 
be in any configuration. Please see Fig 4 and 5 for more detail.  
The thickness of the Chip Carrier depends on the number of 
layers required for routing. 
 

 
Figure 4. Wire bond version 

 

 
Figure 5. Flip chip version 

 
The structure of the Chip Carrier is quite similar to typical multi-
layer ceramic or organic substrates except that there are bond 
finger terminals on the top of the substrate.  It has multi ground 
and power planes to handle higher performance devices.  
 
3.3  Advantages of using the Chip Carrier 
The Chip Carrier package can be fully tested or screened to E-
flow level. End users can implement the device into their MCMs 
or systems with a very high confidence that it is going to work.  
It can eliminate yield loss or rework cost caused by the use of 
bare, non-fully tested die. 
 
 It is quite small compared to a typical package with the same pin 
count (for example: a CQ256-Ceramic Quad Flat Pack is over 36 
x 36 mm while CC256 is only 17 x 17 mm). 
   
There are two ways that a CC256 can be assembled to the MCM 
or the board.  In most applications, it will be glued onto the 
MCM using electrically insulative epoxy material, then using 
wire bond to route the signals out from the top bond fingers.  
Figure 6 shows the detail. 

 
 
 Figure 6. Attach method , wire bond version 
 
However, it can also be used as ceramic ball grid array and 
reflowed to the board as other standard BGA packages. Figure 6 
shows detail. 

 
 

Figure 7. Reflow BGA version 
 
4. MANUFACTURING AND TEST 
4.1  Process issue 
The primary concern in Chip Carrier is contamination on 
external bond fingers that can affect wire bond interconnect 
reliability. Contamination, due to handling and direct contact of 
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units to potentially contaminated surfaces and liquids like 
perfluorocarbon (use in the package leak test), is unavoidable.  In 
each exposure, a layer of contamination may be deposited on the 
bond finger surface, which, depending on the nature and 
thickness, can severely affect its reliability when it is 
interconnected with other packages or board. 
 
Actel has addressed this concern by implementing a tight 
inspection and handling procedure at both assembly house and 
test facility.  Inspection of external bond fingers is being done at 
final inspection stage at the assembly house using up to 60X 
magnification. Handling of parts at screening test involves the 
use of vacuum pencil in most steps. 
 
 
4.2  Bond Finger Surface Cleaning  

Evaluation 
To understand the effect on wire bonding of contamination 
introduced to the Chip Carrier during assembly and screening 
tests, and to determine if cleaning will help avoid quality issues, 
Actel has performed an evaluation on 7 electrical test rejects 
from one commercial grade assembly lot of CC256. The study 
involves simulation of E-flow test steps, that is, burn-in of units 
at 125°C for 384 hours, hot and cold temperature tests, and 
package leak testing.  Experimental variables include 
introduction of oil from human skin to simulate worst-case 
handling, wet cleaning using Isopropyl Alcohol (IPA) and 
deionized water (DI) aided with lint-free buds, and normal 
handling of parts.  
 
Plasma cleaning using 100% Argon gas for duration of 10 
minutes was also performed on some of the parts to see if this 
will help remove the impurities on the external lead surface. 
 
Thorough inspection of parts under 30-60X was also conducted 
at every process step to check for discoloration on bond fingers 
(this indicates presence of contamination). 
 
In summary, the 7 evaluation samples were conditioned as 
follows prior to the actual wire bonding of external bond finger 
to another package: 
 
Unit 1:  No cleaning. This represents units that go through  
             Chip Carrier assembly and E-flow test screening  
             with normal handling.          
Unit 2:  Wet clean with IPA and rinse with DI water after   
             burn-in. 
Unit 3:  Plasma clean prior to wire bond of Chip Carrier  
             to another package. 
Unit 4: Wet clean and Plasma clean prior to wire bond of  
            Chip Carrier to another package. 
Unit 5: Oil was introduced on bond fingers after burn-in, then  
            wet cleaned. 
 Unit 6: Oil was introduced on bond fingers after burn-in, then  
            wet and plasma cleaned prior to wire bond of Chip carrier  
               to another package. 
Unit 7:  Oil was introduced on bond fingers before burn- in. The  
             oil dried and adhered on bond finger surface. Chip   
             Carrier was wet cleaned after burn-in and plasma   
             cleaned prior wire bond to another package. 
 
All samples were then attached to a ceramic Land Grid Array 
(LGA) package and wire bonded with 99.99%, 1.0 mil diameter 
gold wire. After wire-bond, the samples were aged at 150°C 
environment for 500 hours.  
 

Wire bond strength pull test was performed after the wire-bond 
process and after completion of 500 hours high temp storage 
(HTS). This is to determine if any bonding problem exists on the 
sample units, and to find out if the cleaning method applied is 
effective in eliminating contamination on parts.  
 

 

 
 

Figure 8. Close –up view of CC256 wire bonded to ceramic 
LGA package. Bottom of photo is the CC256 bond fingers 

 

 
 

Figure 9. Illustration of wire bond strength test.  Hook is 
position at the middle of the wire span. 
 
 
4.3 Result of Evaluation 
  Visual inspection of parts under 30-60X magnifications 
revealed no visible contamination on parts after assembly. 
Further inspection at the completion of subsequent processes 
show that all units, except sample #7, which was contaminated 
prior to burn-in, have no visible discoloration on lead fingers.   
 
Wet cleaning of sample #7 also failed to remove all the 
discoloration. It appears that the burn-in process hardened the 
residue making it difficult to remove from the lead finger. 
However, inspection of this unit after plasma cleaning shows that 
the discoloration had disappeared. 
 
Table 1 summarizes the wire pull observations for the set of 
samples at both as-bonded and at post 500 hours HTS aging 
condition. Note that bond pull modes were mainly breakage at 
wire neck above the ball and at wire span. No separation of gold 
ball-to-lead finger interface as observed.  This indicates that: 
 

a. By avoiding contact with a contaminated surface, the 
bond finger quality of the Chip Carrier is not an issue, as 
demonstrated by sample 1. 

b. Wet cleaning is effective in removing liquid 
contaminants at the bond finger surface, as long as it is 
not hardened. 

c. Plasma processing helps remove hardened contamination 
on bond fingers. 
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                  Table 1: Summary of Bond pull Data 
 

As-bonded HTS, 500 hrs 

Unit # 

Package 
Condition 

Prior To Wire 
bond 

Mode Pull 
Range 
(gram-f) 

Mode Pull 
Range 
(gram-f) 

1 
(100%) 3.9 –5.5 2 

(99%) 5.6 – 7.2 1 Not Clean 
0  4 (1%) 6.5 

2 Solvent clean 2 
(100%) 4.2 – 6.1 2 

(100%) 5.5 – 7.6 

1 
(100% 4.0 – 5.8 2 

(95%) 5.6 - 7.8 3 Plasma clean 
0  4 (5%) 6.6 - 7.5 
1 

(98%) 4.4 – 6.0 2 
(97%) 5.7 – 7.3 4 Solvent and 

Plasma Clean 2( 2%) 6.0 4 (3%) 6.5 – 7.1 
1 

(100%) 4.4 – 5.6 2 
(97%) 5.5 – 7.3 5 *Solvent Clean 

0  4 ( 3%) 5.7 – 7.2) 

6 *Solvent and 
Plasma Clean 

1 
(100%) 4.2 – 6.0 2 

(100%) 5.4 – 7.4 

1 
(100%) 4.1 – 5.8 2 

(97%) 5.5 – 7.7 7 
** Solvent and 
Plasma cleaned 

0  4 (3%) 6.2 – 6.5 
Notes: 
 a.    *Oil from human skin was introduced on the bond fingers  
         prior to solvent cleaning. 
 b.    ** Oil introduced on the bond fingers before burn-in.       
        Solvent cleaning was done after burn-in. 
 c.    Wire bond strength pull sample size:  
            As bonded:  50-65 wires/unit 
            Post 500 hrs HTS: 100 wires/unit  
d.    Wire bond strength pull modes:  

         1 – break at neck above the ball. 
           2 – break at wire span. 
           4 – break at wedge bond. 
 
Since focus of the evaluation is to examine the effect of 
contamination introduced on the units during assembly and test, 
the discussion is limited on the gold wire bond to bond finger 
interface. This paper will not discuss differences in bond strength 
of as-bonded and post HTS samples due to configuration of the 
loop height, effect of thermal storage on wire elongation during 
pull testing, etc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5. CONCLUSION 

 
a. Chip Carrier is a viable alternative for KGD. This die 

carrier allows full reliability screening of today’s devices 
with fine bond pad pitch. 

 
b. A slight deposit of contamination coming from the 

environment and handling during assembly and test is 
expected on external bond fingers of Chip Carrier. 
However, this can be controlled by implementing good 
handling and cleaning procedures. 

 
 

 
6. BIBLIOGRAPHIES 

 
Raymond Kuang is currently working at Actel Corporation as 
Packaging Engineering Manager.  He has been in electronic 
packaging for over 10 years.  He obtained his Mechanical 
Engineering degree from UC Davis. 
 
Ravenal Sampan is currently working at Actel Corporation as 
Hermetic Packages Assembly Engineer. Before joining Actel, he 
worked at Amkor Technology Philippines as Senior Plastic 
Package and Process Development Engineer for 7 years. He 
obtained his Engineering Degree from the University of the East 
in Manila, Philippines. 
 
Lijie Zhao is currently working at Actel Corporation as 
Packaging Engineer. He has worked in China, Singapore and US 
as Electrical Engineer for over 20 years. He obtained his EE 
Degree from Changchun University of Technology in 
Changchun, China. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
    
 
 

 
 
 
 

 
 


