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Abstract- Recent advances in IC design methodologies and manufacturing technologies have led to the integration of a 
complete system onto a single IC, called system on chip (SoC). Such a core based SoCs pose major challenges in the 
manufacturing test and design validation and debug domain. IP centric validation and testing in a system-on-chip (SoC) which 
is also referred as modular testing methodology, is recognized as an effective method to tackle the SoC testing problem; in 
which embedded cores are isolated from rest of the chip logic and direct accessibility is provided to them via chip primary IOs. 
The paper highlights the benefits and challenges of IP centric SoC validation-testing and gives an overview of multiplexer 
based TAM that we have implemented for targeted SSD controller SoC. The UVM environment based verification and test 
pattern generation framework that we are following is also briefly described in the paper. 
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I. INTRODUCTION 
 
System-on-Chip (SoC) design has become a 
mainstream design methodology with the increase in 
demand of more powerful products and the huge 
capacity of today’s silicon technology. “System on 
Chip” (SoC) technology puts whole system into the 
smallest possible space. To address the cost and time 
to market problems and to overcome the design gap, 
design reuse i.e., the use of pre-designed and 
pre-verified cores, also known as IPs; becomes a vital 
concept in SoC design methodology. As third party 
IPs give better time to market, lower cost, and help to 
increase focus of companies on their R&D activities 
and also reduce risk to keep pace with newest 
technology; [1] third party IPs are extensively used in 
SoC for the common and standard logic blocks.  
  
A.  IP centric SoC Validation and Testing challenges  
Conceptually design process used in core based SoC 
and the one used for building traditional system on 
board design are same; but their manufacturing 
testing and validation are different. In case of 
traditional design on board; component provider 
carries out manufacturing test and validation of the 
chip and then these chip areassembled and tested 
system-as-whole by the system integrator. Whereas in 
case of SoC; component vendors simply design and 
verify the IPs but they don’t carry out any validation or 
manufacturing test and SoC integrator assembles 
them along with user defined logic on to a chip. Only 
after that, manufacturing test and validation are done 
on the design. Another key difference in traditional 
approach and SoC is accessibility to the component 
periphery. In case of system on board, component 

peripheries are available to access physically; thus can 
be easily probed during validation and manufacturing 
test. But in case of SoC the cores are deeply embedded 
into the chip and their ports are not available by 
default for probing. Thus extra logic is required to be 
added on chip to isolate the core and to provide direct 
accessibility to the isolated core ports from SOC 
primary IOs. We refer such a core ports access 
mechanism as test mode logic. The conceptual test 
mode logic is described in next section. Besides that; 
as compared to the traditional approach SoC tests are 
complex. Board based system tests include pin 
toggling and interconnect test while SoC tests are 
composite of core test, user defined logic test and 
interconnect test.  
 
B.  IP centric SoC Validation and Testing benefits  
IP centric validation of SoC can be used effectively in 
IP testing, SoC debugging, IP characterization and to 
study effect of one IP functionality on another. IP 
testing is the process in which the test vectors are 
applied to the IP independently using ATE machine 
from the SoC IOs and the output vectors of IP are 
checked against required one by receiving the output 
form chip IOs. It is used to check the correctness of 
physical implementation of the IP on silicon die. IP 
centric validation can be used as modular debugging 
methodology for faster and effective SoC level 
debugging. IP characterization is the process to check 
the effect of variation of process, temperature and 
voltage on the functionality of physically implemented 
IP. The functionality of one IP may affect the 
functionality of other IP in proximity or connected to 
the same power rails and make it function incorrectly. 
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This effect of one IP on another can be studied using IP 
level validation.   
 
C.   Paper Organization  
Section II describes conceptual IP centric SoC 
validation and testing architecture. Multiplexer based 
TAM is discussed in section III and section IV 
presents verification flow and vector generation 
framework. Results and future work are given in 
section V. Finally section VI concludes the paper.  
 
II.  CONCEPTUAL CORE BASED SOC    
  VALIDATION AND TESTING       
  ARCHITECTURE  
 
Fig 1 shows conceptual architecture of core based SoC 
validation and testing that consists of source, sink, 
TAM and core wrapper. The source generates the test 
stimuli for the core. While sink is used to receive the 
core response and compare to expected one. The test 
access mechanism i.e., TAM is used for on chip test 
vector transport. TAM is the user defined test data 
communication structure that is used to carry test 
vectors from source to core and core to sink via test 
wrapper. Test wrappers logic surrounds the core and 
connects the embedded core ports to other cores in the 
SoC and to the TAM.[3]-[4]    
 

 
Figure: 1 Conceptual core based SoC validation and testing 

architecture 
 
These all elements can be implemented in different 
way which leads to the different test logic approaches. 
For the current project considering the project 
requirements and benefits a simple multiplexer based 
TAM is implemented. This test mode logic 
implemented is explained in next section. 
 
III.  MULTIPLEXER TAM BASED TEST    
  LOGIC  
  
We have implemented a simple multiplexer based 
TAM which provides direct access to the deeply 
embedded core ports from SoC primary IOs. The 
implemented test mode logic, which includes 
multiplexer based TAM and core wrapper; is depicted 

in fig 2. In multiplexer based TAM, extra wires are 
connected to the core ports and multiplexed onto the 
SoC primary IOs. The multiplexer control logic is 
coded as a dedicated logic for test mode. The cores are 
surrounded with the simple core wrapper logic which 
includes user defined registers ie UDR. In test mode 
the core ports are controlled by setting the bit pattern 
into UDR. While in functional mode cores are driven 
by host cores.   
 
During validation or manufacturing test, on ATE, 
JTAG ports are used to insert the test pattern and 
collect the core responses. Thus JTAG and UDR help 
to provide accessibility to more number of core ports 
using lesser number of SoC primary IOs. In this 
approach embedded core can be tested and validated 
as an isolated design where the core specific test can 
easily be translated into SoC level test. The advantages 
of this approach can be listed as; it is a straightforward 
approach which simplifies SoC testing and 
debugging. This multiplexer based TAM scheme can 
be implemented with a slight increase in design 
complexity and package pin count. But the drawback 
of this technique is it is not a scalable technique so as 
the number of core under test increases area cost for 
connecting increases also the multiplexer control 
circuitry grows more and more complex.[3] Thus the 
implemented multiplex based TAM methodology is 
suitable for limited test feature testing.  
 
IV.   VERIFICATION FLOW AND TEST 

PATTERN GENERATION FRAMEWORK  
 
For the current project, IP centric validation and 
testing logic verification and test pattern generation 
are done on SSD controller SoC. The multiplexer 
based TAM and core wrappers are implemented in 
RTL itself. The UDRs are configured via JTAG port. 
JTAG port and TAP controller are implemented in 
DFT stage. The verification of  
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implemented TAM  is referred  as test mode  
verification. Test mode verification is carried out at 
three stages namely on RTL, on postdft netlist and 
postlayout netlist.   Simulation on RTL simulation is 
done to ensure the correctness of implemented test 
mode logic i.e., TAM, wrapper UDR, test-mode 
connectivity and core functionality from test mode 
point of view. Since JTAG and TAP controller are not 
available at this stage, bit patterns are forced into the 
UDR to configure the UDR and thus to control IP. 
Once the RTL simulation is clean gate level 
simulation is carried  out. Although timing simulation 
provides a complete verification of the design, during 
the early stages of gate-level simulation, when design 
is still in process of timing closure, zero-delay 
simulations can be used to verify the design 
functionality. Simulations in zero-delay mode run 
much faster than simulations using full timing. Thus 
our flow includes GLS on postdft netlist without delay 
i.e., zero delay [5]. GLS on postdft stage helps to check 
implementation of JTAG and TAP controller with 
respect to  test mode logic. GLS considers the gate 
delays which are technology dependent. Besides that 
correctness of conversion of test mode logic to gate 
level by synthesis tool is also verified. Once the GLS 
without delay is verified; GLS on postlayout netlist is  
carried out. GLS with delay on postlayout netlist takes 
interconnect and routing delays into account. Thus 
timing related aspect of test mode logic can be 
checked. This delay information is collected from SDF 
i.e., standard delay format file.    
 
For RTL and Gate level simulation UVM based test 
environment is built. UVM i.e., universal verification 

methodology is a library of base classes which 
facilitate the creation of structured test benches using 
code which is open source and can be run on any 
System Verilog IEEE 1800 simulator. Availability of 
base classes makes UVM suitable to build systematic 
layered test environment with lesser build time which 
is reusable, reliable and easy to debug. UVM based test 
environment consists of three phases namely build 
phase, run phase and clean up phase.  The UVM 
environment based simulation begins with build phase 
which is used to construct, configure and connect the  
testbench components. Once the components are built,  
test stimuli are generated and simulated in run phase. 
Run phase is followed by clean up phase which 
extracts the information from scoreboard and 
determines if the test case has passed or failed.[5] 
Simple system Verilog based test harness is written for 
each CUT. IP harness includes configuration code for 
corresponding CUT and number of test cases to test 
the CUT features.  
 
Once the postlayout GLS is clean the test cases are 
used for test vector generation. We use 
computer-assisted tool which generates test vectors 
from  supported third-party simulator event streams.  
The tool  captures the timing and waveform structure 
from the Verilog simulator value change-  dump 
(VCD) file and creates the T-quote formatted test 
vectors. The test vectors need to be verified or 
validated by running another tool  before  the handoff  
phase. Test vector validation tool creates the test 
bench or the simulation file that is then simulated to 
validate the tester vectors. Once the test vectors are 
validated and find clean they are handed over to 
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validation team for IP centric validation and testing of 
SoC on ATE. The complete verification and test 
pattern generation flow is summarized in fig 3.  
 
CONCLUSION  
 
The paper gives an overview of the verification flow 
and vector generation framework for IP validation and 
testing at SoC level is described in this paper, using 
simple multiplexer based TAM. The  implemented 
test mode logic, verification flow and vector 
generation flow, is simple, straightforward and 
effective approach for  testing and validating  SoC 
with limited number of IP feature testing.   
 
RESULTS AND FUTURE WORK  
 
In our project we have applied the IP centric SoC 
validation and testing approach on SSD controller 
SoC. As stated above we have implemented simple 
multiplexer TAM based test logic in RTL. The SoC  
under consideration has eight hard macros i.e., cores. 
We have developed UVM based test environment, top 
module to instantiate design, test environment and 
interface between them.  For eight cores around 108 
System Verilog based test cases have been developed 
and simulated on RTL. Also ran regression on RTL 
with very high code coverage. Currently  we are 

working on postsynth GLS  without delay. And it will 
be followed by postlayout GLS with delay, test vector  
generation and vector validation.  
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