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Developers of products with lasting life cycles need to ensure high guarantee levels of supply from their 
distributors. Discontinued ASICs create a rising challenge for manufacturers. This articles is an 
introduction of possibilities, processes and flows for redesigning discontinued ASICs. 
 
A pre-production of an ASIC can be done in many ways. The most important factor is that the 
accessibility of old functions is guaranteed, no matter what kind of technology is used within the 
implementation. 
Economical design parameters define the various solution options that can be used upon 
implementation, from a FPGA-based solution to a new standard cell ASIC. 
The redesigning process is called 'reversed engineering', 'cloning' or simply 'redesign of ASICs'. 
 
 
End of the 80ies and beginning of the 90ies the development of digital and mixed signal ASICs has 
become more and more profitable for mass-market companies. The development and manufacturing 
costs decreased enough for a reasonable usage of ASICs in many businesses. Besides the cost aspects 
the ASIC integration is used to secure specific hardware knowledge. Today it is still noticeable that past 
developed ASICs can still be used for various products. In manufacturing automation product life cycles 
of 10 and more years are not unusual, for safety relevant applications or as low volume productions in 
niche markets. 
 
Continues changes in the semi-conductor industry often result to a discontinuation of production lines 
and therefore a discontinuation of developed ASICs. A last call can cover a short term demand. For 
middle or long-term demands integrated circuits need to be converted or redesigned to a long term 
technology. Even for low level demands a profitable and technological advanced solution can be found. 
 
There are certain requirements for a low risk redesign. By using the known characteristics of the ASIC 
and the available data base, a suitable redesign flow can be chosen. The goals of a redesign are the 
reproduction of a functional, mechanical and profitable component substitute. Image 1 demonstrates the 
operation cycle of a redesigned ASIC. 
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Image 1 operating cycles of a redesigned ASIC 

The progress in electronics and semi-conductor technology nowadays allow two different options of 
redesigning digital ASICs: 

a) the conversion to a long-term available mask-programmable ASIC technology (gate array or 
standard cell) as well as  

b) the implementation of a fuse or non-volatile storage based programmable logic 
 
Both options come along with food-print compatibility, therefore chip package compatibility. 
 
The available design can be converted to any given mask programmable ASIC technology, if performed 
correctly. This solution will be chosen, if the costs for the annually needs can be refinanced and 
therefore are justifiable. A further important aspect is the foot print compatibility. In this case an identical 
package must be used or an additional printed circuit board will be added. Further details will follow. 
The middle step, to verify the design by using FPGA implementation, is only used to lower the redesign 
risks and for final verification. That way verified designs have a 100% success rate if the design flow is 
maintained.  
The MLM (multi layer mask technology) can be used to lower NRE or series production costs. This 
method is useful if a standard cell solution should be the choice. Since gate array technologies with 5V 
systems are still available redesigns today, these will often be used for profitable reasons.  
 
A further method for redesigning digital ASIC is the usage of programmable logic. The available 
programmable logics today have enough resources to integrate functions of discontinued ASICs. 
Usually it is not possible to find a pin compatible programmable component, that can be used as 
substitute for discontinued ASICs. Therefore a printed circuits board storage is used as a connecting 
adapter to attain the mechanical compatibility as well as the pin compatibility. It can occur that the 
printed circuits board storage can be larger than the original ASIC (for example when using a DIL 
package). Characteristics of a ASIC that are not available throughout the programmable logic (like 
Schmitt-trigger inputs), can be implemented with specific components. Programmable components can 
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be: CPLDs, non-volatile FPGAs or one-time programmable FPGAs. Even straight 5V designs can be 
reproduced with this method. 
 

Necessary requirements 
For a successful redesign certain requirements need to be fulfilled. To minimize costs and to maximize 
availability of a new ASIC the following aspects for redesign projects should receive attention:  
 

• Detailed functional documentation of the ASIC 
• Structural description of the logic (logic plan, schematic, ideally a HDL description) 
• Description of the dynamic behavior 
• Electrical characterization of the I/O behavior 
• Test bench (simulation environment, stimuli and response pattern) 
• Test program (for testing the series manufacturing)  

 
The design risk can be determined depending on the available (pre existing) data base. Usually 
operators of ASICs can provide GDS2 layout data, gate level descriptions, schematics of the ASICs or 
HDL descriptions. In case of the HDL description the modern computer languages VHDL or verilog HDL 
are not the only solutions. In the 80ies and 90ies there was no standard description language, and 
therefore other computer languages were used to describe ASICs (like ABEL). 
A critical aspect for many redesigns is the phrasing of the simulation test bench. Here the most important 
requirements for the functionality are covered. Missing data can only be compensated by using an 
emulation platform, where the original functions and dynamic behavior is compared with the copy.  
 
Unfortunately archived design data can sometimes not be reactivated, today. Mainly the technology for 
reading old data carriers or the hard and software to visualize the design data is not available any longer 
(8'' discs, tapes). Additionally in the last 10 years the meaning of test benches and test vectors has been 
misinterpreted. In many cases this kind of data was non-existent on the archived design data. Therefore 
test benches and verification strategies need to be newly developed and defined. If only printed design 
data is available, for example within the archived project folder, the first step of the redesign is to digitize 
these. Additionally the development flow with the additive verifications need to be compared with and 
adapted to current circumstance.  
Therefore the first step of redesigning an ASIC is to analyze the pre-existing data base.The following 
points should receive attention:  
 
• How complex is the design? 
• What kind of development rules apply (for example synchronous/asynchronous design) 
• How is the function of the manufacturing proven? 
• Which electrical characteristics are required? 
• Did the products use all characteristics of the ASIC? 
• What kind of quantities are required? 
• How long should the ASIC be produced and available? 
 
While analyzing the redesign requirements it is usually very easy to find out which solution is preferred, 
and how the design flow can be ajusted. 
 

The redesign with a mask-programmable ASIC 
The Image 2 shows the design flow for a mask-programmable ASIC. 
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Image 2 design flow for a mask-programmable ASIC    

Based upon existing or on to be developed specification sheets the RTL description of the ASIC is made. 
The concluding functional verification of the RTL model is done by an existing or agreed upon test bench 
for the ASIC. 
If the test bench hast to be completely redesigned, without base data from the predecessor, it is a very 
critical element for the redesigning process. The verification can be accelerated via FPGA emulation, 
more test options can be verified and better test coverage can be guaranteed. Additionally the 
comparison with the original and redesign (within the FPGA) can be done easier.  
The verified RTL model is the basis for the synthesis to the targeted technology. The verification of the so 
called pre-layout net lists is done via static simulation. After this verification step is made, the layout 
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approval can follow. The layout is usually defined by the semi-conductor manufacturer. Via layout a post-
layout net list will be made and verified. If the results are positive, prototypes can be developed.  
By testing the prototype within the application, one can find out if the redesign was successful or not. 
Functional and electrial characteristics have an equivalent focus during the tests. 
The serial testing program is developed the usual way, from a subset of simulation data or from the test 
synthesis that were made during the implementation of the RTL description. This is equivalent to the 
integration of a test logic or scan routes, to generate automatic test patterns (ATPG) based upon these. 
Afterwards the serial production can begin. 
 
With this example of an ASIC for the Siemens AG the approach to a ASIC redesign on a mask-
programmable technology, shall be commented. The ASIC is an interface circuit that generates pulse-
width modulated output signals onto a serial input data stream. The original ASIC was developed more 
than 10 years ago based upon a 1.0 µm standard cell technology. The past development tools were the 
LOG/iC-GatesPro compiler and the SOLO 1400 ASIC development software. Data archiving of the data 
base was not possible for technical reasons. 
 
What are the further side conditions for the redesign? 
Siemens uses the ASIC in four different assemblies. In the next 5 years it is expected that a total of 5000 
ASICs will be needed. The new ASIC needs to be delivered pin compatible within the SOIC20 package 
and must run at an 5V operating voltage. Furthermore for one application a special low power 
requirement is needed.  
 
In respect of the large quantities and the requirements in operation voltage a gate array with 0.6 µm 
structural width was chosen. The gate array allows a simple conversion in a SOIC20 package and is the 
optimal profitable solution, compared to the other possibilities. To calculate the actual component costs 
the NRE costs were allocated with the unit price.  
A further important requirement for the redesign was the availability of the detailed specifications and 
existing net list. The only problem was that before the development began, it could not be guaranteed 
that the existing net list could be converted 1-to-1 within the ASIC. Therefore the presumption was made, 
that if there would be differences, but they would be minor. For the conversion the following method was 
chosen: 
 
• Development of a testing conduit board with three equipment options (emulation FPGA, original 

ASIC and ASIC copy) 
• Implementation of the net list within the FPGA and verification of the design compared to the original 

ASIC and in the applications of the client; 
• Synthesis & layout within the gate array technology; 
• Test of the prototype of the testing conduit board and within the applications; 
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Image 3 testing conduit board with FPGA, original ASIC and prototype of the new ASIC 

 
It is necessary to implement the the ASICs as equipment options onto the testing conduit board. To 
verify the three circuits it is possible to stimulate the input signals via pattern generator and to record all 
signals via logic analyzer. The testing conduit board can be connected to the application circuit via band 
cable or plug, to test the circuits within applications of the client. Thereby one end of the band cable is 
directly brazed onto the pin-out of the SOIC20 package and the other end has a plug connector that is 
hooked up with the testing conduit board. Therefore it is possible to chose from the three implemented 
options and to directly measure differences in behavior. 
 
The conversion of the net list was performed in VHDL. The existing net list format was a logic description 
via LOG/iC syntax. The existing net list is a gate level description. There was no test bench available. It 
had to be newly developed. The verbal description of the ASIC was used to implement the 
corresponding functions of the behavior model. During simulation, the input signals of the design were 
used as stimuli for the patten generator and all signals of the design were recorded simultaneously as 
comparison pattern. 
 
The conversion of the FPGA technology was accomplished without any problems. The net list did not 
use any uncommon cells like RS or JK flip flops. The only exception were some D flip flops that were 
clocked with a negative shoulder. Even this implementation was accomplished without any problems. 
After stimulating the original ASIC and the FPGA with the test patterns as well as the comparison of the 
base data, it was easy to prove that the net list matched the implementation of the original ASIC. The test 
of the emulations FPGA and the application circuits have also been successful. No differences between 
the behavior of the implemented net list in the FPGA and the behavior of the original ASIC could be 
noticed. The recored patterns of the original ASIC were only used for verification measures as reference 
data of the development.  
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The next step was the synthesis of the designs for the gate array technology. The existing gate array 
technology uses flip flops which react to the negative shoulder of the clocking. The implementation of 
the net list was accomplished without problems. In comparison the implementation of the timing 
requirements of the output signals was challenging. The output signals are framed via combinational 
links and therefore the structure of the implementation needed special attention during the synthesis. 
During the pre-layout simulation and during the static timer analysis it was proven that the behavior of 
the developed net list was identical to the behavior of the ASIC in all cases. The timing was held in all 
environmental conditions (best/typical/worst) and during the production of the worst process. The layout 
developed by the semiconductor manufacturer also met all requirements. 
 
Hence to the time scale the prototype and the series components have been developed parallel via risk 
production. After delivery of the prototype the tests began. A 100% compatibility was established without 
limitations. The prototypes showed a slightly increased power consumption (compared to the original), 
but this was an uncritical fact. The reason for the increase in power consumption occurred because of 
the not used cells of the gate array master. 
The result of the prototype verification was: "No indications that the component differs from the original 
ASIC." 
The new ASIC is used within the manufacture of the Siemens AG, as full-fledged surrogate component of 
the original ASIC. 
 

Usage of and ASIC substitute with programmable logic 
 
The Image 4 presents the design flow of the programmable logic.  
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Image 4 Programmable logic design flow 

The preparation of requirement specifications, the RTL description and the functional verification of the 
being developed ASICs will be done analogically to the design flow of mask-based ASICs. For the 
synthesis usually other tools will be used. After the synthesis the PAR (place and route) as well as the 
static timing analysis with manufacturer-specific programs take place. To verify the design the net 
simulation will be run through alongside with the prototype testing. 
 
The design flow of a redesigned address allocation ASIC for the Simens AG, shall be shown as an 
example. The redesign was done by using a programmable circuit on a printed circuits board storage 
(compare Image 5). The original ASIC was assembled via 2.0 µm standard cell technology and the 
development  environment is unknown. 
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Image 5 printed circuits board storage with CPLD as ASIC substitute. 

Simens AG uses the ASIC in two assemblies and for now 1000 components are required. It is set up in a 
PLCC68 package and run by a supply voltage of 5V. Because of the low demand in quantity and the 
relatively large size of the original package of the ASIC, we decided to use the most profitable solution: 
the development of a printed circuits board storage with CPLD.  
 
A detailed specification has been provided for the address allocation ASIC. But there was no net list 
description at the beginning of the project. Only the test patterns of the test house as references for the 
original ASIC have been available. The following solution for the redesign was chosen:  
 
• The conception of a printed circuits board storage with a PLCC 68 format 
• Redesign of the ASIC via specifications and the test patterns 
• Conversion to CPLD technology 
• Test of the ASIC substitute in the test house and within the applications 
 
The CPLD as ASIC substitute has a TQFP 100 package. This package has a 14.4 mm edge length and is 
about 10 mm smaller than the PLCC68 package. Therefore it was possible to route on the conducting 
paths of the printed circuits board storage and to place the 5 backup capacitors. To accomplish the re-
programming of the CPLD during the development, four JTAG signals as testing points on the printed 
circuits board storage were used. 
 
The most complicated part was the redesign of the original functions of the ASIC. Hence to fact, that 
there was only a verbal description of the conduit circuit and the test patterns. Therefore it was only 
possible to develop a HDL-modell with the same characteristics of the original ASIC. This kind of 
reproduction bears a design risk, since the test bench can have vacancies with the overlap factor and it 
can occur that differences between the redesign and original cannot be identified. Through verification of 
the ASIC substitute within the applications and demonstration of a qualification test, this risk can be 
minimized. 
 
For simulating the new HDL model the test patterns have been used as stimuli. Behind schedule the 
Siemens AG was able to provide the original implemented circuit as schematic. With the help of this 
documentation the redesign time could be reduced drastically. The first redesign, the HDL description 
based on the specification, was canned and the new schematics were implemented into a HDL model. 
Therefore a 1-to-1 clone of the original ASIC could be achieved. The results of the HDL simulation did not 
show any variations to the existing test patterns.  
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During the synthesis and the PAR in the CPLD technology a further problem was revealed: not all used 
structure elements of the standard cell library were available in the CPLD technology, for example the RS 
flip flop or scan flip flop. 
Substitute circuits had to be designed for these cells, since an automatic conversion of these functions 
via HDL description were not possible.  
The verification of the ASIC substitute was accomplished through the routine test program of the 
predecessor ASIC and through the applications. A special adapter for the printed circuits board storage 
was developed to verify the tester. The routine test program only checks the logical functions of the 
circuit. The clearance level of the development was a error free test of the ASIC substitute with the test 
patterns of the original ASIC. This goal was acheived.  
 
The application circuits and ASIC substitute, the printed circuits board storage with CPLD, underwent functional 
tests, EMV and stress test like in a climatic chamber. The verification of the ASIC substitute within the applications 
of Siemens AG has been successful.  

References and Perspective 
The methods and options described in this articles are limited to examples of redesigning digital ASICs. 
The same applies to mixed-signal and analogue ASICs. Here too, the flow for the redesign is the same 
as the standard-flow for the development of such ASICs. 
In the past years MAZeT engineers have converted several digtial and mixed-signal ASICs to new 
technologies. The functional diversity covers everything from simple gate arrays to complex sensor 
interfaces with integrated controller, firmware and highly sensitive analogue circuits. All conversions and 
redesign projects have been completed with a client satisfaction guarantee.  
Since more than ten years MAZeT offers solutions for discontinued ASICs of other manufacturers. 
 
The redesign itself is not bound to a certain solution approach. To find the ideal functional and profitable 
method, the design parameters and client demands define the various solution possibilities that can be 
used upon implementation. 
A fabless-foundry like MAZeT has many operator benefits, when looking for an ideal redesigning partner. 
Experienced companies like these have carried out numerous projects and guarantee a lasting appeal 
through well-engineered development and documentation processes. Regardless of the delivery 
situation of the actual manufacturer. 
 
The experience points out the strengths and weaknesses of individual solutions, technically and 
economically. The past has shown that it is very important, that the project documentation, the 
compliance with the design flow and a functional quality management,can accompany the complete 
ASIC project. Design data archiving and long time archiving assurance, guarantee that clients have 
individual access to their design data and therefore are able to adapt to new technologies at the lowest 
possible risk and effort. 
MAZeT is a specialist in designing and redesigning of new as well as discontinued ASICs and is your 
competent partner for nearly any quantity.  
 
 
 
 

Further information can be found on our web sites http://www.MAZeT.de 

or we are glad to assist you at our sales offices. 
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