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Abstract - As deep sub-micron systems evolve and
incorporate more advanced technologies, such as shrinking
transistor sizes and increasing memory densities, the memory
arrangement and testing strategies for any post silicon faults
can become increasingly complex. Conventional testing using
ATE (Automatic Test Equipment) consumes more test time
and test cost, so an automated test strategy for such designs is
needed. Automated testing strategies like Memory BIST
involves incorporating specialized circuitry within the memory
itself to facilitate self-testing of the memory. This can
significantly reduce the need for external test equipment and
streamline the testing process while also minimizing the
overall testing costs. Taking advantage of the same, Memory
BIST architecture is implemented in this project work. The
introduction of BIST circuitry on a chip can indeed bring
advantages like reduced testing costs and self-testing
capabilities, but it also leads to increased power consumption
due to the additional logic and increased switching activity. To
mitigate this issue and maintain low power dissipation,
Implementation of a Clock gating technique is done in this
project. Clock gating insertion has been done during the
synthesis stage in Cadence Genus tool. Memory BIST insertion
is carried out in Tessent MBIST Architect and the Power
analysis is done in Cadence Genus Joules. Simulation results
and Power analysis results proves that the MBIST insertion is
done without any mis compares. Also the difference in power
consumption before and after the insertion of ICG (Integrated
Clock Gating) cells is observed.
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1. INTRODUCTION

Today's cutting-edge semiconductor industry is
characterized by a rapid pace of SoC development. The need
for embedded memories keeps growing since more and
more functions are added to the die. Sub-micron devices
have many memories that call for smaller footprints and
quicker access times. It becomes very important to test these
memories for post-silicon defects.

BIST offers several advantages over traditional external
testing methods that rely on specialized equipment or test
vectors. By enabling circuits to test themselves without
external intervention, BIST reduces the need for expensive
and complex test equipment and interfaces. This simplifies
the testing process while increasing test coverage, as circuits

can generate and apply tailored test patterns. Furthermore,
BIST facilitates faster and more reliable testing by
performing self-checks and self-repairs during operation or
at predefined intervals. The difficulties and constraints that
come with using BIST techniques in CMOS circuit design
must be taken into consideration. BIST raises the overhead
and complexity of the circuit, which may have an impact on
the cost, area, power, and speed.

1.1 MBIST Architecture

The Controller, Interface, and Wrapper that make up the
Memory BIST (MBIST) Architecture are depicted in the
image. The decoder, which is a part of the Controller,
interprets the commands that are transmitted from outside
via the ATE. Based on the commands, the control logic
carries out several operations, which in turn regulate the
BIST's Finite State Machine (FSM). FSM manages the process
and explains the MBIST's whole flow.
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Fig 1. MBIST Architecture

The data generator, address generator, FSM, memory
model, and comparator are all parts of the wrapper, as seen
in the figure. The FSM starts the MBIST by choosing the
appropriate row or column cells to test and executing a
number of built-in algorithms. After reading the data again
and comparing it to the golden response, a pass or fail
decision is made. The ATE programs the FSM state externally
and the background data generator uses that information to
create a variety of patterns. Different memory cell addresses
that can be read or written are generated by the address
generator.
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1.2 MBIST Algorithms

Memory arrays in integrated circuits are tested for
integrity and operation using MBIST (Memory Built-In Self-
Test) methods. In order to identify defects including stuck-at
faults, transition faults, coupling faults, retention faults, and
others, these algorithms carry out a variety of read and write
operations. The following are a few popular MBIST
algorithms and are broadly classified into two types,

A.  Classical Algorithms - They are subdivided into
MSCAN or Zero-One Algorithm, Checkerboard Algorithm,
Galloping Algorithm (GALPAT), Butterfly Algorithm

B. March Algorithms - MATS Algorithm , MATS+
Algorithm , MATS++ Algorithm March X Algorithm, March C
Algorithm, March C- Algorithm

MARCH C- Algorithm Implementation

The March C- algorithm consists of a sequence of operations
(read and write) that are applied to each memory cell in
ascending and descending address order. The operations are
designed to systematically test each cell for potential faults.
Here is the sequence of operations in the March C-
algorithm:

{8 (w0); M (Owl); M (rl,w0); U (ro,wl); U (r1,w0); ¢
(r0)}

Steps of the March C- Algorithm

Step 1: Write 0 to all cells § (w0) i.e, Initialise all cells to 0
both in ascending and descending order

Step 2: Read 0, Write 1{f" (rO,w1)} For each cell, read the
value and ensure it is 0, then write 1 to the cell. This step is
performed in ascending address order.

Step 3: Read 1, Write 0{M (r1,w0)} For each cell, read the
value and ensure it is 1, then write 0 to the cell. This step is
performed in ascending address order.

Step 4: Read 0, Write 1{ U (rO,w1)} For each cell, read the
value and ensure it is 0, then write 1 to the cell. This step is
performed in descending address order.

Step 5: Read 1, Write 0{ U (r1,w0)} For each cell, read the
value and ensure it is 1, then write 0 to the cell. This step is
performed in descending address order.

Step 6: Read 0 from all cells § (r0) i.e, read 0 from all the
cells and ensure it is 0 both in ascending and descending
order.

2. METHODOLOGY

RTL POWER ANALYSIS
—_—> MBIST » BEFORE CLOCK
GATING
POWER ANALYSIS CLOCK GATING
AFTER CLOCK < INSERTION & <
GATING SYNTHESIS

l

LOW POWER MBIST INSERTED NETLIST
Fig 2. Block diagram Implementation

The implemented methodology shown above broadly
consisting of four parts which are MBIST insertion, Power
analysis before Clock gating, Clock Gating insertion and
Power analysis after Clock Gating.

The brief flow of the project is explained as follows, RTL
code has been fed to the tool(Tessent MBIST Architect)
which inserts the MBIST logic to the design. Then we
perform Synthesis on the MBIST inserted RTL that converts
RTL code to Gate level Netlist. This netlist has been fed to the
tool(Cadence Joules)which inserts ICG cells to the design that
enables to lower the dynamic power dissipation. Hence able
to test and detect the memory faults with reduced power
dissipation.The detailed MBIST flow and Clock gating that
has been implemented is discussed in the further sections.

Implementation of MBIST Flow

[ Load Design & Specify Requirements ]

[ Create & Process DFT Specifications ]

[ Extract ICL ]

[ Create & Process Pattern Specification ]

[ Simulaton Validation ]

Fig 3. Implemented MBIST flow
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Step 1: Load Design and Specify Requirements

e RTLdesignisbeingloaded to the tool along with the
necessary libraries.

e Specifying MBIST requirements involves the details
about design information, memory information and
DFT requirements.

e Design information such as number of clocks,
frequency of clocks, UPF(Unity power factor) files.
Memory information such as number of memories,
type of memories, number of ports, testalgorithm to
be used. DFT requirements such as Max power per
step, Max test time per step, Max memories per step.

e Once the design is loaded and specifying the

requirements, we run the Design Rule
Checking(DRC) to detect if any design issues are
present

Step 2 : Create and Process DFT Specifications

e This step involves generation of DFT Specifications
that are necessary for MBIST insertion. Also
Modification of DFT Specification is also done as per
the requirement during this step.

e Once the proper DFT Specifications are defined,
then it'll generate and insert the MBIST hardware
into the RTL design as per the specifications.

Step 3: ICL Extraction

e The main goal of ICL Extraction is automated
generation of the interconnection information of
various IJTAG building blocks (Instruments , SIBs,
TDR’s).

e ICL extraction process verifies the proper
connectivity of the ICL modules that were inserted
with the process_dft_specification. ICL extraction
must pass with no violations in order to generate
test patterns.

Step 4 : Pattern Specification

e Pattern specification defines a series of pattern
wrappers for a given view of a design

Step 5 : Simulation Validation

e  After creating and processing Pattern specification,
the final step in the MBIST implementation flow is
the Simulation validation. Here we run the
simulation using Memory BIST verification patterns
and then check the test bench simulations using
Tessent shell environment.

Implementation of Clock Gating

Clock gating technique involves the insertion of ICG
(Integrated Clock Gating) cells into the design. When
designing digital circuits, an Integrated Clock Gating (ICG)
cell is essential, especially for power control. By cutting off
the clock signal to certain circuitry while it's not in use, a
technique known as clock gating helps synchronous digital
systems consume less dynamic power. The ICG cell is built to
carry out this method efficiently. The typical ICG cell is as
shown below.

En Gated Clk
D Out D.
Latch
Clk En
Fig 4. Clock Gating Cell
Operation of ICG cell

The ICG cell works by taking an enable signal and the
original clock signal as inputs. When the enable signal is
active, the clock signal is allowed to pass through to the
gated clock output. When the enable signal is inactive, the
clock signal is blocked, effectively disabling the clocking of
the downstream circuitry.

When EN = 1, GCLK = CLK (the clock signal is passed
through)
When EN = 0, GCLK = 0 (the clock signal is blocked)

3. RESULTS AND SIMULATIONS
MBIST Insertion & Validation

BIST_CLK - It controls the entire BIST operation as it drives
the block that contains memories. If BIST_CLK is not pulsing
properly, then the MBIST insertion and Validation fails.

MBIST_EN - This pin/signal describes whether to perform
MBIST insertion or not. i.e, Tool will be able to perform
MBIST only if MBIST_EN is set HIGH.

MBIST_GO - This signal will be flagged if any errors
occurred or not during the execution of MBIST algorithm.
MBIST_GO will be HIGH at start of the test. If any error,
MBIST_GO transitions to LOW.

MBIST_DONE - This signal will be flagged whether the
algorithm execution has been completed or not.
MBIST_DONE will be LOW while test runs, goes HIGH when
test is completed, returns LOW after controller results are
extracted.
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Checking GO and DONE signals, Beaxdi b a1 an o @AY «EYQ e |
DONE high + GO high means test ran to completion without : '
errors

DONE low + GO high means test not yet complete and no
errors yet

DONE high + GO low means test ran to completion with
€rrors

DONE low + GO low means test not yet complete and error
already encountered

e

@ Baseirev=0
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e i D . M— .0 Fig 8. MBIST Insertion without Error 2

ICG Cell Insertion
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Fig 5. MBIST Insertion with Error 1
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Fig 9. Clock gating cell

Clock Gating Instances report
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Fig 10. Clock gating instances

Power consumption before ICG cell insertion

Power Unit: W
PDB Frames: /stim#0/frame#0

memory 0.000006+00 0.00000e+00 0.00000e+00 ' 0,00000e+00 | 0.
z ; ; register 2.06660¢-07 1.09016e-04 5.36861e-08'1.09277e-04 13, i
Fig 7. MBIST Insertion with Error 2 latch 0.00000e+00 0.00000e+00 0.00000e+00 ' 0.00000e+00 ' ©0.00% |
logic 1.99045¢-07 9.68840e-05 5.28760e-04 6.25843e-04 77.13% |1
bbox 1.45800€-10 0.00000e+00 1.20750e-06 | 1.20765¢-06 || 0.15% I
clock 9.07039¢-09 6.23255e-05 1.27060e-05] 7.50406e-05 |9.25%
pad 0.00000e+00 0.00000e+00 0.00000e+00  0.00000e+00 | 0.00% |1
pm 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00  0.00% /1
Subtotal 4.14922e-07 2.68226e-04 5.42727e-04 8.
Percentage 0.05% 33.06% 66.89%

Fig 11. Power report before ICG cell
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Power consumption before ICG cell insertion

80> report_power F 5 ey
es engine 1s used. [RPT-16] A

oules engine is being used for the command report_poudr‘
dt-f recvr_core

Leakage Internal

0. 3 0. 0.1
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Fig 12. Power report after ICG cell

Unlike the power report of the design before ICG insertion,
which has consumed 8113680000 nW. It is clearly evident
that the power dissipation after the insertion of ICG cells has
been reduced and consumed only 7558310000 nW, which
means the power dissipation has been reduced by 7%. The
power report is shown above and also the power values
obtained has been tabulated as shown below.

Table 1. Power measurements of MBIST inserted netlist
before and after Clock Gating

Total power
consumption before

clock gating (W)

Total power
consumption after
clock gating (W)

MBIST inserted 7.55831E-06

Netlist

8.11368E-04

4. CONCLUSIONS AND FUTURESCOPE

The work that has been carried out as a part of this
project is majorly on the MBIST Insertion for memory
architecture to enable the integrated circuits for self-testing
on its own and Clock Gating insertion for reduced power
consumption.

The implementation has been carried out at RTL level
and the design is being synthesized to get the gate level
netlist for power analysis. Firstly, MBIST insertion is done
and power report is generated for that design and the
readings are noted without insertion of ICG cells. Then, the
same MBIST flow is repeated again and power report is
generated after the insertion of ICG cells. It was clear from
the obtained results that the power consumption has been
reduced significantly.

While testing and detecting memory module errors was
achievable in this work, but the errors were not repaired.
Additionally, there is potential to use cutting edge low power
implementation approaches to further minimize the power
usage.

In the future,

e Itispossible to add more BISR (Built in Self Repair)
hardware to the functional logic to enable both the
detection and correction of defects.

e There is a scope to use advanced low power
approaches like FSM partitioning, Multilevel voltage
scaling, and Supply voltage scaling.
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