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ABSTRACT

In this paper, we present a coverage driven fumetioverification based on UVM methodology usingteays
Verilog language. As transistor scaled down, menmamga on-chip & density of memory drastically ireses. Which
leads to an exponential increase in the problenfiaafts in memory? So, we present Built-in self-telsich is used to
detect and repair the faults in multi-ported memdrigis BIST is design based on DFT concepts whsehMIARCH C test
algorithm. We used layered UVM test bench architectwhich allows engineer work independently anupdfies

verification process by code re-usability feature.
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INTRODUCTION & BACKGROUND

With the scaling of technology to smaller size siators, the possibility of manufacturing defecas Increased.
Nowadays most of the semiconductor manufacturezsrated based on their memory technology. So, émadd for
memory is growing such that more and more areahenchip is acquired by the memory arrays. But éreéases the
probability of an increase in manufacturing faulaie to the tight packaging of transistors for mgmdesign, the

probability of faults in-memory structures is mocempared to the logic structure in any chip.

DFT (Design for Testability) is always been thesteeoncentrated field in VLSI (Very Large-Scaleentation).
Compare to testing a Logic design, memory testindifficult. Unlike logic testing, memory testing more complicated
due to its defect adaptive testing nature. Memtmyctures can't be represented in their gate Istrekctures because of the
large size of memory and the number of FF (fligsfloequired to model them. The memory structuresdasigned mostly
in layered deeper on the chip. So insufficient éestess leads to a noticeable problem in the mearoay. As memory is
structurally designed, observable and controllailehe array level, the test engineer can develdpstalgorithm to

identify the faults in the memory array.

There are different technologies for designing mem®esign constraints of memory such as area, p&wve
speed decide which technology should use for desjgmemory. For each type of design technology,pbential fault
model changes as per the physical structure of meny considering fault models test engineer @sa test plan.
Which is support chip from inside like BIST or sappfrom the external structure? BIST needed exaralware resources
to be inbuilt inside the chip. Also, there shoutit be any violations regarding power, area, cosd, speed. Testing time

also plays an important role in considering an alafelay of the chip. So, test engineer shouldtdrgover most of the
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faults in given time complexity. Verification offigational correctness before the sign-off is morpadntant than validating
after manufacturing. So, verification is more titaking step (around 70%) in the chip manufacturiggle. Design
engineer needs more synthesis friendly languagke whrification engineer needs more simulationrfdig language. So,

for designing and verifying purpose System Veri®introduced (standardized as IEEE 1800).

System Verilog is hardware description & hardwaeeification language used to model, design, sineyladst
and implementation. It includes many features aaghssertion, coverage to the verification enviremmTo improve the
reusability and simplicity we use Universal Verifion Methodology (UVM) which is the most widelyatcsmethodology.
UVM ensures that the test bench is layered & sepdrato individual files. It will speed the vegfition process & helps

in reusability.

In the given paperwork, we used a dual port RAM uledhs the DUT. Also, we design BIST for designadiiD
model. After that, this model is verified with thelp of UVM methodology.

BIST ARCHITECTURE

Digital systems are tested & diagnosed many timetheir life spam but this testing should be quacid have
high fault coverage. A software implementationtad test at the highest level of the system giveslHllity but they have
some of the disadvantages as poor coverage resglgiow, long and expensive. So, it is better eiiddba self-test
function in hardware. which gives benefits in tesfrreliability and the reduced maintenance costuced test generation
effort at all levels, reduced test effort at cHipough system levels, improved system-level maamea and repair, and

improved component repair.

As we discuss earlier dual port memory is diffidolttest compare to single port memory. Some ofhtheching
algorithms are used to test ports separately layt #ne insufficient to check the compound coupfenglts. Thus, we use
such marching algorithm which can test concurrgrgrations. But it should know the limitation of mem operations.
Basic BIST is trying to synchronize both clocks efhcan avoid clock crossing coupling. This can tld@eved by using a

multiplexer.

The BIST hardware contain the following blocks,

Counter ¥ Address
Generator >

l T jb MUX
Data d

BIST ——p| Generator

FSM

—* Comparator

Figure 1: BIST Architecture

»  Counter
It used to change the address for marching, inanemredecrements. Control signals for counter @gsps from
FSM of BIST.
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e Address Generator

This chooses the exact location of pins of indiaiduins.

e Comparator
Compare the output of the data out port of the mewdule with the compare word generated by the statshine

and return the result to the state machine.
e Multiplexer

It chooses between inputs of RAM & BIST nets whatle connected to RAM. Select pins are from the BIST
control signal.

e BISTFSM
The main control part of BIST. Depends on its S&ET units perform the task. Is also control &M control

signal. A state transition is depending on errdue@enerated by counter and comparator block.
MARCHING ALGORITHM

In this marching algorithm, there are 23 stateschvl@nsure that each port must see Read 0 Writdolwéal by
Read 1 Write 0 and vice versa for the whole addrasge. It marched through each half of the addiessigh two

different ports. So, it takes half completion tirmethis address, selector bus help us to avoitewllision.

In the F'state, it writes default constant word through botits. Next state will be selected after reachimy
max half address. In that state, it reads the vlhum all addresses and compare it with constantvemd then writes
another value in all ports. This process is repktiiefault detected and then states are the niouerror state where they
report the error. After all this operation memasyréset to zero for easier operation of the memaitgr marching all the
states BIST report success to the external interfAcstate diagram for the given marching algoritisnshown in the

following diagram.
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Figure 2: Bist State Machine (Marching Algorithm)

ERROR STATE: DONE= 1, RESULT =0
UVM ARCHITECTURE

UVM is systematized methodology which is explicitigsed on System Verilog language used for vedfpasic
and complex IC (integrated circuit). UVM is derivel[dm OVM (Open Verification Methodology). With these of UVM,
we can build modular reusable verification compdseand test-benches. There are so many advantdd$ghd over

other verification languages like OVM, VMM, etc.

UVM gives us good control of the generation ofrstius. Sequence methodology gives us several ways t
generates stimulus. Which includes virtual sequgencandomization, layered sequences. This incretmestimulus
generation capability of UVM. UVM separates acttegt bench hierarchy from the tests in term of shirs. This gives
reusability of stimulus across the whole projectUVM, we can modify components easily by usingetdry mechanism.

It enables an override of components in any testsneironment without changing any of its base cd@ienfiguration
mechanism in UVM helps in configuring different cpoments of test benches at any level in any enmieont without

worrying about its hierarchy.

UVM phases are synchronized mechanism for the enwient which represented as a callback method eTdrer

different phases in UVM: build phase, connect phase phase, extract phase, check phase, reposeplkad of the
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elaboration phase, start of simulation phase. The class which is @&d from uvm_component should « some of the
phases or all the phases and executes them isydartorder. One more advantage of UVM iprovides Transition Level
Modeling (TLM). This is amodeling technique which is used to design abstramtels of components & systems. In 1
data itrepresents in the form of transactions which aredlin and out of components through special fwhich called a
TLM interface. UVM gives a set of different type§ admmunication interfaces that are usecommunicates between

components such that data can be transfer in the dé packet:

UVM provides modularity in its test bench. MeanghirUVM test bench there are different modular compds
like Driver, Sequencer, Monitor, etc. This enallles reuse of components the unit level or chip level. It increas:

reusability of code & simplifies itexecution

In the following diagramwe gavi the basic UVM architecture which we usedhegiven project.

Top
Test
Env
| Scoreboard
Agent
[ Monitor ]| |Sequencer|
DUT Intertace Driver
I [

Figure 3: UVM Testbench Architecture
o Driver and Monitor

This to components isnainly used for communicating withe DUT unit. Where Driver initiat the signal, which

drives the inputs and Monitor is used to monit@ dlutputs
e Sequencer

This module receives simulated data and sendsniaftion tothe driver block.
 Agent

This block contains anonitor, sequencer and driver block in it. It paesa number of transition packets

driver and monitor.
e Environment

This block instantiates all other modulesthe build phase and connetitem all in the connect pha
e Scoreboard

This block receives the current behavior from mamilock and iicompares it with predicted outpt
« DUT

In our caseDUT (Design Under Test) is one dual +-port memory with 32word size. It is synchronous dt
port SRAM.
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In this, all inputs are clocked with respect to ttmresponding port’s clock. It has a 7-bit addr@ss which

supports 128 locations.
RESULTS

The dual port memory was successfully tested &fiegriusing Built-in self-test and UVM methodologytiwthe
help of System Verilog language.

The DUT which id dual port ram’s read-write out@ishown in below fig. When chip select input & terenable
pin for the specific port is high then write opéwatis carried out at that port. At high chip seélpi if the write enables

pin is low & output enable pin is high then readameration is carried out.

Figure 4: RAM (DUT) Output

BIST architecture is tested using normal Verilogfdgenches. Testbenches are runs until done sigealabled.

The simulation is shown in the following fig.

Figure 5: BIST Output

UVM testbench was designed using different comptmeh UVM. It was a layered test-bench structurdcivh

used to get randomized stimulus. A result of UVstdeenches is shown in given fig.
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Figure 6: Test-Bench (UVM) Output

Coverage of UVM testbench is shown in the followifigure which is around 98%. Coverage report shows
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separate coverages of each cover points.

\
Name Overall Average Grade Overall Covered
& oph 100% 313 (100%)
& opB 100% 373 (100%)
& adra 2 100% 128 /126 (100%)
& adrd 100% 128 /128 (100%)
& dath = 99 99% 1048454 / 1048575 (99.99%)
& datg == 93.99% 1048454 / 1048575 (99.99%)
AB oph_opB 100% 919 (100%)
158 opA_adrh 100% 256 1 256 (100%)
A48 0pB_adrB T 100% 256 1 256 (100%)
ME opa_dath =1 95.83% 2009682 / 2097150 (95.83%)
A8 opb_dats ) 95.85% 2010062 / 2097150 (95 85%)
wing 11

Figure 7: Coverage
CONCLUSIONS

In this work, we introduced BIST architecture fgnshronous dual port SRAM. This BIST architectuss 23
states which help to implement Marching patterrsdAlwe did block level verification of dual poremory by using
UVM methodology whose main advantages are codeeredssign test for design check and measuring ibiadt
coverage. UVM & System Verilog library can randoeidata and operation of BIST. Which helps to enthae memory
verifies for each address and for different dati@oAwe used half address method which reducedernification time by

reading and writing from both ports.
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